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METHODS AND COMPOSITIONS FOR DETECTING TRANSFUSION-
TRANSMITTED PATHOGENS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 62/799,482, filed January

31, 2019, which is incorporated herein by reference in its entirety.

FIELD
This disclosure relates to compositions and methods for detecting pathogens in a sample,

particularly probes and microarrays and methods of their use.

ACKNOWLEDGMENT OF GOVERNMENT SUPPORT
This invention was made with Government support under project number Z01 CL002068-28 by the

National Institutes of Health, Clinical Center. The Government has certain rights in the invention.

BACKGROUND

Each year millions of blood donations are collected globally and millions of blood components are
transfused to patients. Though screening of these blood units using serologic and nucleic acid testing (NAT)
has greatly reduced the risk of some transfusion-transmitted infections (TTIs), the vast majority of
bloodborne agents are not screened (Alter ef al., Semin. Hematol. 44:32-41, 2007; Glynn ef al., Transfusion
53:438-454, 2013; Leveton ef al., Transfusion 36:919-927,1996). The U.S. Food and Drug Administration-
licensed methods for infectious disease screening of donor blood include: 1) nucleic acid testing (NAT) for
Hepatitis B virus (HBV), Hepatitis C virus (HCV), HIV-1 and -2, Babesia, West Nile virus (WNV) and Zika
virus (ZIKV); and 2) immunoassays for HBV, HCV, HIV-1 and -2, cytomegalovirus (CMV), human T-cell
lymphotropic virus [ and IT (HTLV), Treponema pallidum (syphilis), and Trypanosoma cruzi (Chagas).
HTLYV, syphilis, and Chagas antibody testing fail to detect these pathogens during a window period and
Chagas is screened only once on samples from first-time blood donors (Duncan ef al., Exp. Rev. Mol. Diagn.
16:83-95, 2016).

The American Association of Blood Banks Transfusion-Transmitted Diseases Committee produced
a list of over 30 pathogens of concem for transmission via blood that included bacteria, parasites, prions and
viruses (Stramer ef al., Transfision 49:1S-29S, 2009). Only prions cannot be detected by currently available
technology. Nearly all the other agents currently require individual gPCR or serologic testing and it is
logistically impractical and cost prohibitive to test all known and potential agents individually (Stramer ISBT'
Science Series 9:30-37, 2014; Atrey et al., Transfusion 51:1855-1871, 2011).

Multiplex PCR-based devices for testing blood-borne pathogens are limited. FDA-approved blood

donor screening assays that use transcription-mediated amplification for multiplex detection of HBV, HCV,
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and HIV 1 and 2 include the cobas TagScreen MPX Test (Roche Molecular Systems, Inc.) and the Procleix
Ultrio Plus (Gen-Probe, Inc.) (Duncan ef al., Exp. Rev. Mol. Diagn. 16:83-95, 2016).

SUMMARY

A multiplex assay capable of detecting many, most, or all known pathogens of concern in a single
small blood sample with high sensitivity and specificity could significantly increase the safety of the blood
supply. Further, to counter emerging pathogens, the platform should be adaptable for rapid addition and
validation of probes to detect new agents. Microarray-based technology offers the advantage of multiplex
detection in a miniaturized format with high adaptability.

Disclosed herein are probe sets that include probes with at least 90% identity (such as at least 90%,
at least 95%, at least 98%, or at least 99% identity) with the nucleic acid sequences of SEQ ID NOs: 1-1300,
1391-1570, and 1691-1769, or subsets thereof. In some examples, the probe set includes probes with the
nucleic acid sequences of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769, or a subset thereof. In some
embodiments, the probe set includes one or more probes (such as 30 or more probes) for one or more RNA
viruses, such as one or more of Chikungunya virus, Dengue virus type 1, Dengue virus type 2, Dengue virus
type 3, Dengue virus type 4, Hepatitis A virus, Hepatitis C virus type 1, Hepatitis C virus type 2, Hepatitis C
virus type 3, Hepatitis E virus, Human immunodeficiency virus type 1, Human immunodeficiency virus type
2, Human T-lymphotropic virus type I, Human T-lymphotropic virus type II, West Nile virus, and Zika
virus.

In other embodiments, the probe set includes one or more probes for one or more DNA viruses,
such as one or more of cytomegalovirus (CMV, also known as HHV-5), Epstein Barr virus (EBV, also
known as HHV -4, for example subtype B95-8 and/or AG876)), human herpes virus 8 (HHV-8), Hepatitis B
virus (such as one or more of Hepatitis B virus subtype adw, subtype ayw, subtype adr, and subtype ayr),
human parvovirus B19, and human papillomavirus (HPV, such as one or more of type 6, 11, 16, and 18). In
some embodiments, the probe set includes probes with at least 90% identity (such as at least 90%, at least
95%, at least 98%, or at least 99% identity) with the nucleic acid sequences of SEQ ID NOs: 1770-2647, or
a subset thereof. In some examples, the probe set includes probes with the nucleic acid sequences of SEQ
ID NOs: 1770-2647, or a subset thereof.

Further disclosed are probe sets that include one or more probes for one or more bacterial or
protozoan pathogens, such as one or more of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii,
Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii, Trypanosoma brucei, Trypanosoma cruzi
Leishmania major, Babesia microti, Plasmodium falciparum, and Plasmodium vivax. In some
embodiments, the probe set includes probes with at least 90% identity (such as at least 90%, at least 95%, at
least 98%, or at least 99% identity) with the nucleic acid sequences of SEQ ID NOs: 2648-3207, or a subset
thereof. In some examples, the probe set includes probes with the nucleic acid sequences of SEQ ID NOs:

2648-3207, or a subset thereof.
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In some embodiments, the disclosed probe sets include at least one negative control probe and/or at
least one positive control probe. In some examples the negative control probe is a probe with at least 90%
identity (such as at least 90%, at least 95%, at least 98%, or at least 99% identity) with the nucleic acid
sequences of any one of SEQ ID NOs: 1571-1690. In other examples the control probe is a probe with at
least 90% identity (such as at least 90%, at least 95%, at least 98%, or at least 99% identity) with the nucleic
acid sequences of any one of SEQ ID NOs: 3208-3628.

In one non-limiting embodiment, the probe set is a set of probes including each of SEQ ID NOs: 1-
1769. In another non-limiting embodiment, the probe set is a set of probes including each of SEQ ID NOs:
1770-2647 and 3208-3628, cach of SEQ ID NOs: 2648-3628, or each of SEQ ID NOs: 1770-3628. Ina
further non-limiting embodiment, the microarray includes probes including each of SEQ ID NOs: 1-3628.

Also disclosed are microarrays that include a probe set described herein, for example, wherein the
probes are covalently linked to a solid support. In one non-limiting example, the microarray includes probes
with at least 90% identity (such as at least 90%, at least 95%, at least 98%, at least 99%, or at least 100%
identity) with the nucleic acid sequences of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769, or subsets
thereof. In another non-limiting example, the microarray includes probes with at least 90% identity (such as
at least 90%, at least 95%, at least 98%, at least 99%, or at least 100% identity) with the nucleic acid
sequences of SEQ ID NOs: 1770-2647, or subsets thereof. In a further non-limiting example, the microarray
includes probes with at least 90% identity (such as at least 90%, at least 95%, at least 98%, at least 99%, or
at least 100% identity) with the nucleic acid sequences of SEQ ID NOs: 2648-3207, or subsets thercof. In
yet another non-limiting embodiment, the microarray includes probes with at least 90% identity (such as at
least 90%, at least 95%, at least 98%, at least 99%, or at least 100% identity) with the nucleic acid sequences
of SEQ ID NOs: 1770-3207, or subsets therecof. The microarray may further include negative and/or
positive control probes. In one non-limiting embodiment, the microarray includes probes including each of
SEQ ID NOs: 1-1769. In other non-limiting embodiments, the microarray includes probes including each of
SEQ ID NOs: 1770-2647 and 3208-3628, each of SEQ ID NOs: 2648-3628, cach of SEQ ID NOs: 1770-
3628. In a further non-limiting embodiment, the microarray includes probes including each of SEQ ID NOs:
1-3628.

Disclosed herein are methods of detecting one or more pathogen nucleic acids in a sample. In some
examples, the methods include detecting nucleic acids from one or more RNA viruses, such as one or more
of Chikungunya virus, Dengue virus type 1, Dengue virus type 2, Dengue virus type 3, Dengue virus type 4,
Hepatitis A virus, Hepatitis C virus type 1, Hepatitis C virus type 2, Hepatitis C virus type 3, Hepatitis E
virus, Human immunodeficiency virus type 1, Human immunodeficiency virus type 2, Human T-
lymphotropic virus type I, Human T-lymphotropic virus type II, West Nile virus, and Zika virus in a sample.
In other examples, the methods include detecting nucleic acids from one or more DNA viruses, such as one
or more of cytomegalovirus, Epstein Barr virus, human herpes virus 8, Hepatitis B virus, human parvovirus

B19, and human papillomavirus.
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Also disclosed are methods of detecting one or more bacterial and/or protozoan nucleic acids in a
sample. In some examples, the methods include detecting nucleic acids from one or more of 7Treponema
pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii,
Trypanosoma brucei, Trypanosoma cruzi, Leishmania major, Babesia microti, Plasmodium falciparum, and
Plasmodium vivax.

In some examples, the methods include contacting a sample with a disclosed probe set or microarray
under conditions sufficient to allow hybridization of pathogen nucleic acids present in the sample to the
probes of the probe set or microarray and measuring hybridization of the sample to one or more of the
probes, thereby detecting one or more nucleic acids in the sample. The sample may be a blood, serum, or
plasma sample, or nucleic acids (such as RNA or cDNA) isolated from the sample. In particular examples,
the sample is a blood donation sample or nucleic acids isolated from a blood donation sample. In particular
examples, nucleic acids (such as RNA or cDNA) from the sample are labeled prior to contacting the probe
set or microarray with the nucleic acids. In one example, the method includes preparing cDNA from the
sample and labeling the cDNA. In some examples, the method does not include amplifying RNA from the
sample prior to preparing the cDNA.

The foregoing and other features of the disclosure will become more apparent from the following

detailed description, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are a series of panels showing pathogen chip design (FIG. 1A), sample preparation
work flow (FIG. 1B), and analysis strategy (FIG. 1C) for pathogen detection microarrays.

FIGS. 2A-2C are a series of graphs showing amplification method and Pathogen Chip assay
performance assessed using positive control viral RNAs. FIG. 2A shows SPIA amplification vs. standard
(STD) method. ¢DNA concentration after amplification for four representative viral RNAs is shown.
Starting RNA concentration was <10 ng/ul each. FIG. 2B shows Pathogen chip assay performance 1. Bars
are the mean of Cy3 signal for the Chikungunya and West Nile probes hybridized to test samples positive
for CHIKV and WNV and a negative plasma sample. Only probes specific to target showed a specific
hybridization signal. No signal was detected for negative plasma. FIG. 2C shows Pathogen chip assay
performance 2. Detection responses of four representative samples (Dengue-4) were measured over a
dilution series from 10,000 to 10 genomic copies per sample. Bars are the mean of Cy3 signals for all

probes to the indicated viruses hybridized to test samples.

SEQUENCE LISTING
Any nucleic acid and amino acid sequences listed herein or in the accompanying sequence listing
are shown using standard letter abbreviations for nucleotide bases and amino acids, as defined in 37 CF R. §
1.822. In at least some cases, only one strand of each nucleic acid sequence is shown, but the

complementary strand is understood as included by any reference to the displayed strand.
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In the accompanying sequence listing:

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

1-110 are Hepatitis C virus genotype 1 probes

111-210 are Hepatitis C virus genotype 2 probes
211-310 are Hepatitis C virus genotype 3 probes
311-400 are Human Immunodeficiency virus 1 probes
401-510 are Human Immunodeficiency virus 2 probes
511-570 are Human T-lymphotropic virus I probes
571-660 are Human T-lymphotropic virus II probes
661-760 are West Nile virus NY99 probes

761-870 are West Nile virus 956 probes

871-900 are Chikungunya virus probes

901-1000 are Dengue virus 1 probes

1001-1100 are Dengue virus 2 probes

1101-1199 are Dengue virus 3 probes

1200-1300 are Dengue virus 4 probes

1301-1390 are GB virus C/Hepatitis G virus probes
1391-1500 are Hepatitis A virus probes

1501-1570 are Hepatitis E virus probes

1571-1580 are White clover cryptic virus 1 probes
1581-1620 are Broad bean wilt virus 1 probes
1621-1690 are Lettuce necrotic yellows virus probes
1691-1700 are Zika virus isolate Brazil-ZKV2015 probes
1701-1710 are Zika virus strain PRVABCS59 probes
1711-1720 are Zika virus isolate Z1106033 probes
1721-1730 are Zika virus isolate SSABR1 probes
1731-1769 are Zika virus strain ZikaSPH2015 probes
1770-1852 are Cytomegalovirus probes

1853-1917 are Epstein Barr virus B95-8 probes
1918-2023 are Epstein Barr virus AG876 probes
2024-2108 are Human herpesvirus 8 probes

2109-2192 are Human papillomavirus subtype 6b probes
2193-2271 are Human papillomavirus subtype 11 probes
2272-2342 are Human papillomavirus subtype 16 probes
2343-2419 are Human papillomavirus subtype 18 probes
2420-2470 are Hepatitis B virus subtype adw probes
2471-2520 are Hepatitis B virus subtype ayw probes
2521-2556 are Hepatitis B virus subtype adr probes



10

15

20

25

30

35

WO 2020/160502

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
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2557-2602 are Hepatitis B virus subtype ayr probes
2603-2647 are Human parvovirus B19 probes
2648-2751 are Treponema pallidum probes
2752-2852 are Ehrlichia chaffeensis probes
2853-2861 are Ehrlichia ewingii probes

2862-2922 are Ehrlichia muris probes

2923-3001 are Borrelia burgdorferi probes
3002-3085 are Coxiella burnetii probes

3086-3097 are Trypanosoma brucei probes

SEQ ID NO: 3098 is a Trypanosoma cruzi probe

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

SEQ ID NOs:

3099-3113 are Leishmania major probes

3114-3154 are Babesia microti probes

3155-3185 are Plasmodium falciparum probes
3186-3207 are Plasmodium vivax probes

3208-3301 are human ACTB probes

3302-3385 are human ARL1 probes

3386-3519 are human CCDNI1 probes

3520-3557 are Aedes albopictus densovirus 2 probes
3558-3598 are Maize streak virus probes

3599-3628 are Tomato pseudo-curly top virus probes

DETAILED DESCRIPTION

Disclosed herein are customized sets of probes, including microarray-based pathogen chips, for
simultaneous detection of nucleic acids from RNA viruses, DNA viruses, and/or bacteria or protozoan
pathogens in blood samples (such as human plasma) that are designed to have the flexibility to expand to
detect emerging agents in a relatively short time frame. The presence of multiple probes per target
represents an advantage in comparison to traditional NAT or EIA assays since the pathogen(s) can be
detected even in the case of failure of one of the probes due to mutation (Petrik Vox Sanguinis 80:1-11,
2001). The flexibility and high-throughput capability of microarrays hold great potential for pathogen
detection and identification, but historically have had limitations in detecting the presence of the low viral
levels (Chen et al., J. Vis. Exp. 50:¢2536, 2011; Wang et al., Proc. Natl. Acad. Sci. USA 99:15687-15692,
2002; Eckburg ef al., Clin. Infect. Dis. 43:¢71-¢76, 2006). Disclosed herein are probe sets and microarray
assays that include: 1) a platform design that simultaneously detects and distinguishes multiple pathogens
and closely related strains or subtypes; and 2) a combination of amplification and labeling protocols to

detect multiple targets present at low levels in a sample.
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L. Terms

Unless otherwise noted, technical terms are used according to conventional usage. Definitions of
common terms in molecular biology may be found in Lewin’s Genes X, ed. Krebs et al., Jones and Bartlett
Publishers, 2009 (ISBN 0763766321); Kendrew ef al. (eds.), The Encyclopedia of Molecular Biology,
published by Blackwell Publishers, 1994 (ISBN 0632021829); Robert A. Meyers (ed.), Molecular Biology
and Biotechnology: a Comprehensive Desk Reference, published by Wiley, John & Sons, Inc., 1995 (ISBN
0471186341); and George P. Rédei, Encyclopedic Dictionary of Genetics, Genomics, Proteomics and
Informatics, 3" Edition, Springer, 2008 (ISBN: 1402067534), and other similar references.

Unless otherwise explained, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. The singular terms
“a,” “an,” and “the” include plural referents unless the context clearly indicates otherwise. Similarly, the
word “or” is intended to include “and” unless the context clearly indicates otherwise. Hence “‘comprising A
or B” means including A, or B, or A and B. It is further to be understood that all base sizes or amino acid
sizes, and all molecular weight or molecular mass values, given for nucleic acids or polypeptides are
approximate, and are provided for description.

Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present disclosure, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the present specification, including explanations of terms, will
control. In addition, the materials, methods, and examples are illustrative only and not intended to be
limiting.

In order to facilitate review of the various embodiments of the disclosure, the following explanations
of specific terms are provided:

Array or Microarray: An arrangement of nucleic acids (such as DNA or RNA) or proteins (such
as antibodies) in assigned locations on a matrix or substrate. In some examples, the nucleic acid molecules
or proteins are attached covalently to the matrix or substrate.

Babesia: A tick-borne protozoan parasite that infects vertebrate red blood cells. In humans,
Babesia species may cause asymptomatic infection or babesiosis, characterized by flu-like symptoms. Most
cases of transmission between humans are attributed to a tick vector; however, it may also be transmitted
through blood transfusion or organ donation. The most common pathogenic species in humans are Babesia
divergens and Babesia microti. Babesia sequences are publicly available, and include GenBank Accession
Nos. ASM107745v2 (Babesia divergens) and ASM69194v2 and ASM165006v1 (Babesia microti), which
are incorporated by reference in their entirety as present in GenBank on January 30, 2020.

Borrelia: A genus of tick-borne spirochete bacteria that cause Lyme disease. The major species of
Borrelia that cause Lyme disease include Borrelia burgdorferi, Borrelia afzelii, Borrelia garinii, and
Borrelia mayonii. Borrelia has been identified in blood stored for donation, though there is currently no

evidence of Lyme disease linked to blood transfusion. Borrelia sequences are publicly available, and
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include GenBank Accession Nos. ASM868v2 (Borrelia burgdorferi), ASM30473v1 (Borrelia afzelii),
ASM192254v1 (Borrelia garinii), and ASM194566v1 (Borrelia mayonii), which are incorporated by
reference in their entirety as present in GenBank on January 30, 2020).

Chikungunya virus (CHIKYV): A positive-sense single-stranded RNA virus of the alphavirus
genus in the family 7Togaviridae. This virus is primarily transmitted by Aedes mosquitoes, particularly 4.
albopictus and A. aegypti. The symptoms of CHIKV infection include rash, high fever and joint pain.
CHIKYV was first isolated in Tanzania in 1952 and re-emerged in Kenya in 2004. The evolution and spread
of this virus into new geographic areas, and the disease severity resulting from CHIKYV infection, present a
serious public health concern. CHIKYV sequences are publicly available, and include GenBank Accession
No. NC_004162 (gi|27754751) ), which is incorporated by reference in its entirety as present in GenBank on
January 30, 2019.

Coxiella burnetii: A Gram-negative bacteria that causes Q fever. Symptoms are typically flu-like
and may be mild or severe, and a small percentage of infected individuals develop chronic Q fever. The
bacteria infects livestock (such as cows, sheep, and goats) and is transmitted to humans by contact with
feces, urine, milk, or other products from an infected animal, typically by breathing dust contaminated with
the bacteria. Coxiella burnetii sequences are publicly available, and includes GenBank Accession No.
ASM776v2, which is incorporated by reference in its entirety as present in GenBank on January 30, 2020.

Cytomegalovirus (CMV): Also known as human herpesvirus 5. A common virus that infects up to
50% of adults by the age of 40. Most people show no symptoms of infection or only mild symptoms;
however, babies born with congenital CMYV infection may have long-term health problems. CMYV is
transmitted by body fluids, including blood transfusions. CMV sequences are publicly available, and
include GenBank Accession No. NC 006273, which is incorporated by reference in its entirety as present in
GenBank on January 30, 2020.

Dengue virus (DEN): An RNA virus of the family Flaviviridae, genus Flavivirus. There are four
serotypes of dengue virus, referred to as DEN1, DEN2, DEN3 and DEN4. All four serotypes can cause the
full spectrum of dengue disease. Infection with one serotype can produce lifelong immunity to that serotype.
However, severe complications can occur upon subsequent infection by a different serotype. Dengue virus
is primarily transmitted by Aedes mosquitoes, particularly A. aegypri. Symptoms of dengue virus infection
include fever, headache, muscle and joint pain and a skin rash similar to measles. In a small percentage of
cases, the infection develops into a life-threatening dengue hemorrhagic fever, typically resulting in
bleeding, low platelet levels and blood plasma leakage, or into dengue shock syndrome, characterized by
dangerously low blood pressure. DEN sequences are publicly available, and include GenBank Accession
Nos. NC 001477 (gi|9626685) (DEN1), NC 001474 (gi|158976983) (DEN2), NC 001475 (gi|163644368)
(DEN3), and NC 002640 (gi|12084822) (DEN4), which are incorporated by reference in their entirety as
present in GenBank on January 30, 2019.

Epstein-Barr virus (EBV): Also known as human herpesvirus 4. EBV is a common virus that is

spread primarily through saliva, though it can also be spread by sexual contact, blood transfusion, and organ
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transplantation. EBV causes infectious mononucleosis, characterized by fatigue, fever, swollen lymph
nodes, and sore throat; however, EBV infection may also be asymptomatic. EBV sequences are publicly
available, and include GenBank Accession Nos. AJ278309 (EBV strain B95-8), DQ279927 (EBV strain
AG876), and NC 009334, all of which are incorporated by reference in their entirety as present in GenBank
on January 30, 2020.

Ehrlichia: A genus of tick-borne bacteria that causes ehrlichiosis. In some cases, Ehrlichia has
been transmitted through blood transfusion or organ transplantation. Symptoms can include rash, fever,
headache, muscle aches, nausea, vomiting, and diarrthea. Severe, late stage illness can include neural
damage, respiratory failure, and organ failure. Disease causing species include Ehrlichia chaffeensis,
Ehrlichia ewingii, and Ehrlichia muris. Ehrlichia sequences are publicly available, and include GenBank
Accession Nos. NC 007799 (E. chaffeensis) and NC 023063 (E. muris), which are incorporated by
reference in their entirety as present in GenBank on January 30, 2020.

Hepatitis A virus (HAV): A single-stranded RNA virus in the order Picornavirales, family
Picornaviridae. The virus is transmitted through fecal-oral and blood routes. HAV causes symptoms such
as nausea, vomiting, diarrhea, jaundice, fever, and abdominal pain and typically lasts about 8 weeks. Acute
liver failure may occur in some cases. HAV sequences are publicly available, and include GenBank
Accession No. NC 001489 (gi|9626732), which is incorporated by reference in its entirety as present in
GenBank on January 30, 2019.

Hepatitis B virus (HBV): A DNA virus of the Hepadnaviridae family. HBV is transmitted
through blood or bodily fluids and new infections are frequently asymptomatic in healthy adults.
Immunosuppressed adults and children less than 5 years of age more commonly exhibit symptoms,
including flu-like symptoms and jaundice. HBV sequences are publicly available and include GenBank
Accession Nos. AY518556 (subtype adw), NC 003977 (subtype ayw), AY 123041 (subtype adr), and
X04615 (subtype ayr), all of which are incorporated by reference in their entirety as present in GenBank on
January 30, 2020.

Hepatitis C virus (HCV): A single-stranded positive sense RNA virus of the family Flaviviridae.
HCYV is transmitted primarily through blood and acute infection typically causes mild or no symptoms.
However, chronic infection frequently leads to liver disease, including cirrhosis, liver failure, and/or
hepatocellular carcinoma. HCV type 1 sequences are publicly available, and include GenBank Accession
No. NC_004102 (g1]22129792). HCV type 2 sequences are also publicly available, and include GenBank
Accession No. NC 009823 (gi|157781212). HCV type 3 sequences are also publicly available, and include
GenBank Accession No. NC 009824 (gi|157781216). Each of these sequences are incorporated by
reference in their entirety as present in GenBank on January 30, 2019.

Hepatitis E virus (HEV): A single-stranded positive sense RNA virus that is currently classified in
the Hepeviridae family, genus Orthohepevirus. HEV causes liver inflammation, and is typically an acute
and self-limiting infection. However, it can cause chronic hepatitis in individuals with weakened immune

systems, particularly organ transplant recipients. HEV sequences are publicly available, and include
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GenBank Accession No. NC_001434 (g1|9626440), which is incorporated by reference in its entirety as
present in GenBank on January 30, 2019.

Human Immunodeficiency virus (HI'V): A single-stranded positive-sense RNA virus (retrovirus)
that causes HIV infection and acquired immunodeficiency syndrome (AIDS). HIV is transmitted by blood
or sexual contact. HIV type 1 sequences are publicly available, and include GenBank Accession No.

NC 001802 (g1/9629357). HIV type 2 sequences are also publicly available and include GenBank
Accession No. NC 001722 (gi|9628880). Each sequence is incorporated by reference in their entirety as
present in GenBank on January 30, 2019

Human Herpesvirus 8 (HHV-8): Also known as Kaposi sarcoma-associated herpesvirus. HHV-8
is associated with Kaposi sarcoma and other cancers, including some lymphomas. It is transmitted through
bodily fluids, including blood, saliva, and sexual contact. HHV-8 sequences are publicly available and
include GenBank Accession No. NC_009333, which is incorporated by reference in its entirety as present in
GenBank on January 30, 2020.

Human parvovirus: A single-stranded DNA virus of the Parvoviridae family. Parvovirus B19 is
the only parvovirus known to infect humans. B19 primarily causes disease in children, and causes what is
sometimes called “fifth disease,” a mild rash. Parvovirus B19 can be transmitted via respiratory secretions
or through blood or blood products. Human parvovirus B19 sequences are publicly available and include
GenBank Accession No. NC_000883, which is incorporated by reference in its entirety as present in
GenBank on January 30, 2020.

Human papillomavirus (HPV): A DNA virus of the family Papillomaviridae. HPV is a common
sexually transmitted virus that can cause warts and cancers, including cervical cancer and head and neck
cancer, in some individuals. HPV DNA can be detected in the blood in some cases; however, it is not clear
whether it can be transmitted by blood transfusion. There are over 100 known types of HPV to date. HPV
sequences are publicly available, and include GenBank Accession Nos. HG793809 (type 6), HE574701
(type 11), NC 001526 (type 16), and NC 001357 (type 18), each of which are incorporated by reference in
their entirety as present in GenBank on January 30, 2020.

Human T-lymphotropic virus (HTLV): A group of positive-sense RNA retroviruses that are
implicated in cancer (for example, T-cell lymphomas) and myelopathy. HTLV type I sequences are publicly
available, and include GenBank Accession Nos. AF033817 and NC 001436 (g1/9626453). HTLV type 11
sequences are also publicly available and include GenBank Accession No. NC 001488 (gi/9626726). Each
sequence is incorporated by reference in their entirety as present in GenBank on January 30, 2019

Leishmania major: A trypanosomatid parasite transmitted by sand flies. L. major causes cutaneous
leishmaniosis. L. major sequences are publicly available, and include GenBank Accession No. ASM272v2,
incorporated by reference in its entirety as present in GenBank on January 30, 2020.

Plasmodium: A genus of mosquito-transmitted protozoan parasites that causes malaria in humans.
The two major malaria causing Plasmodium species in humans are P. falciparum and P. vivax. P.

falciparum is also associated with Burkitt’s lymphoma. Plasmodium can be transmitted by blood
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transfusion, causing transfusion-transmitted malaria. Plasmodium sequences are publicly available and
include GenBank Accession No. ASM276v2 (P. falciparum) and ASM241v2 (P. vivax), which are
incorporated by reference in their entirety as present in GenBank on January 30, 2020.

Probe: A probe typically comprises an isolated nucleic acid (for example, at least 10 or more
nucleotides in length, such as 10-60, 15-50, 20-40, 20-50, 25-50, or 30-60 nucleotides in length). In some
examples, a probe includes a detectable label, while in other examples a probe does not include a detectable
label.

Sample (or biological sample): A biological specimen containing nucleic acids (for example,
DNA, RNA, and/or mRNA), proteins, or combinations thereof, obtained from a subject. Examples include,
but are not limited to, peripheral blood, serum, plasma, urine, saliva, tissue biopsy, fine needle aspirate,
surgical specimen, and autopsy material. In some examples, a sample includes blood, serum, or plasma.

Subject: A living multi-cellular vertebrate organism, a category that includes human and non-
human mammals. In one example, a subject is a blood donor.

Treponema: A genus of spirochete bacteria. The major pathogenic species in humans is
Treponema pallidum, of which subspecies 7. pallidum pallidum causes syphilis. The bacteria is transmitted
primarily by sexual contact. Nucleic acid sequences for 7. pallidum pallidum are publicly available and
include GenBank Accession Nos. NC_016844 and NC_00919, which are incorporated by reference in their
entirety as present in GenBank on January 30, 2020.

Trypanosoma: A genus of protozoan parasites transmitted by blood-feeding insects. 7. brucei is
transmitted by infected tsetse flies and causes sleeping sickness (trypanosomiasis) in humans. There are two
types of trypanosomiasis: East African trypanosomiasis, caused by 7rypanosoma brucei rhodesiense and
West African trypanosomiasis, caused by Trypanosoma brucei gambiense. Trypanosoma brucei brucei
infects primarily cattle, and does not normally infect humans. 7. cruzi causes Chagas disease and is
transmitted by triatomine bugs. 7rypanosoma sequences are publicly available and include GenBank
Accession Nos. ASM21029v1 (7. brucei gambiense), and ASM20906v1 (7. cruzi), each of which are
incorporated by reference in their entirety as present in GenBank on January 30, 2020.

West Nile virus (WNV): A member of the virus family Flaviviridae and the genus Flavivirus.
WNYV was first isolated from a woman in the West Nile district of Uganda in 1937. The virus was later
identified in birds in the Nile delta region in 1953. Human infections attributable to WNV have been
reported in many countries for over 50 years. In 1999, a WNV circulating in Isracl and Tunisia was
imported into New York, producing a large and dramatic outbreak that spread throughout the continental
United States in the following years. Human infection is most often the result of bites from infected
mosquitoes, but may also be transmitted through contact with other infected animals, their blood or other
tissues. Infection with WNYV is asymptomatic in about 80% of infected people, but about 20% develop West
Nile fever. Symptoms include fever, headache, fatigue, body aches, nausea, vomiting, swollen lymph glands
and in some cases, a skin rash. Approximately 1 in 150 of infected individuals develop severe,

neuroinvasive disease, such as encephalitis, meningitis, or poliomyelitis. WNV sequences are publicly
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available, and include GenBank Accession Nos. NC 009942 (gi|158516887) (NY99, lineage 1) and
NC 001563 (gi|11528013) (956, lincage 2), which are incorporated by reference in their entirety as present
in GenBank on January 30, 2019.

Zika virus (ZKV or ZIKYV): A member of the virus family Flaviviridae and the genus Flavivirus.
ZIKV is spread by the daytime-active mosquitoes Aedes aegypti and A. albopictus. This virus was first
isolated from a Rhesus macaque from the Zika Forest of Uganda in 1947. Since the 1950s, ZIKV has been
known to occur within a narrow equatonal belt from Africa to Asia. The vinus spread eastward across the
Pacific Ocean m 2013-2014, resulting in ZIKV outbreaks in Oceania to French Polvnesia, New Caledoma,
the Cook Islands, and Easter Island. In 2015, 2KV spread to Mexico, Contral America, the Canbbean and
South America, where ZKV has reached pandemic levels. Infection by ZIKV generally causes either no
symptoms or mild symptoms, including mild headache, maculopapular rash, fever, malaise, conjunctivitis
and joint pain. However, ZKV infection has been linked to the birth of microcephalic infants following
maternal infection. Reports have also indicated that ZIKV has the potential for human blood-bome and
sexual transmission. ZIKV sequences are publicly available, and include GenBank Accession Nos.
KU497555 (g1|985578255) (isolate Brazil-ZK2015), KU501215 (gi|984874581) (strain PRVABC59),
KU312312 (g1|973447404) (isolate Z1106033), KU707826 (g1/992324757) (isolate SSABR1), and
KU321639 (strain ZikaSPH2015), which are incorporated by reference in their entirety as present in
GenBank on January 30, 2019.

IL. Probes and Microarrays

Disclosed herein is a nucleic acid probe set capable of detecting nucleic acid molecules from one or
more RNA viruses, including Chikungunya virus (CHIKV), Dengue virus types 1, 2, 3, or 4, (DEN1, DEN2,
DEN3, DEN4), Hepatitis A virus (HAV), Hepatitis C virus (HCV) types 1, 2, or 3, Hepatitis E virus (HEV),
Human Immunodeficiency virus (HIV) types 1 or 2, Human T-lymphotropic virus (HTLV) types [ or 11,
West Nile virus (WNV), and Zika virus (ZKV). In some embodiments, the probe set includes 30 or more
probes for one or more of the viruses (such as 30 or more, 50 or more, 60 or more, 70 or more, 80 or more,
90 or more, 100 or more, 110 or more, or 120 or more), for example 30-120 probes, 50-100 probes, or 70-
110 probes for one or more of CHIKV, DEN1, DEN2, DEN3, DEN4, HAV, HCV type 1, HCV type 2, HCV
type 3, HEV, HIV type 1, HIV type 2, HTLV type 1, HTLV type 2, WNV, and ZIKV.

In some embodiments, the probe set includes nucleic acid probes that are at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic acid
sequences of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769. In other embodiments, the probe set
includes a subset of the probes of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769, such as at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 99.9% of the probes of SEQ ID
NOs: 1-1300, 1391-1570, and 1691-1769. In some examples, the subset includes at least one probe for each
of CHIKV, DEN1, DEN2, DEN3, DEN4, HAV, HCV type 1, HCV type 2, HCV type 3, HEV, HIV type 1,
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HIV type 2, HTLV type 1, HTLV type 2, WNV, and ZKV, such as at least 1, at least 2, at least 5, at least 10,
at least 20, at least 30, or more probes for each virus. In some examples, the subset includes at least 40
probes (such as at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, or at least 110 probes)
for one or more of CHIKYV, DEN1, DEN2, DEN3, DEN4, HAV, HCV type 1, HCV type 2, HCV type 3,
HEV, HIV type 1, HIV type 2, HTLV type 1, HTLV type 2, WNV, and ZKV.

In one non-limiting example, the probe set includes or consists of each of the probes of SEQ ID
NOs: 1-1769. In another non-limiting example, the probe set includes or consists of each of the probes of
SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769. In another example, the probe set includes or consists of
cach of the probes of SEQ ID NOs: 1-1300 and 1391-1769. In other embodiments, the probe set includes a
subset of the probes of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769 or a subset of the probes of SEQ
ID NOs: 1-1300 and 1391-1769.

Also disclosed herein is a nucleic acid probe set capable of detecting nucleic acid molecules from
one or more DNA viruses, including one or more of cytomegalovirus, Epstein Barr virus (e.g., one or more
of EBV subtype B95-8 and EBV subtype AG876), human herpes virus 8, Hepatitis B virus (e.g., one or
more of HBV subtypes adw, ayw, adr, and ayr), human parvovirus B19, and human papillomavirus (e.g.,
oneg or more of HPV types 6, 11, 16, and 18). In some embodiments, the probe set includes 10 or more
probes for one or more of the viruses (such as 15 or more, 20 or more, 30 or more, 50 or more, 60 or more,
70 or more, 80 or more, 90 or more, 100 or more, 110 or more, or 120 or more), for example 10-50 probes,
30-120 probes, 50-100 probes, or 70-110 probes for one or more of cytomegalovirus, Epstein Barr virus,
human herpes virus 8, Hepatitis B virus, human parvovirus B19, and human papillomavirus.

In some embodiments, the probe set includes nucleic acid probes that are at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic acid
sequences of SEQ ID NOs: 1770-2647. In other embodiments, the probe set includes a subset of the probes
of SEQ ID NOs: 1770-2647, such as at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or at least 99.9% of the probes of SEQ ID NOs: 1770-2647. In some examples, the subset
includes at least one probe for each of CMV, EBV subtype B95-8, EBV subtype AG876, human herpes
virus 8, Hepatitis B virus subtype adw, Hepatitis B virus subtype ayw, Hepatitis B virus subtype adr,
Hepeatitis B virus subtype ayr, human parvovirus B19, HPV type 6, HPV type 11, HPV type 16, and HPV
type 18, such as at least 1, at least 2, at least 5, at least 10, at least 20, at least 30, or more probes for each
virus. In some examples, the subset includes at least 10 probes (such as at least 20, at least 30, at least 40, at
least 50, at least 60, at least 70, at least 80, at least 90, at least 100, or at least 110 probes) for one or more of
CMYV, EBYV subtype B95-8, EBV subtype AG876, human herpes virus 8, Hepatitis B virus subtype adw,
Hepatitis B virus subtype ayw, Hepatitis B virus subtype adr, Hepatitis B virus subtype ayr, human
parvovirus B19, HPV type 6, HPV type 11, HPV type 16, and HPV type 18. In one non-limiting example,
the probe set includes or consists of each of the probes of SEQ ID NOs: 1770-2647.
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Further disclosed herein is a nucleic acid probe set capable of detecting nucleic acid molecules from
one or more bacterial and/or protozoan pathogens, including one or more of Treponema pallidum, Ehrlichia
chaffeensis, Ehrlichia ewingii, Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii, Trypanosoma
brucei, Trypanosoma cruzi, Leishmania major, Babesia microti, Plasmodium falciparum, and Plasmodium
vivax. In some embodiments, the probe set includes 10 or more probes for one or more of the viruses (such
as 10 or more, 20 or more, 30 or more, 50 or more, 60 or more, 70 or more, 80 or more, 90 or more, 100 or
more, 110 or more, or 120 or more), for example 30-120 probes, 50-100 probes, or 70-110 probes for one or
more of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia muris, Borrelia
burgdorferi, Coxiella burnetii, Trypanosoma brucei, Leishmania major, Babesia microti, Plasmodium
falciparum, and Plasmodium vivax

In some embodiments, the probe set includes nucleic acid probes that are at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%. or 100% identical to the nucleic acid
sequences of SEQ ID NOs: 2648-3207. In other embodiments, the probe set includes a subset of the probes
of SEQ ID NOs: 2648-3207, such as at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or at least 99.9% of the probes of SEQ ID NOs: 2648-3207. In some examples, the subset
includes at least one probe for each of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii,
Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii, Trypanosoma brucei, Trypanosoma cruzi,
Leishmania major, Babesia microti, Plasmodium falciparum, and Plasmodium vivax, such as at least 1, at
least 2, at least 5, at least 10, at least 20, at least 30, or more probes for each pathogen. In some examples,
the subset includes at least 10 probes (such as at least 20, at least 30, at least 50, at least 60, at least 70, at
least 80, at least 90, at least 100, or at least 110 probes) for one or more of Treponema pallidum, Ehrlichia
chaffeensis, Ehrlichia ewingii, Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii, Trypanosoma
brucei, Leishmania major, Babesia microti, Plasmodium falciparum, and Plasmodium vivax. In one non-
limiting example, the probe set includes or consists of each of the probes of SEQ ID NOs: 2648-3207.

In further embodiments, one or more of the disclosed probe sets are combined. Thus, some
embodiments, the probe set includes probes for detecting at least one RNA virus, at least one DNA virus, at
least one bacterial pathogen, at least one protozoan pathogen, or combinations of two or more thereof. In
one example, a probe set includes probes capable of detecting nucleic acid molecules from one or more
DNA viruses and one or more bacterial and/or protozoan pathogens. In one non-limiting example, a probe
set includes probes including or consisting of each of the probes of SEQ ID NOs: 1770-3207. In another
example, a probe set includes probes capable of detecting nucleic acid molecules from one or more RNA
viruses, one or more DNA viruses, and one or more bacterial and/or protozoan pathogens. In a non-limiting
example, the probe set includes probes including or consisting of each of the probes of SEQ ID NOs: 1-
1300, SEQ ID NOs: 1391-1570, SEQ ID NOs: 1691-1769, and SEQ ID NOs: 1770-3207.

In additional embodiments, a disclosed probe set further includes one or more control probes, such

as ong or more positive and/or negative control probes. For testing for validity of the run, intra-array
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reproducibility control and normalization. positive control probes may include one or more of: 1) one or
more reference probes for intensity normalization, 2) one or more internal standards of known
concentrations, and 3) one or more probes that are homologous to an internal control included in the
hybridization mix. In some embodiments, positive control probes include one or more (such as 1, 10, 25,
50, 96, or more) ERCC probes (External RNA Controls Consortium) and one or more (such as 1, 10, 25, 50,
96, 250, 500, 900, or more) biological replicates targeting human genome sequences (for example, to define
possible host contaminant).

Negative control probes may include one or more probes for a virus that is known not to be present
in human or mammalian subjects. In some non-limiting examples, negative control probes are specific for a
plant virus. In other examples, negative control probes can be a structural negative probe, such as a
sequence that forms a hairpin and does not hybridize with nucleic acids from any species.

In some examples, the probe set includes at least 10, at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 110, or at least 120 control probes. In some
examples, the control probes are for one or more one or more different negative control viruses (such as 1, 2,
3,4, 5, or more negative control viruses). In some examples, the probe set includes at least 10, at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at Ieast 90, at least 100, at least 110, at
least 120, or more negative control probes. In some examples, the negative control probes are probes for
one or more of White clover cryptic virus 1 (e.g. SEQ ID NOs: 1571-1580), Broad bean wilt virus 1 (e.g.,
SEQ ID NOs: 1582-1620), Lettuce necrotic yellows virus (e.g., SEQ ID NOs: 1621-1690), Aedes albopictus
densovirus 2 (e.g., SEQ ID NOs: 3520-3557), Maize streak virus (e.g., SEQ ID NOs: 3558-3598), and/or
Tomato pseudo-curly top virus (e.g., SEQ ID NOs: 3599-3628). In additional examples, the probe set
includes at least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least
90, at least 100, at least 110, at least 120, or more positive control probes. In some examples, the positive
control probes are probes for one or more housekeeping genes, such as one of more of ACTB (e.g., SEQ ID
NOs: 3208-3301), ARL1 (e.g., SEQ ID NOs: 3302-3385), and/or CCDNI1 (e.g., SEQ ID NOs: 3386-3519).

In some embodiments, the disclosed probes are between 30 and 80 nucleotides in length (for
example 30-50, 40-60, 50-70, or 60-80 nucleotides in length). In some examples, the probes are 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, or 80 nucleotides in length and are capable of hybridizing to the disclosed
pathogen (e.g., viral, bacterial, or protozoan) nucleic acid molecules. In some examples, the probes are 60
nucleotides in length. In some examples, each of the probes in the probe set has a Tm between about 72-
89°C, such as about 74-88°C, about 75-85°C, or about 76-82°C. In one specific example, each of the probes
in the probe set has a Tm between 74.4 and 87.8°C. Tm ranges for exemplary RNA virus probes are shown
in Table 1.

In other embodiments the disclosed probe sets, or a subset thereof, are linked to a solid support. In
some examples, the disclosed probe sets, or a subset thereof, are included on a microarray. In other

examples, the solid support is a bead or plurality of beads, a microplate, column, or microfluidic device.
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In some embodiments, the microarray is a solid support or substrate including the probe set (or
subset thereof) covalently linked to the support or substrate. Within an array, each arrayed probe is
addressable, in that its location can be reliably and consistently determined within at least two dimensions of
the array. Addressable arrays usually are computer readable, in that a computer can be programmed to
correlate a particular address on the array with information about the sample at that position (such as
hybridization or binding data, including for instance signal intensity).

The microarray can include any of the probe sets described above, individually, or in combination.
In some embodiments, the microarray includes nucleic acid probes that are at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic acid
sequences of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769. In another embodiment, the microarray
includes or consists of nucleic acid probes that are at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identical to the nucleic acid sequences of SEQ ID NOs: 1-
1300 and 1391-1769. In one non-limiting example, the microarray includes or consists of each of the probes
of SEQ ID NOs: 1-1769. In another non-limiting example, the microarray includes or consists of each of the
probes of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769. In a further non-limiting example, the
microarray includes or consists of each of the probes of SEQ ID NOs: 1-1300 and 1391-1769.

In another embodiment, the microarray includes nucleic acid probes that are at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic
acid sequences of SEQ ID NOs: 1770-2647. In one non-limiting example, the microarray includes or
consists of each of the probes of SEQ ID NOs: 1770-2647. In another non-limiting example, the microarray
includes or consists of each of the probes of SEQ ID NOs: 1170-2647 and 3250-3628.

In another embodiment, the microarray includes nucleic acid probes that are at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic
acid sequences of SEQ ID NOs: 2648-3207. In one non-limiting example, the microarray includes or
consists of each of the probes of SEQ ID NOs: 2648-3207. In another non-limiting example, the microarray
includes or consists of cach of the probes of SEQ ID NOs: 2648-3519.

In a further embodiment, the microarray includes nucleic acid probes that are at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleic
acid sequences of SEQ ID NOs: 1770-3207. In one non-limiting example, the microarray includes or
consists of each of the probes of SEQ ID NOs: 1770-3207. In a further non-limiting example, the
microarray includes or consists of each of the probes of SEQ ID NOs: 1770-3628.

In other embodiments, the microarray includes a subset of the probes of SEQ ID NOs: 1-1300,
1391-1570, and 1691-1769, such as at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at lecast 80%, at least 90%, at least 95%, at lecast 96%, at least 97%, at least 98%, at
least 99%, or at least 99.9% of the probes of SEQ ID NOs: 1-1300, 1391-1570, and 1691-1769. In some
examples, the microarray includes at least one probe for each of CHIKV, DEN1, DEN2, DEN3, DEN4,
HAV, HCV type 1, HCV type 2, HCV type 3, HEV, HIV type 1, HIV type 2, HTLV type 1, HTLV type 2,
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WNYV, and ZKV, such as at least 1, at least 2, at least 5, at least 10, at least 20, at least 30, or more probes for
cach virus. In some examples, the microarray includes at least 40 probes (such as at least 50, at least 60, at
least 70, at least 80, at least 90, at least 100, or at least 110 probes) for one or more of CHIKV, DENI,
DEN2, DEN3, DEN4, HAV, HCV type 1, HCV type 2, HCV type 3, HEV, HIV type 1, HIV type 2, HTLV
type 1, HTLV type 2, WNV, and ZKV.

In other embodiments, the microarray includes a subset of the probes of SEQ ID NOs: 1770-2647,
such as at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at lcast 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at lecast 97%, at lcast 98%, at least 99%, or at least 99.9%
of the probes of SEQ ID NOs: 1770-2647. In some examples, the microarray includes at least one probe for
cach of CMV, EBYV subtype B95-8, EBV subtype AG876, human herpes virus 8, Hepatitis B virus subtype
adw, Hepatitis B virus subtype ayw, Hepatitis B virus subtype adr, Hepatitis B virus subtype ayr, human
parvovirus B19, HPV type 6, HPV type 11, HPV type 16, and HPV type 18, such as at least 1, at least 2, at
least 5, at least 10, at least 20, at least 30, or more probes for each virus. In some examples, the microarray
includes at least 20 probes (such as at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at
least 100, or at least 110 probes) for one or more of CMV, EBV subtype B95-8, EBV subtype AG876,
human herpes virus 8, Hepatitis B virus subtype adw, Hepatitis B virus subtype ayw, Hepatitis B virus
subtype adr, Hepatitis B virus subtype ayr, human parvovirus B19, HPV type 6, HPV type 11, HPV type 16,
and HPV type 18.

In other embodiments, the microarray includes a subset of the probes of SEQ ID NOs: 2648-3207,
such as at least 10%, at least 20%, at lecast 30%, at least 40%, at least 50%, at least 60%, at lecast 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at lecast 98%, at least 99%, or at least 99.9%
of the probes of SEQ ID NOs: 2648-3207. In some examples, the microarray includes at least one probe for
cach of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia muris, Borrelia
burgdorferi, Coxiella burnetii, Trypanosoma brucei, Trypanosoma cruzi, Leishmania major, Babesia
microti, Plasmodium falciparum, and Plasmodium vivax, such as at least 1, at least 2, at least 5, at least 10,
at least 20, at least 30, or more probes for each virus. In some examples, the microarray includes at least 10
probes (such as at least 30, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at
least 100, or at least 110 probes) for one or more of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia
ewingii, Ehrlichia muris, Borrelia burgdorferi, Coxiella burnetii, Trypanosoma brucei, Leishmania major,
Babesia microti, Plasmodium falciparum, and Plasmodium vivax.

In additional embodiments, the microarray includes one or more control probes, such as one or more
positive and/or negative control probes. In some examples, the microarray includes at least 10, at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 110, or at
least 120 negative control probes. In some examples, the microarray includes one or more negative control
probes selected from SEQ ID NOs: 1571-1580, SEQ ID NOs: 1582-1620, SEQ ID NOs: 1621-1690, and
SEQ ID NOs: 3520-3628. In additional examples, the microarray includes at least 10, at least 20, at least 30,
at least 40, at least 50, at least 60, at lecast 70, at least 80, at least 90, at least 100, at least 110, or at least 120
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positive control probes. In some examples, the microarray includes one or more positive control probes
selected from SEQ ID NOs: 3208-3519.

The solid support or substrate of the array can be formed from an organic polymer. Suitable
materials for the solid support include, but are not limited to: polypropylene, polyethylene, polybutylene,
polyisobutylene, polybutadiene, polyisoprene, polyvinylpyrrolidine, polytetrafluroethylene, polyvinylidene
difluroide, polyfluoroethylene-propylene, polyethylenevinyl alcohol, polymethylpentene,
polycholorotrifluoroethylene, polysulfornes, hydroxylated biaxially oriented polypropylene, aminated
biaxially oriented polypropylene, thiolated biaxially oriented polypropylene, ethylencacrylic acid, thylene
methacrylic acid, and blends of copolymers thereof).

A wide variety of array formats can be employed in accordance with the present disclosure. One
example includes a two-dimensional pattern of discrete cells (such as 4096 squares in a 64 by 64 array).
Other array formats including, but not limited to slot (rectangular) and circular arrays are equally suitable for
use. In some examples, the array is a multi-well plate. In one example, the array is formed on a polymer
medium, which is a thread, membrane or film. An example of an organic polymer medium is a
polypropylene sheet having a thickness on the order of about 1 mil. (0.001 inch) to about 20 mil., although
the thickness of the film is not critical and can be varied over a fairly broad range. The array can include
biaxially oriented polypropylene (BOPP) films, which in addition to their durability, exhibit low background
fluorescence.

The array formats of the present disclosure can be included in a variety of different types of formats.
A “format” includes any format to which the solid support can be affixed, such as microtiter plates (e.g.,
multi-well plates), test tubes, inorganic sheets, dipsticks, and the like. For example, membranes can be
affixed to glass slides. The particular format is, in and of itself, unimportant. All that is necessary is that the
solid support can be affixed thereto without affecting the functional behavior of the solid support or any
biopolymer absorbed thereon, and that the format (such as the slide) is stable to any materials into which the
device is introduced (such as clinical samples and hybridization solutions).

The arrays of the present disclosure can be prepared by a variety of approaches. In one example,
oligonucleotides (e.g., probes) are synthesized separately and then attached to a solid support (see U.S.
Patent No. 6,013,789). In another example, probes are synthesized directly onto the support to provide the
desired array (see U.S. Patent No. 5,554,501). Suitable methods for covalently coupling oligonucleotides to
a solid support and for directly synthesizing oligonucleotides on the support are known; a summary of
suitable methods can be found in Matson ef al., Anal. Biochem. 217:306-10, 1994, In one example, the
oligonucleotides are synthesized onto the support using conventional chemical techniques for preparing
oligonucleotides on solid supports (such as PCT applications WO 85/01051 and WO 89/10977, or U.S.
Patent No. 5,554,501).

The oligonucleotides can be bound to the support or substrate by either the 3' end of the

oligonucleotide or by the 5' end of the oligonucleotide. In one example, the oligonucleotides are bound to
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the solid support by the 3' end. In general, the internal complementarity of an oligonucleotide probe in the

region of the 3' end and the 5' end determines binding to the support.

1. Methods of Detecting Viral Nucleic Acids

Disclosed herein are methods of detecting one or more pathogen nucleic acids (such as one or more
viral, bacterial, and/or protozoan nucleic acids) in a sample from a subject. In some embodiments, the
methods include preparing or isolating nucleic acids (such as DNA, RNA, or cDNA) from a sample, labeling
the nucleic acids, and contacting the probe set, or a microarray including the probe set, with the labeled
nucleic acids under conditions sufficient to allow pathogen nucleic acids present in the sample to hybridize
with one or more of the probes. The presence and/or identity of pathogen nucleic acids in the sample is
determined by detecting hybridization. In one example, hybridization is detected by measuring presence of
labeled nucleic acid at an addressable location in an array.

In particular embodiments, the methods include detecting one or more nucleic acids from RNA
viruses in a sample, including one or more of CHIKV, DEN1, DEN2, DEN3, DEN4, HAV, HCV type 1,
HCV type 2, HCV type 3, HEV, HIV type 1, HIV type 2, HTLV type I, HTLV type I, WNV, and ZKV. In
other embodiments, the methods include detecting one or more nucleic acids from DNA viruses, including
ong or more of CMV, EBV subtype B95-8, EBV subtype AG876, human herpes virus 8, Hepatitis B virus
subtype adw, Hepatitis B virus subtype ayw, Hepatitis B virus subtype adr, Hepatitis B virus subtype ayr,
human parvovirus B19, HPV type 6, HPV type 11, HPV type 16, and HPV type 18. In still other
embodiments, the methods include detecting one or more nucleic acids from bacteria and/or protozoans,
including one or more of Treponema pallidum, Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia muris,
Borrelia burgdorferi, Coxiella burnetii, Trypanosoma brucei, Trypanosoma cruzi, Leishmania major,
Babesia microti, Plasmodium falciparum, and Plasmodium vivax. In further embodiments, the methods
include detecting nucleic acids from at least one RNA virus, DNA virus, bacteria, and protozoan, such as at
least one of the RNA viruses, DNA viruses, bacteria, and protozoans disclosed herein, or any combination
thereof.

Exemplary samples include peripheral blood, serum, plasma, cerebrospinal fluid, urine, saliva,
feces, mucus, nasal wash, tissue biopsy, fine needle aspirate, surgical specimen, placenta, autopsy material,
semen, vaginal fluid or tissue, and environmental samples. In particular examples, the sample is a blood
sample, such as plasma. In non-limiting examples, the sample is blood or plasma from a blood donor. Thus,
in some examples, the methods disclosed herein are used to screen donated blood for one or more pathogens
potentially present and/or transmitted through blood transfusions.

In some embodiments, the methods include isolating nucleic acids (such as RNA, cDNA, ora
combination thereof) from the sample and contacting the probe set or microarray with the isolated nucleic
acids. Methods of isolating RNA (e.g., viral RNA) from a sample are known and include commercially
available kits, such as QITAGEN® RNeasy® mini-columns, MASTERPURE® Complete DNA and RNA
Purification Kit (EPICENTRE® Madison, Wis.), Paraffin Block RNA Isolation Kit (Ambion, Inc.), and
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RNA Stat-60 (Tel-Test). cDNA is then prepared from the isolated RNA, and optionally labeled. In some
examples, the methods include amplifying RNA prior to cDNA preparation and labeling, for example, using
Quick Amp WT labeling kit (Agilent). Other methods of amplifying RNA include commercially available
kits such as Ovation® RNA Amplification kit (Nugen), Arcturus™ RiboAmp™ HS kit (ThermoFisher), and
Complete Whole Transcriptome Amplification Kit (WTA2, Sigma-Aldrich).

In some embodiments, the methods do not include isolating and/or amplifying RNA from a sample
prior to labeling. In some examples, the methods include generating amplified cDNA from a sample,
followed by labeling the cDNA (for example with a fluorescent label, such as Cy3). In one non-limiting
example, amplified cDNA is prepared from the sample using single-primer isothermal amplification (for
example, Ribo-SPIA, NuGen) prior to labeling. Methods of labeling cDNA are known and include
commercially available kits, such as Genomic DNA Enzymatic Labeling Kit (Agilent). In some examples,
the methods generate amplified and labeled cDNA from about 250 pg of target viral RNA (such as about
500 pg, about 750 pg, about 1 ng, about 2 ng, or more of target viral RNA).

In other examples, the methods include isolating DNA from the sample and contacting the probe set
or microarray with the isolated DNA. Methods of isolating DNA (such as viral DNA, bacterial DNA, or
protozoan DNA) from a sample are known and include commercially available kits. In some examples, the
methods include isolating viral DNA from a sample using a viral nucleic acid isolation kit. In one non-
limiting example, the viral DNA is isolated using Dynabeads SILANE viral NA kit (Invitrogen). In other
examples, bacterial or protozoan DNA is isolated from a sample using a DNA isolation kit. In on¢ non-
limiting example, bacterial or protozoan DNA is isolated using QIAamp DNA Blood Mini kit (Qiagen).
One of ordinary skill in the art can select appropriate methods or kits to isolate pathogen DNA from
samples, for example, blood or plasma samples.

The sample (such as nucleic acids isolated and/or amplified from a sample) can be labeled with any
suitable label. Generally, the label will be selected based on the intended use of the sample or the desired
readout. In some examples, the sample or nucleic acids from the sample is labelled with a fluorescent or
chemiluminescent compound. In other examples, the label is an enzyme, a fluorophore, or a radioactive
isotope. In one specific non-limiting example, the label is Cy™3 or Cy™ 5.

Fluorophores suitable for use with the methods disclosed herein, include, but are not limited to, 6-
carboxyfluorescein (FAM), tetrachlorofluorescein (TET), tetramethylrhodamine (TMR),
hexachlorofluorescein (HEX), JOE, ROX, CAL Fluor™, Pulsar™, Quasar™, Texas Red™, Cy™3 and
Cy™35 . Other examples of fluorophores that can be used with the methods provided herein include 4-
acetamido-4'-isothiocyanatostilbene-2,2'disulfonic acid, acridine and derivatives such as acridine and
acridine isothiocyanate, 5-(2'-aminoethyl)amino-naphthalene-1-sulfonic acid (EDANS), 4-amino-N-|3-
vinylsulfonyl)phenyl]-naphthalimide-3,5 disulfonate (Lucifer Yellow VS), N-(4-anilino-1-naphthyl)-
maleimide, anthranilamide, Brilliant Yellow, coumarin and derivatives such as coumarin, 7-amino-4-
methylcoumarin (AMC, Coumarin 120), 7-amino-4-trifluoromethylcouluarin (Coumaran 151); cyanosine;

4' 6-diaminidino-2-phenylindole (DAPI); 5', 5"-dibromopyrogallol-sulfonephthalein (Bromopyrogallol Red);
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7-diethylamino-3-(4'-isothiocyanatophenyl)-4-methylcoumarin; diethylenetriamine pentaacetate; 4,4'-
diisothiocyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid; 5-
[dimethyl-amino [naphthalene-1-sulfonyl chloride (DNS, dansyl chloride); 4-(4'-dimethyl-
aminophenylazo)benzoic acid (DABCYL); 4-dimethylaminophenylazophenyl-4'-isothiocyanate (DABITC);
cosin and derivatives such as eosin and eosin isothiocyanate; erythrosin and derivatives such as erythrosin B
and erythrosin isothiocyanate; ethidium; fluorescein and derivatives such as 5-carboxyfluorescein (FAM), 5-
(4,6-dichlorotriazin-2-yl)aminofluorescein (DTAF), 2'7'-dimethoxy-4'5'-dichloro-6-carboxyfluorescein
(JOE), fluorescein, fluorescein isothiocyanate (FITC), and QFITC (XRITC); fluorescamine; IR144; IR1446;
Malachite Green isothiocyanate; 4-methylumbelliferone; ortho cresolphthalein; nitrotyrosine; pararosaniline;
Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene and derivatives such as pyrene, pyrene butyrate
and succinimidyl 1-pyrene butyrate; Reactive Red 4 (Cibacron .RTM. Brilliant Red 3B-A); rhodamine and
derivatives such as 6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine (R6G), lissamine rhodamine B
sulfonyl chloride, rhodamine (Rhod), thodamine B, rhodamine 123, rhodamine X isothiocyanate,
sulforhodamine B, sulforhodamine 101 and sulfonyl chloride derivative of sulforhodamine 101 (Texas Red);
N,N,N'N'-tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyl rhodamine; tetramethyl rhodamine
isothiocyanate (TRITC); riboflavin; rosolic acid and terbium chelate derivatives.

Other fluorophores that can be used include thiol-reactive europium chelates that emit at
approximately 617 nm (Heyduk and Heyduk, Analyt. Biochem. 248:216-27, 1997 J. Biol. Chem.
274:3315-22, 1999). Other fluorophores that can be used include cyanine, merocyanine, styryl, and oxonyl
compounds, such as those disclosed in U.S. Patent Nos. 5,627,027; 5,486,616, 5,569,587, and 5,569,766,
and in published PCT application no. US98/00475, each of which is incorporated herein by reference.
Specific examples of fluorophores disclosed in one or more of these patent documents include Cy™3 and
Cy™35_ for instance, and substituted versions of these fluorophores. Additional fluorophores that can be
used include GFP, Lissamine™, diethylaminocoumarin, fluorescein chlorotriazinyl, naphthofluorescein, 4,7-
dichlororhodamine and xanthene (as described in U.S. Patent No. 5,800,996 to Lee ef ¢l., herein
incorporated by reference) and derivatives thereof. Other fluorophores are commercially available from
known sources.

The methods include contacting the sample (such as labeled nucleic acids from a sample) with a
probe set disclosed herein (or subset thereof), or a microarray including the probe set (or subset thereof),
under conditions sufficient to allow hybridization of pathogen nucleic acids present in the sample to one or
more probes and detecting presence of pathogen nucleic acids hybridized to the probe set or microarray.

Presence of one or more pathogen nucleic acids in the sample can be detected using any suitable
means. For example, detection of hybridization can be accomplished by detecting nucleic acid molecules
(such as RNA) using nucleic acid amplification methods (such as real-time RT-PCR) or array analysis. Ina
specific embodiment of the microarray technique, labeled cDNA prepared from a sample is applied to an
array including a probe set disclosed herein. Labeled cDNA from the sample can hybridize specifically to

ong or more probes on the array. After washing to remove non-specifically bound probes, the chip is
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scanned by confocal laser microscopy or by another detection method, such as a CCD camera. Quantitation
of hybridization of sample to each arrayed element allows for assessment of corresponding RNA abundance
(e.g.,if cDNA is analyzed). Microarray analysis can be performed by commercially available equipment,
following manufacturer's protocols, such as are supplied with Affymetrix GeneChip® technology
(Affymetrix, Santa Clara, CA), or Agilent’s microarray technology (Agilent Technologies, Santa Clara,
CA).

In some examples, a sample is determined to contain nucleic acids from a particular pathogen by
detecting hybridization between the sample (nucleic acid) and one or more probes of the pathogen-specific
probe set. In some examples, a sample is determined to be positive for a pathogen when the log ratio
between the signal intensity mean for the pathogen-specific probe set and the mean of a control group probe
setis >1.5. In other examples, a sample is determined to be negative for a pathogen when the log ratio
between the signal intensity mean for the pathogen-specific probe set and the mean of a control group probe
setis <l. In further examples, the sample is determined to be borderline for the pathogen when the log ratio
between the signal intensity mean for the pathogen-specific probe set and the mean of a control group probe
setis >1.0to <1.5. In some examples, a sample that is determined to be borderline for one or more
pathogens is retested (for example, retested with the assay disclosed herein and/or tested using a virus-
specific nucleic acid based test). In other examples, a sample that is determined to be borderline is discarded
(e.g., not administered to a subject). In additional examples, a sample is determined to be positive for a
particular pathogen when >50% of the individual probes for the particular pathogen have a log ratio of >1.5.
In some examples, a sample is determined to be positive for a particular pathogen when >50% of the
individual probes for the particular pathogen have a log ratio of >1.5 and the log ratio between the signal

intensity mean for the pathogen-specific probe set and the mean of a control group probe set is >1.5.

EXAMPLES
The following examples are provided to illustrate certain particular features and/or embodiments.
These examples should not be construed to limit the disclosure to the particular features or embodiments

described.

Example 1
Materials and Methods

Microarray-based platform design

Selection of transfusion-transmitted RNA viruses: Sequences of 16 RNA viruses of concern for
transmission to blood recipients (released by AABB Transfusion-Transmitted Diseases Committee (Stramer
et al., Transfusion 49:18-29S, 2009)) were downloaded from GenBank at NCBI (available on the World
Wide Web at ncbi.nlm nih gov/genbank).

The complete genome for each RNA virus was uploaded in FASTA format using Agilent eArray

software (available on the World Wide Web at earray.chem agilent.com/earray/, Agilent Technologies Inc.,
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Santa Clara, CA). Design settings were chosen to select 60-mer sense probes with 3” bias from each viral
gene, according to the base composition methodology, which considers fusion temperature, GC% and cross-
hybridization potential for probes. To get the best quality level probes for viral genome detection the “best
probe” (BP) was selected. The probes were checked for vector and low complexity masking. Entire viral
genome sequences were covered to the extent possible with all available Agilent-designed probes. The
microarray was supplemented with additional predesigned GE (gene expression) array probes for 906 genes
from the human genome (replicated 10 times), ERCC probes (replicated 45 times) and probes covering plant
virus sequences (negative control). The selected probes and their characteristics are provided in Table 1.

Oligonucleotide probe selection and methodology: Oligonucleotide probes were synthesized in situ
from 3’-end base by base with Agilent SurePrint inkjet technology according to the manufacturer’s protocol
(Wolber et al., Meth. Enzymol. 410:28-57, 2006). The microarrays were manufactured with 60-mer
oligonucleotides synthesized in 15,000 features on eight replicate arrays per slide.

Sample collection and processing: Specimens positive for CHIKV, DENV1-4, HIVI1-2, WNV
strain NY 99, and ZIKV were prepared, validated, and supplied by the FDA Center for Biologics Evaluation
and Research (CBER) (Dong et al., J. Appl. Microbiol. 120:1119-1129, 2016).

HCYV genotypes 1a, 2a, and 3, and HEV RNA -positive plasma were purchased from Sera Care (Sera
Care, Milford, MA). All positive specimens were diluted in negative plasma (Basematrix diluent, Sera
Care) to create a range of concentrations. HAV RNA was obtained from Dr. Patrizia Farci, (National
Institutes of Health, Bethesda, MD). HTLV types [ and 11 NATtrol (Nucleic Acid Testing Control) were
purchased from ZeptoMetrix (ZeptoMetrix, Buffalo, NY) (Table 2).
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