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(57) Abrégé/Abstract:
A method for estimating a diagnostic score includes adding a first aliquot of a test sample to a first reaction vessel, and a second
aliquot of the test sample to a second reaction vessel. The test sample includes a first target nucleic acid and a second target
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(57) Abrégé(suite)/Abstract(continued):

nucleic acid. The second target nucleic acid has a lower expected abundance than the first target nucleic acid. The second aliquot
has a larger volume than the first aliquot. A first relative abundance value of the first target nucleic acid and a second relative
abundance value of the second target nucleic acid are estimated by performing a first real-time quantitative isothermal amplification
assay in the first reaction vessel, and performing a second real-time quantitative isothermal amplification assay in the second
reaction vessel, respectively. The diagnostic score is estimated based on the first relative abundance value and the second relative
abundance value.
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(57) Abstract: A method for estimating a diagnostic score includes adding a
first aliquot of a test sample to a first reaction vessel, and a second aliquot of
the test sample to a second reaction vessel. The test sample includes a first
target nucleic acid and a second target nucleic acid. The second target nucleic
acid has a lower expected abundance than the first target nucleic acid. The
second aliquot has a larger volume than the first aliquot. A first relative abun-
dance value of the first target nucleic acid and a second relative abundance
value of the second target nucleic acid are estimated by performing a first re-
al-time quantitative isothermal amplification assay in the first reaction vessel,
and performing a second real-time quantitative isothermal amplification assay
in the second reaction vessel, respectively. The diagnostic score is estimated
based on the first relative abundance value and the second relative abundance
value.
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ASSESSING HOST RNA USING ISOTHERMAL AMPLIFICATION
AND RELATIVE ABUNDANCE

CROSS-REFERENCES TO RELATED APPLICATIONS
{0001} This application claims the benefit of 11.5. Provisional Patent Application No.
62/733,517, filed on September 19, 2018, the content of which is incorporated by reference in

iis entirety.

FIELD OF THE INVENTION
[0002] The disclosure relates to methods of estimating a diagnostic score. More
specifically, the disclosure relates to methods of estimating a disgnostic score nsing real-time
quantitative isothermal amplification. A test sample includes a first target mucleic acid and a
second target nucleic acid. A first relative abundance value of the first target nucleic acid and
a second relative abundance value of the second target nucleic acid are estimated by
performing real-time guantitative isocthermal amplification assays. The diagnostic score is
astimated based on the fust relative alundance value and the second relative abundance

value.

BACKGROUND OF THE INVENTION
[8083] Quantitation of a target gene present in low abundance {e.g., low copy number)
amongst other genes and nucleic acids in a sample can be difficult. Caurrent methods of
detection often involve amplification {e.g., polynerase chain reaction {PCR)) of the pene or a
product related to transcription of the gene (g.z., mBRNAY. With the advent of reverse
franscriptase (RT-POR, RNA molecudes can be specifically targeted 1o form ¢DNA
molecules. The rexulting cDNA molecules can themselves be used as a template for
amplification, readily toproving detection of target genes of pene products i samples.
Isothermal amplification methods offer faster amplification rates and lower complexity
instriuments. However, isothermal amplification techniques, such as resl-lime guantitative
joop-mediated sothermal amplification (real-time qLAMP)} based methods, may not reliably
quantitate target nucleic acids below 1,000 copies of the target nucleic acid fisr manunalian

RNA targets (see. Nixon ef al., (3014}, Bimolecular Detection and Quantitation. 2:4-10}.
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[0004] Improved diagnostics for acute infections {e.g., bacterial and viraly could decrease
morbidity and mortality rates. Yet, methods for detecting acute imfections are lacking i
spectficity, sensitivity and speed. While some amplification techniques can detect pathogens
directly from blood culiures, these fests tend o rely on select subsets of specific pathogens,
nieaning that some pathogens are ant detected. Furthermuore, manv infections do not enter the
bloodstream, and so are not detectable by non-tnrvasive methods. As such, there remiains 4
need to evalnate host responses {e.g., host gene expression} to classify bacterial and viral
mfections, and correlate the host response to outcmmes such as diagnosis and/or treatinent

regimens.

BRIEF SUMMARY OF THE INVENTION
{0605] Provided herein is a method for estunating a diagnostic score of a test sample using
real-tine quantitative isothermal amplification. In some embodiments, the method includes
obtaining the test saniple containing at least a first target nucleic acid and at least 3 second
target nucleic acid, and a reference nucleic acid. Each of the first target nucleic acid. the
second target nucleic acid, and the reference nucleic acid comprises a mammalian host
nucleic acid. The method further includes adding a first aliguot of the test sample © a first
reaction vessel for quantitative sothermal amplification of the first target nucleic acid, and
adding a second aliquat of the test sample o & second reaction vessel for quantitative
isothernial amplification of the second target nucleic acid. Each of the first reaction vessel
and the second reaction vessel contains a master mix for isothermal amplification of the first
tarpet nucleic acid, the second target nucleic acid, and the reference nucletc acid. The second
target nucleic acid has a lower expected abundance than the first target nucleic acid in the test
samnple. The first aliguot has a first volunie. The second aliguot has a second volume greater
than the first volume. The method Ruther includes perfornung a first real-time quantitative
isothermal amplification assay in the fivst reaction vessel by starting a first reaction in the
first reaction vessel; determming a first time-to-threshold value for the first target nucleic
acid in the first reaction; deterniining a first reference time-{o-threshold value for the
reference nucleic acid in the first reaction; and estimating a first relative abundance value of
the first target nucleic acid in the test sarnple relative to the reference mucleic acid based at
least on the first time-to-threshold value and the first reference time-to-threshold value. The
nmethod frther inclodes performing a second real-time quantitative isothermal amplification
asxay in the second reaction vessel by: starting a second reaction in the second reaction

vessel; determxining a second time-fo-threshold value for the second target nucleic acid i the
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second reaction; deternuning a second reference time-to-threshold vatue for the reference
mucletc acid in the second reactiog; and estimating a second relative sbundance valve of the
second target nucleic acid in the test samiple relative to the reference nucleic acid based at
{east on the second time-to-threshold valiue and the second reference time-to-ttweshold valie.
The method further mcludes estumating the diagnostic score of the fest sample based o the
first relative abundance value for the first target nucleic acid and the second relative

abundance value for the second target nucleic acid.

[0B06]  In another aspect, provided herein is a miethod of estimating a diagnostic score using
real-time quantitative isothermal amplification. In some embodiments, the method includes
obtaining a test sample from a mammalian subject. The test sample containg at least a first
target nucletc acid and at least a second target nucleic acid, and a reference nucleic acid. Each
of the first target nucleic acid, the second target nucleic acid, and the reference nucleic acid
has an expected concen®ration in the test sample that is within a dynamic range of the real-
fime quantitative isothermal amplification as verified over a cohort population of iiterest.

The methed further includes adding an aliquot of the text sauwple {o at least one reaction
vessel contaming 8 master mix for ispthermal amplification of the first target nucleic acid, the
second target nucleic acid, and the reference nueleic acid; starting at least one reaction of
isothermal amplification in the at least one reaction vessel: determining a first time-to-
threshold value for the first target nucleic acid m the at least one reaction; deterpining a3
second time-to-threshold value for the second target nucleic acid in the at least one reaction;
deterniining a reference tine-fo-threshild value for the reference nucleic acid in the at least
oie reaction; estimating a first relative abundance value of the finst target muclete acid relative
1o the reference nucleic acid in the test sample based at least on the first tine-to-threshold
value and the reference time-to-threshold value: estimating a second relative abundance value
of the second target nucleic acid relative to the reference nucleic acid in the test sample based
at feast on the second time-to-threshoid valie and the reference tiime-to-threshold value; and
estimating the diagnostic score of the {est samiple based on the first time-to-threshold value
for the first target nucleic acid and the second time-to-threshold value for the second target
mucletc acid.

[0007] In another aspect, provided herein is a method for estimating a diagnostic score by
performing real-tine quantitative isothermal anplification on a fest sample. In some
embodiments, the method includes obtaining a first standard carve, a second standard curve,

and a reference standard curve. The first standard cirve includes a first function relating
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starting number of copies of a first target nucleic acid fo time-to-threshold. The second
standard curve includes a second function relating starting number of copies of a second
farget nucleic acid (o tdme-to-threshold. The reference standard curve includes g reference
function relating starting number of copies of a reference nucleic acid to time-to-thresheld
The first standard curve, the second siandard curve, and the reference standard curve are
generated prior to performing real-tine quantitative isothermal anwplification on the test
saniple. The method further inclides obtaining the test sample from a mammalian subject.
The test sapiple contains the first target nucleic acid, the second target nucleic acid, and the
reference nucleic acid. The method further includes: adding the test sample to at least one
reaction vessel containing a master mix for isothermal amplification of the first target nucleic
acid, the second target nucleic acid, and the reference nucleic acid; starting at least one
reaction of isothermal amplification in the at least one reaction vessel; determining a first
time-to-threshold value for the first target mucletc acid 1n the at least one reaction;
determining a second time-to-threshold value for the second target nucleic acid in the at least
one reaction; determining a reference time-to-threshold value for the reference nucleic acid in
the at least one reaction; estimating a first starting number of copies of the first farget nucleic
acid in the test sample based on the first time-to-threshold value using the first fimetion of the
first standard curve; estimiating a second starting number of copies of the second target
nucleic actd in the test sample based on the second time-to-threshold value using the second
function of the second standard curve; estinwting a refevence starting number of copies of the
reference nucleic scid in the test sample based on the reference time-to-threshold value using
the reference finction provided by the reference standard curve; estimating a first relative
abundance value of the first target nucleic acid in the test sample relative to the reference
mucletc acid based on the first starting mamber of copies of the finst target nucleie acid and the
reference starting number of copies of the reference nucleic acid; estimating a second relative
abundance value of the second target pucleic acid in the test sample relative to the reference
nucleic actd based on the second starting number of copies of the second target nucleie acid
and the reference starting munber of copies of the reference nucleic acid; estimating the
diagnostic score of the test sample based on the first relative abundance value of the first
target pucleic actd and the second relative abundance value of the second target nucleic acid;
and making a clinical diagnosis of a medical condition by comparing the diagnostic score of

the test sample a predetermined threshold diagnostic score.
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{8008] In anuother aspect, provided herein s an apparatus for estinmating a diagnostic score
of 7 test sample using real-time quantitative isothermal amplification: In some embodiments,
the apparatus meludes a fivst reaction vessel configured o hold a firse aliguet of the st
sample, and a second reaction vessel configured to hold a second aliquot of the test sample.
The test sample containg a first farget nucleic acid, a second target nucleic acid, and a
reference nucleic acid. Each of the first target nueleic acid, the second tarpget nucleic acid, and
the reference nucleic acid comprises 3 manunalian host nucleic acid. Each of the first reaction
vessel and the second reaction vessel contains a master mix for iscthermal amplification of
the first target nucleic acid, the second target nuclete acid. and the reference nucleic acid. The
first aliquot has a first volume, The second aliquot has a second volamie greater than the first
volume. The second target nucleic acid has a lower expected abundance than the first target
nucleic actd in the test sarople. The apparatus further includes a computer memory for storing
a first threshold fluorescence intensity value and a second threshold fluorescence intensity
valie. The spparatus further includes means for starting a first isothermal amplification
reaction in the first reaction vessel amplifying the first target nucleic acid and the reference
mucletc acid. The first isothermal apyplification reaction may produce first fluorescence
associated with the first target nucleic acid and first reference fluorescence associated with
the reference nucleic acid. The apparatus further includes a first fluorescence detectorand a
first reference fluorescence detector optically coupled to the first reaction vessel. The first
Thuorescence detector ix configured to measure an iifensity of the first fluorescence as a
function of time and o measure a first reference intensity of the first reference fluorescence
as a fimetion of time. The apparatus further includes means for starding a second isothermal
amplification reaction in the second reaction vessel amplifying the second target nucleic acid
and the reference nucleic acid. The second isothermal muplification reaction may produce
second fluorescence associated with the second target mucleic acid and second reference
ftuorescence associated with the reference nucleic acid. The apparatus further includes a
second flunrescence detector and a second reference fluorescence detector optically coupled
to the second reaction vessel. The second fuorescence detector is configured to measire an
infensity of the second fluorescence as a function of time and o measure 8 second reference
mtensity of the second reference fluorescence as a function of time. The apparatus funther
mcludes a compater processor coupled to the first fluorescence detector, the second
fhwrescence detector, the first reference fluorescence detector, the second reference
fluorescence detector, and the computer memory. The conmputer processor is confignred to:

determine a first time-to-thrashold value for the first target nucleic acid based on the intensity
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of the first fluorescence as a fupction time and the first threshold fluorescence ntensity value;
determiine g frst reference tune-to-threshold value for the reference nucleic acid based onnthe
intensity of the first reference fluorescence as a function tinte and the first treshold
fluorescence intensity value; estimate a first relative abundance value of the first farget
pucleic acid in the test sample relative to the reference nucleic acid based atleast onthe first
time-to-threshold value and the first reference time-tfo-threshold value; deterinine a second
time-to-threshold value for the second target nucleic acid based on the intensity of the second
fluorescence as a funciion tme and the second threshold fluorescence intensity value;
deterniine a second reference time-to-threshold value fior the reference nucleic acid based on
the intensity of the second reference fluorescence as a function time and the second threshold
fluorescence intensity value; estimate a second relative abundance value of the second target
nucleic actd in the test sample relative to the reference mucleic acid based at least on the
second time-fo-threshald value and the second reference time-fo-threshald value: and
estimate the diagnostic score of the fest sample based on the first relative abundance value for
the first target nucleic acid and the second relative abundance value for the second target

mucleic acid.

BRIEF DESCRIPTION OF THE DRAWINGS
{06098] FIG. 1 shows an exemplary plot of fluorescence infensity as 2 function of time in a

real-timie quantitative isothermal amiplification assay, according to somne embodiments.

[0918] FIG. 2 shows exemplary plots of fluorescence infensities as a fimction of time i
real-timme guantifative isothermal amplification assays of eight samples with different

concentrations of a target nucleic acid, according fo some embodinents.

j0811] FIG. 3 shows a scatier plot of data points representing time-to-threshold vahies vs.
logarithm of copy mumbers obtained from the fluorescence curves shown in FIG. 2, and a
straight line obtained from a linear regression on the data points, according 1o soipe

embodiments.
{0812] FIG. 4 shows a simplified flowchart illustrating 2 method of estimating a diagnostic
score by performing real-time quantitative isothernw! amplification on a test sample

according fo some embodiments.



10

a

N

Lig

L4

CA 03117201 2021-02-25

WO 2020/061217 PCT/US2019/051765

[8013] FHG. 3 shows a sinplified fowchart illustrating a method of estinating & diagpostic
score by performing real-time quantitative isothermal applification of a test sample

according 10 some other embodiments.

{8014} FIG. 6 shows a suypplified flowchant illusteating a niethod of estimating a diagnostic
score by perforniing real-time quantitative isothermal amplification on a test sample

according fo some embodiments.

{6015} FIG. 7 shows a schematic block diagram of an apparatus for estimating a relative
asbundance value using a real-timie quantitatrve isothermal amplification assay sceording o

some embodiments.

j0816] FIG. 8 is a graph showing a correlation plot with Pearson coefficient for relative
abundance of a target pucleic acid (JFI27) to a reference nucleic acid (YFHAR) detertnined
using a quantitative real tinwe isothermal ampplification assay as compared to 2 gold standard
assay {NanoString nCounter). Values are plotted as Loga{Fold Abundance) for both assays
and assigned according to diagnosis: circles represent viral infection: squares represent
bacterial sepxis; and tiangles represent healthy control. The line represents a curve fit by
standard linear regression analysis.

[0917] FIG. 9A shows the corvelation plot with Pearson coefficient relating the diagnostic

scores determined by the isothermal amplification assays and by the gold standard

NanoString nCounter according to some embodiments.
{0818] FIG. 9B shows the HostDx-Fever score distribution based on gLAMP assays

according fo some embodiments.

{80197 FIG. 9C shows the HostDx-Fever score distribution based on NanoString nCowster

according to some embodiments.

{0028] FIG. 10 tllustrates an example in which the cutoff value is defined as the v-titercept
of a linear regression fit to a standard cuarve titration according to some smbodinents.

[0921] FIG. 11 shows the experimiental results of gL AMP assays using multi-volume

reaction vessels according to some entbodiments.

DETAILED DESCRIPTION
{0022] Before the present invention is described, i is to be understood that this mvention is

not lmited to particular embodiments described. as such may, of course, vary. Tt is also to be
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understood that the terminology used berein is for the purpose of describing particnlar

embodiments only, and is not intended 1o be hupitng.

[0023] The disclosure provides methods, apparatuses, and kits for determining the relative
abundance value of a target nucleie acid in a test sample. While gPCR s well known inthe
art. isothermal amplification techniques have failed to further advance methods of
quantitating target nucleic acids in a chinically relevant sample. For example, gLAMP
methods for quantitving bacterial ot viral mucleic acids mayv not be reliable below 1,000
copies {see., Nixon et al.. {2014}, Bimoleculnr Detection and Guantitation 2:4-10). Thus,
what is needed is a method for quantifying the presence of a target mammalisn mKNA ma
sample, independent of the starting copy number of the target nucleic acid in the sample.
Provided herein are methods, apparatuses and kits for determining the relative abundance of a
target mucletc acid with respect o a reference nucleic acid in a test sample that is not
predicated on the starting copy number and that does not require absolute guantitation of the
target nucleic acid or the reference nucleic acid in the sample. The methods, apparanises, and
kits utilize real-time quantitative isothermal amplification to aphify target nucleie acids and
reference nucleic acids i the test sample. In some aspects, the target nucleic acid is a
mammalian host nucleic acid {e.g., mRNA) expressed by the host in response 1o a bacterial or
viral tfection. Relative quantitation is sufficient to allow for certain diagnostic algoritluns
that rely on multiple niapunalian RNA markers (see. for example, Published Patent
Applications WO 20156/145426; WO 2017/066641, WO 2018004805, and WO
2017214061 to be computed stably across samples without the need for standard curves to

be run for each target in the same assay, of even without using standard curves.

[0024] Insome embodiments, the quantitative resl-time isothermal amplification comprises
strand displacement amplification (SDA), transcription mediated ampplification (TMA),
nucleic actd sequence based ampplification (NASBA). recombinase polymerase ampplification
{RPA), rolling circle amplification (RCA), ramification amplification, helicase-dependent
isothernial DNA amplification {HDA), nicking enzyme amplification reaction {INEAR) and

joop mediated isothernial amplification {LAMP) (see, e.g., Notoni et al., {20060) Nudleic

Acids Ressarch, 28{12}E63, incorpovated hersin by reference).

{0825] Unless defined otherwise, all technical and scientific terms used herein have the
sanwe meaning as conunonly understood by one of ordinary skall in the art to which this

invention belongs. Although any methods and materials similar or equivalent to those
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described berein can be used in the practice or testing of the present invention, the praferred
methods and materials are now described. Al publications and accession numbers mentioned
herein are incorporated herein by reference 1o disclose and describe the methods andfor

materials in connection with which the publications are cited.

[8026] Generslly, the nomenclature used herein and the laboratory procedures in cell
culfure, molecular biology, organic chemistry, and nucleic acid chennistry and hybridization
described below are those well-known and commonly employed in the art. Standard
techuniques are used fior pucleic acid and pepiide synthesis. The techniques and procedurss are
generally performed according to conventional methods in the art and various general
references {see generally, Sambrook et al. Molecular Cloning: A Laboratory Manual, 2d ed.
{198%) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY ., which is

incorporated hersin by reference), which are provided throughout this document.

{0627} Unless defined otherwise. all technical and scientific terms used herein have the
sarne pieaning as is conwnody understood by one of skill in the art to which the claimed
subject matier belongs. Al patents. patent applications, published applications and
publications, GENBANK sequences, websites and other published materials referred to
throughout the entire disclosure berein, unless noted otherwise, are incorporated by reference
in thetr entivety. In the event that there is a plurality of definitions for terms hevein, those in
this section prevail. Where reference is miade to a URL or other such identifier or address, it
is understood that such identifiers can change and particular mformation on the internet can
come and go, but equivalent infornation is known and can be readily accessed, such as by
searching the internet and/or appropriate datsbases. Reference thereto evidences the

availability and public dissemination of such information.

LY

j0828] As used herein, the ferms “a,” “an,” and “the™ are defined fo nmiean one or more and
include the pharal unless the context is inappropriate. In this application, the use of the

siingular includes the pharal unless specifically stated otherwise.

[0029] Ranges may be expressed herein as from “about” one specified value, andfor to
“about™ anather spectfied value. The term “about” is used herein {0 1nean approximately, in
the region of, roughly. or around. When the ferin “about”™ is used in conjunction with a
nunmerical range, it modifies that range by extending the boundaries above and below the
numerical values set forth. In general, the tenm “about”™ is used herein to modify a numerical

value above and below the stated value by a variance of 10%. When such a range is

W
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axpressed. another embodiment ncludes from the one specific value andfor to the other
specified value. Similarly, when values are expressed as approximations. by use of the
antecedent “about,”™ it will be understood that the specified value formis another emibodiment.
Tt will be further naderstnod that the endpoints of each of the ranges are included with the

1ange.

j0836] The word “or” as used herein means any one mentber of a particular list and also

mcludes any combination of menbers of that Hst.

[0031]  As used herein, the tenn “including” as well as other forms (e.g., "include™,

“includes”, and “included™) is not Limiting.

[0832]  As used herein, the ferm “relative abundance value™ refers 1o a measurement of
tarpet nucleic acids in a test sample. In some embodiments, a relative abundance value is
estimated by performing isothermal amplificatton of a target nucleic acid and a housekeeping
gene in a test samiple, such that a difference in gene expression can be compared between
different samples {e.g.. samples from different subjects or samples obtained from a single

subject at different tirnes {e.g., pre- and post-treatments)).

j0833] As used herein, the term “target nucleic acid”, refers to a mammalian ENA
sequence expressed fioum a mamuwlian host gene, for example in response to pathogenic
{e.g., bacterial or viral} activity. The mepunaliap RNA cap include human, and non-buman
mammalian animals such as equines, felines, canines, porcines and ovines. In a preferred
embodinent, the target nucleic acid is mammalian mBNA | In some embodiments, the target

nucleic actd enconypasses a splice junction within the mammalian bost pRNAL

j0834]  As used herein, the term “reference nucleic acid” or “endogenous control™ refers 1o
a nucletc acid present in the test saniple used to normalize the target mucletc acid quantities.
The reference mucletc acid can include a native nucleic acid normally found in the test sample
{e.z.. a housekeeping gene mRNA) or can include a known amount of input material spiked

into the test sample to normalize the target nucleic acid quantity.

[8035] Asused herein, the term “test sample”, refers to s biological saniple obtained from a
manunal. In some instances, a biological sample is a clinical sample obtatned dhuing a
clinical procedure or obtained by a plivsician or physician assistant, such as a cervical or
vagiial swab, nasal swab, blood or blood compounent sample (2.2, plasma. zerur, oy

PMBCs). In some embodiments, the biclogical sample includes an excreted biological
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saipple such as ipucus, stool, or urine sample. In some embodiments, the test sample iy self-

collected speciinen, such as nasal swabs, cheek swabs, fingerstick blood, and the like

{6036} The term “isothernwal amplification”, refers to a process in which a target nucleic
acid 1s anplified ysing a constant; single, aipplification temperature {e.g,, from about 30°C w
about 95°C). Unlike standard PCR, an isothermal amplification reaction does not include
mitiple cveles of denaturation, hybridization, and extension, of an annealed oligonucleotide
to form a population of amplified target nucleic molecules (i e, amplicons). There are various
types of isothermal application known i the art, including but not luntted o, loop-mediated
ispthermal amplification {LAMP), nucleic acid sequence based anmplification NASBA,
recombinase polymerase amplification {RPA}, rolling circle amplification (RCA)}, nicking

enzyme anplification reaction (NEAR), and helicase dependent amplification (HDAL

j0837]  As used herein, the term “real-time quantitative isothernal amplification” refers to a
process in which a target nucleic acid is amplified at a constant temperature and the target
mucletc acid rate of amplification is nmopitored bv fluorescence, ubidity, or sitnilar measures
{e.z,. NEAR or LAMP}. In some aspects, RNA (e.z., mRENA) is isolated from a biolegical
sanple and is used as a template to synthesize cDNA. Reverse-transcription is a well-known
piethod for converting mRNA to ¢cDNA. cDINA molecules are amplified under isothernial
amplification conditions such that the production of amplified target nucleic acid can be
detected and guantitated. As used herein, “amplification rate” is the rate at which a target

mucletc acid applicon is generated.

[0038] As used herein, a “polyvmerase” refers to one or more enzymes used together with
strand displacement activity that performs tenplate-directed syathesis of polynucleotides,
&g, DNA and/or RNA. The termn enconipasses both the full length polypeptide and a domain
that has polymerase activity. Additional examples of commercially available polymerase
enzymes include, but are not lmited 1o: Klenow fragment (New England Biolabs® Inc.), Tag
DNA polymerase {QIAGEN], 9 *"N™ DNA polymerase {INew England Biolabs® Inc.}, Deep
Vent™ DNA polynerase (New England Biolabs® Inc), Manta DNA polymerase
{Enzymatice®), Bsr DNA peolvimerase (New England Biolabs® Inc), and phi2® DNA
polymerase {New England Biolabs® Inc ). Polymerases such as Bst 2.0, Bst 3.0, and Bst 2.0
WarmStart® DNA polymerase (sl copumercially available from New England Riolabs®
Inc.) are suitable for LAMP. LAMP is applicable to RNA upon use of reverse transcriptase

{RTase) together with 3 DNA polvnierase.
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{80391 Polymerases include both DNA-dependemst polvmerases and RN A-dependent
polymierases such as reverse transcriptase. At least five families of DNA-dependent DNA
polymerases are known, although most fall into families A, B and €. Other types of DNA
polymerases include phage polymerases. Similarly, RNA polymerases typically include
eukaryotic RNA polvmerases I I, and I, and bacterial RNA polyvierases as well as phage

and viral polyoterases. RNA polynierases can be DNA-dependent and RNA-dependent.

[0048] As used herein, the term “standard curve™ is given is plain and ordinary meaning in
the art. Typically, 2 standard curve is derived from a set of samples of different
concentrations of a target nucleic acid, for example by serial dilutions of a template. Time-to-
threshold values are plotted against logaritho {e.z., base 10} of concentrations. Least square

fit is used as the standard curve,

j0841]  As used herein, the term “master mix for isothermal amplification” refers to a
plurality of components such as ANTPs, salis {e.g., magnesiuny, and butfers required to
perform an isothernwal amplification assay. In some instances, the praster mix for isothermal
amplhification is a real-titne guantitative isothermal amplification master mix. In some
embodiments, a master mpix {or isothermal anplification contaings all of the conyponents
regquired for performing an isothermal amplification reaction except primers, probes, and

nucleic acid femplate to be amplified.

[0042]  The terms “fluorescent label™ or “fluorophore” rafer to a compound with a
fluorescent eniission maximun between about 400 and about 900 nm. These compounds with
their emission maxina in nm in brackets include, but are not limited to, Svio-9, Syio-82,
Cy2™ (506}, GFP {Red Shifted) {307), YQ-PROTM-Y (509}, YOYO™L} {309, Calcein
{317}, FITC {318}, FloorX™ (519}, Alexa™ {3203}, Rhodamine 110 (520}, 3-FAM (522}
Oregon Green™ 500 (522}, Oregon Green™ 488 {524}, RiboGreen™ (525}, Rhodamine
Green™ (327}, Rhodamine 123 {529}, Magnesium Green™ {531), Calcium Green™ {533},
TO-PRO™-} {833}, TOTO®-1 {533}, JOE (548}, BODIPY® 5307550 (850}, Dil {365),
BODIPY® 538/568 (568), BODIPY® 384/370 {37(0), Cy3™ {570}, Alexa™ 546 (570),
TRITC {572}, Magnesiwn Orange™ (575}, Phiveceryihrin R&B (575}, Rhodantine Phalloidin
{375}, Calctum Orange™ {576}, Pyroninn Y {380}, Rhodamine B (580}, TAMRA (582},
Rbodamine Red™ {390}, Cy3.5™ {396}, ROX (608}, Calciom Critnson™ {6135}, Alexa™
594 (615}, Texas Red® {515}, Nile Red (628). YO-PRODL] {631), YOYO™.3 {531}, R-
phycocyanin (642}, C-Phycocyanin (648), TO-PRO™.-3 {5603, TOTO®-3 (560), DiD
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DHIC(S) (663, Cy5™ (670}, Thiadicarbocyanine (671), and Cy3.5 {(694). Addittonal
fluorophores are disclosed in PUT Patent Publication Mo, WO §3/023357 and ULS. Patent No.
7,671,218, Examnples of these and other suitable fluorescent dye classes can be found in
Haugland et al., Handbook of Flusrescent Probes and Research Chemicals, Sixth Ed.,
Molecular Probes, Fugene, Ore. (1996); U.S. Patent Nos. 3,194 805, 3,128,179, 3,187 288%;
5.188.934; 5,227 487, 5,248,782 5304 645, 5 433 896 5 442 045, 3,556,939, 5.583.23¢6;
F.B08.044; 3,852,191 5.986.086; 020.481; 6,162,931 6,180,295; and 6,221,604, EP Patent
No. 1408366 Smith et al., I Chem. Soc. Perkin Trans. 2:1195-1204 {1993); Whitaker, st al.,
Asnal Biochem. 207:287-279 (1992} Krasoviskii and Bolotin, Organic Linninescent
Materials, VCH Publishers, N Y. {1988), Zolliger, Color Chemistry, 2nd Edition, VCH
Publishers, N Y. {1991}: Hirschberg ef al.. Biochemistry 37:10381-10385 {1998); Fieser and
Fieser, REAGENTS FOR ORGANIC SYNTHESIS, Vohunes 1 to 17, Wiley, US {1995} and

Geiger et al., MNature 355:839-861 (1582},

[0043] There s extensive guidance in the art for selecting a quencher and fluorophore pair
and their attachoent to cligonuclectides (Haugland, 1996; U.S. Patent Nos. 3,996,345 and
4,351,760 and the like). Exemplary quenchers are described in 115, Patent No. 5,727,355,
incorporated herein by reference. Other quenchers inciunde, but are not limitied fo, bis-azo
quenchers (ULS. Patent No. 5,790,945) and dves from Biosearch Technologies, Inc. {provided
as Black Hole™ {(uenchers: BH-1, BH-2 and BH-3 guenchers}, Dabeyl, TAMRA and

carboxytetramethvl thodamine.

[8044]  Anv suitable fluorsphore may be used to fluorescently label a primer, probe, or
nucleotide incorporated diwing an isothermal amphification reaction. In somne embodinments,
the fluorescent label is an intercalating agent, such as but not linited to, Syto-9, Syto-82,

SYBR®, Hoechst 33258, oy DAPL

j0845]  As used herein, the ferm “time-to-tweshold™ refers to the elapsed time from the
moment when isothermal amplification is started to the moment when fluorescence intensity
representing the concentration of the target nucleic acid reaches a pre-determined threshold
value. In a plot of fluorescence infensity against time since isothermal amplification started
{e.g., as illostrated in FIG. 1), the ume-to-threshold is the X-axis crossing point where the

fhuorescence curve intercepts the horizontal line representing the threshold value.
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[8046]  As uzed herein. the term “pumber of copies™ refers o the munber of target nucleic
acid molecules or reference pucleic acid molecules present in the original test sample (1.2,

before real-titne guanfitative isotherpial amplification).

{8047}  Axsused herein, the term “N-fold serial dilution” refers to a stepwise dilution of a
first component in solution {e.g., a reference nucleic acid) by a constant dilution factor {1:5;
1307 1:26: or 1:50) using an appropriate buffer (e.g., saline, water, etc..}. For example, a 10-
fold serial dilution requires a stepwise dilution of a first compponent (e.g., reference mucleic
acid presend at a concenfration of 100 meg/mi} by a factor of 18 {e.g., 1:10)} to form a fiyst
serial dilution of the reference nucleic acid present at a concentration of 10 mg/ml; followed
by a second 10-fold dilution of the first serial dilution {e.g., to form a second serial dilution of

the reference nucleic acid present &t a concentration of 1 mg/ml}, and so on.

j0848]  As used herein, the ferm “linear regression’ refers to a statistical, linear approach w
modeling the relationship between a dependent variable and one or more independent
variables. In linear regression, the relationships are modeled using Hnear predictor functions
whose unknown model parameters are estimated from the data. Such models are called linear
models. Typically, for a single independent variable case, {x, 1) data points are plotied in
graphical firm as a scatter plot, where v is the independent variable, and y is the dependent
variable. Linear regression ainis o obtain a “best fitting line” that represents the relationship
between the dependent vartable and the independent variable. Linear regression models are
often fitted using the least squares approach, but they nway also be {itted i other wavs, such
as by nrntmizing a "cost function” in some other norm {e.g., L1-norm penalty or L2-porm

penalty).

-

{0049] As used herein, the term “linear dyvnanic range” of # guantitative isothermal
amplification assay refers to the range of input concentrations of a target nucleic acid where 5

plot of time-to-threshold vs the logarithin {e.g., base 2 or base 10} of concentration is linear.

[0058]  As used herein, the tenn “dynamic range” refers to the range (from maximuni to
mininun} of sample concentrations or input amounts that a given assay {e.g.. LAMP} is

capable of detecting.

[0851]  As used herein, the term “diagnostic score” refers to an infegrated score for
classifyving or diagnosing a medical condition. The diagnostic score combines levels of

axpression of several bicmarkers identified as relevant to the medical condition using a
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certain algorithip iinto a single score tv which & clinically relevant threshold can be apphied.

Exemplary algorithms are discussed in sections I, K, and L below.

{6052} Asused herein, the term “population test” referx to a study of a clinically
representative population for establishing statistics of expression levels of one or mare
biomarkers. The term “climcally representative population”™ used heretn refers to a group of
individuals that is large enough to establish statistical significance. For example, the
population fest nmay measure a biomarker across patients with and without a certain disease,
and use a student’s t-test, 3 Welch's t-test, a Maon-Whitney U test, or an analvsis of variance
{ANOV A}, an F-test, or the like, to establish whether the biomarker is differentially

expressed. The statistical significance may be set af, for exanple, p<0.03.

[0853]  As used herein, the ferm “machine-learning model” refers 1o an algorithm or a
statistical model that a computer system uses o perform a task relving on patierns and
mference from a set of testing data. A certain alporithn that infegrates several biomarkers
mto a disggnostic scove may be a machine-learning niodel. Exeniplary machine-learning
models include linear regression, logistic regression, decision tree, support vector machine

{SVM), random forest. K-means, artificial newral network {ANN), and the like.

j0854]  As used herein, the term “hot start”™, refers {0 a variation in the smplification process
that prevents non-specification amplification of nucleic acids by mmactivating the polyinerase
used for amplification. Hot-start reduces formation of printer dimers and non-specific
annealing of primers to non-target nucleic acids that are subsequently extended during
amplification. There are various techniques for a hot-start (see, e.g.. Paul et al., (2016}
Methods Mol Biol, 630:301-18}. For exanyre, a polvmerase can be inactivated through the
use of antibodies, aptamers, ot chemical modifications, so that the polynerase (which miay be
modestly active at roon: temiperatiwe anddor on ice) is blocked from fnnctioning at sub-
optimal temperatures. In the hot-start process, an mitial activation step {e.g.. at 953°C) is
performed to activate the polvmerase. This initial heat-activation step also mactivates
antibodies linked to the polymerase ot removes chemical ipodifications from the polvmerase
{e.z.. Iysine modifications}. Onee these components are inactivated, the polymerase can
amplify target nucleir acids present in the test sample. Inn some embodiments, the methads
disclosed hevein include a hot-start mechanisai such as an antibody, aptanters o chemical
modification o the polymerase used in the real-time quantitative isothenmal amplification

aSSAY.
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[BO55] A “primer” refers to a polynucleotide sequence that hybridizes to a conplementary
sequence on a target nucleic acid and serves as a point of initiation of nucleic acid synthesis.
Prirners can be of a variety of lengths and are often less than 80 nucleotides in length, for
example 20-70 nucleotides, in length. In one embodiment, a full length target-specific primer
of the instant application can conprise betwesn 30 and 6% nuclentides in length. such as 3¢,
35, 40, 45, 50, 33, 60 or 65 muclestides i length. In some embodiments, a multiplex
amplification reaction mixtiwe can include one or miore full length target-specific primers
having a length of between 20 and 65 nucleotides. Different length target-specific primners
mav be used in a rouliiplex amplification reaction such that one or more of the pultiplex full
iength target-specific primers coniprises a different nucleotide length as comipared to the
remainder of the nmltiplex full length tareet-specific primer pairs {e.z., a multiplex
amplification reaction cotoprising a first fisll length target-speciic primer having a maclestide
fength of 45 nucleotides and a second full length tarpet-specific primer having a nuclestide
fength of 58 nucleotides). The leneth and sequences of primers for use in isotheral
amplification can be designed based on principles known to those of skill in the @t see. eg.,
Invis et o, PCR Protocols: A Guide to Methods and Applications {Tomis et al., eds, 1990
Various tools exist for primer design and evaluation {e.g., NCRI-Blast software). In the
instant application, primers having highly degenerate seguences may be avoided o reduce the
probability of nus-hybyidization during the isothermal amplification reaction. Primiers can be
prepared from DNA, RNA, or a chimpera of BNA and RNA portions. In some cases, a priner
can include one or more modified nucleosides {e.g., 2-aminc-deoxyadenosine) or non-natral
nucleotide bases {e.g., uracil in a DNA primer). In some cases, a primer can inchude a

fluorescent label such as a FRET donor and FRET accepior moiety.

[0056]  As used herein, the term “probe” refers to an oligonucleotide, whether ocomring
naturally or produced synthetically. recombinantly ot by amplification. which is capable of
bybridizing to another oligonuclectide of interest. A probe may be single-stranded or double-
stranded. Probes are nsefisl in the detection, identification and isolation of particular gene
sequences. In one embodiment, it is conteniplated that any probe used in the present
mvention will be labeled so that the label is detectable in any detection systern including
fluorescent, radicactive, and luminescent systems. Tt is not intended that the present invention

is Himited to any particular detection system or label.

{6057}  As used heruin, the term “amplicon™ retains s pormal and customary use in the art.

An amplicon is an amplification product generated from a DNA or cDNA tenplate.
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[B058]  As used herein. the term “relative quamntitation”, refers to conparison between an
axpression level of a target nucleic acid and an expression level of a reference nucleic agid m
a single sample, or comparison between expression levels of a same target puclerc acid in
differem samples. Relative quaniitation can be conirasted with “absolute quantitation™ that

irvolves determining the absohute quantity of target nucleir acids in a samnple.
A Test Sample

[6059] In some embodiments, the methods, apparatuses, and related kits described herein
utilize a fest sapwple. In some embodinients, the test saniple is obtained front a chinical sanple
{e.g.. a nasal swab. biopsy, or blood draw), taken for diagnostic evaluation for the purpose of
identifving a disease or a niedical condition. In some embodiments. the testsample is
obtained by a physician or veterinarian. In some embaodiments, the test sanple is self-
collected speciinen, such as nasal swabs, cheek swabs, and the Uke. In some embodiments,
the test samiple is obtained by a medical device {e.g., leukapheresis device). Any suitable test

sample may be used to practice the invention.

{6060} In some emboduments, the sample is obtained from g nanunal, such as but not
limited to, a human. In some embodiments, the sample is obtained from s non-human
manunal, such as but not limited to, a chimpanzee, cat, dog, pig. sheep, or cow. In some
embodiments, the test sanmple is obtained from a healthy or diseased manunal. In some
embodiments, the saiople is obtained from a mammalian subject that is diagnosed with, or iz
suspected of aving, a viral or bacterial infection. In some embodiments, the mammalian
subject is suspected of having a bacterial infection {e.g., Strepiococcus). In some

embodiments, the manunalian subject 1y suspected of having a viral infection {e.g, HIV).

{8061} In some embodiments, the test sample obtained from the host conprises a bodily
flwid such as wrine, saliva, blood or a blood component, such as but not linvted fo, serum,
plasma, and peripheral blood mononuclear cells {PMBCS). Any suitable bodily fluid sy be

used to practice the invention.
B. Target Nucleic Acids

[0962]  In some ersbodiments, the methods, apparatuses, and related kits described hersin
utilize target nucleic acids. In some embodiments, the targe! nucleic acids are mammalian
nucleic acids. In some embodiments, the target nucleic acids are host mucleic acids {e.g.,

=

produced by a call of a host or detected in a sample obtained from the source of the test
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saipple). In somie embodiments, the target oucleic acids are mammalian host nucleic acids
{e.g.. mammalian DNAs or RNAs). In some embodiments, the target rucletc acids are
mammalian host RNAs. In a preferred embodinent, the target nucleic acids are mammalian
host mRNAs. In one embodiment, the target nucleic acids encoinpass splice junctions within
the mammalian host mRNAs. In one entbodiment, the target muclelc acids encompass nucleic

actds of pathogen origin detected simuitanesusly with manynalian host eRNAS.

[0963] In some emsbodinents, the target nucleic acids are present in a sagple obtained from
a mampmalian host, and the target nucleic acids are isolated from the host sample {e.g., RNA
extraction). In some embodiments, the target nucleic acids are present in 5 sample obfained
from a mamnmalian bost {e.g.. whole Moad), and the target mucleic acids are isolated from the

host sanwple, {e.g.. a QlAamp BENA blood mun kit, Qiagen, Catalog No: 52304}

j0864] In some embodiments, a mammalian host target nucleic acid is more abundant in
the test sample as compared o a reference nucleic acid. In some smbodinients, 8 maromalian
host target nucleic acid is less abundant in the test sample as corppared to the reference
nucleic acid. Any suitable mammalian host mcletc acid may be used 1o practice the

mvention.
. Reference Nucleic Acid

[0965]  In some ersbodiments, the methods, apparatuses, and related kits described hergin
utilize a reference nucleic acid. In some embodiments, the reference nucleic acid is a
manunalian nucleie acid. In some embodiments; the reference nucleic acid is a host nucleic
actd {e.g., produced by a cell of a host or detectad in a sample obtained from the sowrce of the
test sample). In sonte embodiments, the reference nucleic acid is mannnalian host mucleic
acid {e.g., mammmlian DNA or RNA} In some embodiments, the reference nucleic acid is a
mammalian bost RNA. In a preferred embodiment, the reference nucleic aeid is a piapunalian
host mRNA. In some embodimenty, the mammalian host nucleic acid 1s more abundant m the
test saniple as compared 1o a target nucleic acid. In some embodiments, the mammalian host
pucleic acid 1s less abundant in the test sapiple as compared o a target nucleic acid. Ina
preferred entbodiment. the reference nucleic acid and the target nuclete acids are expressed
by different zenes. In vet another embodiinent, the reference nucleic acid and the target
nucleie acid are expressed by different genes from the samie mammalian organism {e.g.,

Inunan or mouse). Any suitable reference nucleic acid may be used to practice the invention.

[
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Housekeeping gene

[8066] Insome embodiments, the reference nucleic acid is a housekeeping gene ora
product thereof, such as a corresponding mBNA trapscript. It soure embodiments, the
reference mucleic acid includes a mRNA @ranscript that is a pre-mRNA molecule, a 3° capped
mRNA molecule, a 37 adenylated mRNA molecule, or a mature mRNA molecule. Tna
preferred embaodiment, the reference mucleie acid is a mature plRINA niolecule obtained from

a mammatian host who is also the scarce of the test sample.

{6067} Insome emboduments. the reference pucleic is & mammalian housekeeping pene or
a gene prodict thereof (o2, 2 ;IRNA). In soine embodiments, the housekeeping zene s a
gene that is constitutively expressed {i.e., continnally transcribed) by one or more cell
populations in the mammalian bost. A constitutively expressed gene may be contrasted with a
facultative gene, which refers to a gene that is ranscribed only when needed. Exemplary
housekeeping genss suttable for use with the invention include actin, GAPDH and ubiquitin.

Any suitable housekeeping gene may be used to practice the invention.

{0068] In some emboduments, the housekeeping gene or product thereof is expressed at a
relatively constant rate by a cell of the host, such that the expression rate of the house keeping
gene can be used as a reference point against the expression of other host genes or gene

products thereof

[0069] Insome embodiments, the reference nucleic acid is 3 nunan housekeeping gene.
Exemplary hnunan housekeeping genes suitable for use with the invention include. but are not
timited to, KPN4G, RREE?, YIWHAB, Chromosome 1 open reading frane 43 (Clorfd3),
Charged multivesicular body protein 24 {CHMP2), ER membrane protein complex submnit
TLEMCTy, Glucose-6-phosphate isomerase {GFP]), Proteasome subuonitf, beta type, 2
{(PSME2D), Proteasome subunit, beta type, 4 (PSAB4), Member RAS oncogene family
{R4B7.4}, Recepior accessory profein 5 (REEPS), small nuclear ribonucleoprotein D3
{(SNRFPI[:3), Valosin containing protein { FUP) and vacuolar protein sorting 29 homolog
{FP326). In some embodiments, any housekeeping gene provided at
btipwwwitaw/acfii~elieis HKG may be used {see, Fisenberg and Levano., Trends Genet.

{2013}, 10:569-74}.
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{80761 In soume eibodinents, the reference nucleic acid ks a porcine housekeeping gene.
Exemplary porcine housekeeping genes suttable for use with the invention include, but are

not limited o, ACTE, B2M, GAPDH, HMBS, SIIH4, HPFRTI, TBF, YWHAZ and RPL32.

{6071} In some embodiments, the reference pucleic acid is a bovine housekeeping gene.
Exemplary bovine housekeeping zenes suitable for use with the invention include. bul are not

limited 10, ACTE, GAPDH, HMBS, 5F341 HPRTI, H24, and SDHA.

[0072]  Insome embodiments, the reference nucleic acid is an equine housekeeping gene.
Exemplary bovine housekeeping genes suitable for use with the invention include, but are not

timited to, ACTB, GAPDH, TOP2E, KRTS and RPS%.
D. Test Sample Processing
1. Reaction Vessel

{0873] In some embodiuments, a target nucleic acid and a reference nucleic acid from a test
saniple are provided in a first resction vessel. As used herein, a ‘reaction vessel” refers to a
systern in which the invention can be conducted including, bt not limited to, test tubes,
microcentrifuge tubes, wells, chatobers, microwells (e.g., wells in 3 microliter plate, such as
G6-, 384-, and 1536-well assay platesy, capillary tubes, nricrofluidic devices, or a testing site
on, or within, a suitable surface (including, but not limited to, glass, plastic, silicon, metal
oxides, beads, and silanized {e.g., alkkoxyxilane) surfaces). Any suitable reaction veszel may

be used to practice the invention.

[0974]  In some emsbodinents, the reaction vessel condains less than 1000 gl of hquid
during the quanittative isothermal amplification method. In another embodiment, the reaction
vessel contams abont 15 gL to about 750 uL of liquid during the quantitative isothermal

amphification method.

j0875]  In another embodiment, a target mucleic acid from a test sample is contained n a
first reaction vessel and s reference nucleic acid from the test sample is contained in a second
reaction vessel. The reaction vessel miay be of any useful dimensions {e.g., width, length,
heiglity and comprised of any suitable material. Preferably, the reaction vessel(s) of the

instant application are in the nHicro- or nano-liter scale.
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B976] Tn some embodiments, mwultiple reaction vessels are wsed for vultiple target mucleic
acids, witl each reaction vessel for iscthermal amplification of 2 respective farget mucleic

gcid.

{8077} In some embodiments. the reaction vessel can further comprise a caphure region to
isolate the target nucleic acid ot reference nucleic acid from the test sample before, after, or
during the guantitative isothermial amplification. In one embodiment, the reaction vessel can
comise a capture region to isolate the target aucleic acid andor the reference nucleic acid
from the test sample after the quantitative isothernal argplification. In soine embodinents,
the capture region can comprises filter, a matrix, a polymer, a gel. and a membrane {e.g.. a
sitica membrane, a glass-fiber membrane, a cellulose membrane, a nitrocellulose membrane,
a polysulfone membrane, a nvlon mentbrane. a polyvinylidene diftuoride membrane, a vinyl
copolymer membrane, or an ion exchange membrane, including any described herein a fiber
{e.g., a glass fiber), or a particle {e.g., a silica particle, a bead, an affinity resin, or an ion

exchange resin}.

[0078] Any suitable material may be used as the reaction vessel. The materials used to
form: a reaction vessel are selected with regard to plivsical and chemical characteristics that
are dexirable for proper functioning of the reaction vessel. Suitable, materials inchude
polymeric materials, such as silicone polymers {e.g., polydimethylsiloxane and epoxy
polymers), polyiniides {e.g., commercially available Kapton® (poly{4,4'-oxydiphenviene-
pyromeliitinide, from DuPont, Wilmington, Del } and Upilex™ (poly(biphenyl
tetracarboxvlic dianhydride), from Ube Industrigs, 11d., Japan})}, polvcarbonates, polyesters,
polyamides, polyethers, polyurethanes, polviluorocarbons, fluorinated polyners {e.g.,
polyvinyilooride, polyvinylidene fhoride, polytetrafluoroethylene,
polyehiorotrifluorcethylene, perflunroaticoxy pelyvmer, flunrinated ethylene-propviene,
polyethvienetetrafluoroethylene, polvethyvlenechiorotrifluorcethylene, perfluoropolyether,
perfluorosulfonic acid, perfluorepelyoxetane, FFPM/FFKM {perfluorinated elastomer
{perfluoroslasiomer ), FPMTKM (Huorocarbon {chlorotrifluorcethylenevinvlidens
fluoridel), as well as copolymers thereof), polvetheretherketones (PEEK), polystyrenes,
poly{acrylonitrile-butadiene-styrene ¥ ARRS), acrvlate and acrylic acid polymers such as
polymethyl methacrylate, and other substinited and unsubstituted polyolefing {e.g. cvcloolefin
polviner, polvpropylene. polvbutylene, polyethylene {PE, e.g , cross-linked PE, high-density
PE, medinm-density PE, linear low-density PE, lnv-density PE, or ultra-high-miolecuiar-

weight PE}, polvmethvipeniene, polybutene-1, polyisobutvlene, ethylene propyiene rubber,
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athvlene propylene diene monmmer {(M-class rubber}, and copolypiers thereof (e g,
cycloolefin copolymer): ceramics, such as abupinum oxide, silicon oxide, zircontum oxide.
and the like); semiconduciors, such as silicon, gallium arsemde. and the like; glass: metals: as

well as coated combinations, composites, and laminates thereof.

2. Isothermal Amplification Timing Mechanisms
Heot Start

{6079] In some embodiments, the methods, apparatuses and kits provided herein unitlize
various mechanisms fo ensure amplification of the target nucleic acid and the reference
nucleic acid can be reliably be compared {e.g., b one another and across various, non-
sequential, experintental replicates). In sonie instances, the methods and apparafises
copprise a ‘hot-start’ mechanisnos that reduces or inhihits the production of non-specific {s.z.,
spuricus) amplification products in the test sample. The hot start may ensure that each
reaction staris at the samie time. There are various technifques known in the set for performing
bot-start amplification (see, e.g., Paul ef al., {2010 Methods Mol Bial, £30:301-18% Any

suitable hot-start mechanisin may be used to practice the nvention.

[0088] In some ersbodiments, the ‘hot-start” mechanisni includes one or more antibodies
that inactivate a polvinerase of the guantitative isothermal amplification assay {e.g., a RNA

polymerase or DNA polyinerase).

[0081] In some embodumerds, the "hot-start” mechanism includes one or more aptamers
that inactivate a polymerase of the quantitative isothermal amplification assay (see, e.g,,
WarmStart LAMP Kit, New England Biolabs Catalog No:E17008; and WarmStart RTx
Reverse Transcriptase, New England Biolabs Catalog No:MUO3808). Nucleic-acid based
aptamers suitable for use with a polvmerase inchide those set forth i 118, Patert Nos:

5475096, 5670637 5,696,249 5,874,557 and 5,693,502,

{0082] In some embodumerds, the "hot-start” mechanism includes one or more chemical
modifications that inactivate a polymerase of the quantitative isothermal amplification assay.
In soine embodiments, the one or more chenical modifications inchude a hysine modification
whereby one or more lysine residues present in the polvinerase are chemically miodified such
that the polvmerase is inactive until the amplification reaction reaches a temperanwe in

excess of 30°C.
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{80831 During a hot-start mechanism, heating is used to activate the polvmerase. This
initial heat-activation may also inactivate antibodies linked to the polvmerase or remove
chemical modifications from the polymerase {e.g., lysine modifications). Unce these
comiponents are inactivated, the polymerase can amphify the target nucleic scids present in the

test sample.

Simultancous Amplification

[6084] In some embodiments, the methods, apparatuses and kits provided herein wtilize 8
sinwltaneous amplification step to ensura apypltfication of the target nucleic acid and the
reference nucleic acid can be reliably be compared (e.g., to one another and across various,
non-sequential, experimental replicates). In some embodiments, anplification of a target
nucleic acid in the test sample {e.g., in a first reaction vessel) occurs simultaneously with
ampltfication of a reference nucleic acid in the test sample {in a second reaction vessel). In
some embodiments, the simultapeous amplificaion step includes amplification of a targst
nucleic acid and a reference nucleic scid in the same reaction vessel at the same fime {e.g.,
identical start and stop amplification reaction times). In some embodiments, simubianeous
amplification can inchude 2 “hot-start” mechanisin such that the amplification of the target
nucleic actd and the reference nucleic acid {etther in the same or different reaction vessels)
does not begin until each of the target nucleic acids and the reference nucleic acids have
reached the same destgnated temperature {e.g., 65°C), at which tirne, the amplification

reaction begins stroulianeously.

Asynchronous Amplification

[0085]  In some embodiments, the methods, apparatuses and kits provided herein wtilize an
asynchronous apiplification step of the tarpget nucleic acid and the refersnce mucleic acid with
a temporal indicator for the inttiation of the anwplification reactions so that ftwo or more
reactions can be reliably be compared {e.2., to one another and across various, non-
seqguential, experimental replicates). Tn some embodiments, amphification of a target nucleic
actd in the test sample {e.g., in a first reaction vessel) occwrs asynchronously as compared to
amplification of a reference mucleic acid in the test sample {e.g., in a second reaction vessel}).
In soine embodiments, asynchronous amplification includes amplification of a target niweleic
acid and a reference nucleic acid in the sante reaction vessel, for example, by providing
primers andfor probes complementary to the target nucleic acid at Time 1, and providing
primers andf/or probes complementary to the reference nucleic acid at a later time, e.g., Thine

2
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2. In order to obtain a relative abundance value for the target mueleic acid in the test sanple
using the asvnchronous amplification approach, it is inportant to determine the length of the
amplification reaction for amplification of the farget mucleic acid. Once the length of the
amphification reaction is known, 1t can be used as the basis for performing amplification of
the reference nucleic acid. As such, each of the target nucleic acid and the reference nucleic
actd are apipliied for the sante period of time and under the same conditions, such that the

ountput of the amplification reaction can be reliably compared to each other.

E. Isothernial Amplification

{0086] Described herein are methods, apparatuses and related kits for isothernial
amplification of a target nucleic acid. Isothermal amplification assay do not include cyelic
heating and copling steps as required by PCR. As such, isothermal amplification assavs do
not require expensive eguipnent such as thermocyeiers to perform isothernal amplification
{see, e.g., Gill and Ghaeny, (2008} Nucleas. Nuclens, Nucl., 27:224-243; K and Easley
{2611, Ripanalysis, 3:227-239 and Yan et al.. Mol Bioswsi, 10:970-1003). In some
embodinents, the isothermal amplification comprises a real-tirne 1sothermal amplification
asxay. In some embodiments, the isothermal amplification assay is a real-time quantitative
isothermal amplification assay. Real-tune isothermal anwplification, also referred to as
quantitative isothermal amplification, is often used to measure the quantity of an
amplification product in real-tinre. Typically, quantitative tsothermal amplification tnvalves
the use of a labeled probe (e.g., a fluoraphore-containing probe or flucrescent dve) along with
a set of standards in the amplification reaction, that allow for guantitation of the starting

amount of target nucleic acids in the sample.

[0087] In some embodiments, the isothermal amplification comprises a reverse-
franscriptase and a strand displacing isothermal enzymie, such as but not limited to, a Bst
polymierase. Reverse-transcriptase isothernial amplification is a method vsed to svnthesize
and anplify DNA from RNA. Reverse transcriptase is an enFynie that reverse franscribes
RNA into complementary DNA (¢DNA). which is subsequently amplified by sothermal
amphification. Reverse-transcriptase isothermal amplification can be used in gene expression
profiling, to determine the expression of a gene or to identify the sequence of an RNA

transcript, including transcription start and termuination sites.

[0088] In some emsbodinents, the isothermal amplification conprises Strand Displacement

Amplification {SDA). SDA relies on the ability of certam restriction enzypies fo nick DNA
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and the ability of 3 §-3" exomuclease-deficient polvmerase to extend and displace the
downstreant strand. Exponential nucleic acid amnplification can be achieved by coupling sense
and antisense reactions in which strand displacement from the sense reaction servesas a
temiplate for the antisense reaction. For example, nickase enrymes which do not cut DNA but
produce a nick on one of the DNA sivands, such ax NuAbwl can beused. SDA can also
include a combination of a heat-stable restriction enzyme (e.g., Aval) and a heat-stable
polymerase {e.g., Bst polymerase). Such combinations are known to increase amplification
efficiency by about 160-fold. thms enabling aroplification of target nucleic acids presentas a

siiigle copy in the test sample.

[0089] In some embodiumernds, the amplification reaction assay comprises Transcription
Mediated Amplification (TMA} or Nucleic Acid Sequence Based Amplification (NASBA}Y
In TMA and NASBA, a ENA polymerase is used to amphfy RNA sequences. Generally, the
methods utilize a first and second primer and two or three enzymes (e.g., RNA polymerase,
raverse transcriptase and optionally RNase H) and a first priner baving a promoter sequence
for the RNA polynierase. In the first step of target nucleic acid amplification, the fivst primer
hybridizes o a target RNA {e.g.. ribosomal RNA) at a defined site. Reverse franscriptase
creates a cDNA copy of the target tfRNA by extension from the 37 end of the promoter primer.
The RNA i the resulting RNA'DNA duplex can be degraded by the RNase activity of the
reverse transcriptase if present or the additional RNase H. Next, a second primper binds o the
cDNA copy and 5 new strand of DNA is synthesized from the end of this primer by reverse
franscriptase, creating a double-siranded DNA mulecule. RNA polymerase recognizes the
promuoter sequence in the DNA template and mitiates transcription. Each of the newly
synthesized RNA amplicons re-enters the above process and serves as a template for a new

round of replication.

j0896] In some embodiments, the amplification reaction comprises Recombinase
Polymerase Amplification (RPA). As such, isothermal amplification of the targef nucleic acid
is achieved by the binding of opposing ohigonuciestide primers to the template nucleic acid
and extension of the primers by a polymerase (seg, e.g., Piepenburg et al., (2006 PloS Biol,,
4{7y,e204}. In some instances, the isothermal amplification reaction inchides a recombinase
{e.z.. RecA from bacteria or UvsX from: bacteriophage T4), one or more cofactors {e.g.. ATP

or UvsY), and/or one or more single stranded binding proteins {SSB).

o]
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{80911 In soume einbodinents, the tsothermal anplification assay comprises Helicase-
Dependent Amplification {HDAY. HDA mimics an i wive system that uses a DNA helicase
enzyme io generate single-stranded templates Tor primer hybridization and subsequent primer
extension by a DNA polvmerase. In a first step of the HDA reaction, a helicase enzyme
traverses along a target nucleic acid creating a single-stranded target region that allows
primmers to anneal o the target region. A DNA polymerase then extends the 3" end of each
primer using free deoxyribonucleoside triphosphates (dANTPs} to produce two DNA
replicates. The two replicated DINA strands independenily enter the next cycle of HDA|

resulting in exponential nucleic acid amplification of the target nucleic acid.

{6092} Insome embodiments, the isothermal amplification assay comprises Rolling Curcle
Amplitication {RCA). Typically in RCA. a polymerase extends a primer continuously around
a circular template, generating a long amplification product that contains many repeated
copies of the circular temiplate. By the end of the reaction, the polynmierase has generated
thousands of copies of the circular template, with the chain of copies tethered o the original
tarpet nucleic acid. RCA allows for spatial resclution of target nucleic acids and rapid nucleic
acid amplification. Ramification amplification is a variation of RCA and uatilizes a closed
circular probe {C-probe} or padiock probe and a polymerase with a high processivity 1o

exponentially amplify the U-probe under sothermal conditions.

j0893] In some embodiments, the isothermal amplification assay comprises Loop-Mediated
Isothermal Amplification (LAMPY. LAMP offers selectivity and employs a polvmerase and a
set of specially destiened primoers that recognize distinct sequences in the targset nucleic acid
{see, e.g.. Nixon et al., (2014} Bimolecdar Detection and Quantitaiion, 2:4-10; Schader et al,
{2616} dnal Methods., B:2750-2755; and Schoepyp ef al., (2017) Sei. Transi Med.,
S:eaal3693). Unlike PUR, the target nucleic acid is amplified al a constant temperature (e.g.,
60-63°C) using multiple inner and outer primers and a polymerase having strand
displacement activily. In some instances, an inner primer pair containing & nucleic acid
sequence compplententary to a portion of the sense and antisense strands of the target nucleic
acid inttiate LAMP. Following strand displacement synthesis by the inner primers, sirand
displacement synthesis prined by an outer prinier pair can cause refease of a single-stranded
amplicon. The single-stranded anmiplicon may serve as a template for fwther synthesis primed
by a second inner and second miter primer that hybridize to the other end of the target nucleic
actd and produce a stem-loop nucleic acid structure. In subsequent LAMP cyveling, one inner

primer hybridizes o the loep on the product and initiates displacement and target nucleic acid
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synthesis, vielding the original stem-loop product and a new stemp-loop product with a stem
fwice as long. Additionally, the 37 terninus of ap amplicon loop structure serves as initiation
site for self-termplating strand svathesis, vielding a hairpin-like amplicon that forms an
addittonal loop struchure (o prime subsequent rounds of self~templated smplification. The
amplification continues with socumulation of many copies of the target mucleic acid. The
final products of the LAMP process are stemn-loop nucleic acids with concatenated repeats of
the target nucleic acid in cavliflower-like stuctures with nmltiple loops formed by annealing

between alternately inverted repeats of 2 target nucleic acid sequence in the same strand.

[0094] Insome embodiments, the isothermal amplification assay comprises a digital
reverse-transcription loop-mediated isothermal mmplification (ART-LAMP) reaction fy

v P - g 4. 7 4 < - - 7 o P s TN y T > r s .3
quantifving the target nucleic acid (see, &.g., Kbhorosheva et al., (2016) Nucleic Adoid
Research, 442 e10. Typically, LAMP assays produce a detectable signal {e.z., fluorescence)
during the amplification reaction. In some embodiments, flucrescence can be detected and
guantified. Any suttable method for defecting and guantifying florescence can be used. In
some instances, a device such as Applied Biosystent's QuantStudio can be used to detect and

quantify fluorescence from the isothermal amplification assay.

F. Detection

[8095]  Anv suitable method for detecting amplificaion of a target nucleic acid ina test
sarnple by quantitative real-time tsothermal amplification roay be used to practice the
invention. In some embodinients, quantitative real-time isothermal amplification of a 1arget
nucleic acid in a test sample can be determined by detecting of oue or more different
{distinct) fluorescant labels attached o puclentides oy nucleotide analogs incorporated during
isothermal amplification of the target nucleic acid {e.g., 5-FAM (822 nm), ROX (608 am),
FITC {518 non} and Nile Red (628 nm}. In another embodiment, quantitative real-time
isothermal amplification of a target mucleic acid in a test sample can be determined by
detection of a single flucrophore species {e.g., ROX {608 noy)} attached to pucleotides or
nucleotide analogs incorporated during isothermal amplification of the target nucletc acid. In
sonie embodiments, each fluorophore species used eunits  flucrescent sienal that is distinct
from any other fluorophore species, such that each fluorophore can be readily detected apiong

other flucrophore species present in the assay.
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[8096] In some eipbodiments, methods of detecting sipplification of a target nucleie acid in
a test sample by quaptitative real-linte isothermal ammplification can include using

infercalating fluorescent dyes, such a8 SYTO dyes (SYTO 9 or SYTO 82},

{6097} In some embodiments, methods of detecting amplification of a target nucleic acid in
a fest sample by guantitaitve real-fime isothermal amplification can include using unlabeled

primers o isothermally amplify the target nucleic acid in the test sample, and a labeled probe
{e.g., having a fluorophore) to detect tsothermal amplification of the targel nucleic acid in the

test sanwple.

{6098} In some embodiments, methods of detecting amplification of a target pucleic aoid in
a test sample by quantitative real-timoe isotherioal anplification can include using unlabeled
primers o isothermally amplify a target nucleic acid present in the test saniple, and a probe
having a 5-FAM dye Iabel on the 37 end and a minor groove binder {MGB) and non-
fluorescent quencher on the 3° end to detect isothermal ampiification of the target nucleic

acid {e.g., TagMan Gene Expression Assays from ThermoFisher Scientific}.

[6099] In some emboduments, detecting amplification of the target nucletc acid in the test
sanple can be performed using a one-step, or fwo-step. guantitative real-time isothermal
amplification assay. In a one-step guantitative real-time isothermal amplification assay,
reverse transcription is combined with quantitative isothermal amplification to form a single
guantitative real-time isothermal amplification assay. A one-step aszay reduces the number of
hands-on manipulations as well as the twtal time to process a test sample. In some instances,
for example, when some of the cDNA from a reverse franscription reaction is needed for
other reactions ot is to be retained, the quantitative real-time isothermal amplification assay
can conmprise a two-step assay. A fwo-step assay comprises a first-step, where reverse
franscription 18 performed, folowed by a second-step, where quantitative isothenmnal
amplification is performed. It s within the scope of the skilled artisan to determine whether a

oiie-step of two-step assay should be performed.

Q. Generating Standard Curves
[6180] Because isothermal amplification assayvs may amplify different nucleic acids with
different efficiencies, it may be necessary o calibrate time-io-threshold values measiwred in a

real-time isothermal anplification assay to absolute copy niynbers of & target nucleic acid

and a reference nucleic acid. This may be accomplished by establishing standard cwrves for

(]
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the isothermal amplifications of the target nucleir acid and the reference nucleic acid. The
standard curves can be obiained by performing real-tine ixothernial aroplification assays

wsing quantitated calibrator samples with nniltiple known input concentrations.

{6181} In some embodiments. to generate a standard curve, quantitated calibrator sanples
are obtained by performing serial dilutions of a guantitated material. As an example, a
template with a concentration of approximately 1x10° copies/yuL of the target nucleic acid s
prepared. To obfain calibrator samples with different input concentrations, the template is
serially dituted in a buffer at 10-fold concentration ntervals vielding templates covering a
range of concentrations from approximately 10% copies/L to approximately 107 copies/ul.
For exanple, eight calibrator samples are obiained at concentrations of approximately 1+ 10%,
Ix30%, 1x107, 12308, IN10°, 1-10% 1108, and 1+107 copiesipl, respectively. The precise

concentration of each calibrator sample can be determined using methods known in the art.

[0102] To obtain a standard curve, a real-time isothermal amplification assay is performed
for each aliguot with a known quantity {e.g.. 1 pL) of a respective calibrator sample with a
respective concentration of the target nucleic acid. For examiple, each aliguot may include 1
yl. of the respective calibrator sample. For instance, in the above example where there are
eight calibrator samples covering a range of concentrations fron: 10° copies/plL to 169
copiesiul, eight aliquots of the eight calibrator sanples contain the following auniber of
copies of the target nucleic acid, respectively: CopvNumber: = 14107, CopyNumber: = 12105,
CopyNusmbers = 1+ W, CopyNumbers = 12105, CopyNumbears = 1+ 1P, CopyNusrbers =

110, CopyNwmbers = 1x10°, CopyNumbers = 1x10%

[0103] In areal-tine isothernwl amplification assay for each respective caltbrator sample,
the intensity of the fluorescence emitted by intercalating fluorescent dyves (e.g., dsDINA dves}
or fluorescent labels for the target mucleic acid is measured as a function of time. FIG. }
shows an exemplary plot 110 of fluorescence mfensity as a Mnction of time in a real-time
quantitative isothermal ampplification assayv according to some embodiments. The dashed line
126 vepresents a pre-determined thvesbold intensity. The elapsed time from the monent when
isothermal amplification is started is the time-to-threshold 7. FIG. 2 shows exeniplary plots
210 of flugrescence infensities as a function of time in real-time quantitative isothermal
amplification assays of eight samples with different concentrations of a target nucleic acid,
according to some embodiments. A respective time-to-threshold value can be determined

from each respective fluorescence curve 210 as a function of time. Thus, eight time-to-
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threshold values T, Tir, Tts, Fry, Tts, Tts, Tt7, Tta, ave obtained for the sight calibyator

saipples, respectively.

{6184} For exponential amplifications, the time-to-threshold is lnearly proportional to the
ingarithm (& 2., logaritiun to base 10} of the staring copy nuntber {also refarred tov as template
abundance}. FIG. 3 shows a scatter plot of data points (epresented by the circles), obtained
from the fluorescence curves shown in FIG. 2, according to some embodiments. Each data
point represents a data paw [Logisl CopyNumber), Tt {note that CopvNumber refers to
starting nuntber of copies of a nucleic acid in an isothermal amplification assay). As
illustrated, the data pomnts fall approximately on a straight line 310. A Hnear regression is
perfornied on the data points in the plot to obtain the straight Hne 310 that best fits the data
points with the least amount of fotal deviations. The result of the linear regression is a straighit

line represented by the following equation,
Tt =m x Logre{CoppNumbary + b, {h

where nz is the slope of the line 310, and & is v-intercept. The slope m represents the
efficiency of the isothermal apiplification of the target nucleic acid: b represents a fime-to-
threshold as temiplate copy number approaches zerc. The straight line represented by

Equation {1} is referred o as the standard curve.

{8185} In some embodinents, replicates (e.g.. wiplicates) of isothermal apyplification
assays may be mn for each sample in order {0 gain a higher level of confidence in the data.
Replicate time-to-threshoeld values can be averaged, and standard deviations can be

calculated.

j0106] Once the standard cwrve is established for a given isothermal anplification assay,
the standard curve can be used to convert a time-to-tiweshold value to a starting copy nuniber
for future runs of the isothermal amplification assav of unknown starting mumbers of coptes
of the target nucleic acid, using the following equation,

Ti-h

CopyNumber = 10 m | {

3

Dyanamic range of a standard carve

{0107} Normally, the data points at every low copy numbers or very high copy numibers
may fall off of the straight line 310, The range of copy nunbers within which the data poinis

can e represented by the straight line 310 ix referred t¢ as the dvnamic range of the standard
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curve. The linear refationship between the time-to-thresheld and the logarithmic of copy

muaber reprasented by the standard curve would be valid only within the dynamic range.

{6108} If the auplification efficiencies for a target nucleic acid and a reference nucleic acid
are different for a given isothermal amplification assay, it may be necessary to obiain
separate standard curves for the target nucleic acid and the reference nuclere acid. Thus, two
sets of real-time wothermal amphification assays may be perfornied, one sef for establishing
the standard curve for the target nucleic acid, the other set for establishing the standard carve
for the reference nucleic acid. In cases where multiple target pucleic acids are considered, a

standard curve for each target nucleic acid may be obiained.
Ofi-board standard curves

[0109] In some ersbodiments, the standard corves are generated prior {o cbiaining a test
samnple. That is, the standard curves are not generated on-boeard with the quantitative
ispthermal amplification of the test samiple. Such standard curves may be referred {o as off-
board standard curves. Off-board standard curves may be used for estimating relative

abundance values, as described below.

H. Estimating Relative Abundance Values

{0118] For a test sample of unknown input concentration of a target nucleic acid A, a fiyst
real-time isothermal ampplification assay is performed for a first aliquot of the test sample to
obtain a first tine-to-threshold value 7%+ with respect to the target nucleic acid A A second
real-timie isothermal amplification assay is performied for a second aliquot of the test sample
to obtain a second time-fo-threshold value Tts with respect to 3 reference nucleie acid B. The
first aliquot and the second aliquot contain substantially the same amount of the test sample.
The first ime-to-threshold value 775 may be converted into stariing nuniber of copies of the

target nucleic acid A using the standard curve of the target nucleic acid A:

TE -8

CopyNumbery = 167w . {

)
()

The second time-to-threshold value 7tz may be converted into starting number of copies of

the reference nucleic acid B using the standard curve of the reference nucleic acid B:

Ttﬂ—b
CopyNumbery = 10 = | {4y

X% ]
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The starting number of copies of the target nucleic acid A i1s notmalized against that of the

reference nucleic acid B {o obtain a relative sbundance value as.

CopyNuwmbery

Relative Abundonice {A/B)y = {5}

copyNumberg

[8111] For example, if the starting number of copies of the target nuclete acid A 15 1000,
5 and the starting number of copies of the reference nucleic acid B is 10, the relative abundance

{A/B} can be calculated as,

. . CopyNiwomber, 1060
Relative Abundance (A/B}) = = =

100,
CopyNumbery 10

[0112] In cases where the fivst aliquat and the second aliquot contain different amounts of

the test sample, relative abundance is obtained as.

copyNumbery M,

10 Relative Abundance {A/R} = {6}

CopyNumberg M,

where 341 and 34: are the masses {or volune) of the first aliguot and the second aliquot,

respectively.

{p113] Forexample i =1, 8 =2, the starting nuinber of copies of the target nucleic

acid CopyNumbers is 1000, and the starting nuniber of copies of the reference nucleic acid

LA

CopyNumberz 15 10, the relative abundance {A/B) can be calculated as,

CopyNumber, M, 1000x2

Relgtive Abhundance (4/B) = —=
; ‘ e (4/B) CopyNumberg M; 10x1

= 2840.

[0114] In some other embodiments. one sothermal amplification assay may be performed
for botl the target nucleic acid A and the reference nucleic acid B. Because the isothermal
amplification assav is performed on the zame aliquot of the test sample, Equation {3} can be

20 used to obtain the relative ghundance.
Relative abundance without standard carves

{0115] In cases where the amplification efficiencies for a target nucleic acid and a
reference nucleic acid have approximately the same value that is known, and the expected
copy nuinber for the target micleic acid and the expected copy number for the reference
mucletc acid are within the dvpamic range, relative abundasnce may be obtained divectly from
time-fo-threshold values without using standard cirves. For exatnple, assuming that the
amphification efficiency for both the target nucleic acid and the reference nucleic acid s m,

2
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and that b is identical for both assays as a consequence of the simular efficiencies, the relative
abundance may be calodated as,

Relative Abundanee (A/R}Y = 10 = | {7

{6116} As-described above, in cases where the anplification efficiencies for a farget
nucleic acid and a reference mucleic acid have approximately the same value that is knowi.
determining the relative abundance of a target nucleic acid i a test sample is not predicated
o the starting copy number of the target pucleic acid, and does not require abzolute

quantitation of the target mucleic acid in the sample.

L Multiple Target Nucleic Acids

[0117] In some ersbodinents, a relative abundance value for a target nucleic acid can be
used in combination with one or niore additional relative abundance values for additional
target nucleic acids in the test samiple. In some embodiments, a plurality of relative
asbundance values for a plarality of target nucleic acids in a test sample can be nsed as inputs
o an algorithm that can output a single diagnostic score, such as one that can discriminate
between viral and bacterial infections in the test sample and/or diagnose the text sanwple as
having a bacterial andfor viral infection (see, e.g., Sweeney et al., {2016), 5¢i. Transl Med,

91346ra91).

#:3485¢

s

| F¥]

[0118] Insome embodiments, target nucleic acids selected for evaluation are selected from
target nucleic acids known to have increased host expression as a result of bacterial infection,
such as CTSB, TNIPI, GP441, and HES Tn soine embaodinents, target nucleic acids selected
for evaluation are zelected from target nucleic acids known to have increased host expression

as a result of viral nyfection, such gs JFL37, JUP and L4X7.

[0119] In some ersbodiments, genes are combined using & machine learning or other
algorithin to produce a single diagnostic score, such as one that can differentiate between
bacterial and viral infections. Such a score may be higher in patients with bacterial infections
and lower in patients with viral infections, such that a physician seeing a patient with a
diagnostic score above a set threshold is directed to an action of treatinent with antibiotics. In
these embodiments, the algorithmic score carries more diagnostic power than any individual
zene level alone {e.g., has a greater area under the receiver-operating-characteristic curve for

discriumination of bacterial from viral infections).
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{81267 In soume eipbodiments, types of algorithoss for ntegrating ioultiple biomarkers iifo
a single diagnostic score may include, but not limited o, & difference of geomelric means, &
difference of arithmetic means, a difference of sums. a simple sum. and the like. In some
embodiments, a disgnostic score may be estimiated based on the relative abundance values of
pmitiple biomarkers using machine-leaining models, such as a regression model, a tree-based
machine-learning model, a support vector machine (SVM} model, an antificial neural network

{ANN) model, or the like.

J. Method For Estimnating A Diagnostic Score By Perforping Real-Time

Quantitative Isothermal Amplificatton Using Off-board Standard Curves

j6121] Absolute guantification usually requires that the standard curves are generated in
the same assay as the fest sample to ensure proper calibration and adequate precision. The
standard curves so obtained are referred fo as on-board stand curves. According to some
embodiments, a method of estinwating a diagnostic score using real-time quantitative
ispthermal anplification of mmitiple hiomarkers only require relative guantification, and
therefore off-board standard curves may be used. This miay enable a new class of nlirafast
diagnastic real-time quantitative isothermal amplification assayvs that are capable of making

accurate diagnoses reliably and econonically.

[0122] FIG. 4 shows a simyplified flowchart ilustrating a method of estimating a diagnostic
score by performing real-tine quandifative tsothermal anplification on a fest sample

according to some embodiments.

[0123] At 402, a first standard curve, a second standard curve, and a reference standard
curve are obtained. The first standard curve inclndes a first function relating starting number
of copies of a first target nucleic acid to thine-to-threshold. The second standard curve
mcludes a second fanction relating starting number of copies of a second target nucleic acid
to time-to-threshold. The reference standard curve includes a reference function relating
starting number of copies of a reference nucleie acid o time-to-threshold. The first standard
curve, the second standard cwrve, and the reference standard curve are generated prigy to

performing real-time quandttative isotherimal anplification on the text sanwple.

[0124]  Ac 404, the test sample is obtained from a mammunalian subject. The test sample
contains the first target nuclete acid. the second tarpet nucleic acid, and the reference pucleic

gcid.
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[B125] Ar406, the test sample 15 added to at least one reaction vessel, The af least ons
reaction vessel confains a master pux for isothermal amplification of the first target nucleic

acid, the second target nucleic acid, and the reference nucleic acid.

[0126] At 408, at least one reaction of isothermal amplificanion s started in the at least one

regetion vessel,

[0127]  Ar 416, a fivst time-to-threshold value is determiined fior the first target nucleic acid

it the gt least one reaction.

[0128] At 412, a second time-to-tlweshold value is determined for the second tarpet nucleic

acid in the at least one reaction.

[0129]  Ar 414, a reference time-to-threshold value is determined fisr the reference nucleic

acid in the at least one reaction.

{61307 At 416, a first starting number of copies of the first target nucleic acid in the test
sanple is estiniated based on the first time-to-threshold value using the first fniction of the

first standard curve.

[0131] Ar 418, a second starting munber of copies of the second target pucleic acid in the
test sample is estimated based on the second time-to-thueshold value using the second

function of the second standard curve.

{8132} At 420, a reference starting munber of copies of the reference micleic acid in the test
saniple is estinmiated based on the reference time-fo-threshold value using the reference

function provided by the reference standard curve.

[0133]  At422 g fivst relative abundance value of the first target nucleic acid in the test
sample relative (o the reference nucleic acid is estimated based on the first starting mumber of
copies of the first target nucleic acid and the reference starting number of copies of the

reference nuclelc acid.

[0134]  Ar 424, a second relative abundance value of the second farget nucleic acid in the
test sample relative o the reference pucleic acid is estimated based on the second starting
mmber of copies of the second targef nucleic acid and the reference starting mumber of

copies of the reference nucleie acid.
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{8135 Ar426, the diagnostic score of the test sample is estimated based on the first relative
abundance value of the first target pucleic acid and the second relative abundance value of

the second target nucleic acid.

[0136] At 4285, a clinical diagnosis of a medical condition iz made by conparing the

diagnostic score of the test sample a predetermined threshold diagnostic score.

[0137] In some ersbodiments, the isothermal amplification is loop-niediated 1sothermal

amphification (LAMP).

{0138] In some emboduments, the at least one reaction of isothermal amplification in the at

ieast one reaction vessel is started using a hot start mechanism.

[0139] In some emsbodinents, the diagnostic score relates to a difference between the figst
time-fo-threshold value for the first tarzet pucleic acid and the second time-to-threshnid value

for the second target micleic acid.

{0148 1t should be appreciated that the specific steps illustrated in FIG. 4 provide a
particular method of estimating a diagnostic score by performing real-time guantitative
isothernmal amplification according 1o some embodiments of the present invention. Other
sequences of steps may also be performed according 0 alternative embodiments. For
exarple, alternative embodiments of the present invention may perform the steps outlined
above in g different crder. Moreover, the individual steps ithustrated in FIG. 4 may include
nwltiple sub-steps that may be perforned in various sequences ax appropriate to the
individual step. Furthermore, additional steps may be added or removed depending on the
particular applications. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.

K Method For Estimnating A Diagnostic Score By Perforping Real-Time

Quantitative Isothermal Amplification Without Uising Standard Curves

j0141] According to some embodiments, a method of estinmiating a diagnostic score may
witlize real-time guantitative isothermial amnplification without using standard curves. For
example, a diagnostic score may integrate expression levels of multiple previousty identified
bionarkers. If it has been pre-verified over a target test population that isothermal
amplhification assays of the identified bromarkers are expected to perform within the lnear
dynaniic range, the time-to-threshold values may be directly plug intwo an algoridun for
estimating the diagnostic score without being converted into copy numbers using standard

&

Lyd



ig

a

N

LA

CA 03117201 2021-02-25

WO 2020/061217 PCT/US2019/051765

curves. In somme empbodiments, a clinically relevant threshold diagnostic scove may be
established by a population study. In the population study, real-time quantitative isotherinal
amphification assays are performed across a chuical cohort of pattents of interest. The time-
1o-threshold values obtained fom the real-time guantitative isothermal amplification assays
are used fo fram a statistical model toestablish the threshold diagnostic score. Oncs

established, the threshald diagnostic score can be used to diagnose patients.

[0142] FIG. 5 shows a simplified flowchart ilustrating a method of estimating a diagnostic
score by performing real-tine quantitative isothermal amplification of a test sample without

using standard curves according to some other embodiments.

{6143} At 502, atest sampple is obtained from a piapunalian sulject. The test sample
coftaing af least a first target nucleie acid and at least a second target nucleic acid, and a
reference nucleic scid. Each of the first target nucleic acid, the second target nucleie acid, and
the reference nucletc acid has an expecied concentration in the test sample that 1s within a
dynamic range of the real-time quantitative iscthermal amplification as vertfied over a cohort

population of inferest.

[0144] A1 504, an aliguot of the test sample is added fo at least one reaction vessel
containing s master mix for isothermal amplification of the first target nucleic acid, the
second target nmcleic acid, and the reference nucleic acid.

[0145] At 506, st least one reaction of isothermal amplification is started in the at least one

reaction vegsel.

j0146] At 508, a first tme-to-threshold value for the first target nucleic acid is determined

i3 the atf least one reaction.

[0147] At 316, a second time-to-threshold value for the second target nucleic acid is

determed in the at least one regction.

[0148] A1 512, a reference time-to-threshold value for the reference nucleic acid s

determined in the gt least one reaction.

{81497  Ar 314, a fivst relative abundance value of the first target nucleic acid relative 1o the
reference nucleic acid in the test sample is estimated based at least on the first time-fo-

threshold vahie and the reference tine-to-threshold value.
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[0158] Ar 316, 3 second relative abundance valse of the second target nucleic acid relative
to the reference nucledc acid in the test sample is estimated based at least on the second time-

to-threshold valne and the reference timmesto-threshold valae.

{8151} AtSIE, the dagnostic score of the test sample is estimated based on the first time-
to-threshold value for the first target nucleic acid and the second tme-to-threshold value for

the second target micleic acid.

[0152] Insome embodiments, the method 500 fiwther mcludes, before obtaining the test
sample, performmng real-time quantitstive isothermial amplification across the cohort
population of mterest to establish a clinically relevant threshold diagnostic scove; and after
estimating the diagnostic score of the test sample, making a clinical diagnosis of a medical
condition by comparing the diagnostic score of the test saniple to the threshold diagnostic

SCOTE.

[0153] In some embodiments, the isothermal amplification is loop-mediated isothernal

amphification (LAMP).

{0154] In some embodiuments, the diagnostic score relates to a differsnce between the first
time-to-threshold value for the first target nucleic acid and the second tme-to-threshold value

for the second target nucleic acid.

[0155] Insome embodiments, the test sample contains a plurality of first target mucleic
actds and a plurality of second target nucleic acids. The diagnostic score relates to a
difference betveen a first statistical value based on the time-fo-threshold values of the
plurality of first target nucleic acids and a second statistical value based on the time-to-

threshold values of the plurality of second target nucleic acids.

[0156] It should be appreciated that the specific steps illustrated in FIG. 3 provide a
particular method for estimating a diagnostic score by performing real-time quaniitative
isothermal amplification according to some embaodiments of the present invention. Other
sequences of steps may also be performed according o aliernative embodiments. For
example, allemative embodiments of the present invention may perform the steps outlined
above in a different order. Moreover, the individual steps illustrated in FIG. 5 miay include
multipie sub-steps that may be performed in various sequences as appropriate to the

mdividual step. Furthermore, additional steps may be added or removed depending on the
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narticular applications, One of oedinary skill i the st would recognize many variations,
rticular applications. One of ordi kill in the art would y £

modifications. and aliernatives.

L. Method of Estimating a Diagnostic Score Using Multi-Volume Real-Time

Quantitative Isotheral Amplification Assays

[0157] According to some embodiments, a method of estimating a diagnostic score using
multipie biomarkers may uitlize a smlti-volune real-timme quantitative isothernual
amphification approach as discussed above. For example, in HostDx-Fever qLAMP assays
involving seven identified target genes IF127, JUP, L4AX1. HK3, TNIPI, GP441, CTSE,
some of the seven farget genex may be sxpected fo be niwore sbundamt than sonie other target
genes in a test sample. It may be advantagecus to perform real-timie quantitative isothermal
amplification assays for those genes that are expected to be more abundant in larger-volume
reaction vessels, and for those zenes that are sxpected o be less abundant in smaller-volume
reaction vessels. In this way, given a limited apiount of test sample, quantitative isothermal
amplification assays may be perfonned successfully for both genes with higher expected

asbundance and genes with lower expected abundance.

[0158] In some embodiments, the expected relative sbundance for various genes may be
established by a population test prior to well assigninent. In the population test, real-time
quantitative isothermal amplification assays are performed for the various genes in a
chinically representative population large epough to establish statistical significance. For
example, the population test may use a student’s -test, a Welch's t-test, a Mann-Whitney U
test, or an analysis of variance {ANOVA}, an F-test, or the like. The statistical significance

niay be set at. for example, p<0.05.

[0158] FIG. 6 shows a simplified flowchart illustrating a method of estimating a diagnostic
score by performing real-time quanditative tsothermal anplification on a fest sample

according to some embodiments.

[0168] At 602, the test sanwple is obtained. The test sapiple contains at least a first target
nucleic actd and at least a second target nucleic acid, and a reference nucleic acid. Each of the
first target nucleic acid, the second target nucleic acid, and the reference nucleic acid includes

a marsmaiian host mucleic acid,

[0161] At 504, 5 fivst aliquot of the test sanple is added 1o a first reaction vessel for

quantitative isothermial amplification of the first target nucleic acid, and a second aliquot of
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the test sample 15 addad to a second reaction vessel for quantitative isothermal amplificaion
of the second target pucleic acid: Each of the first reaction vessel and the second reaction
vessel containg a master mix for isothermal amplification of the first targat pucleic acid, the
second target nucleic acid, and the reference nucleic acid. The second target nucleic acid has
& lonwver expected abundance than the first target nucleic acid in the test sample. The first
aliquot has a first volume. The second aliquot has a second volume greater than the first

volume.

[0162] At 606, a first real-time quantiative isothermal amplification assay is perfirmed in
the first reaction vessel by starting 2 first reaction in the first reaction vessel; determining a
first time-to-threshold value for the first target nucleic acid in the first reaction; deterpuning a
first reference tyme-to-threshold value for the reference nucleic acid in the firgt reaction; and
estimating a first relative abundance value of the first target nucleic acid in the fest sample
relative 1o the reference nucleic acid based at least on the first ime-to-threshold valne and the

first reference time-to-threshoeld value.

[0163] At 508, 3 second real-time quantitative isothermal amplification assay is performed
in the second reaction vessel by: starting a second reaction in the second reaction vessel;
determining a second time-to-tlweshold value for the second target nucleie acid in the second
reaction; deternmining a second reference time-to-threshold valne for the reference nucleic
acid i the second reaction; and estimating a second relative abundance value of the second
tarpet nucleic acid n the test sample relative to the reference mucleic acid based at least on

the second time-to-threshold value and the second reference time-to-threshold value.

{8164} At 610, the diagnostic score of the test sanmple 1s estimated based on the first relative
abundance value fior the fivst target nucleic acid and the second relative abundance value for

the second target micleic acid.

[0165] In some ersbodiments, method 600 further inchades, before adding the first aliguot
of the test sample to the first reaction vessel and adding the second aliquot of the test saniple
1o the second reaction vessel, establishing that the second target nucleic acid has the lower
expected abundance than the first target nucleic acid by performing test real-time quantitative
isothermal amplification assays for the first target nucleic acid and the second target nucleic

acid in a clinically representative population.

fo166] In some emmbodinents, the diagnostic score relates to a difference between the figst

relative abundance value and the second relative ahnpidance valne.
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{8167} In some eipbodiments, the test sapiple contains a plurality of first target nucleic
acids and a plurality of second target pucleic acids, and the diagnostic score relates to a
difference between a first statistical value based on the relattve abundance valies of the
plurality of fivst target nucleic acids and a second statistical value based on the relative
abundance values of the plurality of second target nucleic acids. In some embodiments, the
first statistical value inchades a geometric mean of the relative abundance values of the
plurality of first target nucleic acids, and the second statistical valie includes a geomietric
mean of the relative abundance values of the pharality of second target nucleic acids. In some
embodiments, the diagnostic score 1s used fo diagnose whether a patient has a hacterial
infection or a viral infection. In some emboduments, the plurality of first target nucleic acids
includes genes that are higher in viral infections, and the plurality of second target nucleic
actds includes genes that are higher i bacterial infections. For example, the plurality of first
target nuclete acids mayv nclude IFI27, JUP, and LAXY; and the plurality of second targst

nucleic acids may inclode HK3, TNIPI, GPAAL and CTSB.

[0168] In some emsbodinents, the test sample contains a plurality of first target nucleie

acids and a plurality of second target nucleic acids. The diagnostic score is estiniated based
on the relative sbundance values of the plurality of first target nucleic acids and the relative
abundance values of the plurality of second target iucleic acids using a regression model, a
tree-Dased machine-learning mwodel, a support vector machine model, or an artificial neural

network (ANN) model.

[0169] In some emmbodinents, each of the first real-timme quantitative isothermal
amplhification assay and the second real-time guantifative isothermal amplification assay is g

real-titne guantitative loop-mediated isothermal amplification (LAMP) assay.

[6176] In some embodiments, each of the first reaction in the first reaction vessel and the

second reaction in the second reaction vessel is starfed using a hot start mechanism.

[0171] It should be appreciated that the specific steps illustrated in FIG. 6 provide a
particular method for estimating a diagnostic score by performing real-time quaniitative
isothermal amplification according to some embadiments of the present invention. Other
sequences of steps may also be performed according fo aliernative embodients. For
example, allemative embodiments of the present invention may perform the steps outlined
above in a different order. Moreover, the individual steps illustrated in FIG. 6 miay include

multipie sub-steps that may be performed in various sequences as appropriate to the
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individual step. Furthermore, additional steps niay be added or removed depending on the
particular applications. One of oedinary skl in the st would recognize many vaniations,

modifications, and alternatives.
M. Piatforms/Devices

{8172} In some aspects, the disclosure provides platforms oy devices for obtaining a
relative abundance value for a target nucleic acid in & test sample. Any suttable device or
platform for perforniing the methods may be used. In some embodiments, the device is useful
for relatively quantifying bost manunalian nucleic acids in a test samnple, where the host
manunaiian nucleic acids are reflective of the host having an acute infection, such as a

bacterial or virsl infection. In some embodiments, the acute infection has induced sepsis.

[0173] In some ersbodiments, the device is a microfluidic device. In some smbodiments,
the pucrofluidic device allows for amplification of a target pucleic acid and a reference
sucleic acid in the same reaction vessel. In another embodiment, the microfhuidic device
allows for amplification of a target nucleic acid and a reference nucleic acid in distinct

reaction vessels {e.g., separate wells).

[6174]  Any device that is capable of heating a saniple to a constant tempersture and
montforing fluorescence, trbidity, luminescence, absorbance {color), or
magietic/electromagnetic cirrent can be wsed i isothermal applification. In some

embodinents, the device is TagMan Gene Expression Assays from ThermoFisher Scientific.

{0175] In some emboduments, the device for perfornung the method includes a flunrescent
iabel detection system such as, but not nited to, Applied Biosystem QuantSwudioc Real-Time

PCR Systen: {under iscthermal conditions).

[0176] As will be apparent to one of ordinary skill in the art, the platform or device used fo
perform the invention can include any useful dimensions {e.g., length, width, and depth). In
some embodiments, the device 1s a bench-top size device that utilizes one or reaction vessels
containing the target nucleic acid and the reference nucleic acid. In somte embodiments, the
reaction vessels are housed in a single unit, such as a 96-well plate. In some embodiments,
the reaction vessels {or multiple bousing units} can be stored, tested, andfor analyzed in the

device sequentiaily or sinnltanecusly
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{81777 FHG. 7 shows a schematic Block diagrant of an apparatus 700 for estimating a
relative alnndance value using 2 real-tispe quantitative isothermal amplification assay

according 10 some embodiments.

{6178} The apparatus 760 includes one o more reaction vessels 710. Each reaction vessel
710 is configured 1o hold an aliquot of a test sample containing at least one target mucleic acid
and a reference nucleic acid. Each reaction vessel 710 is further configured to hold a master
mix for isothermal amplification of the at least one target nucleic acid and the reference
muclete acid. The master nux alse includes fluorescence labels for detecting the at least one

target nucleic acid and the reference nucleic acid.

{0179] In some embodiuments, the one or more reaction vessels 71 include atf least a first
reaction vessel and a second reaction vessel. The first reaction vessel may be configured for
holding a first aliquot of the test samiple and a first portion of the master mix for isothermal
amplification of 2 first target nucleic acid. The second reaction vessel piay be configured for
holding a second aliquot of the test sanple and a second portion of the master mix for
isothermal aniplification of a second target nucleic acid. In soune embodiments, the one or
more reaction vessels 710 include a third reaction vessel contigured for holding a third
aliquot of the test sample and a third portion of the master mix for isothermal amplification of

the reference micleic acid.

[0188] The apparatus 700 firther includes isothernal amplification nieans 720 oy starting
ispthermal amplification reactions i the one or more reaction vessels 710. For example, the
ispthermal amplification means 720 may include heating elements and temperature controls
i heat the reaction vessel 710 and its conttent o a femoperature necessary for starting
isothermal amplification of the at least one target nucleic acid and the reference nucleic acid.
The isothermal amplification reaction may produce fluorescence associated with the at least

one target nucleic acid and fluorescence associated with the reference nucleic acid.

{6181} The apparatus 700 farther includes one or more fluorescence detectors 730 optically
coupled to the one or more reaction vessels 710. Each fluorescence detector 730 is configured
i detect the fluorescence associated with a respective target nucleic acid or the fluorescence
asxociated with the reference nucleic acid in real time during the isotherroal amplification
reaction. Thus, an intensity of the flnorescence associated with the respective target nucleic
acid may be measured as a function of thne, and an intensity of the fluorescence associated

with the reference nucleic acid may be measured as a function of time. In some embodiments,
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each uorescence detector is configured to detect fluorescence associated with the respective
target pucleic goid at regular iervals during the isothermal anplification reaction. For
example. 8 regular interval of fluorescence detection may ooour once every ninule, once
every 30 seconds, once avery 20 seconds, once every 10 seconds, once every 5 seconds, of

once every second, during the isathermal amplification reaction.

j0182] The apparatus 700 firther includes a computer memory 740. In some embodiments,
the comnputer menwory is configured to store one or more standard curves. For example, a first
standard curve mav provide a first function relating starting pumber of copies of a first target
nucleic acid to time-to-threshold. A second standard crrve may provide a second function
relating starting munber of copies of a second target nucleic acid to time-to-threshoid. A hud
standard curve miay provide a third function relating starting nuniber of copies of a reference
nucleic acid fo time-to-threshold. The first standard curve, the second standard corve, and the
third standard curve may be obtained from previous isothermal amplification reactions of a
cahibrator sample. and are stored in the niemory 748 for use i subsequent isothermal
amplification reactions of test sanwples. In some embodiments, the computer memoy 740 is

configured {0 store one or more threshold Nuorescence intensity vahies.

{0183] The apparatus 700 further includes a computer processor 754 coupled fo the

fluorescence detector 730 and the memory 740. The memory 740 may further store

instructions to be executed by the coniputer processor 750,

[0184] Insome embodiments, the processor 750 is confignred 1o determine a first tinte-to-
threshold value for a first target nucleic acid based on the intensity of the fluorescence
asxociated with the first target nucleic actd as a fonction tine and the stored first threshold
ftuorescence intensity value, and estiinate a starting munber of copies of the first targst
nucleic acid in the test sample based on the first time-to-threshold value using the first
function provided by the first standard curve. The processor 750 is further configured to
deterniine a second time-to-threshold value for a second target nucleic acid based on the
mtensity of the flucrescence associated with the second target aucleic acid as 3 function time
and the stored second threshold fluorescence infensity value, and estimate a starting number
of copies of the second target mucleic acid in the test sanple based on the second tirpe-to-
threshold value using the first function provided by the second standard curve. The processor
750 is further configured to determine s third tume-to-threshold value for the reference

nucleic acid based on the intensity of the fluorescence associated with the reference nucleic
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acid as 2 function tipe and the stoved third threshold fluorescence intensity value, and
astirnate a stariing number of copies of the reference nucleic acid in the test sammple based on
the third time-to-tireshold value using the third function provided by the third standard carve.
The processor 750 is further configured to estiiate a relative abundance value of the first
target nucleic acid in the test sanwple relative fo the reference nucleic acid basad on the
starting munber of copies of the first target nucleic acid and the starting sumber of copies of
the reference nucleic acid, and estimate a relative abundance value of the second target
muclete acid in the test saniple relative to the reference nucleic acid based on the starting
munber of copies of the second target pucleic acid and the starting munber of copies of the
reference nucleic acid The processor 750 may be configured 1o estirate a diagnosiic score of
the test sample based on the first relstive abundance value for the first target nucleic acid and

the second relative abundance value for the second targst nucleic acid.

N. Kits

[0185] Insome aspects, the disclosure provides kits for calculating a relstive abundance
value of a target nucleic acid in a test sample. In some embodiments, the kits comprise at
least one reaction vessel, and one or more commponents for performing real-tine quantitative
isothermal amplification {e.z., a RNA polymerase, reverse transcriptase andior DNA
polymerase). In some embodiments, the kit can include two or more reaction vessels {e.g.. a
first reaction vessel and a second reaction vessel}. In some smbodinients, the kit comprises a
master mix for isothermal amplification. In sone embodiments, the kit comprises a master
mix for real-time quantitative isothermal amplification. The kit may be accompanied by
instructions for interpretation of results from the real-time quantitative isothermal
amplification assav. Instuctions (e.g., written, CD-ROM, etc.,} for canrving omt the real-time
quantitative isothermal amplification assay nay also be included in the kit

EXAMPLES
[0186] The following examples are offered to Hustrate, but not to linut the claimed

invention.
Exaipple 1 Isothernial Amphfication Assay Setup
{8187] Isothernwl assay primers comprise a forward inner primer (FIP} and forward outer

primer {F3} and corresponding backward tmer primer {BIFy and backward outer primer {B3),

along with forward and backward rate enhancing pripers (FR, BR). Assays ave carried out

e
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usinng WarmStart {also referred inn as bot starf) LAMP 2X Master Mix (NEB, CATH E17008}
with the manufacturer’s profocol adjusted for 20 pL total reaction vohume and with the
optional fluorescent dyve added to a final concentration of 1x. Primers are added fo final
concenirations of 1.6 pM FIFBIP, 0.2 pM F3/B3, and 0.4 uMM FR/BR. Assays are
suppleniented with | ;M dUTP {ThermoFisher CATH RO133) fo improve assay fidelity.
Template 18 added in a standard 1 yl volume containing an enpitically optinized mass of
saniple material. Finally, water is added o bring the final volume to 20 L per reaction.
Aszays are distributed in 96-well plates (Thermo¥Fisher CATH 4346906) for guantitative

amplification using a real-time PCR instrument.

{0188] Quantitative isotherpial amplification is performed on a QuantStudic © Flex Beal-
Time PCR System {ThermoFisher) using the FAM/SYBR Green channel to moutior dye
fluorescence. Cycling condifions include a 5 min hold step at 25°C followed by a 60 min hold
step at 653°C during which fluorescence is monitored at 20 second intervals. Use of the NEB
kit containing a warm start polvmerase ensures that isothermal reactions are initiated only
when the solution tenperativre reaches 45°C. This allows comparison of 355ays across
plates/runs by ensuring that an equivalent time 1o threshold {T1) value determined in different
s represents an equal time lapse from reaction initiation across those nns. This also allows
aszayvs o be calibrated to a previcusly determined standard curve such that assays of varving

efficiency can be comparad for relative target quantitation.

Example 2: Obtaining Standard Curves And Calculating Relative Alnndance

{6189} To calibrate isothermal amplification assays, double-stranded DNA templaie
corresponding o mRNA sequences of interest is svithesized by a commercial vendor {e.g.,
Integrated DINA Technologies) o be used as quantitated conirol samiples. Lyophilized
syathetic templates are resuspended in a TE buffer {20 mM Tris pH 8.0, 05 mM EDTA} fo a
final concentration of approxtmately 1 x 10" coptes/pL. The precise concentration of each
template is deteroined using a Qubit Fluorimeter and associated Qubit dsDNA HS Assavy Kt
{e.g.. ThermoFisher Scientific, CATH Q32851) sccording 1o the manufacturer’s protocol.
This value is used in subsequent regression analysis. To produce samples for standsrd curve
analvsis, each teroplate is serially diluted in 2 TE buffer at 10-fold concentration infervals
vielding samples covering a rangs from approximately 10° coples/uL to approximately 10°
copies/pL. A time to threshold value {T1) is determined for each samiple in wiplicate using 1

ul input as a template for the corresponding isothermal amplification assay.
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Exarople 3: Selectiom of Threshold Infensity

{8196} Threshold values are a fiunction of the fluorescent dve or probe being nsed and the
instrument on which the fluorescence is being detected. As a general principal, threshold
values are determined by identifying 2 pou in the Hunear phass of amplification that is both
significantly above background signal and mainteins the lowest standard deviation in
resultant time o threshold (Tt} across nmitiple experimental replicates. The same tlweshold
value 1oust be used for a given target both when determining the standard curve and when
measuring target abundance in a sample of interest. While i1 is not necessary fo use the same
threshold for different targets when a vnigue standard curve is determined for each target, it is
imporiant to maintain the same threshold value for all targets in a relative conparison that

does not proceed through standard curve calibration.

Example 4: Relative Target Nucleic Acid Quantitation by Isothermal Amplification and

Comparison to a Gold Standard mRNA Quantitation Assay

{0191] To evaluate the performance of relative MRNA quantitation from patient iood
sanples using isothermal anwplification assays as dexcribed herein. relative abundance values
of a target nucleic scid {referved to herein as “hiomarker IF727) relative to a reference
mucletc acid {referred to herein as “housekeeping gens YIWHAB"), were deterinined and
compared to measurements olxained using a gold standard ;mRNA guantitation assay.
conducted on a NanoString nCounter {(NanoString Technologies Inc., Seattle). ManoSiving is
highly seourate and 15 8 weelal tood for miessuning the expression levels of wailtiple genes at

onre; hnwever, i 15 alen likely too slow for clintcal application {4-6 howrs pey sxsay).

Sanmiple Selection and RNA Extraction

[0192] To recapitulate the range of target nucleic acid abundance that would be expected in
a clinical setting. samples were selected fron: patients presenting with vival infection (6} or
bacterial sepsis (8}, in addition to a sef of healihy controls (6} (see, Table 1}). Samples were
collected in PAXgene Blood RNA Tubes (PreAnalvtiX, GmbH) and treated per the

manufacturer’s profocn prior o storage at -80°C.

j0193] Avdhe time of analysis, samples were thawed for 2 hours at room temperature, then
mverted greater than 10 times to hontogenize the contents of the vacutainer. Final RNA

purification was perfornied on aliguots of each sample using a Qiacube (Qiagen, Marviand),
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and purified total RNA was quantitated vsing a Qubit Duorineter { ThermoFisher Scientific,

Waltham} (Bee, Table 1}.

Results — Relative Abundance FEvaluations

{8194} To evaluate the relative abundance of the target mucleic acid relative fo the reference
nucleic acid, each target nucleic acid or reference nucleic acid was amplified i single-plex
from 50 ng of total RNA using the one-step reverse transcription-isotherninal amplification

assay described above.

[0195] Time to threshold {T1) values were determined for each target nucleic acid and each
reference nucleic acid in each sample, then converted to Logz (Template Copy Nuinber) using
a previously determined standard curve. The relative abundance of IF727 to YWHARB was then

calculated by taking the ratio of the two measurementis {see, Table 1.

{0196] The same RNA sauples were also analyzed on a NanoSiring nCounter, which
provides a divect quantitation of host mRNA franseripts present in a saniple without
amphification. Transcript abundance values for IFI27 and YWHAR obtained using the
WNanoSiring nCounter were log-transformed, and the ratio of these values was deterpined and
corppared to preasurenients obtained using the isothernial amplification assay described

above,

[0197]  To quantify perforance of the isothernal amplification assay relative o the gold
standard, relative abundance values determined using the isothermal amplification assay were
ploted as a function of valnes determined using the NanoString nCounter, and the Pearson
correlation cosfficient between these nieasurenments acrosy all samples was calculated (see,

FIG. 7).

e
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Table 1: Clinical sample diagnosis, target nucleic acid and reference nucleic acid abundance

Ispibsrmal Assay NapoStrisg aCownter
BNA Calouinted alenlased Relative jig e YTWHAB Relative
o WE:
Sample | Dizgrosis| recovery E;;”? FIN7 Wszgn YWHAB [FO7YWHA| Abundance | Abundance [IFR27YWHA
{Bg) % T | AR d € ¢ Abwnd. B $Comnis} {Cownis) ¥
015 | wwal 1895 1140 | 6950846 | 1460 | 179458 5.25 2811 3748 150
0136 | Virsl 1136 1143 | e5iaa3z | 1208 | <asesl 395 77589 2955 428
2028 irat 898 1373 201438 120K ;NS <180 1938 R ~1.48
2012 Yiral 1600 207 2758348 12.1% 333540 303 33613 SR 284
20135 Wiral 1430 11.53 33108737 1216 353489 313 3G&TS X8 332
0131 | viral w64 1167 | 4625531 | 1216 | 354098 380 0057 1544 4.59
Gacterial
PII42 5;;;;5: 1450 1434 $9788 1234 | sevems 208 1617 7351 284
Bactarial
paags | P 368 18.98 3236 1287 | asosas 5 189 7218 5,36
Sepsiz
Gacterial
PA40S 5;;;;5: 2350 1451 §9313 1pa1 | sgveay -2.48 1617 7950 287
Gacterial
PIsG2 5;;;;5: 1888 1525 28247 122z | zzosee D 783 13992 382
Bactarial
PA50S 5;;;;5: 2480 1238 | issemsy | seao | maa 2.60 24020 2278 37
Gacterial
Pisi2 5;;;;5: 2840 1462 9347 120z | aerrem 282 1088 7948 287
Gacterial
pagey | "ET 2800 1758 a1 1234 | siems 558 56 11398 758
Sepsis
Gacterial
PISF2 5;;;;5: 2880 18.80 2363 1182 | svvae 203 85 2142 A0
) Mesthy | 2920 1588 | 178617 | 1586 | ARAALY A7 5542 11298 108
i1 Pealthy 2000 1463 SHAGS 12.34 208557 228 1813 5187 -1.43
X Pealthy 1836 1867 2883 12.24 318862 ~B.FE 235 5838 -1 .65
1% Paltty 1500 1547 3861 12.13 IFIGYT ~B.5% 242 REFQ 365
g bealthy | 1684 15.5% 14750 | 1245 | 223964 392 457 5355 382
15 bealthy || 4000 1535 2025 17.35 | s63tas 438 627 A27S 277

j0198] FIG. 8 illustrates the correlation plot with Pearson coefficient relating target nucleic
acid {JF727y abundance relative to veference mucleic acid (YWHAR) abundance deterinined by
the isothermal amplification assay and the gold standard NanoString nCounter. Values are
plotied as Loge(Fold Abundance)} for both assays and coded according tw diagnosis: circles
represent viral infection; squares represent bacterial sepsis; and wriangles represemnt healthy
controls. The line represents a curve fit by standard linear regression analysis for eage of

inferpretation.

[0199] The isothermal amplification assav demonstrated exceptional correlation with the
goid standard assay {r = 0.97), indicating excellent agreement in relative abundance
measurements. Importantly, groups representing different diagnoses {e.g., bacierial sepsis,
viral tfection or healthy sample} clustered for both assays, mndicating clinical utilgy is

manwained when using the isothermal amplification assay.
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Examople 5. HostDx-Fever gLAMP Assavs and Comparison to a Gold Standard mRNA

Cuantitation Assay

{6200] A setof seven genes was previously ientified as Diomarkers usefuld for classifying
viral idections or bacterial infections. The seven genes include IF727, JUF, L4XI. which are
higher in viral infections, and HK3, TNIFPI, GP4AI, CTHB, which are higher in bacterial
infections. {See L1.S. Patent Application Publication 2015/0144943} An mtegrated
diagnostic score {referred 1o as the fever score or Host-Dx-Fever score) based on the levels of
the seven biomarkers may be estimated using a difference of geometrical means (DGM), as

expressed according to the fonnuia:

fv.:’iFEZ?‘ « JUP+ LAXI — VHKS » TNIPL » GRAAT » CTSH {8}

{0201} Inan experiment, HostDx-Fever gLAMP assays were validated for each of the
seven target genes across an analvtical validation cohori. Total RNA was exiracted and
LAMP assays were performed in friplicate on a QuantStudios gPCR machine. The analytical
gold standard was the NanoString nCounter absohite mRNA counts. For both technelogies,
the HostDix-Fever score was calculated as the DGM of the mRNA assays as expressed in

Equation {8).

Relative Omantification Using Isothermal Amplification Without Standard Curves

[0202] In the experiment, the same bacterial and viral chinical samiples were tested with two
sets of assays. Each set of assays targeted the seven previously identified biomarkers that,
when combined using the DIGM approach, creates a single diagnostic score that can separate
bacterial from viral infections. The first set of assavs used the NanoString nConnter digiral
mRNA platform, where housekeeper-normalized counts are fed into the DGM equation {e.g.,

Equation {(#)}.

[0203] The second set of assays was a set of isothermal gL AMP assavs targeting the same
mRMNAs. The time-to-threshold value Tt for each assay was fod mto the DGM equation (e.g..
Equation {8}}. Note that the timie-to-threshold vahies are directly fod info the DGM eguation

without being converted info absolute copy munbers using a standard curve.

[0204] FIG. 9A shows the corvelation plot with Pearson coefficient relating the diagnostic
scores deterniined by the isotherimal amplification assays and by the gold standard
WNanoSiring nCounter. The black circles represent viral mfection; and the gray circles

representd bacterial infection. The straight line represents a curve fit by standard Hoear
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regression apalysis for ease of hiterpretation. the isothermal anplification assays
demonsirated exceptional correlation with the gold standard assav (v = (0.944). This shows
that the gLAMP technology even without using standard curves can yield highly accurate

diagnostic results in relevant clinical samples against an analyiical gold standard.

[62058] FIG. 98 shows the HostDx-Fever score distribution based on gLAMP assays. FIG.
9C shows the HostDx-Fever score distribution based on NanoString nConunter. Note that
groups representing different diagnoses {e.g., bacterial infection or viral infection) clustered
for both types of assavs. This shows that HostDx-Fever run on either techoology can
accurately discriminate between infection classes, and that the HostDx-Fever biomarkers are
relatively isensitive to undetlying quantitative technology. However, the optimal clinical
cutoff may be different for the two tecluiolngies, ag the technical platforms can give rise to

different absolute numbers even while maintaining sinuilar relative guantification.

Exarople & Multi-volone isothernal gLAMP assavs

{0206] An experuinent was conducted to test whether interrogating larper volumes at a
given feroplate concentration mwy inprove success rate of gL AMP assays at the lower end of
the linear dynamic range. The hypotheses are: (i) gLAMP, similar 1o gPCR, measures the
time required to accuimulate an arbitrary but fixed threshold number of copies of a target gene
in a reaction vessel; {11} under sanwating binding condifions, the tiroe required to reach the
threshold number depends on {3} the muunber of coptes present when the reaction is initiated,
and {b) the rate of increase per unit time {which is referred © as reaction efficiency or

amphification efficiency}.

[6207] In the experument, identical concentration of template is maintained across two
different volumes: 10 gL and 50 pl. An isothermal amplification is constdered successful if
the measured time-to-threshold value Tt falls under a predefined cutoff value. The cutoeff
value may be defined as the v-intercept of a linear regression fit to a standard curve titration,

as ilfustrated below, or by other means.

[0208] FIG. 10 iHustrates an exanple in which the cutoff value 1z defined as the v-intercept
of a linear repression fit to a standard cirve titvation. The circles 1410 are the measured time-
to-threshold values for vartous input concentrations. The straight line 1020 represents the

standard curve obtained by the linesr regression fit. The horizontal dashed lne 1030 indicates

the v-intercept {e.g., the value of “B" in the standard curve as expressed in Equation (1) or

Lh
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Equation (2)}. Thus, in some emmbodiments, if a measured time-fo-threshold value Tt falls
under the horizontal dashed line 930, the isothernal sipplification mav be considered as

successful.

{6289] In the experiment. on a 96-well plate, each of 48 wells is filled with 3 respective
first aliquot of 10 gL of the test sample, and each of the other 48 wells is filled with a
respective second aliquot of 50 gL of the test sample. The first aliquot and the second aliguot

have the saine template concentration.

[0218] FIG. 11 shows the experimental results of the gL AMP assays. The black circles
represent the measured timne-to-threshold values Tt for the 20-jL reaction volumes; and the
gray circles represent the measured time-to-threshold values Tt for the 50-pL reaction
volumes. The inset shows an enlarged version for the tine-to-threshold range betwesn 20 and
40 time cycles (20 seconds each). The dashed horizontal line indicates the predefined cutoff
Tt value, as discussed above. As illustrated, the higher-volmne reactions display earlier time-

ta-threshold values and a higher success rate.

[6211] The experiment demonstrates that, for a fixed mumber of template niclecules
distributed in a given volume, if the fixed pumber is pear the lower end of the linear dynamic
range, interrogating a larger fraction of the volome will have a higher probability of
generaling an accurate (linear) measurenient. Thus, using larger well vohumes for assaying
bow abndance biomarkers may improve the linear dynamic range, extending the mumber of

sanples that can be successfully run with the assay.

[0212] It is understood that the examples and enbodiments described herein arve for
illusirative purposes only and that various niodifications or changes in liglt thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference i their sntivety for all

purposss.
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WHATIS CLAIMED IS:

1 A method for estimating a diagnostic score of a test sample using real-
titne quantitative 1isothermal amplification. the wethod comprisimg:
obtaining the test sanple containing at teast a fivst target mucleic acid and af
least a second tareet nucleic acid, and a reference mucleic acid, wherein each of the first target
muclete acid. the second target nucleic acid, and the reference nucleic acid comprises a
mammalian bost nucleic acid;
adding a first aliguot of the fest sample to a first reaction vessel for
quantitative isothermal amplification of the first target nucleic acid, and adding a second
aliquot of the test sample to a xecond reaction vessel for quantitative isothermal amplification
of the second target nucleic acid, each of the first reaction vessel and the second reaction
vessel containing a master nux for isothermal amplification of the first target nucleic acid, the
second target iucleic acid, and the reference nucleic acid, wherein the second target nucleic
acid has a lower expected abundance than the first target nucleic acid in the test sample, the
first aliquot has a first volume, and the second aliquot has a second volume greater than the
first volume;
performing a first veal-time quantitative isothermal amplification assay i the
first reaction vessel by:
starting a first reaction in the first reaction vessel;
determining a first time-to-threshold value for the first target nucleic
acid in the first regetion;
determining a first reference time-to-threshold value for the reference
nucleic acid in the first reaction: sud
estimating a first relative abundance value of the first target nucleic
acid in the test sample relative to the reference micleic acid based at least on the first tine-to-
threshold value and the first reference time-to-threshold value;
performing a second real-time gquantitative isothermal amplification assay in
the second reaction vessel by:
starting a second reaction in the second reaction vessel;
determining & second Gme-to-tweshold value for the second target
nucleic acid i the second reaction;
deterniining a second reference time-to-threshold value for the

reference nucleic acid i the second reaction; and
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estipiating a second relative abundance value of the second target
nucleic acid in the test sample relative to the reference nucleic acid based at leaxt on the
second thne-to-threshold value and the second reference thne-to-threshold value; and
estinating the diagnostic score of the test sample based on the fivst relative
abundance value fior the fivst target nucleic acid and the second relative abundance value for

the second target nucleic acid.

2 The method of claim 1. further comprising, prior to adding the first
aliguot of the test saniple to the first reaction vessel and adding the second aliguot of the test
sample to the second reaction vessel, establishing that the second target micleic acid has the
lower expected abundance than the first tarpet nucieic acid by performing test real-time
quantitative isothermal amplification assavs for the first target nucleic acid and the second

target nucleic acid in a clinically representative popudation.

3 The method of claiin 1, wherein the diagnostic score relates to a
difference between the first relative abundance value and the second relative abundance

value,

4, The miethod of claim 1, wherein the test sample contains a plurality of
first target nucleic acids and a plurality of second target nucleic acids, and the diagnostic
score relates o a difference between a first sfatistical value based on the relative abundance
values of the plurality of first target nucleic acids and a second statistical value based on the

relative abundance values of the plurality of second target nucleic acids.

3. The niethod of claim 4, wherein the first statistical value comprises a
zeontetric mean of the relative abundance values of the plarality of first target nucleic acids,
and the second statistical value comprises a geometric mean of the relative abundance values

of the plurality of second target nucleic acids.

. The miethod of claim 4, wherein the first statistical value comprises an
arithmetic mean or a sun of the relative sbundance values of the plurality of first target
muclete acids, and the second statistical value comprises an aritlunetic mean or a sum of the

relative abundance values of the plurality of second target nucleie acids.

The method of claim 4, wherein the diagnostic score 13 used 0

diagnose whether s patient has a bacterial infection or 5 viral infection.
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o

& The method of claim 7, wherein the plurality of first target nucleic
acids comprises zenes that are higher in viral mfections, and the pharality of second target

pucleic acids comprises gepes that are higher in bacterial infections.

9. The method of claiin 8, whereiny the plurality of first target nucleic
acids comprizes JF727, JUP, and 24X} and the plurality of second target nucleic acids

comprises HER, TNIPI, GP441, and UTSB.

18, The prethod of claim }, wherein the text sanwple contains a pharality of
first target nucleic acids and a phuality of second target nucleic acids, and the disgnostic
score 15 extimated based on the relative abundance values of the plurality of first target
mucleic acids and the relative abundance values of the plurality of second target nucleic acids
using a regression model, a tree-based machine-lesrning model, a support vector machine

model, or an artificial neural network (ANN} model.

i1, The niethod of claim 1, wherein each of the first real-time quantitative
isothernial amplification assay and the second real-time quantitative isothermal amplification

assay is a real-time guantitative lnop-mediated isothermal amplification (LAMP) assay.

i2. The method of claim 1, wherein each of the first reaction in the first
reaction vessel and the second reaction in the second reaction vessel is started using a bot

start mechanism,

13. A method of estimating a diagnostic score using real-time quantitstive
ispthermal amplification, the method comprising:

obtaining a test sarpple from a mapunalian subject, the test sapple containing
at least a first target mucletc acid and at least a second target nucleie acid, and a reference
nucleic acid, wheremn each of the first target nucleic acid, the second target nmucleic acid, and
the reference nucleic acid has an expected concentration in the fest saniple that s within a
dynamic range of the real-time quantitative iscthermal amplification as verified over a cobort
population of interest;

adding an aliquot of the test saniple to at least one reaction vessel containing a
master mix for isothermal amplification of the first target nucleic acid, the second target

nucleic acid, and the reference nucleic acid;
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starting at least one reaction of isothermal anmplification i the at least one
reaction vessel;

determining a first time-~to-threshold value for the first target nucleic acid in
the at legst one reaciton;

determining a second time-to-threshold value for the second target mucleic
acid in the at least one reaction;

determining a reference time-to-threshold value for the reference nucleie acid
in the at least one reaction

estiniating a first relative abundance value of the first target nuclec acid
relative to the reference nucleic acid in the test sample based at least on the first time-1o-
threshold vabie and the reference time-to-threshold value;

extimnating a second relative abundance value of the second target nucleic acid
relative to the reference nucleic acid in the test sauple based at least on the second time-to-
threshold value and the reference time-to-tdweshold value: and

estirnating the diagnostic score of the test sample based on the first ime-tw-
threshold value for the fivst target nucleic acid and the second time-to-threshold value for the

second target nucleic acid.

{4, The prethod of claim 13, further comprising:

before obfaining the test sample, performing real-time quantitative isothennal
amplification across the cohort population of interest to establish a clintcally relevant
threshold diagnostic score; and

after estimating the diagnostic score of the test sample, making a clinical
diagnosis of a medical condition by comparing the diagnostic score of the test sample to the

threshold diagnostic score.

15, The method of claim 13, wherein the isothermal amiplification is loop-

mediated isothermal amplification {LAMP).

i6. The method of claim 13, wherein the diagnostic score relates to a
difference betwsen the first tirpe-to-threshodd value for the first target nueleic acid and the

second time-to-threshold value for the second target nucleic acid

17.  The moethod of clatin 13, wheremn the test sample contains a plurality of

first target nucleic acids and a plurality of second target nucleic acids, and the diagnostic
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score relates 1o a difference babween a first statistical value based on the tine-to-threshold

4. values of the phurality of first target nucleic acids and a second statistical value based oix the

5 time-to-threshold values of the plurality of second target nucleic acids.

i ig. The method of claim 13, wherein fhe at least one reaction of isothermal
2 amplification in the at least one reaction vessel is started using a hot start mechsnism.

H 1% A method for estimating a diagnostic score by performing real-time

2 guantitative isothermal amplification on a test sample. the method comprising:

3 obtaiming & first standard curve cotnprising a first function relating starting

4 puntber of copies of a first target nucleic acid to time-to-thresheld, a second standard curve

5 comprising a second Dmciion relating starting mumber of copies of a second target nucleic
& acidto time-to-threshold. and a reference standard curve comprising a reference function

7 relating starting pumber of copies of a reference pucleic acid to time-to-threshold, whersin
8§  the first standard cwrve, the second standard quave, and the reference standard awrve are
9 generated prior o performing real-time guantitative isothermal amplification on the test

1 saupls

1} obtaining the test sanple from a mammalian subject, the test sample
12 containing the first target nucleic acid, the second target nucleic acid, and the reference

13 nucleic acid;

14 adding the test samople to at least one reaction vessel containing & master mix
15 for isothermal amplification of the first target mucleic acid, the second target nucleic acid, and
16 the reference pucleic gcid;

17 starting at least one reaction of isothermal amopiification in the at least one

I8 reaction vesssel;

19 determining a first time-to-threshold value for the first target nucleic acid in

20 the at least one reaction;

21 determoining a second tiise-fo-threshold value for the second target nucleic

22 acid in the at least one reaction,

23 determining a reference time-io-threshold valne for the reference nucleic acid
24 in the at least one reaction;

25 extimnating a first starting number of copies of the first target mucleic acid in

26 the test samiple based on the first thime-to-threshold value using the first function of the first

27 standard cwrve;
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estinwating a second starting number of copies of the second target nucleic acid
in the test sample based on the second time-to-threshold value vsing the second fimction of
the second standard curve;

estinating a reference starting mumbet of copies of the reference nucleic acid
i the test sample based on the reference time-to-threshold value using the reference function
provided by the reference standard curve;

extirnating a first relative abundance value of the first target nucleie acid in the
test sample relative to the reference pucleic acid based on the first starting number of copies
of the first target nucleic acid and the reference starting number of copies of the reference
mucleic acid;

estimating a second relative abundance value of the second target nucleie acid
in the test sampple relative to the reference nucleic acid based op the second starting munber
of copies of the second target nucletc acid and the reference starting number of copies of the
reference nucleic acid;

extimating the diagnostic score of the test sample based on the first relative
abundance value of the first target nucleic acid and the second relative abundance value of
the second target nucleic acid; and

making a clinical diagnosis of a medical condition by comparing the

diagnastic score of the test sample a predeternuned threshold diagnostic seore.

20, The method of claim 19, wherein the isothermal anplification is loop-

mediated isothermal amplification {LAMP).

21. The method of claim 19, wherein the at least ong reaction of isothermal

amplification in the at least one reaction vessel is started using a hot start mechanism.

22, The method of claim 19, wherein the diagnostic score relates to a
difference between the first time-to-threshold value for the first target pucleic acid and the

second time-to-threshold value for the second target nucleic acid.

23, An apparstus for estimating a diagnostic score of a test sample using
real-time quantitative iscthermal amiplification, the apparatus comprising:
3 first reaction vessel configured to hold a first aliquot of the test sapple, and a

second reaction vessel configired to hold a second aliquot of the test sample;

L
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wherein the test sample contains a first target mucleic acid, a second
target nucleic acid, and a reference mucleic acid, each of the first target nucleic acid. the
second target nucleic acid, and the reference nucleic acid comprising a mammalian host
mcleic acid;

wherein each of the first regction vessel and the second reaction vessel
contains a master mix for isothermal amplification of the first tayget nucleic acid, the second
target nucleic acid, and the reference nucleic acid; and

wherein the first aliquot has a first volume, the second aliquot has a
second volume greater than the first volume, and the second target mucleic acid has a lower
expected abundance than the first target nucleic acid in the test sample;

a computer menory for storing a first threshold fluorescence intensity value
and a second threshold fluorescence tntensity value;

means for starting a first isotherioal anplification reaction in the first reaction
vessel amplifying the first target nucleic acid and the reference nucleie acid, the first
isothermal amplification reaction producing first fluorescence associated with the first target
mucletc acid and first reference fluorescence associated with the reference nucleic acid;

a first fluorescence detector and a fivst reference fluorescence detector
optically coupled to the first reaction vessel, the first fluorescence detector configured to
pieasure an intensity of the first fluorescence as a fupction of tine and to measure a firsg
reference intensity of the first reference fluorescence as a function of time;

means for starting a second isothermal amplification reaction in the second
reaction vessel anplifving the second target nucleic acid and the reference nucleic acid, the
second tsothermal amplification reaction producing second fluorescence associated with the
second target nucleic acid and second reference fluorescence associated with the reference
mucleic acid;

a second fluorescence detector and a second reference fluorescence detector
optically coupled to the second reaction vessel, the second fluorescence detector condigured
fo measure an intensity of the second fluorescence as 3 function of time and to measwre 8
second reference intensity of the second reference fluorescence as a function of time; and

a compuier processor coupled to the first fluorescence detector, the second
flnorescence detector, the fivst reference fluorescence detector, the second reference

fluorescence detector, and the coniputer memory, the computer processor configured to:
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determine 8 first time-to-thrashiold value for the first target nucleic acid
based on the intensity of the first fluorescence as a function time apd the fivst threshold
fluorescence intensity value;

determine a first reference time-io-threshold value for the reference
puicleic actd based on the intensity of the fivst reference fluorescence as a function of thue and
the first threshold fluorescence intensity value;

estinate a first relative abundance value of the first target nucleic acid
in the text sample relative to the reference nucleic acid based at least on the first time-to-
threshold value and the first reference time-to-threshold value;

determine a second time-to-threshold value for the second target
nucleic acid based on the infensity of the second fluorescence as a function of time and the
second threshold fluorescence intensity value;

deterniine a second reference time-to-threshold value fir the reference
nucleic acid based on the intensity of the second reference fluorescence as a function of time
and the second threshold fluorescence intensity value;

estinate a second relative abundance value of the second target nucleie
acid in the test sample relative to the reference nucleic acid based at least on the second time-
to-threshold value and the second reference time-to-threshold value: and

estimate the diagnostic score of the test sample based on the first
relative abundance value for the first target nucleic acid and the second relative abundance

valie for the second target nucleic acid.

24, The apparatus of claim 23, wherein the niaster mix comprises a first
fluorescent label for detecting the first target nucleic acid, a second fluorescent label for
detecting the serond target nueleic acid. and 2 third fluorescence label for detecting the

reference nucleic acid.

25 The apparatus of claim 24, wherein each of the first fluorescence label

the second flunrescence label, and the third fluorescence label comprises a SYTO dve.

26, The apparatus of claim 23, whersin the {irst thresbold fluorescence

infensity value and the second threshold fluorescence intensity value are the same.
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27, The apparatus of claim 23, wherein the first threshold fluorescence

infensity value and the second threshold fluorescence intensity value are different from each

other,
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400 ~

obtaming a first standard curve, a second standard curve, and a reference standard curve

M 402

Y

obtaming the test sample from a manmahian subject, the test sample contaming the first
target pucleic acid, the second target nucleic acid, and the reference aucleic acid

404

;

adding the test samiple to at least one reaction vessel contaimng a master nux for
sothermal amplification of the first target nucleie acid, the second target nueleie acid,
and the reference nueleie acid

V™ 406

¥

starting at least one reaction of 1sothermal amplification in the at least one reaction
vessel

V408

Y

deternmuning a first tume-to-threshold value for the first target nucleic acid m the at least
one reaction

V410

;

determuning a second tume-to-threshold value for the second target nuclerc acid m the at
least one reaction

V442

Y

determunng a reference time-to-threshold value for the reference nucleic acid m the at
least one reaction

V" 414

Y

estimating a first starting number of copies of the first target nucleic acid

V418

v

estinating a second starting number of copies of the second target nucleic acid

V418

Y

estimating a reference starting number of copies of the reference nucleic acid

V420

v

estanating a first relative abundance value of the first target nucleic acid

M 422

'

estimatimg a second relative abundance value of the second farget micleic acid

V" 424

+

estimating the diagnostic score of the test sample

V426

¥

making a climical diagnosis of a medical condition by comparing the diagnostic score of
the test sample a predetermined threshold diagnostic score

M 428
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500 \‘

obtaining a test sample from a mammahian sulyect, the test samnple contaming at least a
first target nuclere acid and at least a second target nucleic acid, and a reference nucleic
actd

502

:

adding an aliquot of the fest sample to at least one reaction vessel contaming a master
mix for isothermal amplification of the fivst target nucleic acid, the second target
nucleic acid, and the reference nuclerc acid

M 504

Y

starting at least one reaction of isothermal amplification in the at least one reaction
vessel

M 506

Y

determuning a first time-to-threshold value for the first target nucleic acid in the at least
one reaction

v 508

;

determunng a second time-to-threshold value for the second target nucleic acid mn the at
least one reaction

M 510

Y

determining a reference time-to-threshold value for the reference nucleic acid in the at
least one reaction

V512

Y

estimating a frst relative abundance value of the first target nmcleic acid relative to the
reference nucleic acid m the {fest sample based at least on the frst time-fo-threshold
value and the reference time-to-threshold value

V> 514

v

estimating a second relative abundance value of the second target nucleic acid relative
to the reference nucleic acid mn the test sample based at least on the second time-to-
threshold value and the reference time-io-threshold value

V" 516

\

estintating the diagnostic score of the test sample based on the first ime-fo-threshold
value for the first target nucleic acid and the second time-io-threshold value for the
second target nucleic acid

V> 518
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600 \‘

obtaming the test sample contaming at least a first target nucleic acxd and at least a
second target nucleic acid, and a reference nuclewe acid

602

;

addimg a first aliguot of the test sample to a first reaction vessel for gnantitative
sothermal amplification of the first target nucleic acid, and adding a second alignot of
the test samiple to a second reaction vessel for quantitative isothermal amplification of
the second target nucleic acid, each of the first reaction vessel and the second reaction
vessel contamning a master mux for isothermal amplification of the first target nucleic
acid, the second target nuclete acid, and the reference nucleic acid, wherein the first
aliquot has a first volume, the second aliguot has a second volume greater than the first
volume, and the second target nucleie acid has a lower expected abundance than the
first target oucleic acid m the test sample

M 504

Y

performung a first real-time quantitative isothermal amphification assav in the first
reaction vessel by starting a first reaction in the first reaction vessel; determining a first
time-to-threshold value for the first target nucleie acid m the first reaction; determuung
a first reference time-to-threshold value for the reference nucleic acid m the first
reaction; amd estimating a first relative abundance value of the first target nucleic acid
i the test sample relative to the reference nucleic acid based at least on the first time-
to-threshold value and the first reference time-fo-threshold value

V" 806

v

performing a second real-time quantitative wsothermal amplification assay in the second
reaction vessel by starting a second reaction m the second reaction vessel; determining
a second time-to-threshold value for the second target nucleic acid i the second
reaction; deternuning a second reference tune-to-thresheld value for the reference

nucleic acid m the second reaction; and estimating a second relative abundance value of
the second target nucleic acid m the test sample relative to the reference nucleic acid
based at least on the second time-to-threshold vahie and the second reference time-to-

threshold value

V™ B80S

i

estimating the diagnostic score of the fest sample based on the first relative abundance
value for the first target nucleic acid and the second relative abundance value for the
secomd target nuclere acid

M 510
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