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SELECTIVE DETECTION OF HEPATITIS A, B, C, I, OR E VIRUSES OR
COMBINATIONS THEREQOF

CROSS REFERENCE TO RELATED APPLICATIONS
{6601} This application depends from and claims priority to U.S. Provisional Application
No: 61/792,293 filed March 15, 2013 and U.S. Provisional Application No: 61/938,220 filed

February 11, 2014, the contents of each of which are incorporated herein by reference.

GOVERNMENT INTEREST
16602} The invention described herein muay be manufactured, used, and licensed by or for the

United States Government.,

FIELD OF THE INVENTION
16063} This invention relates generally to processes for detection of virus in fluid samples.
More specifically, the instant invention relates to selective detection of hepatitis D virus (HDV)Y in
biological or other fluid media. In addition, the imvention rclates to sclective and multiplex
detection of hepatitis &, B, C, D, E, or any combination thereof. Processes are described for rapid
and sensitive detection of hepatitis viruses in human and animal biological samples and
quantification thereof. Dhagnostic Kite are provided for detection of one or more hepatitis virases in

a clinical, laboratory, or field setting.

BACKGROUND OF THE INVENTION

10604} To date five viruses have been etiologically associated with viral hepatitis. These
five viruses are denotled hepatitis A virus {(HAV), hepatitis B viras (HBV}), hepatitis C virus (HCV),
hepatitis delta virng (HDV) and hepatitis E virus (HEV). These viruses vary widely in their natural
history, genome composition, and mode of transmussion. HAV, HCV, HDV and HEV arc RNA
viruses while HBV is a DNA virus.

186051 An estimated 4.4 million Americans live with chronic viral hepatitis, vet many are
unaware of their infection statas. Infections with hepatitis B, € and 3 virases can lead to cirrhosis
and liver cancer and in many cases liver transplantation is the only treatment {0 save a patient’s life.
HEV infection has beeu associated with a severe disease and death in preguant women and chrome
mioctions among immunocompromised individuals, Hepatits viruses B, C, and D which are
transmifted parenterally, can lead to chronic liver disease and hepatocellular carcinoma.

1
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166061 HDY is responsible for severe acute and chronic hepatitis in patients previously or
co-infocted with HBV, Treatment relies on long-term administration of high-doses of alpha-
interferon (IFN} and its efficacy is usually followed by the detection of specific anti-HDV IgM or
HDV genome in serum. Individuals with concurrent acute HBV and HDV infection are considered
co-infected, whereas patients who are chronically infected with HBV may develop a superinfection
with HBV. Co-infection or superinfection with HDV can cause more severe hepatitis than HBV
nfoction alone, including more rapid progression to liver disease and higher mortalily rates. Due to
this risk, it s important for patients who arc HBsAg positive to be tested for HDV infection.

1660674 Present methods for diagnosis of HDV infection, in particular, rely on the detection
of specific anti-HI3V antibodies, with the presence of anii-HDV IgM reflecting ongoing viral
replication. However, this scrological approach for the detection of virus replication suffers in part
due to HDV antigen being ravely detected in the serum, except in the case of acute infection {prior to
the antibody sero-conversion), or among severely immunosuppressed chronically infected patients,
Although anti-HDV antibody status can assess whether an individual has been exposed to HDV, it
cannot determine if the infection is active or resolved.

D008 There are two forms of the HD)Ag, both coded by the same open reading frame
{(OR¥). The small hepatitis I antigen (S-HDAg) is 195 amino acids long {24 kDa), while large
hepatitis D antigen (L-HDAg) is 19 amino acids longer on the carboxyl-terminal end (27 kDa),
consisting of a stretch of variable, yet genotype-specific, membrane-attaching sequence and serves
as the virion assembly signal (Lai 2005} Assembly of the viral particle requires both viral protemns
to form the ribonucieoprotein. In the course of viral replication, the ribonucleoprotein buds through
the hepatocyte endoplasmic reticulum, and acquires an envelope in which the hepatitis B surface
antigens (HBsAg) are erobedded.

j08091 Extensive sequence analyses of numerous isolates have lead to the classification of
HDV in at least 8 distinet clades with different geographic distributions. Genotype 1 is prevalent
world-wide with other genotypes being endemic to different parts of the world, Genotype 2 is found
i southeast Asia, Taiwan, China and Japan. Genotype 3 1s endemic to the Amarzon Basm.
Genotype 4 s found in Taitwan and Japan. Finally, genotypes 5 to 8 are prevalent in Africa.

106101 Since viral hepatitis caused by different hepatitides is clinically indistinguishable,
various testing algorithms need to be employed to determine the exact eticlogy of infection. Nucleic
acid testing (NAT) remains the gold standard for diagnosis of active and viremic stages of infection

with any hepatitides.  Several assays, including those approved by the Food and Drug

2



16

15

30

WO 2014/144578 PCT/US2014/029049

Administration {FDA}, are commercially available for the detection of HBV DNA and HCV RNA.
However, a NAT-based multiplex assay that can detect all five hepatitis virus in the same format
and under identical experimental conditions has not been developed. Reasons for this include the
lack of a sufficient detection system specific of HDV as well as the inability to incorporate detection
sysiems for the previously deteciable viruses into a single assay suitable for mubltiplex and
stmubtancous detection.

B¢ Thus, there 15 2 need for a rapid, seusitive, and discriminatory assay for detection of

HDBVY or all five known viruses simultancously in complex clinical or laboratory samples.

SUMMARY OF THE INVENTION

10612} The following summary of the invention is provided to facilitate an understanding of
some of the imovative {eatures unigue fo the present invention and is not intended to be a full
description. A full appreciation of the various aspects of the invention can be gained by taking the
eritire specification, claims, drawings, and abstract as a whole.

{66131 A first object of the invention is to provide a process for the rapid and specific
detoction of HDV in simple or complex sample. Processes that address this object mclude
producing an amplification product by amplifying a hepatitis virus, optionally HDV sucleotide
sequence using a forward primer that mtcracts with an HDV genome at positions 816-834, and a
reverse primer, under conditions suitable for a polymerase chain reaction; and measuring the
ampitfication product to detect HDV 1in said biological sample. In some embodiments, the forward
primer includes at least two degenerate nucleotide positions. Optionally, a forward primer consists
of the sequence of SEQ 1D NO: 1. Optionally, the reverse primer binds a region of a HDV genome
between nucleotides $94 to 908, Optionally, the reverse primer consists of the sequence of SEQ 1D
NO: 2. A process optionally used a probe that will bind a region of a HDV genome in the region of
nucleotides 833 {0 §90. A probe optionally mcludes at least two positions of nucleotide degeneracy.
Optionally, a probe consists of the nucieotide sequence of SEQ 1D NG: 3. The use of a probe
optionally includes the step of detecting a first detection signal from the probe hybridized to the
amplification product.  Optionally, any of the sbove processes in any combination i3 used to
diagnose HDV infection in a subject.

16614} The processes of detecting HDV opticnally further include comparing the fivst
detection signal to a second detection signal, where the second detection signal results from
detection of a complementary amplification product produced from a sequence of HDV, Optionally,

the second detection signal is generated in parallel with said first detection signal.
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{60615 Optionally, the first detection signal is compared to a third dstection signal from a
nucleic acid calibrator extracted in paralicl to the biological sample. Optionaily, the nucleic acid
calibrator comprises a known amount of HDV and a known amount of a medium similar to the
hiological saraple.

{6416} In some embodiments, the process of any of the ahove or any corbination of the
above clements optionally also includes producing a second amplification product by amplifying a
nucleotide sequence from one or more viruses selected from the group consisting of HAV, HBV,
HCV, and HEV; and measuring said second amplification product to detect said virus in smid
biological sample. Optionally, the one or more viruses is or includes HAV and said step of
producing is using one or more nuclectides selected from the group consisting of SEQ ID NO: 16,
SEQ ID NO: 17, and SEQ ID NO: 18. Optionaily, the one or more viruses is or includes HBV and
said step of producing is using one or more nucleotides selected from the group consisting of SEQ
1D NO: 19, SEQ D NO: 20, and SEQ 1D NO: 21, Optionally, the one or more viruses is or includes
HCV and said step of producing is using one or more nucleotides selected from the group consisting
of SEQ 1D NO: 22, SEQ ID NO:; 23, and SEQ 1D NO: 24, Optionally, the one or more viruses is or
mncludes HEV and said step of producing is using one or more nucleotides selected from the group
consisting of SEG ID NO: 25, SEQ I3 NO: 26, and SEG ID NO: 27.

16617} It is another object of the invention to provide a process for the simulianecus
detection of more than one hepatitis virus in 2 biological saniple. Optionally, the hepatitis virus is
one or more of the viruses selected from the group consisting of HAY, HBV, HCV, HDV, and
HEV. In some embodiments, the process detects the presence or absence of HAY, HBV, HCV,
HDV, and HDV, whercin the reaction conditions for said step of producing HAV, HBV, HCV,
HIDV, and HDV amplification products are identical. Optionally, a forward primer comprises a
nucleotide sequence selected from the group consisting of SEQ 1D NO: 1, SEQ ID NO: 16, SEQ ID
NQO: 19, SEQ ID NO: 22, SEQ 1D NO: 25, and combinations of said primers, Optionally, a reverse
primer comprises a nucleotide sequence selected from the group consisting of SEQ ID NO: 2, SEQ
IDNOG: 4, SEQ ID NO: 5, 8EQ ID NO: 17, SEQ ID NO: 20, SEQ ID NOG: 23, SEQ ID NO: 26, and
combinations of said primers. Optionally, said step of measuring is using a probe comprising a
nucleetide sequence selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 6, SEQ ID
NO: 7, SEQ ID NO: 8, SEG ID NOG: 9, SEG 1D NO: 10, SEG 1D NO: 18, SEQ ID NG 21, SEQ 1D
NO: 24, SEQ 1D NO: 27, and combinations of said probes, The detection of one or more viruses in

a biological sample optionally diagnoses hepatitis virus infection in a subject.
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j6618} Another object of the invention i3 to provide a kit for the detection of one or more
hepatitis viruses in a biological sample. A kit optionally includes materials suitable for the detection
of one or more of HAYV, HBV, HCV, HDV, HEV, or any combination thereof. A kit optionally
includes a first forward primer, said first forward primer optionally interacts with an HDV genome
at positions 816-834. A first forward primer oplionally includes at least two degeneraie nucleotides,
Optionally, a forward primer consists of the sequence of SEQ ID NO: 1, SEQ ID NO: 16, SEQ D
NO: 19, SEQ ID NO: 22, or SEQ 1D NO: 25, or combinations of said forward primers are mcluded.
A kit optionally includes a reverse primer. A reverse primer optionally binds a region of a HDV
genome between nucleotides 894 to 908, A reverse primer optionally consists of the sequence of
SEQ D NGs: 2,4, 5, 17, 20, 23, 26 or a combination of primers having at least one of 8EQ 11 NOs.
2,4, 5 17,20, 23, or 26, A kit optionally further or on its own includes a probe that will bind a
region of a HDV genome in the region of nucleotides 853 to 890. A probe optionally comprises the
nucleotide sequence SEQ 1D NO: 3, SEQ 1D NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ 1D NO: 9,
SEQ ID NO: 10, SEQ ID NOG: 18, SEQ 1D NO: 21, SEQ ID NO: 24, SEQ ID NO: 27, or the kit
optionally includes any combination of said probes. In some embodiments, a kit includes one or
more oligonucleotides comprising a nucleotide sequence selected from the group consisting of SEQ
{2 NG 16, SEQ 1D NO: 17, SEQ ID WO: 18, SEQ 1B NO: 19, SEQ 1D NG: 246, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ 1D NO: 23, SEQ ID NO: 24, SEQ 1D NQ: 25, SEQ ID NO: 26, SEQ ID NO:
27, or combinations thereof.

{6619} it is another object the invention to provide compositions suitable for the detection of
the presence or absence of one or more bepatitis viruses in a sample. A composition inchides an
oligonuclectide that comprises or consists of the sequence of SEQ ID NO: I, SEQ ID NO: 2, SEQ
1D NO: 3, SBEQ 1D NO: 4, SEQ D NG: 5, SEQ ID NG: 6, SEQ 1D NO: 7, SEQ 1D NO: 8, SEQ ID
NO: 9, SEQ 1D NO: 10, SEQ ID NO: 16, SEQ 1D NO: 17, SEQ 1D NO: 18, SEQ 1D NGO 19, SEQ
D NG: 20, SEQ ID NO: 21, SEQ 1D NG 22, SEQ 1D NOG: 23, SEQ 1D NO: 24, SEQ 1D NO: 25,
SEG 13 NO: 26, SEQ 1D NG: 27, or SEQ 1D NG: 27.

BRIEF DESCRIPTION OF THE DRAWINGS
16620} FIG, 1 represenis an alignment of the gRT-PCR amplicon region of HDV using
sequences representing all HDV genotypes;
16021} FIG. 2 represents HDV qRT-PCR Assay Characteristics where positive control

franscript preparation was prepared in 10-fold serial dilutions and A} 1s the Huearity of the assay
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spans six logs and B} is the standard curve shows the efficiency of over 90%, with the slope of -3.65
and the R” value of 8.9907; and
6022} FIG. 3 illustrates a TagMan Array Card (TAC) workflow compared to the individual

real-time PCR samples for 384 reactions, the number equivalent to one card.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
166234 The following description of particular embodiment(s} is mercly exemplary in nature
and 15 in no way intended to himut the scope of the ivention, its application, or uses, which may, of
course, vary. The imvention 15 described with relation to the non-limiling defimlions and
terminology included herein. These definitions and terminology are not designed to function as a
timitation on the scope or practice of the invertion but are presented for illustrative and descriptive
purposes only,  While the processes or compositions are described as an order of mdividaal steps or
using specific materials, it is appreciated that steps or materials may be interchangeable such that the
desecription of the invention may include multiple paris or steps arranged in many ways as is readily
appreciated by one of skill in the art. It is to be understood that the present invention is not limited
to particular embodiments described, which may, of course, vary.
103241 The following description of particular embodiment{s) is merely exemplary in nature
and 18 1n no way intended to Hmit the scope of the mvention, s application, or uses, which may, of
course, vary. The invention is described with relation to the non-limiting definitions and
terminology mcluded herein. These definitions and {erminology are not designed to function as a
himitation on the scope or practice of the invention but are preseuted for iHustrative and descriptive
purposes only. While the processes or compositions are described as an order of individual steps or
using specific raaterials, it is appreciated that steps or materials may be mterchangeable such that the
description of the invention may include nrultiple parts or steps arranged in many ways as is readily
appreciated by one of skill in the art.
LEPRY It will be understood that when an clement is reforred to as being “on” another
clement, it can be directly on the other ¢lement or mtervening clemenis may be present
therebetween. In contrast, when an element is referred Lo as being “directly on” anocther clement,
there are no intervening clements present.
16626} It will be understood that, although the terms “firet,” “second,” “third” etc. may be
used herem to describe various elements, components, regions, layers, and/er sections, these

clements, components, regions, layers, and/or sections should not be limited by these terms. These
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terms are only used to distinguish one element, component, region, layer, or section from another
clement, componeni, region, layer, or section. Thus, “a first clement,” “component,” *region,”
“iayer,” or “section” discussed below could be termed a second {or other) element, component,
region, layer, or section without departing from the teachings herein.

16627} The terminology used herein is for the purpose of describing particular embodiments
oniy and is not intended to be limiting. As used herein, the singular forms “a,” “an,” and “the” are
iniended o nclude the plural forms, including “at least one,” unless the content clearly indicates
otherwise. “Or” means “and/or.” As used herein, the term “and/or” imcludes any and all
combinations of one or more of the associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions, integers, steps, operations, clements,
and/or components, but do not preclude the presence or addition of one or more other features,
regions, integers, steps, operations, elements, components, and/or groups thereof. The term “or a
combination thereof” rocans a combination inchuding at ieast one of the foregoing elements,

{64281 Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to which
this disclosure belongs. It will be further understoed that terms such as those defined in commonty
used dictionaries, should be interpreted as having a meaning that is consistent with their meaning in
the context of the relevant art and the present disclosure, and will not be interpreted in an idealized
or overly formal sense unless expressly so defined herein.

(6429} Scientific and technical terms used herein are intended to have the meanings
commeonly understood by those of ordinary skill in the art. Such terms are found defined and used
in context in various standard references illustratively jncluding in part J. Savsbrook and D.W.
Russell, Molecular Cloning; A Laboratory Manual, Cold Spring Harbor Laboratory Press; 3rd Ed.,
2001, F.M. Ausubel, Ed., Short Protocols in Molecalar Biology, Current Protocols; 5th Ed., 2002;
B. Alberts et al., Molecular Biology of the Cell, 4th Ed., Garland, 2002; D.L. Nelson and M.M. Cox,
Lehninger Principles of Biochemistry, 4th Ed, W H. Freeman & Company, 2004; Wild, D., The
Immuncassay Handbook, 3rd Ed., Elsevier Science, 2005, Gosling, J. P., Immuncassays: A
Practical Approach, Practical Approach Series, Oxford University Press, 20035;Antibody
Engineering, Kontermann, R. and Dibel, 8. (Eds.), Springer, 2001, Harlow, E. and Lane, D,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988; Ausubel, F, ot al,,
(Eds.), Short Protocols in Molecular Biology, Wiley, 2002: J. 1. Pound (Ed.) Immunochemical
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Protocols, Methods in Molecular Biology, Humana Press; 2nd ed., 1998; B.K.C. Lo (Ed), and
Antibody Engimeering: Methods and Protocols, Methods in Molecular Biology, Humana Press,
2003, the contents of each of which are incorporated herein by reference.
16430} The above difficulties in detection and quantification of hopatitis viruses in complex
biological samples such at plasma, serum, or other are addressed by the present processes and
materials. The invention has utility to detect the presence or absence of HDV in a binlogical sample
cither alone or in concerl with additional methods for detection of other hepatitis viruses mncluding
HAY, HBV, HCVY, HEV, and new viruses to be discovered. Also provided are materials and
processes for the simultancous detection of HAV, HBV, HCV, HDV, and HEV,
j0¢31} Several inventions are provided. First, are provided processes and materials such as
primers and probes for the detection of HDV. Second, arc provided processes and materials for the
simultaneous detection of all two or more, optionally all five, bepatitis virnses that optionally
employ the inventive primers and probes for HDV detection,
(6632} The following definitional terms ave used throughout the specification without regard
to placement relative to these terms.
0033} As used herein, the term “variant” defines either a naturally cccurring genetic mutant
of HDV or a recombinantly prepared variation of HDV, each of which contain one or more
mutations m is genome compared to the HDV of HDV genotype 1 {accession no. AF(398261). The
term “variant” may also refer to either a naturally occwrring variation of a given peptide or a
recombimantly prepared variation of a given peptide or protein in which one or more amino acid
residues have been modified by amino acid substitution, addition, or deletion.
6034} As used herein, the term “analog” in the context of a non-proteinacecus analog
efines a second organic or inorganic molecule that possesses a similar or identical fonction as a
first organic or inorganic molecule and is structurally simifar to the first organic or morganic
wmolecule, Structural stmilarity includes the presence of cue or more degenerate nucleotides, one or
more nucleotides on either or both ends of the molecule, the presence of a locked nucleic acid, or
other similanity.
166435} As used herein, the term “derivative” in the context of a non-proteinaceous derivative
defines a second organic or inorganic molecnle that is formed bhased upon the structure of a {irst
organic or inorganic molecule. A derivative of an organic molecule includes, but is not limited to, 2
molecule modified, e.g., by the addition or deletion of a hydroxyl, methyl, ethyl, carboxyl or amine

group. An organic wolecule may also be esterified, alkylated and/or phosphorylated. A derivative



b2
<

(VR

WO 2014/144578 PCT/US2014/029049

also defined as a degenerate base mimicking a C/T mix such as that from Glen Research
Corporation, Sterling, VA, illustratively LNA-dA or LNA-dT, or other nucleotide modification
known in the art or otherwise.

16436} As used herein, the term “mutant” defines the presence of mutations in the nucleotide
sequence of an organism as compared to a wild-lype organism,

{64371 A “purified” nucleic acid molecule is one that is separated from other nucleic acid
molecules that are present in the natural source of the nucleic acid molecule and 15 often
substantially free of other cellular material, or culture mediom such as when produced by
recombinant techniques, or substantially free of chemical precursors or other chemicals when
chemically synthesized. This term is exclusive of a nucleic acid that i3 a member of a library that
has not been purified away from other library clones containing other nucleic acid molecules.

[5638] As used herein, the term “hybridizes under stringent conditions” describes conditions
for hybridization and washing under which nucleotide sequences having at least 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, %0%, or 95% identity to each other typically
remain hybridized to each other. Such hybridization conditions are described 1n, for example but
not Hmited to, Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. {1989), 6.3.1
6.3.6.; Basic Methods in Molecular Biology, Blsevier Science Publishing Co., Inc,, N.Y. (1986}, pp.
75-78, and 84-87; and Molecular Cloning, Cold Spring Harbor Laboratory, N.Y, (1982), pp. 387-
389, and are well known to those skilled in the art. A preferred, non-limiting example of stringent
hybridization conditions is hybridization in 6x sodium chioride/sodium cifrate (SSC), 0.5% SDS at
about 68°C followed by one or more washes in 2xS5(C, 0.5% SDS at room temperature. Another
preferred, non-limiting cxample of stringent hybridization conditions is hybridization in 6x 38C at
about 45°C followed by one or more washes in 0.2x SSC, 0.1% SDS at 50 to 65°C.

16439} An “isolated” or “purified” nucleotide or oligonucleotide sequence is substantially
free of cellular material or other contaminating proteins from the cell or tissue source from which
the nucleotide is derived, or is substantially free of chemical precursors or other chemicals when
chemically synthesized. The language “substantially frec of cellular material” includes preparations
of a nucleotide/oligonuclectide in which the nucleotide/oligonucleotide is separated from cellular
components of the cells from which it is 1solated or produced. Thus, a nucleotide/sligonucleotide
that 1s substantially free of cellular material includes preparations of the nucleotide having less than
about 30%. 20%, 10%, 5%, 2.5%, or 1% {(by dry weight} of contaminating material. When

nucleotide/oligonucleotide is produced by chemical synthesis, it is preferably substantially free of
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chemical precursors or other chemicals, ie., it is separated from chemical precursors or other
chemicals which are involved in the synthesis of the protein.  Accordingly, such preparations of the
nuclestide/nligomiclectide have less than abowt 30%, 20%, 10%, 5% (by dry weight) of chemical
precursors or compounds other than the nucleotide/oligonuclectide of interest. In a preferred
embodiment of the present invention, the nucleotide/cligonucieotide are isolated or purified.

10440} As used herein, the term “isolated” virus or virus-like particle (VLP) is one which i3
separated from other organisms which are present in the natural source of the virus, e.g., biciogical
material such as cells, blood, serum, plasma, saliva, urine, stool, sputum, nasopharyngeal aspirates,
and so forth, The isolated virus or VLP can be used to infect a subject cell,

j0041} As used herein, the term “biological sample” is defined as sample obtained from a
biological organism, a tissue, cell, cell culture medium, or any medium suitable for mimicking
biological conditions, or from the envirooment. Non-limiting examples include, saliva, gingival
secretions, cerebrospinal fluid, gastrointestinal fluid, mucous, urogenital secretions, synovial fluid,
blood, serum, plasma, urine, cystic fhuld, lymph fluid, ascites, plearal effusion, nterstitial flaid,
intracellular fluid, ocular fluids, seminal fluid, mammary secretions, and vitreal fluid, and nasal
secretions, throat or nasal materials, In a preferred embodiment, viral agents are contained m serum,
whole blood, liver tissue, or other biological material believed to have HDW present or absent.
16642} As used herein, the term “medium” refers to any liguid or {luid biclogical sample in
the presence or absence of virus. Non-limiting examples include buffered saline solution, cell
culture medium, acetonitrile, trifluoroacetic acid, combinations thereof, or any other fluid
recognized in the art as suitable for combination with virus or cells, or for dilution of a biologieal
sample or amplification product for analysis,

16043} To determine the percent identity of two nucleic acid sequences, the seguences are
aligned for optimal comparison purposes (e.g., gaps can be introduced in the sequence of a first
amino acid or nucleic acid sequence for optimal alignment with a second amino acid or nucleic acid
sequenice}.  The nucleotides at corresponding nuclectide positions are then compared. When a
position 1n the first sequence is cccupied by the same nuclootide as the corresponding posttion 1 the
second sequence, then the molecules are identical at that position. The percent identity between the
two sequences is a function of the number of identical positions shared by the sequences (1.¢., %
identity=number of identical overlapping positions/total number of positions * 100%}  in one

cmbodiment, the two sequences are the same length
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100441 The determination of percent identity between two sequences can also he
accomplished using a mathematical algorithm. A preferred, nonlimiting example of a mathematical
algorithm utilized for the comparison of two sequences is the algorithm of Karlin and Altschul,
1990, PNAS 87:2264 2268, modified as tn Karlin and Altschul, 1993, PNAS, 90:5873 5877. Such
an algorithm 15 incorporated into the NBLAST and XBLAST programs of Altschul et al,, 1990, J
Mol Biol 215:403. BLAST nuciectide searches are performed with the NBLAST mucleotide
program parameters set, ¢.g., for score=100, wordlength=12 to obtain nucleotide sequences
homologous to a nucleic acid molecules of the present invention. BLAST protein scarches are
performed with the XBLAST program parameters set, e.g., to score 50, wordlength=3 to obtain
amino acid sequences homologous to a protein molecule of the present invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST are utilized as described in Altschul et al,
1997, Nucleic Acids Res. 25:3389 3402, Alternatively, PSI BLAST is used to perform an iterated
search which detects distant relationships between molecules (3d.). When utilizing BLAST, Gapped
BLAST, and PSI Blast prograwms, the default parameters of the respective programs {e.g., of
XBLAST and NBLAST) are used (see, ¢.g., the NCBI website). Another preferred, non-limiting
example of a mathematical algorithm utilized for the comparison of sequences is the algorithim of
Myers and Miller, 1988, CAR/OS 4:11 17. Such an algorithm is incorporated in the ALIGN
program (version 2.0} which is part of the GCG sequence alignment software package. When
utilizing the ALIGN program for comparing amino acid sequences, a PAM 126 weight residue tabie,
2 gap length penalty of 12, and a gap penalty of 4 is used. Optionally, the MEGAS software s used
o align sequences. Tamura K, et al., Molecular Biology and Evolution, 2011; 28:2731-2739.

10645} The percent identity between two soquences is determined using techniques similar to
those described above, with or without allowing gaps. In calculating percent identity, typically only
¢xact matches are counted.

10046} As used herein, the terms “subject” and “patient” are synonymous and refer to a
buman or non-human animal, preferably a mammal inciuding a buman, non-primate such as cows,
pigs, horses, goats, sheep, cats, dogs, avian specics and rodents; and & non-human primate such as
monkeys, chimpanzees, and apes; and a human, also denoted specifically as a “human subject.”
6847} In some embodiments, inventive processes mnvolve the use of real-time polymerase
chain reactions (qRT-PCR). qRT-PCR is an accurate and sensitive assay of quantifying viral
genomes, with the major advantage of avoiding post-PCR handling that can be source of DNA

carryover. While RT-PCR has itself been suggested for detection of HDV RNA, the primers used in
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were designed on the basis of a region conserved among type 1, 2a and 2b HDV genotypes. These
primers, however do not take in account the other HDV genotypes. Also, many primers suggested
by prior methaods, such as those in U.S. Patent Application No. 2010/(0143894 fail to be capable of
full PAN detection of all known HDV genotypes.

16348} Perhaps more importantly, the prior primers and probes for HDV detection are
incapable of use in a multiplex or simultaneous reaction with other primers and probes for detection
of other hepatitis virus types, These problems are fully addressed by the presently provided primers
and probes that: 1) do not sutfer from negative sccondary structure formation; 2) are used for PAN
detection of all HDV genotypes; 3) are suitably matched in size, go content, and melting temperature
to be used as a component of a broader assay to detect all five hepatitis viral types; and 4} and are
readily tailorable to additional detection of future HDV types. Moreover, the primers and probes
also are capable of working with other assays for hepatitis virus infection due to their ability to
function with samples extracted with a common extraction technique, function with the same PCR
chemistry; and function under common cycling parameters, While HBY is a DNA viras, the rest are
RNA viruses, so a universal nucieic acid extraction needs to be performed in order to amplify any of
them from an infected individual. The priraers and probes of the invention are specifically identified
and produced to satisfy all these needs.

16649 Some embodiments of the instant inventive process provide rapid, specific, and
sensitive assay process for detection of HDV in biological samples by amplifying one or more
nucleotide sequences with greater specificity to strains of HDV than HCV or other viral agenis, A
process optionally involves qRT-PCR methods, General principles of real time quantitative RT
PCR are known in the Art and arc for mstance described in Poitras et al., Reviews in Biology and
Biotechnology, 2002; 2: 1-11 and Gibson et al., Genome Research, 1996; 6: 995-1001. Real-time
PCR based on the TagMan® technology allows DNA or cDNA quantification over a large dynamic
range (10 to 107 copies), and s therefore well adapted to the quantification of viral genomes.
Moreaver, the possibility of handling mumerous samples and the absence of post-PCR handling
makes it 4 vafe and convenient approach for clinical diagnosis.

166350} An oligonucleotide forward primer with a nucleotide sequence complementary to a
unique sequence in an HDV mucleotide sequence illustratively in the region upstream from the
HDAg coding region is hybrdized to ils complementary sequence and extended. Similarly, a
reverse oligonucleotide primer complementary 1o a second strand of HDV nucleotide sequence 1n

the same or an allernate HDWV region is hybridized and exiended.  This system allows for
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amplification of specific gene sequences and is suitable for simultaneous or sequential detection
systems.

6451 The present invention relates to the use of the sequence information of HDV for
diagnostic process. In particular, the present invention provides a process for detecting the presence
or absence of nucleic acid molecules of HDV, nataral or artificial variants, analogs, or derivatives
thereof, in a biological sample. The process involves ebtaining a biclogical sample from various
sources and contaciing the sample with a compound or an agent capable of detecting a nucleic acid
sequonce of HDV, natural or artificial variants, analogs, or derivatives thereof, such that the
presence of HDV, natural or artificial variants, analogs, or derivatives thereof, is detected in the
sample. In a preferred specific embodiment, the presence of HDV, natural or artificial variants,
analogs, or derivatives thereof, is detected in the sample by a gquantitative real time polymerase
chain reaction (gRT-PCR} using the primers that are constructed based on a partial nucleotide
sequonce of a fit of all known HDV virus genome sequences.

[LHIRYS The privaer and probe sequences used in production of an amplicon are specifically
tatlored and designed to satisfy several different parameters depending on the primer or probe. In
general, an amplicon is 1deally less than 159 nucleotides, optionally from 75 1o 1530 nucleotides or
any valie or range therebetween. In some embodiments, an amplicon should not exceed 150
nucleatides.

10633} A forward primer should be no longer than 19 nucleotides and be used to bind in the
region of the HDV in nucleotides 816 to 834 using the numbering of Wang, et al,, Nafure, 1986,
323: 508-514; comigendum 328:456 aund as found in the NUBI database at GenBank accession
number X04451.1. A forward primer for HDV detection should include at least two degenerate
nucleotide positions, but may include more than 2 such as 3, 4, or 5.

[LHIREY A reverse primer for detection of HDV optionally has 32 nuclectides or fewer and
optionally includes a core region that is suitable to bind HDV in the region of nucleotides 894 to 908
using the numbering of Wang, et al., Narure, 1986; 323: 508-314; comigendum 328:456 and as
found m the NCBI database al GenBank accession number X04451.1, optionally without a mutation
or degencracy. No extensions are permissible beyond the 57 end of a primer sequence including
nucleotides TCCTC at the 5” end.

[6655] A probe for detection of HD'V optionally extends between nucleotides 853 and 890
using the numbering of Wang, et al., Namre, 1986; 323: 508-314; comrigendum 328:456 and as

found inn the NCBI datsbase at GenBank accession murmuber X84451.1. A probe optionally includes
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at least a core sequence of nuclectides 858-876 and include at least two degenerate nucleotides
within those positions.

{6056} Exenplary sequences suitable for primers or probes for the detection of HDV are
found i Table 1A,

Table 1A:

SEG D
Nucleotide Purpose Seguence’5'tc 3 NO:
Forward Primer TCTCCCTTWGCCATCMGAG 1
Reverse Primer TCCTCTTCGRGTLGE 2
TCOTCTTCGEGTIGEL 4
TCCTCTTCGGETCGGCATG 5

Probe CYCGCCGTCCOWELTGGGL 3
CYCGCGOTLCOWCCTOGORTCLG 6
CCTCOYCGLOETCOEWECTEEGE 7
CTCCYCGCGGTCCGWECTGGGE 8
TCCYCGLROTCCGWICTGGGE 9
COYCGUGGTCCGWOCTGGGL 10

166371 In a non-limiting specific embodiment, a forward primer to be used in a gQRT-PCR
process meludes or consists of 5'- TCTCCCTTWGCCATCMGAG-3 (SEQ ID NO: 1} where W
represents A or T, and M represents A or . A reverse primer optionally includes or consists of 5°-
TCCTCTTCGGGTCGE -3 (SEQ 1D NO: 2). In preferred embodiments, the primers used in the
process are SEQ ID NOS: 1 and 2. Awn agent for detecting HDV nucleic acid sequences 1s a labeled
mucleic acid probe capable of hyvbrdizing to an amplification product produced by a forward and
reverse primer pair. In some embodiments, the nucleic acid probe is a nucleic acid molecule
coraprising or consisting of the nueleic acid sequence of S-CYCGUCGGTCCOGWCUTGGGC-37
(SEQ 1D NO: 3}, where Y represents C or T, and W represents A or T. 1t is appreciated that a
aucleotide primer or probe optionally includes one or more locked nucleic acids, LNA devotes a

locked nucleic acid. LNAs were first detailed in Koshkin ¢t al,, Tetrahedron 54, 3607-3630 (1998).
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60581 in some embodiments, a simultaneous or sequential detection of the presence or
absence of nucleic acid molecules of HAV, HBV, HCV, HDV, and HEV individually or in any
combination, natural or artificial variants, analogs, or derivatives thereof, in a biclogical sample.
Exemplary processes invelve obtaining a biological sample from various sources and contacting the
sample with a compound or an ageni capable of detecting a nucleic acid sequence of HAV, HBYV,
HCV, HDV, or HEVY, natural or artificial variants, analogs, or derivatives thereof, such that the
presence of HAVY, HBV, HCV, HDV, or HEV, natural or artificial variants, analogs, or derivatives
thereof, is detected in the sample. In a preferred specific embodiment, the presence of HAV, HBV,
HCV, HDV, or HEV, natural or artificial variants, analogs, or derivatives thercof, is detected in the
sample by a quantitative real time polymerase chain reaction (qRT-PCR) optionally using the
primers that arc constructed based on a partial nucleotide sequence of a fit of all known HDV virus
genome sequences.

{0659} Exemplary sequences suitable for primers or probes for the detection of the presence
or absence of HAV, HBV, HCV, HDV, or HEV or any combination thereof, or all thereof are found
in Table 1A and Table 1B,

Table 1B:;

Nucleotide SEQ D
Virus Purpose Sequence 5'to NO:
HAY Forward Primer GGG TGA AACCTCTTA GGC TAA TAC 16
Reverse Primer TCCTCC GGL GTT GAATG 17

CAC CAA TAT CCG CCG CTG TTA CCOTAT

Probe CCA 18
HBY Forward Primer TGT CCT GGY TAT CGC TGG AT 19
Reverse Primer AAG AAC CAAYAA GAA GAT GAG 20

TGC GGC GTT TTA TCA TMT *“T7°CC TCT

Probe TCAT 21
HCV Forward Primer CTA GCC GAGTAGYGT TGG GT 22
Reverse Primer CATGTTGCACGG TCT ACG AG 23
Probe CTCGCA AGCACCCTATCA GGCAGTAC 24
HEV Forward Primer GET GGT TTCTGG GGT GAC 25
Reverse Primer AGG GGTTGG TTG GAT GAA 26
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Probe TGATICTCA GCLCIT CGC 27

{3460} Optionally, a process 1s used to detect the presence or absence of HDV and HAV,
Optionally, a process is used to detoct the presence or absonee of HDV and HBV. Optionally, a
process is used to detect the presence or absence of HDV and HCV. Optionally, a process is used to
detect the presence or absence of HDV and HEV, Optionally, a process is used to dotect the
presence or absence of HAV and HBVY. Optionally, a process is used to detect the presence or
absence of HAY and HCV. Optionally, a process is used to detect the presence or absence of HAV
and HEY. Optionally, a process is used to detect the presence or absence of HEBV and HCV.
Optionally, a process is used to detect the presence or absence of HBV and HEV. Optionally, a
process 18 used to detect the presence or absence of HCV and HEV, Optionally, a process is used to
detect the presence or absence of three of HAV, HBY, HCV, HDV, or HEV 11 any combination,
Optionally a process s used to detect the presence or absence of four of HAV, HBV, HCV, HDV, or
HEYV. Optionaily a process i3 used to detect the presence or absence of all of HAV, HBV, HCV,
HDV, and HEV.

{6061} The processes of the present invention can involve a real-time quantitative PCR
assay. In a preferred embodiment, the quantitative PCR used in the present invention is a TagMan
assay {Holland et al, PNAS 88(16%7276 (1991). H is appreciated that the current invenition is
amenable to performance on other RT-PCR systems and protocols that use alternative reagents
tlnstratively including, but not imited to Molecular Beacons probes, Scorpion probes, multiple
reporters for mulliplex PCR, combinations thereo!, or other DNA detection systems,

6062} The assays are performed on an instrument designed to perform such assays, for
example those available from Applied Biosystems {Foster City, CA). In more preferred specific
cmbodiments, the present mvention provides a real-time quantitative PCR assay to detect the
presence of any species of hepatitis virus selected from HAV, HBY, HCV, HDV, or HEV, natural or
artificial variants, analogs, derivatives thereof, or any combination thereof, 1 a biological sample by
subjecting the hepatilis virus nucleic acid from the sample to PCR reactions using specific primers,
and detecting the amplified product using a probe.

j0863] The term “HXV” as used herein mesns: HAV; HBV; HCV; HDV; HEV; HDV and
HAV; HDV and HBV; HDV and HCV; HDV and HEV; HAYV and HBV: HAV and HCV; HAV and
HEV; HBV and HCV; HBV and HEV; HCV and HEV; any three of HAV, HBV, HCV, HDV, or
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HEV in any combination; any four of HAV, HBY, HCV, HDV, or HEY in any combination; or all
of HAV, HBV, HCV, HDV, and HEV.

{6064} In preferred embodiments, the probe is a TagMan probe which consists of an
oligonclootide with a 3-reporter dye and a 3'-quencher dye. In some embodiments, a fluorescent
reporter dye, such as FAM dye (ilustratively 6-carboxyfluorescein), 1s covalently linked to the 5
end of the oligonucleotide probe. Other dyes illustratively include TAMRA, AlexaFluor dyes such
as AlexaFluor 495 or 590, Cascade Blue, Marina Blue, Pacific Blue, Oregon Green, Rhodamine,
Fhluorescein, TET, HEX, Cy5, Cy3, and Tetramethylrhodamine. Each of the reporters is quenched
by a dye at the 3' end or other non-fluorescent quencher. Quenching molecules are suitably matched
to the fluorescence maxinmum of the dye. Any suitable fluorescent probe for use in real-time PCR
(RT-PCR) detection systems is illustratively operable in the instant invention. Similarly, any
quenching molecule for use in RT-PCR systems s illustratively operable. In a preferred
embodiment a 6-carboxyfiuorescein reporter dye is prosent at the 5’-end and matched to Black Hole
Quencher (BHQI, Biosearch Technologies, luc,, Novato, CA). The fluorescence signals from these
reactions are captured at the end of extension steps as PCR product is generated over a range of the
thermal cycles, thereby allowing the guantitative determination of the viral load in the sample based
on an amplification plot.

106651 The HXV virus nucleic acid sequences are optionally amplified before being
detected. The term “amplified” defines the process of making multiple copies of the nucleic acid in
either RNA or cDNA {orm from a single or lower copy number of nucleic acid sequence molecule.
The amplification of nucleic acid sequences is carried out in vifro by biochemical processes known
to those of skill in the art. The amplification agent may be any compound or system that will
function to accomplish the synthesis of primer exiension products, mchuding enzymes.  Suitable
enzymes for this purpose include, for example, £, coli BDNA polymerase {, Taqg polymerase, Klenow
fragment of £. coli BDNA polymerase §, T4 DNA polymerase, AmpliTag Gold DNA Polymerase
from Applied Biosystems, other available DNA polymerases, reverse transcriptase (preferably
1Script RNase H+ reverse transcriptase), ligase, and other enzymes, including heat-stable enzymes
{(i.e., those enzymes that perform primer extension after being subjected to teraperatures sufficiently
clevated to cause denaturation). In a preferred embodiment, the AgPath-ID One Step Kit by
Applied Biosystems is used, Suttable enzyimes will facilitate combination of the nucleolides in the
proper manrier to form the primer oxtension products that are complementary to each mutant
nucleotide sirand. Generally, the synthesis 1s initiated at the 3-end of each primer and proceed

the 5'-direction along the template strand, until synthesis terminates, producing molecules of
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different lengths., There may be amplification agents, however, that initiate synthesis at the 5'-end
and proceed n the other direction, using the same process as described above. In any cvent, the
process of the invention is not to be Himited to the embodiments of amplification described herein.
16466} One process of in visro amplification, which is used according fo this invention, may
mclude the polymerase chain reaction (PCR) such as those described in U.S, Patent Nos, 4,683,202
and 4,683,195, The term “polymerase chain reaction” refers to a process for amplifying a DNA
base sequence using 2 heat-siable DNA polymerase and two oligonucleotide primers, one
complementary to the (+)-strand at one end of the sequence to be amplified and the other
complementary to the (-)-strand at the other end, Because the newly synthesized DNA strands can
subsequently serve as additional templates for the same primer sequences, successive rounds of
primer amnnealing, strand clongation, and dissociation produce rapid and highly specific
amplification of the desired sequence. Many polymerase chain processes are known 10 those of skill
in the art and may be used in the process of the invention. For example, RNA is subjected to
cycling parawelers in a thermocycler optionally as follows: 45°C for 10 mun, 94°C for 10 min,
followed by 45 cycles of 95°C for 30 sec and 60°C for 1 min. For another example, RNA is
subjected 1o a polymerase chain in a thermocycler using parameters of denaturing at 94°C for 10
min followed by 35 cycles of 94°C for 30 see, 58°C for 30 sec and 72°C for 1 min with a final
extension step of 72°C for 10 min at a denaturing temperature of 95°C for 30 sec, followed by
varying annealing temperatures ranging from 34 to 58°C for 1 min, an extension step at 70°C for 1
min, with a final cxtension step at 70°C for 5 min.

{6667} The privaers for use in amplifying the mRNA or genomic RNA of HXV may be
prepared using any suitable process, such as conventional phosphotriester and phosphodiester
processes or automated embodiments thereof so long as the primers are capable of hybridizing to the
nucleic acid sequences of interest. One process for synthesizing oligonucleotides on a medified
solid support 1s described in ULS, Patent No, 4,458,066, The exact length of primer will depend on
many factors, including destred melting temperatire, buffer, and nucleotide composition.  The
primer must prime the synthesis of extension products i the presence of the inducing agent for
amplification.

16668} Primers used according to the process of the inventien arc complementary to each
strand of nucleotide sequence (o be amplified. The term “coraplementary” means that the primers
must hybridize with their respective strands under conditions that allow the agent for polymerization

to function. In other words, the primers that are complementary to the flanking sequences hybridize

13



10

15

[
o)

| ]
A

30

WO 2014/144578 PCT/US2014/029049

with the flanking sequences and permit amplification of the nucleotide sequence. Preferably, the 3
terminus of the primer that 1s extended is perfectly base paired with the complementary flanking
strand. In some embodiments, probes possess nucleotide sequences complementary to one or more
strands of the 5’-NCR of HDV. Optionally, one or more primers are complementary to HDV
genetic sequences encompassing positions 800-910. Optionally, primers are used in pairs wherein a
pair contain the nucleotide sequences of SEQ I3 NOs: 1 and 2; 16 and 17; 19 and 20; 22 and 23; 25
and 26; or any combination of the primer pairs. It is apprecialed that the complement of SEQ ID
NOs: 1,2, 16, 17,19, 20,22, 23, 25, or 26 are similarly suitable for use in the mstant invention, ltis
further appreciated that oligonucleotide sequences that hybridize with SEQ ID NG: 1, 2, 16, 17, 19,
20, 22, 23, 25, or 26 are also similarly suitable. Finally, while it was previously believed that
multiple positions are available for hybridization on the HDV genome, the primers used in the
preseni Invention, particularly the forward primer are highly restricted both positionally and
compositionally so as to provide the proper melting temperature, ability to recognize all known
HDV genotypes or all of HAV, HBV, HCV, HDV, and HEV, refrain from formation of secondary
structure, and have a specific ability to bind with sufficient hybridization to the genome s0 as to be
useful in the invention.

{60691 Those of ordinary skill in the art will know of various amplification processes that
can also be utilized to increase the copy number of a target HXV nucleic acid sequence. The nucleic
acid sequences detected in the process of the invention are optionally further evaluated, detectad,
cloned, sequenced. and the like, either in solution or after binding to a solid support, by any process
usually applied to the detection of a specific nucleic acid sequence such as another polymerase chain
reaction, oligomer restriction (Saiki et al, BioTechnoiogy 3:1008 10612 (1985)), allele-specific
oligonucleotide { ASD} probe analysis {Conner et al., PNAS 80: 278 (1983)), oligonucieotide ligation
assays (OLAs} (Landegren et al., Science 241:1077 {1988)}}, RNase Protection Assay and the like.
Molecular techniques for DNA analysis have been reviewed (Landegren ot al., Science 242:229 237
(1988)). Following DNA amplification, the reaction product may be detected by Southern blot
analysis, without using radicactive probes. In such a process, for example, a small sample of DNA
containing the nucleic acid sequence obtained from the tissue or subject is amplified, and analyzed
via a Southern blotting technique. The use of non-radioactive probes or labels i3 facilitated by the
high level of the amplified signal. In one embodiment of the invention, one nucleoside triphosphate
is radioactively labeled, thereby allowing direct visualization of the amplification product by

autoradiography. In another embodiment, amplification primers are fluorescently labeled and run
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through an electrophoresis system.  Visualization of amplified products is by laser detection
foilowed by computer assisted graphic display, without a radioactive signal.

{6070} The term “labeled” with regard to the probe is intended to encompass direct labeling
of the probe by coupling (i.e., physically linking) a detectable substance to the probe, as well as
mdirect labeling of the probe by reactivity with another reagent that is directly labeled. Exaruples of
indirect labeling include detection of a probe using a fluorescently labeled antibody and end-labeling
or centrally labeling of a DNA probe with biotin such that it can be detecied with {Tuorescenily
labeled streptavidin, The detection method of the invention can be used to detect RNA {(particularly
mRNA)Y or genomic nucleic acid in a sample i vifro as well as iw vivo. For example, in virro
techniques for detection of nucleic acid include northern hybridizations, in situ hybridizations, RT-
PCR, real-time RT-PCR, and DNase protection.  Furthermore, i vive technigues for detection of
HXYV include introducing into a subject organism 2 labeled antibody directed against a capsid or
polypeptide component or directed against a particular nucleic acid sequence of HXYV, For example,
the antibody can be labeled with a radicactive warker whose presence and location in the subject
organism can be detected by standard imaging techniques, inchuding autoradiography.

16871} The stze of the primers used o amplify a portion of the nucleic acid sequence of
HXV is at least 5, and often 10, 15, 20, 25, or 30 nucleotides in length. Optionally, a primer is 10-
30 nucleotides in length or any value or range therebetween. Preferably, the GC ratio should be
above 30%, 35%, 40%, 45%, S0%, 55%, or 60% so as to prevent hair-pin structure on the primer.
Furthermore, the amplicon should be sufficiently long enough to be detected by standard molecular
biology miethodologies. Although it is not desired in the invention, techuniques for modifying the T
of either primer are operable herein. An illustrative forward primer containg ENA-dA and LNA-dT

{Glen Research Corporation} so as to match Ty with a corresponding alternate priraer.

10672} An inventive process uses a polymerization reaction which employs a nucleic acid
polymerizing cnzyme, ilhastratively a DNA polymerase, RNA polyimerase, reverse transcriptase, or

mixtures thereof. It is further appreciated that accessory proteins or molecules are present to form
the replication machinery. In a preferred embodiment the polymerizing enzyme is & thermostable
polymerase or thermodegradable polymerase. Use of thermostable polymerases is well known in
the art such as Taq polymerase available from Invitrogen Corporation. Thermostable polymerases
allow a polymerization reaction to be initiated or shut down by changing the temperature other

condition in the reaction mixture without destroying activity of the polymerase.
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166731 Accuracy of the base pairing in the preferred embodiment of DNA sequencing is
provided by the specificity of the enzyme. Error rates for Taq polymerase tend to be false base
incorporation of 107 or jess, (Jobnson, dmmual Reviews of Biochemistry, 1993: 62:685-713; Kunkel,
Journal of Biological Chemisiry, 1992; 267:18251-18254). Specific examples of thermostable
polymerases lustratively include those solated from Thermus agquaticus, Thermus thermophilus,
Pyrococcus woesei, Pyrococcus furiosus, Thermococcus litoralis and Thermotoga maritima,
Thermodegradable polymerases iHustratively include £ coli DNA polymerase, the Klenow
fragment of £ coli DNA polymerase, T4 DNA polymerase, T7 DNA polymerase and other
examples known in the art, It is recognized in the art that other polymerizing enzymes are similarly
suttable illustratively including E. cofi, T7, T3, SP6 RNA polymerases and AMY, M-MLV, and
HIV reverse transcriptases.

16674} The polymerases are optionally bound to the primer. When the HXV 1s a single-
stranded RNA molecule due to heat denaturing the polymerase is bound at the primed end of the
single~stranded nucleic acid at an origin of replication. A binding site for a suitable polymerase is
optionally created by an accessory protein or by any primed single-stranded nucleic acid.

{00758 Preferably, PCR amplification products are generated using complementary forward
and reverse oligonucleotide primers. In a non-limiting exampie, HDV genetic sequences or
fragments thereot are amplified by the primer pair SEQ 1D NOS: | and 2 that amplify a conserved
sequence in the HDV 5°-NCR encompassing nucleotides 816-908. The resulting amplification
product is processed and prepared for detection by processes known in the art. It is appreciated that
the complements of SEQ ID NOS: 1 and 2 are similarly suitable for use in the instant invention. X
is further approciated that oligonucleotide sequences that hybridize with SEQ 1D NO: 1 or 2 arc also
similarly suitable.

16476} Optionally, multiple amplification products are simultaneously produced in a PCR
reaction that is then available for simultaneous detection and quantification. Thus, multiple
detection signals are inherently produced or emitted that are separately and uniquely detected in one
or more detection systerns. It is appreciaied that multiple detection signals are optionally produced
in parallel. Preferably, a single biological sample is subjected to analysis for the simultaneous or
sequential detection of HXV genetic sequences. It is appreciated that three or more independent or
overlapping sequences are simulianeously or sequentially measured n the instant inventive process.
Oligonucleotide matched primers (Ulustratively SEGQ 1D NOS: 1 and 2) are simultancously or

sequentially added and the biclogical sample is subjected to proper thermocycling reaction
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paraineters. For detection by mass spectrometry a single sample of the amplification products from
cach gene are simuliancously analyzed allowing for rapid and accurate determination of the
presence of HXY. Optionally, analysis by gRT-PCR is employed capitalizing on multiple probes
with unigue fluorcscent signatures. Thus, each genome is detected without interference by other
amplification products,  This, mulli-target approach increases confidence in quantification and
provides for additional internal control.

64771 In a specific embodiment, the processes further involve obtaining a control sample
from a control subject, contacting the control sample with a compound or agent capable of detecting
the presence of HXV nucleic acid in the samuple, and comparing the presence of mRNA or genomic
RNA in the control sample with the presence of mRNA or genomic RNA in the test sample.

6078} In a further embodiment detection of PCR products is achieved by mass
spectrometry, Mass specirometry has soveral advantages over RT-PCR or qRT-PCR systeme in that
it similarly can be used to simultancously detect the presence of HXV and decipher mutations in
target nucleic acid sequences allowing identification and monitoring of emerging strains. Further,
mass spectrometers are prevalent in the clinical laboratory. Similar to fluorescence based detection
systems mass spectrornetry 1s capable of simultaneously detecting multiple amphiication products
for a muktiplexed and controlled approach to accurately quantifving components of biological or
cnvironmental samples.

16679] Multiple mass spectrometry platformis are suitable for use in the instant tuvention
tlusiratively including matrix assisted laser desorption ionization tirme of flight mass spectrometry
{(MALDE, electrospray mass spectrometry, electrospray ionization-Fourier transform jon cyclotron
resonance mass spectrometry (ESI-FTICR), multi-stage mass spectrometry fragmentation analysis
(MS/MS), mass spectrometry coupled with liguid chrowatography such as high performance liquad
chromatography mass spoctrometry (HPLC) and ultra performance liquid chromatography isotope
dilation tandem mass spectrometry (UPLC-ID/MS/MS), variations thereof, or combinations thereof.
16680} it is appreciated that numerous other detection processes are similarly suitable for
megsuring an ampltfication product by detecting a detection signal. Hhustrative examples melude, but
are not limuted to, liquid chromatography, mass spectrometry, liguid chromatography/mass
speetrometry, static fluorescence, dynamic fluorescence, high performance liquid chromatography,
ultra-high performance liquid chromatography, enzyme-linked immunoadsorbent assay, qRT-PCR,
gel electrophoresis, fluorescence resonance cnergy transfer, nucleotide sequencing, enzyme-linked

immunoadsorbent assay, affinity chromatography, chromatography, immunoenzymatic methods
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{Ortiz, A and Ritter, E, Mucleic Acids Res., 1996; 24:3280-3281), streptavidin-conjugated enzyimes,
DNA branch migration (Lishanski, A, et al., Nucleic Acids Res., 2000; 28(9):¢42), enzyme digestion
(11.S. Patent No. 3,580,730), colorimetric methods (Lee, K., Bivrechanology Letters, 2003; 25:1739-
17423, or combinations thereof.

{6381} In some embodiments, TagMan Array Cards {TAC, Life Technologies, Grand Island,
NY), formerly known as TagMan Low Density Array (TLDA) are used in an assay for rapid and
simuftancous detection of HAY RNA, HBVY DNA, HOV RNA, HDV RNA and HEV RNA, TAC 18
a sct of 384 wells of 1 pl capacity cach, interconnecting 48 individual wells on a plastic array card to
one central port which can accommedate one clinical specimen. Each card contains eight identical
ports, providing a platform o test six o eight clinical specimens sinultaneously by real-time PCR,
depending on how many control specimens are run.

166821 TAC-ready assays provide a potential for building medular diagnostic platforme for
acute and chronic viral hepatitis, jaundice syndromic surveillance, blood-borne pathogens screening
of blood or solid organ donors and recipients, and testing at-risk populations, inchuding intravenous
drug users and hemodialysis patients.

160834 The invention also encorpasses kits for detecting the presence of HXV viral nucleic
acids in a test sample. The kit, for example, includes a labeled compound or agent capable of
detocting a nucleic acid molecule n 4 test sample and, in certain embodiments, for determining the
titer in the sample.

[68841 For oligonuciectide-based kits, the kit includes for example: (1) an oligonucieotide,
¢.g.. a detectably labeled probe, which hybridizes to a nuclete acid sequence of the HXV virus
and/or (2) a pair of primers (one forward and one reverse) useful for amplifying a nucleic acid
molecule conlaining the HXV viral sequence. The kit can also coruprise, e.g., a buffering agent, a
preservative, or a protein stabilizing agent. The kit can also comprise components necessary for
detecting the detectable agent {e.g., an enzyme or a substrate). The kit can also contain a control
sainple or a series of control samples which is assayed and compared to the test sample contained.
Fach compenent of the kit is usually enclosed within an individual contamer and all of the various
contaimers are usually enclosed within a single package along with instructions for use. A kit
optionally includes a primer including a nucleotide sequence of SEQ ID NO: 1, 2, 16, 17, 19, 20, 22,
23, 25, or 26, or combinations of the primers. A kit optionally includes a probe of SEQ 1D NO: 3,

18, 21, 24, or 27, or combinations of the probes.
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60851 The inventive processes, kits and compositions are amenable to use for diagnosis of
HXV infection in a subject, insects, and any inclusive other organism capable of infoction or
transfection by or with HXV.

j0686] To increase confidence and to serve as an internal or external control, a purified and
titered FIXV solution is optionally used as a biological sample. By amplification of a single sample
with known quantities of HXV or of a set of samples representing a titration of HXV, the level of
HXV in the unkoown biclogical sample is determined. Preferably, the purified and titered HXV
solution is analyzed in parallel with the unknown biological sample to reduce iuter assay error or to
serve as 4 standard curve for quantitation of unknown HXV in the biological sample. Using purified
and titered HXV solution provides for a similar complete genetic base RNA strand for amplification.
186871 In another embodiment, a subgenomic fragment i cloned into a plasmid for
amplification, purification, and use as a quantitative comparator or nucleic acid calibrator. In a non-
hmiting cxample, a RNA subgenomic fragment of HDV is optionally amplified from a positive
plasma sample using primers bracketing the gRT-PCR target regions in the 57-NCR of HDV, It is
appreciated that other sequences are similarly suttable for use as a quantitative control. The known
concentration of the subgenomic fragment is used to creale a standard curve for quantitative
determinations and to access amplification efficiency.

[6888] Also provided 1s a kit for detecting HXV infection that contains reagenis for the
amplification, or direct detection of HXV or portions thereof. An exemplary kit illustratively
mchudes a forward and reverse primer pair, and a probe. An exemplary embodiment, the forward
and reverse primers have the oligonucleotide sequence SEQ 1D NOS: 1 and 2 and a nondegenerate
probe of the sequence SEQ ID NO: 3. In an exemplary embodiment, a kit mcludes one or more
primers or probes as listed in Table 1A and 1B. It is appreciated that a diagnostic kit may optionally
contain primers and probes that are the complements of SEQ ID NOS: 1-3 or that hybridize with
oligonucleotides SEQ ID NOS: 1-3, or a complements or hybridize with any other probe or primer
from Table 1A and 1B. It is further appreciated that a diagnostic kit optionally includes ancillary
reagents such as buffers, solvents, thermostable polymerases, nucleofides, and other reagents
necessary and recognized in the art for amplification and detection of HXV in a biological sample.
136891 The invention provides a host cell containing a nucleie acid sequences according o
the invenption as an alternative to syunthetic primer sequence generation. Plasmids containing the
poivnierase components of the HXV virus are generated in prokaryotic cells for the expression of

the cormaponenis in relevant cell types (bacteria, iusect cells, sukaryotic cells). Preferably, the cell
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line is a primate cell line. These cell lines may be cultured and maintained using known cell culture
techniques such as described 1w Celis, Julio, ed., 1994, Cell Biology Laboratory Handbook,
Academic Press, NY. Varicus culturing conditions for these cells, including media formulations
with regard 1o specific nuiricnts, oxygen, tension, carbon dioxide and reduced serum levels, can be
selected and optimized by one of skill in the art.

18690} The preferred cell line of the present invention is a eukaryotic cell line, preferably an
nsect cell line, such as 89 per, transiently or stably capable of expressing one or more full-length or
partial HXV proteins, Such cells can be made by transfection (proteins or nucleic acid vectors),
mfection (viral vectors) or tramsduction (viral vectors). The cell lines for use in the present
invention are cloned using known cell culture technigues familiar to one skilled in the art. The cells
are cultured and expanded from a single cell using commercially available colture media under
known conditions suitable for propagating cells.

(0691 A host cell 18 a cell derived from a mammal, insect, yeast, bacteria, or any other
single or multiceliular organism recognized in the art. Host cells are optionally primary cells or
immortalized derivative cells. Immortalized cells are those which can be maintained in-vitro for
several replication passages.

6092} In an exemplary embodiment, ag HXV antigen such as an amino acid sequence
representative of a capsid protein is used as a conirol for a PCR based assay for the detection and
measurement of the presence of HXV in a biclogical sample. The process of detecting HXV
antihodies in a biological sample is optionally performed m parallel with the same or control
biological samples that are used to detect HXV genetic sequences,

16693} A kit for detection of HXV infection in a patient optionally contains reagents for
PCR based detection of HXV genetic sequences, either structural or non-structural, and optionally
for detection of antibodies directed to structural HXV proteins. The components of the kits are any
of the reagents described above or other necessary and non-necessary reagents known in the art for
solubilization, detection, washing, storage, or other need for in a diagnostic assay kit.

160941 Overall, the provided inventive processes and compositions can be used as a
quantitative one-step RT-PCR assay or other assay for HXV RNA detection and quantitation. In
some embodiments, the processes use a simple one-stop gRT-PCR set or reactions that can be run on
various real-time PCR instruments from as little as 200 ul of serum. While most published HDV
RNA assays target the delta antigen sequence, the inventive assay for HDV targets the adjacent

region located upstream from the delta antigen, in view of its higher lsvel of conservation among all
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cight delta geonotypes. Another advantage of our assay is that the inventive positive conirol
transcript controls for every step of the qRT-PCR reaction, including the reverse transcription step.
We have also described the preparation of HXV transcripts {or use a8 a positive control. Both the
gRT-PCR and transcript preparation are useful for detection and quantitation of HXV RNA for
diagnostic and surveillance purposes.

10695} The present invention is further illustrated with respect to the following non-limiting
examples. The foliowing examples are for illustrative purposes ouly and are not a limilation on the

practice or scope of the invention,

EXAMPLES

Example 1: HBV Primer and probe design.

16696} Full-length HDOV genome sequences downloaded from GenBaok (Beason ¢t al, 2010)
were aligned using MEGA 5 software (Tamura et al,, 2011). Gaps were allowed in the alignment {o
account for differences between genotypes. The sequence alignment was used to {ind conserved
regions of the genome to identify potential regions for HDV RNA detection (FIG. 1} The
ahignment consisted of {ull HDV ¢DNA sequences which included the ORF for the L-HDAg and
full-length sequences.

16697} Using the sequence alignment, multipie primers and probes were tested with primers
PAN-HDVE and PAN-HDVR and probe PAN-HDVP demonstrating significantly better analytical
performnance {Table 1). These primers araplify a sequence located upsirearn of the L-HDAg ORF
{(FIG. 1}, All primers and probes were analyzed for melting temperature, primer-dimer formation,
self-anncaling, and sccondary structure formation using the Oligoanalyzer software.  All primer and

probe sequences were analyzed by BLAST (o verify sequence unigueness of the chosen regions.

Example 2: Obtaining vival straiss and clinical specimens.

16698} For HDV, the evaluation panel included 132 HBsAg/anti-HDV positive sera
proviously reforred to our laboratory that had boen stored at -70°C. These sera originated from the
United States, Moldova, Romania and Venezuela. Qualitative confirmation of the HBsAg-positive
status was determined using the VITROS ECT Immunodiagnostic System  (Ortho-Clinical
Diagnostics, Inc., Rochester, NY). Total anti-HDV was detected using the EIA-AB DELTAK-2 Kit
(DiaSorin, Stllwater, MN}: positive samples were tested for HDY RNA 1n two independent rums by

the gRT-PCR assay.
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[6699] For a multiplex assay for the detection of HAV, HBV, HCV, HDV, and HEV, the
following commercially available standards were used for development and optimization of
multiplex PCR assay for detection of all five hepatitis viruses: HAV RNA Working Reagent for
Nucleic Acid Amplification, code 01/488 (NIBSC, Scuth Mimms, United Kingdom); AcroMetrix
HBY Panel, reference 950150 (Life Techuologies, Grand lIsland, NY); AcroMetrix HCV Panel,
reference 942011 (Life Technologies, Grand Island, NY); and WHO International Standard for
Hepatitis E Virus RNA Nucleie Acid Amplification Technigques (NAT)}-Based Assays, code 6329/10
{Paul-Ehrlich-Institut, Langen, Germany). Furthermore, the following genotyping panels were used:
HBV DNA Genotype Performance Panel PHD20 (M) and HCV RNA Genotype Performance Panel
PHW?202 (SeraCare Life Sciences, Milford, MA}. In addition, serum specimens previousiy tested
and confirmed positive for HAV RNA (n=46), HBY DNA (n=39), HCV RNA (n=32), HDV RNA
(028} and HEV RNA (=14} were used to evaluate the multiplex assay. Control samiples negative
for HAV RNA (n=41), HBV DNA (n=32), HCV RNA (n=36), HDV RNA (n=30), and HEV RNA

{n=31} were included to test the specificily of the assay.

Example 3: Extraction of Viral Nucleic Acids.,

[68106] Total nucleic acid was extracted from 200 pl of each serum specimen using the
MagNA Pure LC 2.0 Instrument and the MagNA Pure Total Nucleic Acid lsolation Kit (Roche
Diagnostics, Indianapolis, IN). All extractions were performed wusing 200 pl of serum or plasma
according 1o the manufacturer’s protocols; TNAs were eluted in 50 pl of the Elution buffer. TNAs

were aliquoted and stored at -80°C until use.

Example 4: One-Step gRT-PCR.

[60101] gRT-PCR reactions were performed on the ABI 7500 real-time PCR instruruent using
the AgPath-ID One-Step Kit {Applied Biosystems, Foster City, CA} following the manufacturer-
recommended protocels.  All reactions were performed in 96-well plates in 25 pi reaction volume,
containing 1X RT-PCR enzyme mix, 1x RT-PCR buffer, 640 nM each primer and 200nM probe,
and 5 pl of TNA exiract, The following cycling conditions were used: 45°C for 10 min, 94°C for 10
min, followed by 45 cycles of 95°C for 30 sec and 60°C for 1 min.

106102} To satisfy the necessary parameters for fluorescence intensity level, cfficiency, and
specificity of the HDV gRT-PCR assay, various concentrations as well as ratios of primers and

probes were tested. As an HDV RNA standard for quantification of HDV RNA by PCR is not
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available, we sourced, for optinization purposes, an anti-HDV-positive human serum specimen
from which 10-fold serial dilutions were made. Among the fow primers and probe sequences that
were suitable for use in the assay, the primers of SEQ 12 Nos: 1 and 2 and the probe of SEQ 1D
NO:3 were chosen for particular additional exemplary use. Ultilizing 680 nM of each primer and
200 nM of probe in the qRT-PCR reaction was determined to achieve the best detection sensitivily:
HDYV RNA could be detected down to the 107 dilution of the serum. Specificity was determined
using 48 anti-HDV-negative human sera (SeraCare, Miltord, MA};, HDV RNA was not detected in
any of the specimens. When applied to test the HBV DNA Genotype Performance Panel
PHD201 (M) {SeraCare), no positive reactions were observed, suggesting no interference from the

presence of HBV DNA.

Example 5: Detection and Quantitation of HDV RNA in Clnical Samples.
[66103] Of the 132 specimens of Example | that tested positive for anti-HDV, 41 (31.06%)
were positive for HDV RNA by the TagMan gRT-PCR assay. We also determoined the HDV RNA
viral titers in all HDV RNA positive samples. To generate a standard curve, serial dilutions of the
transcript preparation were made, ranging from 10° to 10! transcript copies per reaction. The assay
exhibited a 6-log lincar range with a lower detection limit of 7.5 x 107 copies/m] and an upper
detection limit of 7.5 » 10* copies/ml. The slope of -3.65 suggested the gRT-PCR efficiency of over
90% (Figure 2). A 10-fold dilution series of the positive control transcript was used to determine the
HDV BRNA titers of the 41 serum specimens that tested positive for HDV RNA. The mean viral titer
of the 41 HDV RNA positive sera was 1.3x10° copies/mi (range 45.2 - 1.79 = 10%).
108104] All HDV RNA positive samples were further characterized for genotype by
sequencing the HDAg region using the nested primers listed in Table 2 followed by sequencing.
Table 2:

SEQ 1D

Nucleotide Purpose Sequence 3’0 & NG:

Nested PCT External Fwd Primer  AGAAAGCAACGGGGCTAG 11
Nested PCT External Rev Primer TTCCTCTTCGGGTCGGCA 12
Nested PCT External Rev Primer

{Alt) TCTTTCCTCTTCGGGTCG 13
Nested BCT internal Fwd Primer TGCCGAGTGAGGCOTTATC 14
Nested PCT Internal Rev Primer GAGGAGGCTGGGACCATG 15
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[B0105] The 257-base pair amplicon used for genotyping is located in the L-HDAg ORF, The
first step of the nested PCR reaction was performed using the AgPath-I113 buffer as described above
and the DESP and DEAP primers. If no amplicon was obtained, the DEAP-alt reverse primer was
used in an otherwise identical reaction, The nested reaction was performed using the DISP and
DIAP primers and the PerfeCTa™ SYBR® Green SuperMix, Low ROX {(Quanta Biosciences,
Gaithersburg, MD). The cycling conditions {or the second PCR reaction, using nesied primers DISP
and DIAP, were as follows: 94°C for 10 min followed by 35 cycles of 94°C for 36 sec, 58°C for 30
soc and 72°C for 1 min with a final cxtension step of 72°C for 10 min. The amplicons from the
second nested PCR reaction were run on a 2% agarose gel to confirm the amplification status and
the size of the amaplicon.

166106} The nested amplicons were sequenced directly from the second nested PCR reaction
using cach internal nested primer in a separate reaction for bidirectional sequencing, the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) according o the
manufacturer’s instructions, and the 3130xl Genetic Analyzer (Applied Biosystems, Foster City,
CA).

j60107] Some of the HDV RNA-positive samples yielded HDV-gpecific sequences and could
be genotyped; 15 of 41 belonged to genotype 1 and four belonged to genotype 3. The genotype 1
samples originated from the United States (n=4), Romania {n=1), and Moldova (o=10). The

genotype 3 samples oniginated from Venczuela.

Example 6: Detection of HDY amplicons via mass spectroscopy.

160108} Detection of amplification products obtained as in Example 4 will be performed
essentially as described by Blyn, L, ot al. J. {din. Micrebiol. 2008; 46{(2):644-651. Following
amplification each PCR mixture will be desalted and purified using a weak anion-exchange protocol
based on the method of Jiang and Hofstadler (Jiang, Y., and 8. A, Hofstadler. dnaé. Biochem. 2003,
316:50-57). ESI-TOF will be used to obtain accurate-mass (£l ppm), high-resolution (M/AM,
>10,000 full width half maximum) mass spectra. For each sample, approximately 1.5 ul of analyte
solution will be consumed during the spectral acquisition. Raw mass spectra will be post-calibrated
with an internal mass standard and deconvolved to average molecular masses. {(Juantitative results
arc obtained by comparing the peak heights with an internal PCR calibration standard present in

every PCR well at 300 molecules unless otherwise indicated.
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Example 7: TAC-Chemistry Compatible Individual Real-Time PCR Assay Protocels.

[60309%] A quantitative RT-PCR assay was desiged for detection of HAV RNA, HBV DNA,
HCV RNA, HDV RNA and HEV RNA, hereafter referred to as HABCDE-NAs, using TAC
compatible chemisiry and identical cycling conditions, In the nitial evaluation, privoers and probes
routinely used in our laboratory for nucleic acid testing (NAT) of HAV, HBV, HCV and HEV
{Garson et al., Jowrnal of virological methods 186:157-160; Jothikumar N, et al. Jowrnad of
virological methods 131:65-71) were transtorred into the TAC-compatible buffer system and PCR
cycling conditions, and compared to the original assay for their performance characteristics. TAC-
chemistry compatible assay reagents for detection of HDV RNA are presented in Table 1.

{66116 Real-time RT-PCR reactions were performed on the ABI 7500 real-time PCR
mstrument ustng the AgPath-ID One-Step kit (Life Teclmologies) following the manufacturer-
recommended protocols, Al reactions were performed in 96-well plates in 25ul reaction volume,
contaiing 1x RT-PCR enzyme wmix, 1x RT-PCR buffer, variable concentrations of each primer and
probe {Table 1}, and 5 ul of TNA extract. The following cycling conditions were used: 45°C for 10
min, 94°C for 10 min, followed by 45 cycles of 95°C for 30 soc and 60°C for 1 min.

j60E11] Primers and probes used for amplification and detection of HABCDE-NAs in this
study are shown in Tables 1A and 1B, All the primers and probes were analyzed by BLAST to
ensure specificity and their Tm values were theoretically matched with the ideal 60°C for primers
and 70°C for probes. Since identical chemistry and PCR cycling conditions is a requirement for all
assays to be concurrently run on TAC, primer and probe concentrations were carsfully identified to
provide the combination with highest specificity and best limit of detection.

60112} Once suitable conditions were established in the individual real-time RT-PCR assays,
the HABCDE-NA assays were run on TAC in triplicate wells. In addition, two experimental
controls were used in duplicate: 1) an internal positive control - IPC2, for checking the card
performance and 2} ribo-nuclear protein 3 (RNP3} control, for nucleic acids extraction. Each card
has eight different ports, which were uftlized to run six specimens in addition o pesttive and
negative controls. A synthetic positive control for HABCDE-NAs, described below, was used as a
positive control for all assays in all rans.

[66113] A positive control transcript was developed to encompass detection of HABCDE-
NAs as described previously. Briefly, a synthetic gene was designed containing the forward primer

sequence, the probe sequence, and the reverse coraplement of the reverse primer sequence for HAV
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RNA, HBY DNA, HCV RNA, HDV RNA, HEV RNA and RINP3 targets respectively, followed by
the reverse complement of the SP6 promoter seguence. This compound sequence was synthesized
and cloned into plDTSmart Amp vector (ID7T, Coralville, 1A}, For use as a control, transcripts were
generated from the plasmid using the SP6 MEGAscript kit according to the manufacturer’s
wstructions {Life Technologies). The transcripts were purified using the MEGAclear kit according
to the manufacturer’s instructions (Life Technologies) and contained 2.53x10"° copies/mi based on
the NanoDrop spectrophotometer (Thermo Scientific, Waltham, MA} and the Endwemo software
{(http://endmemo.com/bio/dnacopynum.php).  The transcript preparation was serially diluted from
the 10° copies/mi dilution in 1xTE buffer containing 50 ng/mi of carrier RNA, aliquoted and stored
at ~70°C until use.

1601 14] TAC assays were run on the ViiA7 instrument (Life Technologies) using the AgPath-
12 One-Step Kit (Life Technologies). All reactions contained I1x RT-PCR enzyme mix, 1x RT-
PCR buffer, and 40 ul of TNA extract. Each sample was set up in 100 pl final reaction and loaded
entirely into the TAC port.  The universal workllow for setting up PCR reactions, as described
above, was followed with set up of TAC reactions. Upon loading, the cards were centrifuged twice
at 336 x g for 1 nuin each time, scaled and loaded into the thermal cycler. The cycling conditions
described above were used to run the cards.

[66115] The reproducibility of the cards was determined based on the average cycle threshold
{Ct} values for 31 cards, which included 93 data points for HAY, HBV, HCV, HDV, and HEV NAT
assays cach, and 62 data points for two conirols, RNP3 and IPC2 assays cach. The limmit of detection
of hepatitis TAC assay was determined using serial dilutions of standards for HAV, HBV, HCV,
and HEVY and the quantified transcript for HDV. To check if any of the viral genomes would
mierfere or compromise the detection of other viral genomes in a multiplex assay, we created a set
of mixed samples each spiked with one to five hepatitis virus combinations as listed: A, B, C, D, E,
AB, AC, AD, AE, BC, BD, BE, CD, CE, DE, ABC, ABD, ABE, ACD, ACE, ADE, BCI, BCE,
CDE, ABCD, ABCE, ABDE, ACDE, BCDE, and ABCDE. Finally, the assays were evaluated on
329 clinical specimens.

[66116] The TAC-compatible HAYV RNA PCR assay exhibited a slope of -3.36, and a linsar
range of 5 logs, with the limit of detection of 125 ge/ml. The new HAV RNA assay was further
evaluated using 17 HAV RNA positive and 33 negative human sera, previously tested by a nested

RT-PCR (Nianan, ¢t al.,, Clinical microbiology reviews 19:63-79), Comparing TAC-compatibic
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HAY gRT-PCR to the HAV nested PCR (Jd), clinical sensitivity of the HAV gRT-PCR assay was
determined to be 100% and the specificity was 88% [93% CI: 77-991.

{60317} The individual 25 ul assay using primers and probes from Tables TA and B, for
detection of HBV DNA (Using SEQ ID Nos: 1, 2, and 3) exhibited g slope of -3.229, and a lincar
range of 7 logs, with the limit of detection of 100 1U/mk; the individual 25 ul assay for detection of

el
i
i

HCV RNA exhibited a slope of -3.327, and a linear range of 7 logs, with the limit of detection of
100 1U/md; the individual 25 pl assay for delection of HDV RNA exhibited a slope of -3.65, and a
lincar range of 6 logs, with the limit of detection of 1000 go/mi; finally, the individual 25 ul assay
for detection of HEV RN A cxhibited a slope of -3.238, and a linear range of 7 logs, with the Hmit of
detection of 250 {L/ml.

j60118] For a multiplex assay for simultaneious detection of HABCDE-NAg, the parameters
of preciston of hepatitis TAC as determined by the positive control transcript, showsn in Table 3,
mdicated the amplification reproducibility of 100%. Furthermore, the Ct values of HABCDE-NAs
assays were highly reproducible with tight 95% confidence intervals and low standard deviation.
Table 3. TAC precision measurements based on the positive control transcript data generated from

31 cards.

Standard
Assay Assay (n*} Minimum Ct Maximum Ct Average [95% (] Deviation
HAV 43 17.801 21.744 19.747 [19.589-19.896] {.731
HBY 93 19.441 23.723 20.845 [20.678-21.013] 0.824
HCV 93 17.116 20.142 19.358 [19.247-19.549] 0.745
HDV 93 19.3186 21.940 20.589 [20.565-20.817} (0.603
HEV 93 17.285 22.366 20.039 [19.867-20.212] 0.845
RNP3 2P 20.988 23.585 22.533[22.322-22.684] 0.606
PC2 62 18.247 231.413 19.644 [19.479-15.809] 0.661

* If the assay was present on the card in triplicate, 93 data points were used in these calculations, If

the assay was present in duplicate on the cards, 62 data points were used in these calculations.
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[66119] The lower limit of detection for HABCDIE-NAs assays was compared between TAC

and its corresponding individual assays with results illustrated in Table 4.

Table 4. Limit of dotection of TAC hepatitis assays in comparison to the tndividoal 25 pl assays.

Assay TAC Wet Chemistry Source of Material
HAV 250 gefmi 125 ge/mi WHO standard

HBY 500 1U/mi 166 1U/mi AcroMetrix standard
HCV 500 1U/mi 100 1U/mi AcroMetrix standard
HDV 1000 ge/mi 1000 ge/mi Transcript {in-house}
HEV 2,500 1U/ml 250 1U/ml WHQ standard

*ge = genome equivalents

U = international units

160128] The HAV TAC assay was half a logws less sensitive than its individual assay
equivalent; the HBV and HCV TAC assays were one {ifth of a logw less seusitive than their
individual assay equivalenis; the HDV TACL assay was as sensitive as ifs individual assay
cquivalent; and the HEV TAC assay was 1 logio less sensitive than s mmdivideal assay equivaleut,
The overall limit of detection was established at 250 go/ml for HAV TAC, 500 {U/ml for HBV
TAC, 560 [U/ml for HCV TAC, 1000 go/ml for KDV TAC, and 2500 U/l for HEYV TAC,

603121} Amplification and detection of ndividual viral genomes was not affected by the

presence of nucleic acids of any other hepatitis viruses as shown in Table 3.
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B6E22] ** N=number of RT-PCR reactions, Ave Ct=average crossing threshold value,

SD=standard deviation

B6123] The range of Ct values obtained for amplification of HABCDE-NAs was within the
cquivalent of one logie, regardless of the presence of one, two, three, four or five hepatitis viruses in
the reaction, thus ruling out any inferference of viral gonomes of more than one hepatitis vivus in the
same sample.

166124 Based on the testing of 329 human serum specimens, specificity and sensitivity were

determined for hepatitis TAC assays with results (Hlustrated in Table 6.
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164125] Using the nested PCR assay as a standard, the HAY TAC exhibited 94% [95% CI:
86-100G] sensitivity and 93% [95% CIL 85-1001 specificity, Compared to an in-house NAT test for
HBV DBNA, the HBV TAC exhibited 92% [95% C1: 84-1007 sensitivity and 100% specificity. The
HCV TAC assay was compared to s virro diagnostic COBAS platform for HCV RNA detection as
the standard. The clinical sensitivity and specificity were 100%. For the HDY TAC assay, the
individual 25 pl assay identical to the TAC assay was used as the standard, since this is the assay
developed specifically for HDV RNA as described above., Both clinical specificity and clinical
sensitivity for HDV TAC were 100%. Finally, the HEV TAC assay was compared to the HEV
gRT-PCR assay used in our laboratory for detection of HEV RNA as the standard.  This assay
shares identical primers and probes with the HEV TAC assay, but they differ in chemistry and PCR
running conditions. According to this comparison, the HEV TAC assay exhibited 100% specificity
and sensitivity. Overall, considering the two to ten-fold drop in the limit of detection, the sensitivity
of TAC assays was reasonably high, ranging from 92% (HBV) to 108% (HCV, HDV and HEV).
The specilicity of the TAC assays was high, ranging from 93% (HAV) to 100% (HBV, HCV, HDV,
and HEV) (Table 6}.

160126] Patent applications and publications mentioned in the specification are indicative of
the levels of those skilled in the art to which the invention pertains. The foregoing description is
tllustrative of particular embodiments of the invention, but is not meant to be a limitation upon the
practice thereof. The following ciaims, including all equivalents thereof, are intended to define the
scope of the invention.

[6G127] The invention is hereby deacribed with relation to the following references and those
otherwise identified in the instant specification. Each reference is incorporated herein by reference
as if each were iaid out explicitly in it entirety in the instant specification including both text and
figures. Fach reference is incorporated for the individual point referred to in the specification as
well as for all information contained therein and not explicitly identified in the specification. All
references are reprasentative of the knowledge of a person of skill in the art and illustrate other

agpects of the present invention as envisioned by the inveuntors.
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CLAIMS
i A process of detecting hepatitis delta virus (HDV) in a biological sample comprising:
producing an amplification product by amplifying a HDV nucleotide sequence using a
forward primer that interacts with an HDV genome at positions 816-834, and a reverse primer,
under conditions suitable for 2 polymerase chain reaction; and

measuring said amplification product to detect HDYV in said biological sample.

2, The process of claim 1 where said forward primer includes at least two degenerate

nucleotide positions.

3. The process of claim 1 where said forward primer consists of the sequence of SEQ
1D NO: i
4, The process of any one of claims 1-3 where said reverse primier binds a region of a

BDV genome between nucleotides 894 to 908,

3. The process of any one of claims 1-3 where said reverse primer consists of the

sequence of SEQ ID NO: 2.

6. The process of any one of claims 1-3 wherem said measuring 18 by using a probe that

wiil bind a region of a2 HIDV genome in the region of nucleotides 833 {o 890

7. The process of claim 6 where said probe includes at least two positions of nucleotide
degeneracy.

3. The process of claim 6 where said probe consists of the nucleotide sequence of SEQ
13 NO: 3.

9. The process of claim ¢ where hybridizing said probe is under conditions suitable for

a polymerase chain reaction; and further

detecting a first detection signal from said probe hybridized to said amplification product.
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10, The process of any one of claims 1-3 where said detecting diagnoses HDV infection

in a subject.

{1, The process of claim 10 further comprising comparing said first detection signal to a
second detection signal, where said second detection signal results from detection of a

complementary amplification product produced from a sequence of HDV.

{2, The process of claim 11 where said second detection signal is generated in parallel

with saud first detection signal.

13 The process of claim 11, where said complemcentary amplification product is

generated by PCR amplification of 2 HDV target sequence.

14, The process of claim 11, where said first detection signal is compared to a third

detoction signal from a nucleic acid calibrator extracted in parallel to said biological sample.

is. The process of claim 14, wherein said nucleic acid calibrator comprises a known

amount of HDV and a known amount of a medium similar to the bielogical sample.

6. The process of any one of claims 1-3 further comprising
producing a second amplification product by amplifving a nucleotide sequence from one or
more viruses selected from the group consisting of HAV, HBV, HCV, and HEV; and

measuring said second amplification product to detect said virus i said biological sample.

t7.  The process of claim 16 wherein said virus 18 HAV and said step of producing is
using one or more nucleotides selected from the group consisting of SEQ 1D NO: 16, SEQ 1D NO:
17, and SEQ ID NO: 1§,

I8, The process of claim 16 wherein said virus is HBVY and said step of producing is

asing one or more nucleotides selected from the group consisting of SEQ 1D NO: 19, SEQ ID NO:
20, and SEQ 1D NO: 21,

43
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19.  The process of claim 16 wherein said virus is HCV and said step of producing is
using one or more mucleotides selected from the group consisting of SEQ ID NO: 22, SEQ ID NO:
23, and SEQ D NQO: 24,

20, The process of claim 16 wherein said virus is HEV and said step of producing is
using one or more nuclectides selected from the group consisting of SEQ ID NO: 25, SEQ 1D NO:
26, and SEQ I3 NO; 27

21, A process of detecting the presence or sbsence of one or more hepatitis viruses in a
biclogical sample comprising:

producing an amplilication product by amplifying a hepatitis virus nucleotide sequence using
a forward primer and a reverse primer, under conditions suitable for a polymerase chain reaction;
and

measaring said amplification product to detect one or more hepatitis viruses in said

biological sample.

22, The process of claim 21 wherein said hepatitis virus i1s one or more of the viruses

seiocted from the group consisting of HAV, HBV, HCV, HDV, and HEV,

23, 'The process of claim 21 wherein said process detects the prosence or absence of
HAV, HBV, HCV, HDV, and HDYV, wherein the reaction conditions for said step of producing
HAV, HBY, HCV, HDV, and HDV are identical.

24.  The process according to any one of claims 21-23 wherein said forward primer
comprises a nucleotide sequence selected from the group consisting of SEQ 1D NO: 1, SEQ 1D NO:
16, SEQ 1D NG: 19, SEQ 1D NO: 22, SEQ 1D NO: 25, and combinations of said primers.

25.  The process according to any one of claims 21-23 wherein said reverse primer
comprises a nucleotide sequence selectod from the group consisting of SEQ 1D NO: 2, SEQ ID NO;
4, SEQ ID NO: 5, SEGQ 1D NO: 17, SEQ D NO: 20, SEQ ID NO: 23, SEQ ID NO: 26, and

T

combinations of said primers.
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26.  The process according to any one of claims 21-23 wherein said step of measuring is
using a probe comprising a nucleotide sequence selected from the group consisting of SEQ 1D NO:
3, 8EQ ID NO: 6, SEQ ID NO: 7, SEQ I3 NO: 8, SEQ H NG: 9, SEQ 1D NO: 10, SEQ ID NO: 18,
SEQ D NO: 21, SEQ 1D NO: 24, SEQ 1D NO: 27, and combinations of said probes.

27.  'Theprocess of any one of claims 21-23 where said detecting diagnoses hepatitis virus

infection in a subject.

28, A kit for detocting hepatitis delia virus mfection comprising a first forward primer,

said first forward primer optionally interacts with an HDV genome at positions 816-834,

28, The kit of claim 28 wherein said first forward primer includes at least two degenerate
nucleotides.
30, The kit of claim 2¥ where said forward primer consists of the sequence of SEQ 1D

NO: 1, SEQ ID NO: o, SEQ 1D NO: 19, SEQ ID NO: 22, or SEQ 1D NO: 25, or combinations of

said primers.

31, Thekit of any one of claims 28-30 further comprising a first reverse primer that binds

a region of a HDV genome between nucleotides 894 o 908,

32, The kit of claim 31 where said reverse primer consists of the sequence of SEQ ID

Z
&
“

[ ]
e
W

., 17,20, 23, 26 or a combination of primers having at lgast one of SEQ 1D NGs. 2, 4, 5,

33, The kit of any one of claims 28-30 further comprising a probe that will bind a region

of a HDV genome in the region of nucleotides 853 to §94.

34,  The kit of any one of claims 28-30 m which said probe comprises the nucleotide
sequence SEQ 1D NO: 3, SEQ ID NG: 6, SEQ 1D NO: 7, SEQ ID NG: 8, SEQ ID NO: 9, SEQ ID
NO: 10, SEQ 1D NO: 18, SEQ 1D NO: 21, SEQ 1D NO: 24, SEQ 1D NO: 27, and combinations of

said probes.

45



10

15

WO 2014/144578 PCT/US2014/029049

35, The kit of any one of claims 28-30 further comprising one or more oligonucleotides
comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 16, SEQ ID
NG 17, 8EQ ID NO: 18, SEQ 1 NOG: 19, SEQ D NO: 20, SEG 1D NO: 21, SEG 1D NG: 22, SEQ
ID NO: 23, SEQ 1D NO: 24, SEQ 1D NG: 25, SEQ ID NO: 26, SEQ 1D NO: 27, or combinations

thereof.

36, The process of claim any one of claims 1-3 wherein said detecting ts by real-time
RT-PCR.

37.  The process of any one of claims 1-3 wherein said detecting is simultancous for two

or more of HAV, HBV, HCV, HDV, or HEV.

38, An oligonuclectide comprising the sequence SEQ ID NO: 1.

39, An oligonucleotide consisting of the sequence SEQ 1D NO: 2.

40, An oligonucleotide comprising the sequence SEQ ID NO: 3.

41.  An oligonucleotide consisting of the sequence SEQ 13 NO: 4.

42, An oligonucleotide consisting of the seguence SEQ ID NO: 5.

43, An oligonucleotide comprising the sequence SEQ [D NO: 6.

-~

44, An oligonucleotide comprising the sequence SEQ 1D NO:

45, An oligonucleotide comprising the seguence SEQ 1D NO: &,

46, An oligonucleotide comprising the sequence SEQ 1D NO: 9,

47.  An oligonuclectide comprising the sequence SEQ ID NO: 10,

48.  An oligonucleotide comprising the sequence SE(Q 1D NO: 16,
46
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49,

k]
o

54,

o
k1

S6.

(¥
=¥

58.

An oligonucleotide comprising the sequence SEQ 1D NO:

An oligonucleotide comprising the sequence SEQ ID NO:

An oligonucleotide comprising the sequence SEQ 1D NO:

An oligonucleotide comprising the sequence SEQ 1D NO:

An oligonucleotide comprising the sequence SE 1D NO:

An oligonucleotide comprising the sequence SEQ 1D NO:

Agu oligonucleotide comprising the sequence SEQ [0 NO:

An oligonucleotide comprising the sequence SEQ [ NO:

Au oligonucleotide comprising the sequence SEQ 1D NQO:

An oligonucleotide comprising the seguence SEQ D NO: 2

An oligonucleotide comprising the sequence SEQ 1D NO:

The composition of any one of claims 38 to 57 for detecting hepatitis delta virus

(HD'V}) in a biological sample corprising:

producing an amplification product by amplifying a HIWV nucleotide sequence using a

17.

18

19,

24,

22.

o
W

b2

:\l

PCT/US2014/029049

forward primer that interacts with an HDV genome at positions 816-834, and a reverse primer,

under conditions suitable for a polymerase chain reaction; and

measuring said amplification product to detect HD'WV in said biological sample.

59,

The composition of claim 58 where said forward primer includes at least two

degenerate nucleotide positions.

I
]
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60.  The composition of claim 58 where said forward primer consists of the sequence of
SEG ID NO: L.
61, The composition of claim 58 where said reverse primer binds a region of a HDV

genome between nucleotides 8§94 1o 908,

62.  The composition of claim 58 where said reverse primer consists of the sequence of

SEQ D NO: 2.

63, The composition of claim 58 wherein said measuring is by using a probe that will

bind a region of a HDV genome in the region of nuclectides 853 to §%40.

64, The composition of claim 63 where said probe includes at least two positions of

nucleotide degeneracy.

65, The composition of claim 63 where said probe counsists of the nucleotide sequence of

SEQ D NG 3.

66.  The composition of claim 63 where hybridizing said probe is under conditions
suitable for a polymerase chain reaction; and further

detecting a first detection signal from said probe hybridized to said amplification product,

67, The composition claim $8 where said detecting diagnoses HDV infection in a
subject.
68, The composition of claim 67 further comprising comparing said first detection signal

to a sccond detection signal, where said socond detection signal results from detoction of a

complementary ampiification product produced from a sequence o HDV,

69, The compostiion of claim 68 where said second detection signal is generated in

parallel with said first detection signal.
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70, The composition of claim 68, where said complementary amplification product is

generated by PCR amplification of a HDV target sequence.

71.  The composition of claim 68, where said first detection signal is compared to a third

detection signal from a nucleic acid calibrator extracted in parallel to said biological sample.

72 The composition of claum 71, wherein said nucleic acid cahbrator corprises a known

amount of HDV and a known amoust of a medium similar to the biological sample.

73, The composition claim 58 further comprising
producing a second amphification product by amplifying a nucleotide sequence from one or
maore viruses selected from the group consisting of HAV, HBV, HCV, and HEV; and

measuring said second amplification product to detect said virus in said biological sample.

74.  The composition claim 73 wherein said virus is HAV and said step of producing is
using one or more nucleotides selected frowm the group consisting of SEQ 113 NO: 16, SEQ 1D NO:
17, and SEC} D NO: 18,

75. The composition claim 73 wherein said virus is HBV and said step of producing is
using one or more nucleotides selected from the group consisting of 3EQ 1D NO: 19, SEQ 1D NO;
20, and SEQ 1D NO: 21,

76, The coraposition claim 73 wheretn said virus 1s HUV and said step of producing 18
using on¢ or more nucleotides selected from the group consisting of SEQ ID NO: 22, SEQ 1D NO:
23, and SEQ 1D NO: 24,

77 The process of claim 73 wherein said virus 18 HEV and said step of producing 1
using one or more nucleotides selected from the group consisting of SEQ ID NO: 25, SEQ 1D NO:

26, and SEQ ID NO: 27.
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