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DETECTION OF LYME DISEASE

RELATED APPLICATIONS
This application claims the benefit vnder 35 U.S.C. §11%{e} of U.S. Provisional
application serial number 63/009,216, filed April 13, 2020, the disclosure of which is

incorporated by reference herein in us entirety.

FIELD OF THE INVENTION

Aspects of the present disclosure provide novel compositions and methods for

identifying antibodies resulting from infection by diverse Borrelia species.

SEQUENCE LISTING
The instant application incorporates by reference the Sequence Listing in the ASCH
text file filed April 13, 2021, entitled “ID-FISH 0153-2016W0O01 ST25.4xt”, which file was

created on April 13, 2021, the size of which file is 179 900 bytes.

BACKGROUND

With more than 300,000 new cases reported each year in the USA, Lyme disease is a
major public health concern. Borrefia burgdorferi sensu stricto (Bbss) is considered the
primary agent of Lyme disease in North America. The CDC states that approxamately 30,000
cases of Lyme disease are reported in the USA each year using surveillance criteria featuring
two-tier Bbss testing, but when tracked by other methods it is estimated that more than
300,000 people develop Lyme disease 1o the USA anoually. The fact that CDC surveillance
criteria featuring two-tier Bbss testing captures less than one out of every ten cases shows

that Lyme disease 1s underreported.

SUMMARY

According to an aspect of the disclosure, a panel for detecting IgM- or IgG-class
antibodies is provided, the panel including SEGQ ID NO: 45 and a plurality of groups of
labelied and/or tageed and/or bound aminoe acid sequences, wherein the labelled and/or
tagged and/or bound amino acid sequences include amino acid sequences and variants thereof
which retain the immunological binding profile of the corresponding non-variant, and

wherein the plurality of groups of labelled and/or tagged and/or bound amino acid sequences
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is selected from the following groups: (1) SEQ ID NO: 1, SEQ ID NO: 2, SEQ [D NG: 3,
SEQ ID NG: 4, SEQ ID NG: 5, SEQ ID NG: 6, SEQ D NG 7, SEQ 1D NO: 8, SEQ 1D NO:
9, and SEG ID NO: 10; (ify SEQ ID NO: 21, SEQ ID NQO: 22, SEQ D NO: 23, SEQ D NO:
24, SEQ ID NO: 25, and SEQ ID NO: 26; (111) SEQ ID NO: 32, and SEQ ID NO: 33, (iv)
SEQ ID NG 27 and SEQ ID NG 28, (v) SEQ 1D NG: 11, SEQ ID NG 12, SEQ 1D NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEGQ ID NOG: 17, SEQ ID NG: 18, SEQ
3 NGO 19, and SEQ 1D NG 20; (viy SEQ 1D NG 34, SEQ 1D NGO 35, SEQ 1D NO: 36,
SEQ 1D NO: 37, SEQ ID NG: 38, and SEQ 1D NO: 39; (vit) SEQ ID NO: 29; (viii) SEQ ID
NGO 30, ix) SEQ ID NG: 31, (x) SEQ 1D NO: 40; Ca) SEQ 1D NOs: 41 and 42; and (xa)
SEQ ID NG: 43, In some aspects, the labelled and/or tagged and/or bound amino acid
sequences are bound 1o a substance selected from the group consisting of nitrocellulose,
nylon, polyvinylidene difluoride (PVDY), magnetic beads, and agarcse. In other aspects, the
panel further includes one or more of SEQ 1D NO: 44 and SEG ID NO: 46, and variants
thereof which retatn the immunological binding profile of the corresponding non-variant. In
some aspects, each of the one or more amino acid sequences are tagged with an antibody with
specificity for the amino acid sequence.

According to another aspect of the disclosure, a method for detecting IgM- or 1gG-
class antibodies resulting from infection by one or more Borrelia burgdorferi sensu lato
{Bbsl} species, if present in a biclogical sample obtained from a subject suspected of having
Lyme disease 1s provided, the method wncluding: (a) providing a screening panel wncluding
SEQ ID NO: 45 and a plurality of groups of labelled and/or tagged and/or bound amino acid
sequences, wherein the labelled and/or tagged and/or bound amino acid sequences include
amino acid sequences and variants thereot which retain the immunological binding profile of
the corresponding non-variant, and wherein the plurality of groups of labelled and/or tagged
and/or bound amino acid sequences is selected from the following groups: () SEQ ID NO: 1,
SEQ 1D NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ 1D NO: 5, SEQ ID NO: 6, SEQ ID NG
7, SEQ ID NO: &, SEQ ID NO: 9, and SEQ 1D NO: 10 (i) SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, and SEQ ID NO: 26, (i) SEQ ID NO:
32, and SEQ ID NO: 33; (ivy SEQ ID NO: 27 and SEQ ID NO: 28; (v) SEQ ID NO: 11, SEQ
D NG 12, SEQ ID NGO 13, SEQ ID NGO 14, SEQ D NG: 15, SEQ ID NGO 16, SEQ ID
NG: 17, SEQ ID NO: 18 SEGQ ID NO: 19, and SEQ ID NO: 20; (vi) SEQ ID NO: 34, SEQ
2 NO: 35, SEQ 1D NQO: 36, SEQ ID NG: 37, SEQ 1D NO: 38, and SEQ 1D NG 39; (vit)
SEQ ID NO: 29, (viii) SEQ ID NO: 30; (ix) SEQ ID NO: 31; (x) SEQ ID NO: 40; (xi) SEQ

1D NOs: 41 and 42; and (x11) SEQ ID NG: 43; (b) providing the biological sample obtained
P
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from the subject suspected of having Lyme disease; (¢} contacting the biological sample with
the screening panel of step (a) under conditions appropriate for specific antibody binding to
an epitope; and {(d} detecting specific binding of IgM- or IgG-class antibodies, if present in
the biological sample, with amino acid sequences included n the selected groups of the
screening panel of step (8}, wherein the sample is scored as positive for infection by one or
more Bbsi species when: (1) a positive immunobinding reaction with IgM-class antibodies 1s
detected for SEC 1D NG: 45 and for at least one amino acid sequence from at least two of
groups (1)1}, (2) a positive immunocbinding reaction with IgG-class antibodies 15 detected
for SEQ D NO: 45 and for at least one amino acid sequence from at least five of groups (1) —
{iv) and {vi1) — (x11}, (3} a positive immunobinding reaction with IgM-class antibodies is
detected for SEQ D NO: 45 and for at least one amino acid sequence from at least two of
groups {1} — (i1} and (v}, or {4} a positive immuncbinding reaction with IgG-class antibodies
is detected for SEQ ID NO: 45 and tor at least one amino acid sequence from at least two of
groups (i} — (vi}, and wherein a positive score for infection indicates the presence of
antihodies to one or more Bbsl species in the subject. In some aspects, the binding of IgM-
class antibodies 18 detected through the use of an anti-human IgM antibody linked to a
detectable motety. In some aspects, the binding of IgG-class antibodies is detected through
the use of an anti-human IgG antibody linked to a detectable motety. In some aspects, the
detectable moiety is selected from the group consisting of chromophores, radioactive
moteties, and enzymes. In other aspects, the detectable motety includes alkaline phosphatase.
In some aspects, the detectable motety includes biotin. In some aspects, the one or more Bbsl
species include B. afzelii, B. garinii, B. californiensis, B. spielmanii, B. mayonii, B.
valaisiana, B. bavariensis, B. burgdorferi B31, and B. burgdorferi 297, In some aspects, the
screening panel of step (a) further includes at least one or more of SEQ ID NO: 44 and SE(Q
1D NO: 46, and variants thereof which retain the immunological binding profile of the
corresponding non-variant.

According to yet another aspect of the disclosure, a method for detecting IgM-~class
and IgG-class antibodies resulting from infection by one or more Borrelia burgdorferi sensu
tato (Bbsl) species, if present in a biological sample obtained from a subject suspected of
having Lyme disease is provided, the method including: {(a) providing a screening panel
including SEQ 1D NO: 45 and a plurality of groups of labelled and/or tagged and/or bound
amino acid sequences, wherein the fabelled and/or tagged and/or bound amino acid sequences
include amino acid sequences and variants thereof which retain the immunological binding

profile of the corresponding non-variant, and wherein the plurality of groups of labelled

3
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and/or tagged and/or bound aminc acid sequences is selected from the following groups: (i}
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ D NO: 7, SEQ ID NO: 8, SEQ ID NO: ©, and SEQ 1D NO: 10 (i) SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, and SEQ ID NO: 26,
{11y SEQ ID NG 32, and SEQ D NO: 33; (iv) SEQ D NO: 27 and SEQ ID NO: 28; (v) SEQ
IDNO: 11, SEQID NG 12, SEQIDNO: 13, SEQIDNO: 14, SEQID NO: 15, SEQ ID
NO: 16, SEQ ID NO: 17, SEQ ID NO- 18, SEQ ID NO: 19, and SEQ ID NO- 20, (vi) SEQ
ID NO: 34, SEQ 1D NO: 35, SEQ 1D NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, and SEQ ID
NO: 39; {vii) SEQ ID NO: 29: (viii) SEQ ID NO: 30; (ix) SEQ ID NO: 31; {x) SEQ ID NO:
40; (xi} SEQ ID NOs: 41 and 42; and (xit} SEQ ID NO: 43; (b) providing the biological
sample obtained from the subject suspected of having Lyme disease; {¢) contacting the
biological sample with the screening panel of step {a) under conditions appropriate for
specific antibody binding to an epitope; and (d) detecting specific binding of IgM-class and
1g(3-class antibodies, if present in the biological sample, with amino acid sequences included
in the selected groups of the screening panel of step (a), wherein the sample 1s scored as
positive for infection by one or more Bbsl species when a positive immuncbinding reaction
with Igh-class or IgG-class antibodies is detected for SEQ ID NO: 45 and: (1){A} a positive
imrounobinding reaction with IgM-class astibodies 18 detected for at least one amino acid
sequence from at least two of groups (13-(111), and (1)}(B) a positive immunobinding reaction
with IgG-class antibodies is detected for at least one amino acid sequence from at least five of
groups (1} — {1v} and (vit) — {xii}; or (Z}A) a positive immunobinding reaction with IgM-class
antibodies is detected for at least one amino acid sequence from at least two of groups (1) —
{v}, and {2} B) a positive immunobinding reaction with IgiG-class antibodies is detected for at
feast one amino acid sequence from at least two of groups (i} — (vi}, and wherein a positive
score for infection indicates the presence of antibodies to one or more Bbsl species in the
subject. In some aspects, the binding of IgM-class antibodies is detected through the use of
an asti-human IgM antibody linked to a detectable moiety. In some aspects, the binding of
{g(G-class antibodies is detected through the use of an anti-human IgG antibody linked to a
detectable moiety. In some aspects, the detectable motety is selected from the group
consisting of chromophores, radioactive moteties, and enzymes. In other aspects, the
detectable moiety includes alkaline phosphatase. In some aspects, the detectable moiety
inchudes bictin. In some aspects, the one or more Bbsl species include B. afzelii, 5. garinii,
B. californiensis, B. spielmanii, B. mavonii, B. valaisiana, B. bavariensis, B. burgdorferi

B31, and B burgdorferi 297, Iu some aspects, the screening panel of step (a) further wnchudes
4
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at least one or more of SEQ D NO: 44 and SEQ ID NO: 46, and variants thereof which
retain the immunological binding profile of the corresponding non-vartant.

According to another aspect of the disclosure, a method for detecting IgM- or 1gG-
class antibodies resulting from infection by one or more Borrelia burgdorferi sensu lato
{Bbsl} species, if present in a biclogical sample obtained from a subject suspected of having
Lyme disease 1s provided, the method wcluding: (a) providing a screening panel including a
plurality of groups of labelled and/or tagged and/or bound amino acid sequences, wherein the
labelled and/or tagged and/or bound arino acid sequences include amino acid sequences and
variants thereof which retain the immunclogical binding profile of the corresponding non-
variant, and wherein the plurality of groups of labelled and/or tagged and/or bound amino
acid sequences is selected from the following groups: (1) SEQ ID NO: 1, SEQ ID NO: 2,
SEQ 1D NG 3, SEQ ID NGO 4, SEQ 1D NG: 5, SEQ ID NG: 6, SEQ ID NG: 7, SEQ ID NO:
8, SEQ ID NO: 9, and SEQ ID NO: 10; (i) SEQ ID NO: 21, SEQ ID NO: 22, SEQ 1D NO:
23, SEQ ID NO: 24, SEQ ID NO: 25, and SEQ ID NO: 26; (iii) SEQ ID NO: 32, and SEQ ID
NO: 33; (iv) SEQ ID NO: 27 and SEQ ID NO: 28; (v) SEQ ID NO: 11, SEQ ID NO: 12,
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
1D NO: 18, SEQ ID NO: 19, and SEQ ID NO: 20; (vi) SEQ ID NO: 34, SEQ 1D NO: 35,
SEQ ID NO- 36, SEQ ID NO: 37, SEQ ID NO: 38, and SEQ ID NO: 39; (vii) SEQ ID NO:
20: (viii) SEQ ID NO: 30; (ix) SEQ ID NO: 31; (x) SEQ ID NO: 40; (xi) SEQ ID NOs: 41
and 42; and {xi1) SEQ 1D NO: 43; (b) providing the biological sample obtained trom the
subject suspected of having Lyme disease; (¢} contacting the biological sample with the
screeming panel of step (a) under conditions appropriate for specific antibody binding to an
epttope; and (d) detecting specific binding of IgM- or Ig(G-class antibodies, if present in the
biological saraple, with amino acid sequences included in the selected groups of the screening
panel of step {a}, wherein the sample is scored as positive for infection by one or more Bbsl
species when (1) a posttive immunobinding reaction with IgM-class astibodies 13 detected
for at least one amino acid sequence from at feast two of groups (i} — {111}, {2} a positive
imrounobinding reaction with IgG-class antibodies 13 detected for at least one amino acid
sequence from at least five of groups (i) — (iv) and (vi1) — {xi1}, {3} a positive immunobinding
reaction with IgM-class antibodies 1s detected for at least one amino acid sequence from at
least two of groups (i) — (111} and (v}, or (4) a positive immuncbinding reaction with IgG-class
antibodies is detected for at least one amino acid sequence from at feast two of groups (1) —
{vi}, and wherein a positive score for infection indicates the presence of antibodies to one or
more Bbsi species o the subject. In some aspects, the binding of IgM-class antibodies 13

=
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detected through the use of an anti-human IgM antibody linked to a detectable moiety. In
some aspects, the binding of IgG-class antibodies is detected through the use of an anti-
human g antibody linked to a detectable moiety. In some aspects, the detectable moiety is
selected from the group consisting of chromophores, radioactive moteties, and enzymes. In
other aspects, the detectable moiety includes alkaline phosphatase. In some aspects, the
detectable moiety includes biotin. In some aspects, the one or more Bbsl species include 5.
afzelii, B. gavinii, B. californiensis, B. spielmanii, B. mavonii, B. valaisiana, B. bavariensis,
B. burgdorferi B31, and B. burgdorferi 297, In some aspects, the screening panel of step (a)
further includes at least one or more of SEQ 1D NG: 44, SEQ 1D NO: 45, and SEQ D NG:
46, and vanants thereof which retain the irnmunological binding profile of the corresponding

non-variant.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-C present schematics of amino acid sequence alignments of selected Bbsl
antigenic polypeptides among multiple Bbsl species. Fig. 1A shows an alignment of the 23
kDa protein (P23, SEQ 1D NOs: 47-56). Fig 1B shows an alignment of the 31 kDa protein
(P31, SEQ 1D NOs: 57-66). Fig. 1C shows an alignment of 39 kDa (P39, SEQ H» NOs: 67-
73}

Fig. 2 presents a photomicrographic image showing that Lyme ImmunoBlot strips
were tested with rabbit anti-Borrelia burgdorferi serum samples and rabbit anti-TBRF
Borrelia serum samples. Rabbit sera with antibodies to the followwng B. burgdorferi species
were tested: B, burgdorferi sensu lato species B. burgdorferi 8531 (1) and B. burgdorferi 297
(2}, and B. burgdorferi sensu stricto species 5. cadiformiensis (3, B. afzalii (4), B. garinii (5},
B. spielmanii (6), and B. valensiana (7). Rabbit sera with antibodies to the following TBRF
Borrelia species were used as controls: 5. hermsii (8) and TERF Borvefia species B,
coriaceae (9).

Fig. 3 presents a photomicrographic image showing immunoblot reactivity of patient
serum saraples for Borrelia burgdorferi sensu lato (Bbsl) species. Trurounoblot strips with
recombinant Borrefia antigens were incubated with representative patient serum samples.
Lanes are identified as follows: P, positive control; N, negative cootrol; 1, B. burgdorferi B31
positive 1gM & IgG; 2, B. mayonii positive 1gG, 3, B. speifmanii positive IgG; 4, B.
californiensis positive IgM & Ig(; 5, mixed infection 8. mayonii and B. californiensis
positive IgM, 0, B. burgdorferi Buropean species (B. burgdorferi sensu stricto, B. afzelli and

B. garinii and b. speiimaniiy positive IgM & IgG; 7, Bbss and 5. burgdorferi European
&
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species positive fgM. G indicates a Bbsl Immunoblot g test; M indicates a Bbst

frmmunoblot IgM test.

DESCRIPTION OF THE SEQUENCES

SEQID NO: 1 - P23 B. burgdorferi B31

MFLFISCNNSGKDGNTSANSADESVKGPNLTEISKKITDSNAVLLAVEEVEALLSSID
EIAAKAIGKKIHONNGLDTENNHNGSLLAGAYAISTLIKQKLDGLEKNEGLKEKIDAA
KKCSETFTNKLKEKHTDLGRKEGVTDADAKFAHLKTNGTKTKGAEELGKLYESVEVLS
KAAKEMILANSVKELTSPVVAESPKKP.

SEQ ID NGO 2 - P23 B, burgdorferi 297

MFELFISCNNSGKDGNTSANSADESVEKGPNLTEISKKITESNAVVLAVKEVETLLTSIDE
LAKAIGKKIKNDVSLDNEADHNGSLISGAYLISTLITKKISAIKDSGELKAEIEKAKKC
SEEFTAKLKGEHTDLGKEGVTDDNAKKAILKTNNDKTKGADELEKLFESVENLSKA
AKEMLTNSVKELTSPVVAESPKNPGSVDKL.

SEQ ID NO: 3 - P23 B. bissettii

MFLFISCNNSGKDGNSASTNPADESAKGPNUTEISKKITDSNAIVLAVKEVETLLLSID
ELAKAIGKKINNNGLDVLONFNASLLGGAHTISKLITEKLSKLNGSEELKEKIEAAKK
CSDDFTKKLOSSHAFELGVAGGATTDENAKKAILKSNADKTKGADELGKLFESVESL
AKAAKEMLANSVKELTSPVVAETPEKKE.

SEQ ID NG 4 - P23 B. californiensis

MFLFISCNNSGKDONSASTNPADESKGPNLTEISKKITDSNAVVLAVKEVETLLASID
ELAEKAIGKKIQOQNNGLGAEANKNGSLLAGVY SISTLITEKLSAMKDSGGLKAEIEKA
KDCSEKFTKEKLETSHAELGKNEATDDDAKKAILRTNGDK TR GAEELOQKLFESVGGL
ARKAAKEMLTNSVKELTSPVVAETPKKPGSVDKL.

SEQID NO: 5~ P23 B. mayonii

MFLFISCNNSGKDONASNSADESAKGPNLTEISKKITDSNAVVLEAVKEVEALVASIDE
LAKAIGKKIQONNGLOGNEAGENGSLLSGIYTISTVITORKLGALNNEELKERIKEAKEC
SEAFTRKLETNHTDLGKHDASDDDAKKAILRTNGDKTKGAEELEKLFKAVESLSTEA
KOMLTNSVEQLTSPVVAETPKKP.

SEQ ID NO: 6 - P23 B. garinii

MFLFISCNNSGGDTASTNPDESVKGPNLTEISKKITDSNAFVLAVEEVEALISSIDELA
KAIGQRIQONGLVADAGHNSALLAGAHEISILITOKLDGLKGLEGLKAFIAEAKKYSE
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AFTKKLKDNHAQLGIONGASLDDEAKKAILKTNVDKTKGAEELEKEFKSVESLSKA
AQEALTNSVKELTNPVVAETPKKE.

SEQID NO: 7-P23 B. gfzelii

MFLFISCNNSGKGGDIASTNPDESAKGPNLTEISKKITDSNAVVLAVKEVEALLSSIDE
LAKTIGKKIEANGLONEADKNGSLLAGAYAISTLIKQKLDGLKGLEGLNKEIAEAKK
CSEAFTKELQDANADLGKHNATDADSKEAILKTINGTKTKGAKELEELFKSVESLSKA
AREALSNSVKELTSPVVAESPKNPGSVDKL.

SEQ ID NO: 8 - P23 B. spielmanii

MFLFISCNNSGOGDSTSTKPVDEPAKGPNLAEISKKITDSNTFVLAVKEVETLVSSIDEL
AKKAIGOKIDONSGLGALONONGSLLAGVYAISTLITDKLSKLKNSEELKAFIAKAK

KOSEDFTNKLKLSHADLGAVNGATTDDHAKAAILKTNAPDDRKGAKEFKGLFESVES
LSKAAKAALANSVKELTSPYVAAEAPKKPGSVDKL.

SEQ D NGO: 9 - P23 B valaisiana

MGDTASTNPVDESAKGPNLTEISKKITDSNAIVLAVKEVETLLASINEIANKGIGKKIN
ONGLDNLTDHENGSLIAGAYVISTLITEKLNNLEKNSEGLKEKIKK VK ECSDKFTKKLTT
SNGDLGKENVTDAHAQAARLKTNPINDKGAKELGELFESVEILSKAAQEALTNSIAE
LTSPVVAENPENP.

SEGQID NG 10 - P23 8. bavariensis

MFLFISCNNSGGDSASTNPDESAKGPNLTVISKKITDSNAFLLAVKEVEALLSSIDELS
KAIGKKIKNDGTLDNEANRNESLIAGAYEISKLITQKLSVLNSEFLKEKIKFAKDCSEK
FTTKLEDSHAELGIOQSVODDNAKKAILK THGTKDKGARKELEELFRSLESLSKAAQAA
LEINSVKELTNPVVAETPKKP.

SEQ ID NG: 11 - P31 B burgdorferi B31

MAKONVSSLDEKNSYVSVDBLPGEMKVLVSKEKNKDGKYDUIATVDKLELKGTSDEN
NOSGVLEGVKADKSKVELTISDDLGOTTLEVFKEDGKTLVSKKVTSKDKSSTEEREN
EKGEVSERITRADGTRLEYTGIKSDGSGKAKEVLKGY VEEGTLTAEKTTLVVKEGT
VTLSKNISKSGEVSVELNDTDSSAATKETAAWNSGTSTLTITVNSKKTKDLVETKEN
TITVQOYDSNGTKLEGSAVEITKLDEIKNALK.

SEQ 1D NO: 12 - P31 B, burgdorferi 297

MAKOQNVSSLDEKNSYSVDLPGEMNVLYSKEKNKDGKYDLIATVDKLELKGTSDKN
NOSGVLEGVKADKSKVELTISDDLGOTTLEVFKEDGKTLVSKKVTSKDKSSTEEKFN
EKGEVSERITRADGTRLEYTEIKSDGSGRARKEVLKGYVLEEGTLTAEKTTLYVKEGT
VTLSKNISKSGEVSVELNDTDSSAATKETAAWNSGTSTLTITVNSKKTKDLVETKEN
TITVQOYDSNGTKLEGSAV.



10

20

30

35

40

WO 2021/211637 PCT/US2021/027163

SEQID NG 13 - P31 8. bissertii

MEKONVSGLDEENSVSVDLPGEMKVLVSKEKDKDGKYSEMATVDKLELKGTSDKN

NGSGILEGVKADKSKVKLTVSERLSTTTLEVLKEDGKTLVSKKTTSKDKSSTEEKEN

DKGELAEKTIVRANGTRLEYTEVKSDGSGRARKETLEDYALEGTLTAEKATLVVKEG
TYVTLSKHISKSGEVTAELNDTDSAGATKKTGKWDAGTSTLTISYVNSKKTRKNLVETKQ
DTITVOKYDSAGTNLEGTAVEIKTLDELENALK.

SEQ ID NO: 14 - P31 B. cafiforniensis

MAKONVSSLDEKNSVSVDLPGEMEVLVSKEKDKDGKYSLMATVDRKLELKGTSDEN
NGSGVLEGVKDDKSKVKLETVSDDLSTTTLEVLREDGKTLVSRKETSKDKSSTEEKFN
EKGELTEKIMERSNGTRLEYTEIKTDGSGKAKETLKDFVEEGTLTTEKAILTVEKEGTV
TENKNISKSGEVIVDLNDTSTTAATKKTGKWBSSTSTLTVSVNSKKTKBLVEFTEQDT
ITVQKYDSAGTNLE GTAVEIKTLDEIKNALK.

SEQ ID NO: 15 - P31 B mavonii

MAKQONVSSLDEKNSVSVREPGEIKVLVSKEKDKDGKYSLMATVDKLELKGTSDKN
NGSGVLEGVEKADKSKYVKLTVSDDLSKTTLEVLEEDGKTLVSREKVTSKDESSTEEKF
NEKGELAEKTMTRADETRLEYTEIKSDGSGKAKEVEKGYALEGTLTAEKTTLYVVKE
GTVTLSKNISKSGEVTAELNDTDSAAATKETGAWNSGTSTLTITANSKKTKDLVFTK
ENTITVOKYDTAGIKLEGSAVEIKTLDELKNALK.

SEQGID NG 16 - P31 B garinii

MEONVSSLDEKNSYVSVDELPGOMOVLVSKEKDKDGKYSLMATVDKLELKGTSDEN
NGSGTLEGEKTDKSKAKLTIAEDLSKTTFEIFKEDGKTLVSKKVTLKDKSSTEEKFNA
KGEASEKTIVRANGTRLEYTDIKSDKTGKAKEVLKDFALEGTLAADGKTTLKVTEGT
VVLSKHISNSGEITVELNDSDTTOATKKTOTWDSKTSTLTISVNSRKTKNLVFTKEDT
ITVQKYDSAGTNLEGKAVEITTLKELKDALK.

SEQ ID NO: 17 - P31 B. afzelii

MAKQNVSSLDEKNSASVDLPGEMKVLVSKEKDKDGKYSEKATVDKIELKGTSDKD

NGSGVLEGTKDDKSKAKLTIADDLSKTTFELFKEDGKTLVSREVSSKDETSTDEMEN
EKGELSAKTMTRENGTKLEYTEMKSDGTOGKAKEVEKNFTLEGKVANDKVTLEVKE

GTVTLSKEIAKSGEVTVALNDTNTTQATKEKTGAWDSKTSTLTISVNSKKTTOLVETK

ODTITVOKYDSAGTNLEGTAVEIKTLDELKNALK.

SEQ ID NOG: 18 - P31 B. spielmanii

MAKQNVSGLDEKNSTSVDYVPGELKVLYSKEKDKDGKYSLMATVDKLELKGTSDKN

DGSGVLEGVRKADKSKVKLTISDHLSKTTFEVIKEDGKTLVSRNYNSKDKSSTKEREFN

EKGELSEKTLVRANGTKLEYTEIKSDOGTGKAKEVILKDFTLEGTLANEKATLTVKEGT
9
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YTLSKNIDKSGEVTVALNDTDSTAATKKTCAWDSKTSTLTITYNSKKTKDLVEFTKQD
TITVOKYDSAGTNLEGSAVEIKTLDELKNALK.

SEQ ID NO: 19 - P31 B, valaisiana

MAKQNVSSLDEENSASVDLPGEMKVLVSKEKDKDGKYSLVATVDKVELKGTSDEN
NGSOGTLEGVKDDKSKVEKLTISDDEGETKLETFKEDGTLVSRKVNFKDKSFTEEKFNE
KGEVSEKILTRANGTTLEYSOMTDAENATKAVETLKNGIKLPGNLYVGOGKTTLKITEG
TVTLSKHIAKSGEVTVEINDTSSTPNTRKKTGKWDARNSTLTHVDSKNKTKLVEFTKQD
TITVOSYNPAGNKLEGTAVEIKTLOQELKNALK.

SEQ ID NG: 20 - P31 B. havariensis

MEKONVSSLDEKNSYVSVDLEPGEMEVLVSKEKDKDGKYSLMATVDEKLELKGTSDKSN
GSGTLEGEKSDESKAKLTISEDLSKTTFEHKEDGK TLVSKKVYNSKDKSSIEEKFNAK
GELSEKTIERANGTRLEYTEIKSDGTGKAKEVLKDFALEGTLAADKTTLKVTEGTVY
LSKHIPNSGEITVELNDSNSTOQATKK TGKWDSNTSTLTISVNSKKTEKNIVEFTKEDTITY
QKYDSAGTNLEGNAVEIKTLDELKNALK.

SEQ ID NG: 21 - P39 B burgdorferi B31

MKGSLGSEIPKVSLIIDGTFDDEKSFNESALNGVEKVKEEFKIEL VLKESSSNSYLSDLE
GLKDAGSBLIWLIGYRFSDVAKVAALONPDMKYADPIYSNDPIPANLYGMTFRAQ
EGAFLTOYIAAKLSKTGKIGFLGGIEGEIVDAFRYGYEAGAKYANKDIKISTQYIGSFA
DLEAGRSVATRMYSBEIDIHHHAASLGGIGAIEVPKELGSGHYHGVDEDQAYLAPDN
VITSTTKDVGRALNIFTSNHLEKTNTFEGGKLINYGLKEGVVGFVRNPKMISFELEKE]
DNLSSKHNKEINVPSNKESYEKFLKEFL

SEQ 1D NO: 22 - P39 B, burgdorferi 297

MIGSLGSEIPKVSLIDGTFDDKSFNESALNGVKEVEEEFKIELVLKESSSNSYLSDLE
GLKDAGSDLIWLIGYRFSDVAKVAALONPDMEKYAIIDPIYSNDPIPANLVGMTERAQ
EGAFLTGYIAAKLSKTGKIGFLGGIEGEIVDAFRYGYEAGAKY ANKDIKISTOVYIGSFA
DLEAGRSVATRMYSDEIDHHHAASLGGIGAIEVPKELGSGHYHIGVDEDQAYLAPDN
VITSTTKDVGRALNITSNHEKTNTSEGOKLINY GLEEGVVGFVRNPKMISFELEKE]
DNLSSKINKEHVPSNKESYEKFLKEFL

SEQ ID NQO: 23 - P39 B garinii

MKGSLESEPKVSLIDGTFDDKSFNESATL NGIKKVKEEFKIEPVLKESSINSYLSDLEG

LKDTGSNLIWLIGYKFSDVAKAVSLONPEIK Y AIIDPIVSDEPIPANLVGOGMTFRSQEGA

FLTGYIAAKVSKTGKIGFLGGIEGEIVDSFRYGY EAGAK YANKDIKISAYYIGSFADLE
AGRSVATKMY SDGIDHHHAAGLGGIGATEVAKELGSGHYUGVDEDQSYLAPNNIITS

ATEDVOGRSINIFTSNYLKTNTFEGGRLINYGLEKEGVVGEFVKNPEMIPFELEKEIDNLS

SKUNKEUOVPYNKESYEKFLKE.
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SEQ D NG 24 - P39 B afzelii

MESGLESGIPKVSLVIDGTFDDKSFNESALNGVKKLKEEFEIELVLEESSTNSYLSDLE
GLKDAGSNLIWLIGYKFSDVAKAVSLONSEMKYAIIDPVYSNEPIPANLYVGMTEFRAQ
EGAFLTGYIAAKVSKTGRIGILGGIEGDIVDAFRYGYEAGAKYANKDIKIFSQYIGSFES
DLEAGRSVATEKMY SDGIDITHHAAGLGGIGAIEVAKELGSGHYHGVDEDQSYLAPNN
VITSTTKDVGRSENLFTSNYLKTINTFEGGRKLINY GLKEGVVGEVRNPKMIPFEVEKE]
DSESSKHNKEVIVPYNKESYEKFLKEFL

SEQ ID NO: 25 - P39 B, spielmanii

MKGGLENKIPKVSLHDGTFDDKSFNESALNGVKKLKEEFEIDEVLKESSTNSYVSDBL
EGLEKDAGSNLIWLIGYKFSDVAKAVSLONSEMKYAHDPYVYSSEPIPANLVGMTERA
QEGAFLTOYIASKVSKTGKIGFLGGIEGDIVDAFRYGYEAGAKYANKDIKIFSQYIGSE
ADIEAGRSVATKMY SDGIDIHHAAGLGGIGATEVAKELGSGHYHGVDEDQSYLAPN
NVITSSTKDVORSLNLFTSNYLKTNNFEGOGKLINYGLKEGVVGEFVRNPKMIPFEVEKE
DSLSGKINKEVIVPYNKESYEKFLKEFL.

SEQ ID NO: 26 - P39 B valaisiona

MKGSLEGGIPKVSVIDGTFDDKSFNESALNGIKKVKEEFKVEFVLKESSSNSYLSDLE
GLKDTGONLIWLIGYRFSDVAKVVSLONSEVEY AIDPVYSNEPIPANLVGMTFRAQE
CGAFLTOGYIASKVEKTGKIGFLGGIK SEIVDAFRYGYEAGAKYANKDIKIFTHYIGSFAD
LEASRSIAIKMYSDGIDIHHAAGLGGIGAIEVAKELGSGHYTIGVDEDOQSYLAPDNVIT
SSTKDVORALNIFTSNYLKTNTFEGGKLINYGLEKEGVVGFVRNPKMIPFELEKEIDSIS

SKINKEVIVPYNKGSYEKFLKEFL

SEQ ID NG 27 - P93 B. burgdorferi B31

MFLNGFPENARKVDKEKLEDFVNMDLEFVNYKGPYDSTNTYEQIVGIGEFLARPLT
NENSNSSYYGKYFINRFIDDODKKASVDVESISSKSELDSIENERRILTGYHKSFDYDR
SSAELIAKVITIYNAVYRGDLDYYKGEYIEPALKSLTKENAGLSRVYSQWAGKTOIF]
PLKKDILSGNIESDIDIDSEVTDKVIAALLSENEAGVNFARDITDIQGETHKADQDKID
TELDNIHESDSNITETIENLRDQLEKATDEEHKKEIESOQVDAKKKEKEELDEK AINLD
KAQOKLDSAEDNLDYVQRDTVREKIQEDINEINKEKNLPKPGDVSSPKVDKOQLQIKES
LEDLQEQLKEAGDENQKREIEKQIEIKKRDEELLKSKDGKVSKDYEALDLDRELSKA
SSKEKSKVKEEEITKGKSRASLGDUNNDKNLMEPEDOKLPEDKKLDSKLDGKKEFKP
VSEVEKLDKISKSNNNEVGKLSPLDKPSYDDIDSKEEVDNEAINLOKIDPKVKDQTTS
INEDLDKDLTTMSIDSSSPVFLEVIDPITNLGTLOLIDLNTGVRLKESTQQGIQRYGEY
EREKDLVVIKMBDSGEKAKLOQILNKLENLKVVSESNFEINKNSSLYVDSKMILAAVRDK
DDSNAWRLAKFSPEKNLDEFILSENKHILPFTSFSYRKNFIYLODELKNLVILDVNTLKK
VK.

SEQ ID NO: 28 - P93 B. burgdorferi 297
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MFLNGFPVSAREVDREKLKDFYNMDLEFVNYKGPYDSTNTYEQIVGIGEFLARPLTN
SNSNSSYYGKYFINRFIDDODEKASYDVESIGSKSELDSILNLRRILTGYLIKSFDYDRS
SAELIAKVITIVNAVYRGDLDYYKGFYIEAALKSLSKENAGLSRVYSQWAGKTQIFIP
LEKDILSGNIESDIDIDSLVTDREVVAALLSENEAGVNFARDITDIOGETHKADQDKIDE
ELDNIHESDSNITETIENLRDQLEKATDEEHKKEIESQVDAKKKGKEELDKKAINLDK
AQOQKLDSAEDNLDVORNTVREKIQEDINEINKEKNLPKPGDVSSPEKVDKOLQIKESL
EDLQEQLKETGDENGKREIEKQIEIKKSDEKLLKSKDDKASKDGKALDLDRELNSKA
SSKEKSKAKEEEITKGKSQKSLGDLNNDENEMMPEDOKLPEVKKLDSKKEFKPVSE
YDKLDBKISKSNNNVGELSPLDRSSYKDIDSKEETVNEDVNLOKTKPOVKDOVTSLNE
DLTTMSIDSSSPVFLEVIDPITNLGTLQLIDENTGVRLKESTOOQGIQRYGIYEREKDLY
VECMDSOGKAKLOQILDKLENLKVVYSESNFEINKNSSLY VDSKMILVAIRBEKDSSNDWR.
LAKFSPKNLDEFILSENKIMPFTSFSVRENFIYEQDEFKSEVILDVNTLKEVE.

SEQ ID NO: 29 - P66 B. burgdorferi B31

MEEKDIFKINPWMPTFGFENTSEFRLDMDELVPGFENKSKITIKLKPFEANPELGKDD
PFSAYIKVEDLALKAEGRKGDOFKIDVGDITAQINMYDFFIEKISTMTDFDENKESLESE
APMTGOFKSTYYGFPSNDRAVROGTILARGTSKNIGTIOLGYKLPKLDLTFAIGGTGTGN
RNQENDRKDTPYNKTYQGILYGIQATWKPIKNLLDONEDTKSVIAETPFELNFGLSGA
YOGNETEFNNSSITYSLKDKSVVGNDLLSPTESNSAIL ASFGAKYRLGETKINDKNTYLIL
OMOTDFGIDPFASDESIFGHISK AANFKKETPSDPNKK AEIFDPNGNALNFSKNTELGI
AFSTGASIGFAWNKDTGEKESWAIKGSDSYSTRLFGEQGDKKSGVALGISYGONLYRS
KDTEKRLKTISENAFQSLNVEISSYEDNKEKGHNGLGWITSIGLYDILROKSVENYPTTI
SSTTENNQTEQSSTSTKTTTPNLTIFEDAMKLGLALYLDYAIPIASISTEAYVVPYIGAY
LGPSNKESSDATKIVIKTGLSLEKLIRFTTISLGWDENNIELANKNTNNAAIGSAFLO
FKIAYSGS.

SEQ 1D NO: 30 - PS8 B. burgdorferi B3 1

MEKERKEGVSFKISLGAEPSSLDPQLAEDNVASKMIDTMEFRGIVTGDPNTGGNKPGLA
KOWDISSDOGTVYTEFNLREKITWSDGVAITAEGIRKSYLRIENKETGSKYVEMVKSVIK
NGORKYFDGOVTDSELGIRAIDEKTLEITLESPKPYFIDMELVHQSFIPVEVHVTEKYGO
NWTSPENMVTSGPFKLKERIPNEKYVFEKNNKYYDSNEVELEEITFYTTNDSSTAYK
MYENEELDAIFGSIPPDLIKNLKLRSDYYSSAVNAIVFYAFNTHIKPLDNVEIRKALTL
AIDRETLTYKVLDNGTTPTRRATPNFSSYSYAKSLELFNPEIAKTLLAEAGYPNGNGF
PILKEKYNTNEANKKICEFIONOQWREKNLNIDVELENEEWTTYLNTKANGNYEIARAG
WIGDYADPLTFLSIFTOQGYTQFSSHNY SNPEYNELIKKSDLELDPIKROQDILRQAEEHIE
KDFPIAPIVIYOGNSYLFRNDEWTGWNTNILERFDLSQGLKLKNK.

SEQ ID NG 31 - P45 B, burgdorferi B31

MRYEMKEESPGLFDKONSILETSEESIKEKPMNEKGKGKIARKKGKSKVSREKEPYIHS

LERDSANKSNFLOKNVILEEESLKTELLKEQSETRKEKIQKOQQDEYKGMTOQGSLNSL

SGESGELEEPIESNEIDLTIDSDLRPESSLOGIAGSNSISYTDEIEEEDYDOYYLDEYDE

EDEEEIRLSNRYOQSYLEGVKYNVDSAIQTITKIYNTYTLFSTRKLTOMYSTRLDNFAKA
12
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KAKEEAAKFTKEDLEKNFKTLLNYIQVSVKTAANFVYINDTHAKRKLENIEAEIKTLE
AKIKEQSNLYFAYKAIVTSILLMRDSLKEVOGHDKNGVWY.

SEQ ID NO: 32 — P41 B. hurgdorferi B31

MRNNGINAANLSKTQEKLSSGYRINRASDDAAGMGVSGKINAGIRGLSQASRNTSK
AINFIQTTEGNENEVEKVLVRMEKELAVQSGNGTYSDADRGSIQIEIEQLTDEINRIADG
AQYNOMHMILSNKSASONVRTAEELGMQPAKINTPASLSGSQASWTLRVHVGANQD
EAIAVNIYAANVANLFSGEGAQTAQAAPVOQEGVQOQEGAQQPAPATAPSQGGYNSPY
NVTTTVDANTSLAKIENAIRMISDORANLGAFONRLESIKNSTEYAIENLEKASYAQIK
DATMTDEVVAATTNSILTQSAMAMIAQANGVPOQYVLSLLR.

SEQ ID NGO 33 — P41 B mayonii

MRNNGINAANLSKTOQEKLSSGYRINRASDDAAGMOGVSGKINAQIRGLSQASRNTSK
AINFIQTTEGNLNEVEKVLVRMKELAVQSGNGTYSDADRGSIQIEIEGLTDEINRIADO
AQYNOMHMLSNKSASONVRTAEELGMQOPAKINTPSSLSGSQASWTLRVHVGANQGD
EATAVNIYAANVANLFSGEGTQTAQVAPVOEGAQUEGAQQUPAPATAPSQGGYNSPY
NVTTTVDANTSLAKIENAIRMISDOQRANLGAFONRLESIKNSTEYAIENLKASYAQIK
DATMTDEVVAATTNSILTOSAMAMIAQGANQVPOYVLSLLR.

SEQ ID NO: 34 - P34 B. burgdorferi B31

MGSCAQKGAESIGSGKENDLNLEDSSKKSHONAKOQDLPAVTEDSVSLENGNKIFVSK
EKNSSGEKYDLRATIDOQVELRKGTSDENNGSGTLEGSKPDEKSKVEKLTVSADLNTVTLE
AFDASNQKISSKVTKEKQGSITEETLKANKLDSKKLTRONGTTLEY SQITDADNATKA
VETLENSKLEGSLVGOKTTVEIKEGTVTLKREIEKDGKVKVEFLNDTAGSNKKTGEKW
EDSTSTLTISADSKKTKDLVFLTDGTITVOQOYNTAGTSLEGSASEIKNLSELKNALK.

SEQ ID NO: 35 - P34 B. burgdorferi 297

MRLLIGFALALALIGCAQKGAESIGSOQKENDLNLEDSSKKSHOQNAKQDLPAVTEDSY
SLENGNEIFVSKEKNSSGKYDLRATIDOVELEKGTSDENNGSGTLEGSKPDESKVELT
VSADINTVTLEAFDASNQKISSKYVTRKOQGSITEETLKANKLDSKKLTRENGTTLEYSQ
ITDADNATKAVETLKNSIKLEGSLYGOKTTVEIKEGTVTLEREIEKDGKVEVELNDT
AGSNKKTOGKWEDSTSTLTISADSTKTKDLVFLTDGTITVQQYNTAGTSLEGSASEIKN
LSELKNALK.

SEQ ID NG: 36 — P34 Bovalaisiana

MROYLIGFALVEALLACAQK GAEPKTONSDREIMDSENKDSSKDSKOQVLTTSTEKAY
SEFNGYTIFVSKEKNTSGKYDLRAVVDROFELKGTSDKDNGSGTLKGSKADKTKMTIS
[TEDLNSVTVETFDSONKKVSSKVVKKHGLLTEENFK ADKLDSQKLTRSNGTTLEYS
CMTDAENATKAVETLKNGIKLEGNLYVGOGKTTLRITVGTVTLTREIEKDGRIKLFLND
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TDSSPTKK TAKWEDSTNTLTITSNRKK TKDLVFLIDGTITVONYNSAGKLDGQASEIK
SLGELOGALK.

SEQ ID NO: 37 - P34 5. spielmanii

MROOYLLVFALILALIACSQKGTEPKDDNYNDQEIASGDREPKISKKELPRETETAVS
LENGNEIFISKEKNSAGKYDLRARVDLVELKGTSDENTGAGKLEGLKADKSKYTMTI
SDDINTVTIVETYDASNKKTGSEVVKEQGSVIKESYRK ANKLDSKKLTRSNDTTLEYS
OMTDEENATKAVETLKNGIKFEGNLYGOGKTTVKITEGTVTLKREIDKDGRKIKVELDD
TATONTKKTGKWNENNNTLTVIVDSKETKDLVESDDGTSTITVOKYNTAGTNLEGN
PSEIKDLAALKGALK.

SEQ ID NO: 38— P34 B, garinii

MEKYLLGFALVLALIACGQKGAEPKHNDQEVEDSKKDORDASKKDLPLVTEDTVK
LENDTEFISKEKNNAGKYELRAMVDTVELKGFSEKNTGAGNLEGLKADKSKVTML
YSDDINTITIETYNTSNKEVSSQVVKKQGLLTEESYKADKLDSKKLTRTNGTTLEYS
DMTDAANATKAVETLENGIEFEGNLYGGKTTLNIKEGTVTILTREIDKDDKLKIYLIND
TASSSKKTASWNDTDTLTISAEGKKTKDLVFRTDGTITVONYDSASGTKLEGTATEIK
DLEALKAALK.

SEQ ID NO: 39 - P34 B. afzelii

MEQYLLVFALVLALIACSQKGTEPKSTSODHNDQEHNSDNTPKDSKKDLTVLAEEN
SVPLENGNEIFVSKEKNSAGKYELRATVDTVELKGVSDKNNGSGKLEGTKADKTEY
AMTIADDINTITVETYDASNKKTGSEVVKKQGSVIKESYKANKLDSKKITRENETTL
EYSEMTDSSNATKAVETLKNGIKLEGSLYGGKTTVKLTEGTITLTREIEQDGKVKIYL
NDTTSGSTKKTATWNETTNTLTISADSKKTKDFVFLTDGTITVQAYDTAGTKLEGNS
SEIKDLAALKAALK.

SEQ ID NG 40 - P30 B. burgdorferi B31

MFPLLLSISCVHDKQELSSKENLNNOKGYLDNEGANSNYESKKOSILSELNQLLKOQTT
NSLKEAKNTTDNLNASNEANKVVEAVINAVNLISSAADQVKSATKNMHDLAGMAE!
DLEKHNSSDKAIFASNLAKEAYSLTKAABQNMOKLYKEQQRISESESESDYSDSAEL
KOQAKEAVEIAWKATVEAKDKLIDVENTVKETLDKIKTETTNNTKLADIKEAAELVLQ
IAKNAKFEIVOQEVVALLNT.

SEQ ID NG 41 - P28 B. burgdorferi B31

MTSKDLEGAVRKDLESSEONVRKKTEQEIKKQVEGFLEHLETKDENTLDTKEIEKQIQEL
KNKIEKLDSKKTSIETYSGYEEKINKIKEKLNGEGLEDRKINELSESLKKRKEERKKAL
QEAKKKFEEYKNQAESATGYVTHGSOQVORGGGVGLOAWQCANSLGFKNMTSGNNT
SDMTNEVITNSLKEKIEEELKNIGETVEGKKE.
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SEQ ID NO: 42 - P28 B. burgdorferi 297

MTSKDLEGVVYQDLESSEONVRKKTEQEIKKQVEGFLEHL ETKDENTLDTKEIEKQIQEL
KDTINKLEAKKTSLKTYSEYEEKLKQIKEKLKDKKELEDKLEGLEDSLKKKKEDREKK
ALEDAKKKFEEFKGOVGSATGVTTGHRAGNOGSIGAGAWQUANSLGLGVSYSSSTG
TDSNELANKVIDDSIKKIDEELKNTIENNGKVKKE.

SEQ ID NO: 43 - P18 B. hurgdorferi B31

MEKIRLERSAKDITDEIDAIKKDAALKGVNFDAFKDKETGSGYSENPFILEAKVRATTY
AEKFVIAITFEEATKLKETGSSGEFSAMYDLMEFEVSKPLQKLGIQEMTKTVSDAAEENP
PTTAQGVLEIAKEMREKLORVHTENYCTLKKKENSTFTDERKCKNN.

SEQ ID NO: 44 — VIsE 8. burgdorferi B31

MDPKKSDVEKTYFTTVAAKLEKTKTDLNSLPKEKSDISSTTGEPDSTGSVGTAVEGAL
KEVSELLDKLVKAVKTAEGASSGTAAIGEVVADADAAKVADKASVKGIAKGIKELY
EAAGGSEKLEAVAAAKGENNKGAGKLFGKAGAAAHGDSEAASKAAGAVSAVSGE
QHSAIVTAADAAEQDGKKPEEAKNPIAAAIGDKDGGAEFGQDEMKEDDQIAAAIAL
ROMAKDGKFAVKDGEKFKAEGATKGAAESAVRKVLGAITGLIGDAVSSGLRKVGDS
YEKAASKETPPALNK.

SEQ ID NG: 45 - C6 chimera

MEKDDOIAAAIALRGMAKDGRFAVKDGGGMEKNDOIAAAIVERGMAKDGEFALK
NELGSMKENDOIAAAMVLRGMAKDGQFALTGGGGMKEDDQIAAATALRGMAKDG
KFAVRKDGOGMKKDAGIAAAIVLRGMAKDGKFAVEK.

SEQ ID NG 46 — PepCl10 chimera

MPVVAESPKEPGSPVVAETPKKPGSPVVAESPKEPGSPIVAESPKNPGIPVVAESPKK
PGSPVAAESPKKPGSPYVVAESPKKPGSPVVAETPKKPGSPYVAESPKKPGSW.

SEQ ID NO: 47 - P23 B. spielmanii

MEKNTLSAEMTLFLFISCNNSGGDSTSTEKPVDESAKGPNLTEISKKITDSNTFVLAVE
EVETLLLSIDELAKAIGKKIENNGLGTEASHNTSLLAGAYTISSLITOKLNALKNSGEL
KAEIEKAKNCSEAFTKKLKEKHGDLGTAGONATDDHAKAAILK TNATDDKGAKEL
KELFESVESLSKAAKAALANSVEELTSPVVAETPKEP.

SEQ ID NQG: 48 — P23 B. bissediii
MEKNTLSAILMTLFLFISCNNSGKDGNSASTNPADESAKGPNLTEISKKITDSNAIVLA
VKEVETLLLSIDELAKAIGKKINNNGLDVLONFNASLLGGAHTISKLITEKLSKLNGSE
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ELKEKIEAAKKCSDDFTKKLOSSHAELGVAGGATTDENAKKAILKSNADKTKGADE
LGKLFESVESLAKAAKEMELANSVEKELTSPVVAETPKEP.

SEG ID NGO: 49 - P23 B. valaisiana

MEKENTLSAILMTLFLFISCNNSGEDVTTSTDSVDESAKGPNLVEISKKITDSNAIVLAY
KEVETLLSSIDELANKAIGKKIQONGSLANEADHNGSLLAGTYAISTLITOKLGKLKIS

EELKEKIEDAKKCSEDFARKLSDNHNDLGKEGVTDDDAKK ALK THGTKDKGAAEF

EKLFKSVESLVKAAQETLYNSIKELTSPVAAESPKKP.

SEQ 1D NO: 50 - P23 B. burgdorferi B31
MKKNTLSAILMTLFLFISCNNSGKDGNTSANSADESVKGPNLTEISKKITDSNAVLLA
VKEVEALLSSIDEIAAKAIGKKIHONNGLDTENNHNGSLLAGAY AISTLIKOKLDGLK
NEGLKEKIDAAKKCSETFTNKLKEKHTDLGKEGVTDADAKEAILK TNGTK TKGAEE
LGKLFESVEVLSKAAKEMLANSVKELTSPVVAESPKKP.

SEQ ID NO: 51 - P23 5. hurgdorferi 297
MEKNTLSAIEMTLFLFISCNNSGKDGNTSANSADESVKGPNLTEISKKITESNAVVLA
VEKEIETLLASIDELATKAIGKKIQQNGGLAVEAGHNGTLLAGAYTISKLITGKLDGLK
NSEKLKEKIENAKKCSEDFTKKLEGEHAQLGIENVTDENAKKAILITDAAKDKGAAE
LEKLFKAVENLAKAAKEMELANSVKELTSPIVAESPKNE.

SEQ ID NO: 52 - P23 B, mavonii
MEKENTLSAILMTLEFLFISCNNSGEDGONASNSADESAKGPNLUTEISKKITDSNAVVLAY
KEVEALVASIDELAKAIGKEIQONNGLONEAGEKNGSLLSGIYTISTVITQRLGALNNE
ELKERIKEAKECSEAFTKKLETNHTDLGKHDASDDDAKKAT RTNGDKTKGAFELEK
LFKAVESLSTEAKGMLTNSVKQLTSPVVAETPKKP.

SEQ ID NG 53 — P23 B, garinii
MEEKNTLSAEMTLFLFISCNNSGGDTASTNPDESAKGPDLTVISKKITDSNAVVLVVEK
EVEALLSSIDELSKAIGKKIRNDGTLDNEANRNESLIAGAYEISKUITQRLSVLNSEELK
EKIKEAKDCSEKFTTKERDSHAELGIQNVODDNAKRAILKTHGNKDKGAKELKELSE
SLEKLSKAAQAALANSVKELTSPVVAESPKKP.

SEQ ID NO: 534 — P23 B. havariensis
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MEEKNTLSAEMTLFLFISCNNSGGDSASTNPDESAKGPNLTVISKKITDSNAFLLAVK

EVEALLSSIDELSKAIGKKIKNDGTLDNEANRNESLIAGAYEISKLITOKLSVLNSEEL

KEKIKEAKDCSEKFTTKLKDSHAELGIQSVODDNAKKAT KTHGTKDKGAKELEELF
KSLESLSKAAQAALTNSVKELTNPVVAETPEKE.

SEQ ID NO: 55 — P23 B. af"zei,ii
MKKNTLSAILMTLFLFISCNNSGKGGDSTSTNPADESAKGPNLTEISKKITDSNAFVL
AVKEVETLVASIDELATK AIGKKIKNDGTLDNEANHNGSLLAGAYAISTLITQKLSVL
NSEELKAEIVKAKKCSEDFTKKLKDKHTELGKODANDDDAKKAILK TNGDKTLGAA
FLEKLSESVTSLSKAAKESLTNSVKELTSPVVAESPKKP.

SEQ ID NO: 56 - P23 B. californiensis
MEKNTLSAILMTLFLFISCNNSGEKDGNSASTNPADESKGPNLTEISKKITDSNAVVLA
YREVETLLASIDELAEKAIGKKIQONNGLOGAEANKNGSLLAGVYSISTLITEKLSAMK
DSGGLKAEIEKAKDCSEKFTKKLETSHAELGKNEATDDDAKKAILRTNGDKTKGAE
ELOKLFESVGGLAKAAKEMLTNSVKELTSPVVAETPKKE.

SEG ID NG: 57 -P31 B bisseftii
MEKKYLLGIGLILALIACKONVSGLDEKNSYSVDLPGEMKVLYVSKEKDKDGKYSLMA
TVDRLELKGTSDEKNNGSGILEGVKADKSKVELTVSEDLSTTTLEVLKEDGKTLVSKK
TTSKDKSSTEEKFNDKGELAEKTIVRANGTRLEYTEVKSDGSGRARKETLEKDYALEGT
LTAEKATLYVVKEGTVTLSKHISKSGEVTAELNDTDSAQATKKTGKWDAGTSTLTISV
NSKKTEKNLVETRODTITVOKYDSAGTNLEGTAVEIKTLDELENALK.

SEQ ID NO: 38 - P31 5. mayonii

MEKYLLGIGLILALIACKQNVSSLDEKNSVSVDLPGEIKVLVSKEKDKDGK Y SLMAT
VDKLELKGTSDKNNGSGVLEGVRKADKSKVKLTVSDDLSKTTLEVLKEDGKTLVSRK
VTSKDKSSTEEKFNEKGELAEKTMTRADETRLEYTEIKSDGSGKAKEVLEGYALEGT
LTAEKTTLVVKEGTVTLSKNISKSGEVTAELNDTDSAAATKKTGAWNSGTSTLTITA
NSKKTRDLVFTKENTITVOKYDTAGIKLEGSAVEIKTLDELENALK.

SEQ 1D NO: 59 - P31 B. burgdorferi B31
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MEKYLLGIGLILALIACKONVYSSLDEKNSVSVDLPGEMKVLYVSKEKNKDGKYDEIAT
VDRKLELKGTSDENNGSGVLEGVEADKSKVKLTISDDLGOTTLEVFKEDGKTLVSKK

VTSKDKSSTEEKFNEKGEVSEKHTRADGTRLEYTGIKSDGSGKAKEVLKGYVLEGTL
TAEKTTLVVEKEGTVTLSKNISKSGEVSVELNDTDSSAATKK TAAWNSGTSTLTITVN

SKKTEDLVFTKENTITVQOYDSNGTKLEGSAVEITELDEIKNALK.

SEQ ID NO: 60 - P31 B, hurgdorferi 297

MEKYLLGIGLILALIACKQNVSSLDEKNSVSVDLPGEMNVLVSKEKNKDGKYDLIAT
VDKLELKGTSDKNNGSGVLEGVKADKSKVKLTISDDLGOTTLEVFKEDGKTLYSKK
VTSKDKSSTEEKFNEKGEVSEKHTRADGTRLEYTEIKSDGSGKAKEVLEGY VLEGTL
TAEKTTLYVKEGTVTLSKNISKSGEVSVELNDTDSSAATKKTAAWNSGTSTLTITVN

SKEKTKDLVEFTKENTITVOQYDSNGTKLEGSAVEITKLDEIKNALK.

SEQ ID NO: 61 — P31 B, californiensis

MKEKYLLGIGLILALIAKONVESLDEKNSVSVDLPGEMEVEVSKEKDEKDGKYSLMAT
VDKLELKGTSDKNNGSGVLEGVKDDKSKVKLTVSDDLSTTTLEVLKEDGKTLVSRK
ETSKDKSSTEEKFNEKGELTEKIMERSNGTRLEYTEIKTDGSGKAKETLKDFVLEGTL
TTEKAILTVKEGTVTLNEKNISKSGEVTVDLNDTSTTAATEKTGKWDSSTSTLTYSVN

SKKTKDLVFTKODTITVOKYDSAGTNLEGTAVEIKTLDEIKNALK.

SEQ ID NO: 62 ~ P31 5. spielmanii

MEKYLLGIGLILALIACKONVSGLDEKNSTSVDVPGELKVLVSKEK DK DGKYSLMA
TVDRELELKGTSDENDGSGVLEGVEKADKSKVKLTISDHLSKTTFEVFRKEDGKTLVSR
NVNSKDKSSTKEKFNEKGELSEKTLVRANGTRKLEYTEIKSDGTGKAKEVEKDFTLEG
TLEANEKATLTVKEGTVTLSKNIDEKSGEVTIVALNDTDSTAATKKTGAWDSKTSTLTIT
YNSKKTKDLVFTKQDTITVOKYDSAGTTLEGSAVEIKTLDELKNALK.

SEQ ID NG 63 - P31 B, valaisiona

MEKYLLGIGLILALIACAKOQNVSSLBDEKNSASVDLPGEMKVLVSKEKDKDGKYSEM
ATVDEKVELKGTSDKNNGSGTLEGVKDDKSK VKL TISDDLNKTTFETFKEDGKTLVS
REVNSKDEKSSTVEKFNEKGELSEKTITRENGTRLEYTEIKSDGTGKAKEVLEDFTLEG
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TLAADKTTLEVKEGTVTLSKHIPNSGEVTVEINDTSTTOQATKKTGKWDAKTSTLTIA
VNNEKNTKSLVETKEDTITVONYDSAGINLEGTAVEIKTLDELKNALK.

SEQ ID NO: 64 - P31 B, afzelii

MEKEKYLLGIGLILALIACKONVSSLDEKNSASVDLPGEMEVEVSKEKDKDGKYSLEA
TVDKIELKGTSBKDNGSGVLEGTRDDKSKAKLTIADDLSKTTFELFKEDAKTLVSRE
VSSKDKTSTDEMENEKGELSAKTMTRENGTKLEYTEMEKSDGTGKAKEVLEKNFTLEG
KVANDKVTLEVKEGTVTLSKEIAKSGEVTVALNDTINTTQATKKTGAWDSKTSTLTIS
VNSKKTTQLVFTKQDTITVQKYDSAGTNLEGTAVEIKTLDELKNALK.

SEQ ID NO: 65 - P31 5. garinii

MEKYLLGIGLILALIACKONVSSLDEKNSVSVDLPGOGMTVLYVSKEKDKDGKYSLEAT
VDRKLELKGTSDEKNNGSGTLEGEKTDKSK VKL TIADDLSQTRFEFKEDGKTLVSKKY
TLKDKSSTEEKFNEKGETSEKTIVRANGTRLEYTDIKSDGSGKAKEVLKDFTLEGTLA
ADGKTTLEVTEGTVVLSKNILKSGEITVALDDSDTTOATEK TGKWDRSKTSTLTISVN
SQKTENLVFTKEDTITVOKYDSAGTNLEGKAVEITTLKELKDALK.

SEQ ID NG: 66 - P31 B. bavariensis

MEKYLLGIGLILALIACKQNVSSLDEKNSVSVRLPGEMKVLVSKEKDKDGKYSLMA
TVDKLELKGTSDEKSNGSGTLEGEKSDKSKAKLTISEDLSKTTFEIFKEDGKTLYSKEY
NSKDEKSSIEEKFNAKGELSEKTILRANGTRLEYTEIKSDGTGKAKEVLKDFALEGTLA
ADKTTEXVTEGTVVLSKHIPNSGEITVELNDSNSTQATKKTGKWDSNTSTLTISVNSK
KTKNIVFTKEDTITVOEYDSAGTNLEGNAVEIKTLDELKNALK.

SEQ ID NO: 67 — P39 B, burgdorferi B31

MNKILLLILLESIVFLSCSGKGSLGSEIPK VSLIDGTFDDKSFNESALNGVEKVKEEFK
ELVEKESSSNSYLSDLEGLKDAGSDLIWLIGYRFSDVAKVAALONPDMKYANIDPIYS
NDPIPANLVGMTFRAQEGAFLTGYIAAKLSKTGKIGFLGGIEGEIVDAFRYGYFEAGA
KYANKDIKISTOYIGSFADLEAGRSVATRMYSDEIDIHHAAGLGGIGAIEVARKELGSG
HYHGVDEDQAYLAPDNVITSTTKDVGRALNIFTSNHLKTNTFEGGKLINYGLKEGVY
GFVRNPKMISFELEKEIDNLSSKIONKENVPSNKESYEKFLKEFL

18



ig

20

25

30

WO 2021/211637 PCT/US2021/027163

SEQ ID NO: 68 - P39 B burgdorferi 297

MNKILLEHLESIVEFLSCSGRKGSLGSEIPKVSLIDGTFDDKSEFNESALNGVEKKVKEEFK
IELVEKESSSNSYLSDLEGLKDAGSDLIWLIGYRFSDVAKVAALQNPDMEY ALIDPIYS
NDPIPANLVOMTFRAQEGAFLTGYIAARLSKTGKIGFLGGIEGEIVDAFRYGYEAGA
KYANKDIKISTQYIGSFADLEAGRSVATRMY SDEIDHHHAAGLGGIGAEVAKELGSG
HYHOVDEDQAYLAPDNVITSTTKDVGRALNIFTSNHLKTNTSEGOKLINY GLKEGVY
GFVRNPEKMISFELEKEIDNLSSKINKEITVPSNKESYEKFLKEFL

SEQ ID NO: 69 - P39 B. afzelii

MNKLLELILFEGVIFLSCSGKSGLESGIPKVSLVIDGTFDDKSFNESALNGVEKKLKEEF
EIELVLKESSTNSYLSDLEGLEKDAGSNLIWLIGYKFSDVAKAVSLONSEMKYAHDPY
YSNEPIPANLYGMTFRAQGEGAFLTOYIAAKVSKTOGKIGFLGGIEGDIVDAYRYGYEAG
AKYANKDIKIFSQYIGSFSDLEAGRSVATEMY SDGIDIHHAAGLGGIGAIEVAKELGS
GHYHGVDEDOQSYLAPNNVITSTTKDVGRSENLFTSNYLKINTFEGGKLINYGLKEGY
VGEFVRNPEKMIPFEVEKEIDSLISKUNKEVIVPYNKESYEKFLKEFL

SEQ ID NO: 70 — P39 B. spielmanii

MNKLLEFILLEGIFLSCSDKGGLENKIPKVSLHDGTFDDKSFNESALNGVKKLKEEFE
IBLVLKESSTNSYVSDLEGLEDAGENLIWLIGYKFSDVAKAVSLONSEMKYAHDPVY
SSEPIPANLVGMTFRAQEGAFLTGYIASKVISKTOGKIGYFLGGIEGIHVDAFRYGYEAGA
KYANKDIKIFSQYIGSFADIEAGRSVATKMY SDGIDIHHHAAGLGGIGAIEVAKELGRG
BYHGVDEDOSYLAPNNVITSSTRKDVORSLNLFTSNY LK TNNFEGGKLINYGLKEGVY
GEFVRNPEKMIPFEVEKEIDSLSGKUHNKEVIVPYNKESYEKFLKEFL.

SEG ID NGO 71 — P39 B. valaisiana

MSKLLLLILFESHFLSCSGKGSLEGGIPKVSVIDGTFDDKSFNESALNGIKK VKEEFKY
EFVLKESSSNSYLSDLEGLKDTGSNLIWLIGYRFSDVAKVVSLONSEVKYAIIDPVYSS
EPIPANLVGMTFRAQEGAFLTGYIASKVSKTGKIGFLGGIKSEIVDAFRYGYEAGAKY
ANKDIKIFTHYIGSFADLEASRSIAIKMYSDGIDHHBAAGLGGIGAIEVAKELGSGHY H
GVDEDQSYLAPDNVITSSTKDVGRALNIFISNYLKTNTFEGGKLINYGLKEGYVVGEY
RNPKMIPPELEKEIDSISSKIINKEVIVPYNKESYEKFLKEFRL
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SEQ ID NO: 72 - P39 B garinii

MNKSLLLHLFECHFLSCOGGKGSLESEIPKVSLIIDGTFDDKSFNESALNGIKK VKEEFK]
EPVLKESSINSYLSDLEGLKDTGSNLIWLIGYKFSDVAKAVSLONPEIKYAIIDPIYSDE
PIPANLYVGMTFRSQEGAFLTGYIAAKVSKTGKIGFLOGGIEGEIVDSFRYGYEAGAKYA
NKDIKISAYYIGSFADLEAGRSVATKMY SDGIDIHHHAAGLGGIGATEVAKELGSGHYI
IGVDEDOQSYLAPNNHTSATKDVGRSENETSNYLKTNTFEGORLINYGLKEGVVGEY
KNPKMIPFELEKEIDNLSSKHNKEHVPYNKESYEKFLKE.

SEQ ID NO: 73 — consensus

MNKLLELILFEXXXFLSCSGKGSLESXIPKVSLXIDGTFDDEK SFNESALNGXKKVKEE
FRXXLVLKESSXNSYLSDLEGLEDAGSXLIWLIGYKFSDVAKAVSLONSXMEYATID
PXYSNXPIPANLVGMTFRAQEGAFLTGYIAAKVSKTOGKIGFLGGIEGXIVDAFRYGYE
AGAKY ANKDIKIFXOQYIGSFADLEAGRSXATKMYSDOGIDHHHAAGLGGIGAIEVAKE
LGSGHYHGVDEDOSYLAPXNXITSXTKDVORSLNIFTSNYLKTNTFEGGKLINYGLK
EGVVGFVRNPKMIPFELEKEIDSLSSKHNKEXIVPYNKESYEKFLKEFL

DETAILED DESCRIPTION

The present disclosure provides novel compositions and methods for diagnosing, and
treating Lyme disease (sometimes referred to as LD herein) resulting from infection by
diverse Borrelia burgdorferi species. As discussed above, the current Ceuoters for Disease
Control and Prevention (CDC) surveillance criteria features two-tier Borrefia burgdorferi
sensu stricto (Bbss) testing and has been estimated to capture less than one out of every 10
cases of Lyme disease. Lyme disease prevalence is clearly underreported, and the
experimnents described in the Exemplification section which follows shows that a percentage
of people exhibiting Lyme disease symptoms, who have failed to meet CBC surveillance
criteria, are infected by members of the Borrelia burgdorferi sensu lato (Bbsl) complex.

The Bbsl complex comprises genetically diverse bacteria that are distributed
worldwide primarnily throughout the Northern hemisphere and are vectored by ixodid ticks.
In the USA, LD is currently the largest vector-borne illness and causes an array of symptoms
including musculoskeletal, neuropsychiatric and cardiac problems and on rare occasions even

death. Atleast 11 Bbsl genospecies have been identified 1o North America including: Bbss,

B. americana, B. andersoni, 8. bissettii, B. californiensis, B. carolinensis, B. garinii B.

kurtenbachii, B. laneii, B. mayonii, and B. spieimanii.
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To assess the impact of testing limitations and to determine levels of exposure to
Bbsl, a recently developed modified Western Blot procedure was employed. The procedure,
termed the line immunocblot, uses recombinant antigens from common strains and species of
the Bbsl complex for the serological diagnosis of LD, As discussed in greater detail below,
testing was conducted on patients with suspected tickborne disease. Data presented in the
Exemplification section below confirm that the serotype makeup of spirochetal exposure
appears to be more complex than has been acknowledged previously.

Using the new immunoblot test, the study of patients who met the chronic Lyme
disease (CLD) case definition revealed that all had exposure to Bbsl species. Posttive

immunoblots were further characterized at the species level for the following Bbsl species:

8 californiensis, B. spielmanii, B. afzelii/B. gavindi, and 8. mayonii.

Spirochetes falling into the Bbsl complex are distributed worldwide, with most cases
of LD reported in the USA, Europe, and Asia. The CDC states that approximately 30,000
cases of LD are reported in the USA each vear using surveillance criteria featuring two-tter
Bbss testing, but when tracked by other methods it is estimated that more than 300,000
people develop LD in the USA annually. The fact that CBC surveillance criteria featuring
two-tier Bbss testing captures less than one out of every ten cases shows that LD is
underreported, and the results of studies described elsewhere heretn suggest that sorue people
with suspected LD have tailed to meet surveillance criteria.

The immunoblot testing used in the Exemplification section below, enabled
differentiation of Bbsl into five specific categonies: B. californiensis, B. spielmanii, B.
mayonii, the European species B. afzelii/B. garinii, and undifferentiated Bbsl species. Based
on surveillance reporting in the USA, the distribution pattern of Bbss is characterized by
human cases reported in all SO states with the majority reported in the Northeast, upper
Midwest and northern California. However, other Bbsl species are not detected by
commercial testing in the USA. Until recently, Bbss, 5. garinii and B. afzelii were
considered to be the only etiologic agents of LD, Currently, nine species are said to have
pathogenic potential: 5. afzelii, B. bavariensis, B. bissettii, Bbss, B. garinii, B.
kurtenbachii, B. lusitaniae, B. spielmanii, and B, valaisiona. Nine other species including 5.
cafiforniensis have not been solated from humans. 5. afzefii, B. gavinii, and B. spielmanii
are considered to be Borrelia species primarily found in Eurasia, while B, californiensis is
considered to be a North American species. Understanding of the pathogenicity of Borrelia
species is evolving, and some species that have not been isolated from humans and are not

cousidered to be pathogenic may be capable of causing illness.
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Aspects of the instant disclosure provide a compositions and methods for quickly,
easily, and accurately detecting Bbsl antibodies in a biological sample froro a subject
suspected of having LD, thereby satisfying the need for such a test. Because multiple Bbslt

species have pathogenic potential for Lyme disease, and because geographic ranges of Bbsl

able to detect antibodies to multiple species concurrently. The present disclosure provides tor
antigenic aming acid sequences specific for various Borrelia species. The aming acid
sequences of the present disclosure encode antigenic peptides that have high specificity
and/or sensitivity for the indicated species. The inclusion of antigenic peptides that exhibut
cross-reactivity across Borrefia species boundaries is also important with respect to the
development of inclusive serological, or other immunologically-based assays, wherein the
goal is to detect infection, not necessartly to identify a particular species responsible for
infection. For example, the disclosure includes panel immunoassays wherein, in the context
of a single test screen, a full spectrum of Bbsl species are detectable,

Aspects of the present disclosure provide novel compositions and methods for
diagnosing infection by Bbsl species. The disclosure is based, in part, on the discovery of
specigs-specific aming acid sequences encoding antigenic peptides {(which may also be
referred to in the art as peptide antigens or antigens), as described herein. Aspects of the
present disclosure provide antigen-specific amino acid sequences for Bbs| species. These
novel amino acid sequences may be used in assays to wdentify Bbs] species in samples from
subjects suspected of having Lyme disease, including but not imited to Bbsl species
comprising B. afzelii, B. garinii, B. califormiensis, B. spielmanii, B. mayonii, B. valaisiana, B
bavariensis, B. burgdorferi B31, and B. burgdorferi 297 With the amino acid sequences of
the present disclosure, identification of Bbsi species in subject samples is performed with
greater speed, sensitivity, and specificity than other current methods. The amivo acid
sequences of the present disclosure may be used in diagnostic and scientific assays. Non-
Hmiting examples of suitable assays include immunoblots, hine immunoblots, ELISA
{enzyme-linked immunosorbent assay), etc. The amino acid sequences of the present
disclosure may be used for the detection of Bbsl specitic T-cells, for example, with the
IgXSPOT test (IGeneX, Milpitas, CA).

In one aspect, the present disclosure 15 a panel for detecting TgM- or IgG-class
antibodies, the panel comprising an amino acid sequence having at feast 90%, 95%, 98%,
9%, 99.5%, or 100% homology to SEQ ID NO: 45, and a plurality of groups of labelied

and/or tagged and/or bound amino acid sequences, wherein the labelied and/or tagged and/or
23
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/

bound amino acid sequences comprise amino acid sequences having at least 90%, 95%, 98%,
9%, 99.5%, or 100% bomology to the corresponding amino acid sequence and retain the
immunological binding profile of the corresponding non-variant, and wherein the plurality of
groups of labelled and/or tagged and/ot bound amino acid sequences is selected from the
following groups: (13 SEQ ID NGy 1, SEQ ID NG 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ
D NO: 5, SEQ ID NG: 6, SEQ ID NG: 7, SEQ ID NG: 8, SEQ ID NG: 9, and SEQ 1D NO:
10; (if) SEQ ID NO: 21, SEQ ID NO- 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 1D NO: 25,
and SEQ ID NO: 26; (1) SEQ D NO: 32 and SEQ ID NO: 33; (iv) SEQ ID NO: 27 and
SEQ 1D NO: 28: (v) SEQ ID NO: 11, SEQ ID NO- 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, and
SEQ ID NO- 20; (vi) SEQ ID NO: 34, SEQ ID NO: 35, SEQ 1D NO: 36, SEQ ID NO: 37,
SEGQ ID NO: 38, and SEQ ID NO: 39, (vii} SEQ ID NO: 29; (viil) SEQ ID NO: 30; (ix) SEQ
IDNG: 31 (x) SEGQ D NO: 40; 0y SEQ ID NOs: 41 and 42; and (i) SEQ IDNO: 43 In
some aspects, the panel may further comprise one or more of amino acid sequences having at
feast 90%, 95%, 98%%, 99%, 99 5%, or 100% homology to SEQ ID NO: 44 and SEQ ID NO:
46, and variants thereof which retain the immunological binding profile of the corresponding
non-variant. In some aspects, the panel may not comprise an amino acid sequence having at
feast 90%, 95%, 98%, 99%, 99.3%, or 100% homology to SEQ 1D NGO 45 or variants thereof
which retain the immunological binding profile of the corresponding non-variant.

Sequences with less than 100% bomology may be modified with one or more
substitutions, deletions, insertions, or other modifications with respect to the aming acid
sequences provided herein. Exemplary modifications include, but are not limited to
conservative amino acid substitutions, which will produce molecules having functional
characteristics simuilar to those of the molecule from which such modifications are made.
Conservative amino acid substitutions are substitutions that do vot result tn & sigmificant
change in the activity or tertiary structure of a selected polypeptide or protein. Such
substitutions typically tnvolve replacing a selected amino acid residue with a different residue
having similar physico-chemical properties. For example, substitution of Glu for Asp is
considered a conservative substitution because both are similarly-sized negatively-charged
amino acids. Groupings of aming acids by physico-chemical properties are known to those
of skill in the art. The tollowing groups each contain amino acids that are conservative
substitutions for one another: 1) Alanine (A}, Glycine {G); 2) Aspartic acid (D), Glutamic
acid {(E); 3} Asparagine (N}, Glutamine (Q}; 4) Arginine (R}, Lysine (K); 5} Isoleucine (1},

Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine (Y}, Tryptophan
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{W); 7} Serine (S}, Threonine (T}; and 8) Cysteine (C), Methionine (M) (see, e g., Creighton,
Proteins {1984)). One of ordinary skill in the art can determine if sequences with less than
100% homology can bind naturally- or non-naturally-occurring Bbsl-related antibodies, as
well as the sensitivity and specificity of the antibody to the modified sequences. One of
ordinary skill in the art will be able to identify sequences with significant homology to SEQ
1D NOs: 146 of the present disclosure that give acceptable or equivalent responses in the
methods of the present disclosure without undue experimentation, in view of the teachings of
this specitication.

The present disclosure, in one aspect, 18 a panel for detecting IgM- or IgG-class
antibodies, the panel comprising SEQ ID NOG: 45 and a plurality of groups of labelled and/or
tagged and/or bound amino acid sequences, wherein the labelled and/or tagged and/or bound
amino acid sequences comprise amino acid sequences and variants thereot which retain the
immunological binding profile of the corresponding non-variant, and wherein the plurality of
groups of labelled and/or tagged and/or bound amino acid sequences is selected from the
following groups: (1) SEQ ID NG 1, SEQ ID NQO: 2, SEQ ID NQO: 3, SEQ ID NO: 4, SEQ
ID NG5, SEQ ID NG 6, SEQ ID NO: 7, SEG ID NO: &, SEQ ID NG: 9, and SEQ 1D N
10; (11} SEQ ID NO: 21, SEQ D NO: 22, SEQ D NO: 23, SEQ ID NG: 24, SEQ ID NO: 25,
and SEQ ID NO: 26, (1i1) SEQ D NO: 32 and SEQ 1D NG: 33; (ivy SEQ ID NO: 27 and
SEQ ID NG 28; (v) SEQ ID NO: 11, SEGQ ID NO: 12, SEQ D NG: 13, SEQ ID NO: 14,
SEQ ID NG: 15, SEQ D NO: 16, SEQ 1D NQO: 17, SEQ ID NG: 18, SEQ ID NG: 19, and
SEQ D NO: 20; (vi) SEQ ID NO: 34, SEQ D NO: 35, SEQ 1D NO: 36, SEQ 1D NO: 37,
SEQ 1D NO: 38, and SEQ ID NO: 39; (vii) SEQ ID NO: 29; (vii) SEQ 1D NO: 30; (i) SEGQ
D NO: 31, (o) SEQ D3 NO: 40; (xa) SEQ 12 NOs: 41 and 42; and (xii) SEQ ID NQ: 43, In
some aspects, the panel may further comprise one or more of SEQ ID NO: 44 and SEQ 1D
NO: 46, and variauts thereof which retain the immunological binding profile of the
corresponding non-variant. In some aspects, the panel may not comprise SEQ D NO: 45 or
variants thereof which retain the immunological binding profile of the corresponding noo-
variant. Non-limiting examples of panels of the present disclosure include: a panel
comprising SEQ ID NO: 45 and groups (1)-(xii); a panel comprising SEQ 1D NG: 45, groups
(13-{xit}, and SEQ ID NGs: 44 and 46, a panel comprising SEQ H NO: 45, groups (1)-(iv)
and (vit)-(xi1}; a panel comprising SEQ ID NO: 45 and groups (1}-(vi); and a panel
comprising groups {)~{vi}. Variants of amino acid sequences SEQ I NOs: 1-46 which
retain the immunological binding profile of the corresponding non-variant may have

conservative amino acid substitutions in conserved or non-conserved regious. The expression
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“variants” encompasses any modification(s} of a specified amino acid sequence {e.g., SEQ ID
NOs: 1-46) which retain(s) the immunological binding profile of the corresponding non-
vartant. Such modifications may include insertions and deletions (internal or from the N- or
C~ terminus, or both).

Alignment data is provided 1n the drawings showing amino acid sequence
comparisons across species boundaries. One skilled in the art, using no more than routine
experimentation, could design and produce antigenic peptides carrying conservative amino
acid substitutions in non-conserved regions, or even at non-conserved amino acid positions as
identified by alignment comparisons.

Nucleic acid sequences, including polynuclectides and oligonucleotides, encoding the
amino acid sequences of the present disclosure, and portions thereof, may be expressed in
cultured cells to provide isolatable quantities of peptides displaying biclogical (e.g.,
immunological} properties of the antigenic peptide encoded by the amino acid sequences of
the present disclosure. Because of redundancy of the genetic code, multiple nucleic acid
sequences may be suitable for the production of the peptide sequences of the present
disclosure. One of ordinary skill in the art will be able to determine one or more nucleic acid
sequences for production of the amino acid sequences of the present disclosure. A nucleic
acid sequence encoding an amino acid sequence of the present disclosure may be labeled by
any suitable label known to one of ordinary skill in the art.

To this regard, nucleic acid sequences suitable for the production of the amino acid
sequences of the present disclosure may be substantially homologous to naturally occurring
sequences. Substantial homology of a nucleic acid sequence as used herein means that: (a)
there is greater than 65%, 75%, 85%, 95%, 98%, or 99% homology with the naturally
occurring sequence, or (h) the homologous nucleic acid sequence will hybridize to the
compared sequence ot its complementary strand under stringent conditions of the temperature
and salt concentration. These stringent conditions will generally be a temperature greater
than about 22°C, usually greater than about 30°C and more usually greater than about 45°C,
and a salt concentration generally less than about 1 M, usually less than about 500 mM, and
preferably less than about 200 mM. The combination of temperature and salt concentration is
more important in defining stringency than either the temperature or the salt concentration
alone. Other conditions which atfect stringency include GC content of the compared
sequence, extent of complementarity of the sequences, and length of the sequences involved
in the hybridization, as well as the composition of butfer solution{s) used in the hybridization

mixture. These and other factors atfecting siringency are well described in the scientific and
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patent literature. One of ordinary skill in the art will be able to determine suitable conditions
for determining the homology of the nucleic acid sequences encoding the antigenic peptides
of the present disclosure.

Homologous mucleic acid sequences may be determined based on the vature of a
nucleotide substitution in the nucleic acid sequence. For example, synonymous nucleotide
substitutions, that is, nucleotide changes within a nucleic acid sequence that do not alter the
encoded amino acid sequence, will be better tolerated and, therefore, may be more numerous
in a particular nucleic acid sequence than non-synonymous nucleotide substitutions. One of
ordinary skill in the art will be able to determine the suttable number and location of
substitutions that may be allowed in a nucleic acid sequence that encodes an amino acid
sequence of the present disclosure without adversely affecting the antigenicity of the encoded
antigenic peptide, without undue experimentation.

In ancther aspect, the present disclosure is a panel for detecting IgM- or IgG-class
antibodies, the panel comprising SEQ D3 NG: 45 and a plurality of groups of labeiled and/or
tagged and/or bound anmino acid sequences, wherein the labelled and/or tagged and/or bound
amino acid sequences comprise aming acid sequences and variants thereof which retain the
immunological binding profile of the corresponding non-variant, and wherein the plurality of
groups of labelled and/or tagged and/or bound amino acid sequences counsist of the following
groups: (i} SEQ ID NQ: 1, SEQ ID NG: 2, SEQ ID NG: 3, SEQ ID NO: 4, SEQ D NG §,
SEQ ID NO- 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, and SEQ ID NO: 10; (i)
SEQ ID NG: 21, SEQ D NG: 22, SEQ HD NO: 23, SEQ 1D NO: 24, SEQ ID NO: 25, and
SEQ ID NO: 26; 111y SEQ ID NOG: 32 and SEQ ID NO: 33; (iv) SEQ ID NO: 27 and SEQ ID
NO: 28; (v} SEQ [D NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, and SEQ ID
NO: 20: (vi) SEQ 1D NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, 8EQ ID NO: 37, SEQ ID
NO: 38, and SEQ ID NO: 39; (vil) SEQ ID NO: 29, (viii) SEQ ID NO: 30; {ix} SEQ 1D NO:
31 () SEQ ID NO: 40; (x1) SEQ ID NOs: 41 and 42; and 0a) SEQ ID NO: 43, o some
aspects, the panel may further consist of one or more of SEQ 1D NG: 44 and SEQ 1D NO: 49,
and variants thereof which retain the immunological binding profile of the corresponding
non-variant. In some aspects, the panel may not consist of SE{} I NG: 45 or variants
thereof which retain the immunological binding protile of the corresponding non-variant. As
used herein, “consist of” or “consisting of”, when used as a claim transition referring to an
amino acid sequence, refers to amino acid sequences having 100% homology to the specified

amino acid sequence (L.e, SEQ 1D NOs: 1-46),
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With regard to the present disclosure, the phrase “wherein the plurality of groups of
fabelled and/or tagged and/or bound amino acid sequences consist of the following groups”
encompasses a composition having the one or more of the recited sequences and, for
example, buffers, iabels, etc. In other words, the sequence is hmited to the sequence or
sequences given but the composition 1s not limited. The definition specifically excludes
amino acids naturally contiguous with a recited sequence being used as a label or tag, such as
an oligonucleotide mass tag (OMT) for detection with mass spectrophotometry, as an element

of the “composition comprising.”

Labels and Tags

One or more amino acid sequences of the disclosure may be labelled and/or tagged
and/or bound. In the context of the present disclosure, a “labelied” or “tagged” amino acid
sequence 18 an amino acid sequence that 1s attached to a detectable moiety. As used herein, a
“label” or “tag” is a detectable moiety that may be aitached 1o an amino acid sequence of the
disclosure. A label or tag may be covalently or non-covalently attached to an amino acid
sequence of the disclosure. Non-limiting examples of such “tags” are natural and synthetic
(i.e., non-naturally occurring} nucleic acid and amino acid sequences {(e.g., poly-AAA tags),
antibodies and detectable moieties such as labels (discussed below). Thus, the definutions of
the phrases “labelled” and “tagged” may have overlap in that a tag may also, in some
instances, function as a label. Further, tags useful with the present disclosure may be linked
to a label.

The amino acid sequences of the present disclosure, or any tags attached to an amino
acid sequence of the present disclosure, may be labeled with any suitable label known to one
of ordinary skill in the art. Such labels may include, but are not imited to,
biotin/strepiavidin, enzyme conjugates (e.g., horseradish peroxidase (HRP), alkaline
phosphatase (AP}, glucose oxidase and B-galactosidase}, fluorescent moieties (e.g., FITC,
fluorescein, rhodamine, etc ), biological fluorophores {e.g., green fluorescent protein, R-
phycoerythrin) or other luminescent proteins, etc. Any suitable label known to one of
ordinary skill in the art may be used with the present disclosure.

Further, in some aspects, the amino acid sequences of the present disclosure may be
“bound.” A “bound” amino acid sequence is an amino acid sequence that has been
immobilized in order to permit the use of the amino acid sequence in a biological test such as,
for example, immunoassays. In the context of the present disclosure, a “bound” amino acid

sequence is an amino acid sequence attached (e.g., covalently or non-covalently bound, etc.)
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directly or indirectly to a non-natural surface or substance. Further still, the “bound” amino
acid sequences of the present disclosure may be attached, directly or indirectly, to a natural
surface or substance, either of which is not naturally associated with the amino acid sequence.
Non-limiting examples of substances to which the amino acid sequences of the present
disclosure may be bound are nitrocellulose, nylon, polyvinyitdene diffuonide (PVDF),
plastics, metals, magnetic beads and agarose {e.g., beads). Linking agents known to those of
ordinary skill in the art may be used to aid or enhance binding of the amino acid sequences of

the present disclosure to a surface or substance.

Production of aming acid sequences

In some aspects, amino acid sequences of the present disclosure may be natural
occurring and isolated from a natural source. Further, in some aspects, aming acid sequences
of the present disclosure may be non-natural, synthetic sequences, such as sequences
produced by recombinant technology or sequences synthesized by protein synthesizing
apparatuses. As such, amino acid sequences of the present disclosure may be isolated or may
be produced by recombinant technology, as is described and enabled in the ltterature and in
commonly referred to manuals such as, ¢.g., Short Protocols in Molecular Biology, Second
Edition, F M. Ausubel, Ed, all John Wiley & Sons, N.Y , edition as of 2008, and, Sambrook,
et al , Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, 2001, and as 1s well known to one of ordinary skill in the art. In
one aspect, aming actd sequences of the present disclosure are made recombinantly in £ cofi.

As used herein, the term “vector” refers to a nucleic acid molecule capable of
transporting between different genetic environments another nucleic acid to which it has been
operatively linked. In addition to including a nucleic acid sequence encoding an amino acid
sequence of the disclosure (e.g., SEQ 1D NOs: 1-46) or variants thereof which retain the
immunological binding profile of the corresponding non-variants, vectors of the present
disclosure also include a heterologous nucleic acid sequence. As used herein, heterologous
refers to a nucleic acid sequence that does not naturally occur in the organism from which the
Markush group sequences are derived. The term “vector” may also refer to a virus or
organism that is capable of transporting the nucleic acid molecule. One type of vectoris a
plasnud, a small, circular, double-stranded, extrachromosomal DNA molecule that is
physically separate from and can self-replicate independently from chromosomal DNA.

Some useful vectors are those capable of autonomous replication and/or expression of nucleic

Pl

acids to which they are linked. Vectors capable of directing the expression of nucleic acids to

Poad  emmmt
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which they are operatively linked are referred to herein as “expression vectors.” Other useful
vectors, include, but are not limited to bactenal plasmids and bacterial artificial chromosomes
(BACs), cosmids, and viruses such as lentiviruses, retroviruses, adenoviruses, and phages.

Vectors useful 1o methods of the disclosure may include additional sequences
including, but not limited to, one or more signal sequences and/or promoter sequences, or a
combination thereof. Promoters that may be used in methods and vectors of the disclosure
include, but are not imited to, cell-specific promoters or general promoters. Non-limiting
examples of promoters that can be used in vectors of the disclosure are: ubiquitous
promoters, such as, but not limited to: CMV, CAG, CBA, and EF1a promoters. Methods to
select and use suitable promoters are well known in the art.

Vectors useful in methods of the disclosure may be used to express a fusion protein
comprising sequences of the disclosure in a cell. Expression vectors and methods of their
preparation and use are well known 1o the art. In some aspects of the disclosure, a nucleic
acid sequence of an expression vector encodes a fusion protein comprising an aming actd
sequence of the disclosure. It 18 well known in the art how to prepare and utilize fusion
protetns that comprise a polypeptide sequence. In some aspects, a fuston protein comprising
an amino acid sequence of the disclosure may also include an epitope tag that may be used
for purification of the fusion protein or in a method of the disclosure. Non-hmiting examples
of epitope tags are a FLAG tag, a fluorescent tag (including but not limited to green
fluorescent protein (GFP)), a GST tag, a hemagglutinin (HA), a poly-histidine (poly-His) tag,
a Myc tag, an MBP tag, or a V5 tag. In some aspects, a fusion protetn comprising an aming
acid sequence of the disclosure may also include a detectable label, as described elsewhere

herein.

Assays and methods of detection

Amino acid sequences of the present disclosure may be tagged with an antibody with
specificity for any of said amino acid sequences. Specificity for said amino acid sequence,
i.e., antibody specificity, is the property of antibodies which enables them to react
preferentially with some antigenic determinants and not with others. Specificity 1s dependent
on chemical composition, physical forces and molecular structure at the binding site.
Sensitivity 1s how strongly the antibody binds to the antigenic determinant. One of ordinary
skill in the art can easily determine specificity and sensitivity of an antibody for a particular
amino acid sequence using standard affinity assays, such as immunoblotting, Cuchterlony
assays, titer assays, eic.
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In another aspect, the present disclosure provides methods of quickly and accurately
detecting Bbsl antibodies in a sample from a subject suspected of having Lyme disease.
Methods of the present disclosure for detecting Bbs! antibodies in a sample from a subject
suspected of having Lyme disease, may comprise, for example, providing a biclogical sample
{including but not limited to blood, saliva) obtained from a subject suspected of having Lyme
disease, mixing the biological sample with one or more of the labeled and/or bound amino
acid sequences of the present disclosure and detecting a positive immunobinding reaction
which indicates the presence of Lyme disease causing bacteria specific antibodies in the
sample. The antibodies may be detecied by, for example, imamunoblotting, Elispot, ELISA,
Western blotting, lateral flow assay, or any other appropriate immunoassay known to one of
ordinary skill 1o the art. These techuiques are known to one of ordinary skill in the art and
procedures can be found in common technical references. While similar, each of these
techniques has its advantages and disadvantages. Other suitable techniques may be known to
those of skill in the art and are tncorporated herein.

To assess the impact of testing limitations and to determine levels of exposure to Bbsl
specigs, a modified Western blot procedure, the line immunoblot, was developed and
employed in aspects of the disclosure described herein. A line immuncblot uses recombinant
antigens from multiple Bbsl complex strains and species for serological identification and
diagnosis of LD in serum from patients with suspected LD As described elsewhere herein,
the serotype makeup of Bbsl exposure may be more complex than has been previcusly
acknowledged, and infection with more than one Blsl species is possible.

Western blotting can involve separating proteins by electrophoresis and then
transferring to nitrocelulose or other solid media {e.g., polyvinvlidense fluoride or PYDF-
membrane and nylon membrane), and is described in more detail below. Tromunoblotting can
also involve applying proteius to a solid media mamually or by machine. Preferably, the
proteins are applied in straight lines or spots and dried, binding them to the solid support
medium, e.g., nittocellulose. The proteins used tn an immunoblot can be isolated from
biological samples or produced by recombinant technology, as is well known by those of
ordinary skill in the art. The bound proteins are then exposed to a sample or samples
suspected of having antibodies specific for the target proteins. With this procedure, a known
antibody can be used to determine if a protein is present in a sample, such as when the
proteins of tysed cells are separated by electrophoresis and transferred to the solid medium.
Western blotting allows for the identification of proteins by size as well as by specificity fora

specific antibody.
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Simtlarly, with a procedure called immunobiotting, known proteins can be bound to
the solid medium and samples, such as samples from subjects suspected of having an
infection, can be tested for the presence of specitic antibodies in the sample by contacting the
bound protein with the sarople. Au antibody that binds the target protein is usually referred
to as the primary antibody. A secondary antibody, specific for conserved regions of the
primary antibody (for example, a rabbit-anti-human IgG antibody may be used to detect
primary human antibodies) is used to detect any bound primary antibodies. The secondary
antibody 18 usually labeled with a detectable moiety for visualization. Non-limiting examples
of suttable labels include, for example, chiromophores such as biotin, radicactive moieties and
enzymes such as alkaline phosphatase, etc. The use of these and other materials for the
visualization of antibodies are well known to one of ordinary skill in the art.

The Enzyme-Linked ImmunoSpot (ELISPOT) method can detect human T celis that
respond to Lyme-specific antigens in vitro. In an ELISPOT assay, the surfaces of PYDF
membrane in a 96~-well microtiter plate are coated with capture antibody that binds, for
example, anti-Tnterferon gamma (IFNy) or other cytokine-specific antibody. During the cell
incubation and stimulation step, the T cells tsolated from patient whole blood are seeded into
the wells of the plate along with aforementioned sequence(s), and form substantially a
monolayer on the membrane surface of the well. Upon stimmulation of any antigen-specific
cells with one or more of the sequences of the present disclosure they are activated and they
release the IFNy, which is captured directly on the mewbrane surface by the immobilized
antibody. The IFNy is thus “captured” in the area directly surrounding the secreting cell,
before it has a chance to diffuse into the culture media, or to be degraded by proteases and
bound by receptors on bystander cells. Subsequent detection steps visualize the immobilized
IFNy as an ImmunoSpot; essentially the secretory footprint of the activated cell.

For a specific example of an ELISPOT test, each well of the plate is coated with a
purified cytokine-specific antibody specific for the test or cell being detected. Subject’s (i.e.,
a subject suspected of having Lyme disease) T cells are 1solated and cultured in each well and
stimulated with recombinant antigens of one or more sequences of the present disclosure.
Lyme-positive patient cells secrete cytokine in response to stimuli, which is captured by the
antibody coated in the well and further detected by ELISA.

ELISA assays are also used to detect antigens. The ELISA assay can permit the
quantification of a specific protein in a mix of proteins {for example, a lysate) or determine if
a peptide is present in a sample. Likewise, ELISA assays can be used to determine if a

specific antibody s present by using a specific antigen as a target. As used with the present
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disclosure, target amine acid sequence(s) are attached to a surface. Then, if present in the
samiple being tested, the reactive antibody can bind to the antigen. A secondary antibody
linked to an enzyme is added, and, in the final step, a substance containing the enzyme's
subsirate 15 added. The subsequent reaction produces a detectable signal, most commonly a
color change in the substrate.

Lateral flow assays, also referred to by a variety of other names that include but are
not Himited to lateral flow tests, lateral flow devices, lateral flow immunocassays, lateral fiow
immunochromatographic assays, and rapid tests, are simple, versatile, paper-based platforms
for detecting and/or gquantifying the presence of one or more analytes, such as an antigen, in a
mixture, such as a liquid sample. Lateral flow assays may be qualitative or quantitative. Ina
fateral flow assay, a sample contatuing one or more analytes of 1uterest s applied to an
adsorbent sample pad and is drawn via capillary action through various zones of polymeric
test strips to which are attached molecules that can interact with the analyte(s). The sample
migrates to the conjugate release pad, which contains molecules that specifically bind to the
analyte(s) of interest and are conjugated to fluorescent, colored, or otherwise detectable
particles. Finally, the sample, including the bound analyte(s) migrates into the detection
zone. Within the porous membrane of the detection zone are biological components such as
antibodies or antigens, that are immobilized in fines and that will react with the detectable
particles. Lateral flow assays typically have a control line for confirming sample flow
through the sirip and one or more test lines for detecting the presence of the analyte(s) of
interest. The results may be read by eye or with a machine capable of reading and
interpreting the results. A lateral How assay may be designed as a direct or “sandwich”
assay, in which the presence of a colored line at the test line position indicates a positive test,
or as a competitive assay, in which the absence of a colored line indicates a positive test.
Direct and competitive assays may be multiplexed.

In one aspect of a method of the present disclosure, a positive result for infection by
one or more Bbsl species 1s indicated when a biological sample obtained from a subject
suspected of having Lyme disease is contacted with a screening panel of the disclosure under
conditions appropriate for specific antibody binding to an epitope, and specific binding of
IgM-~ or Ig(G-class antibodies, if present in the biological sample, with amino acid sequences
included in the selected groups of the screening panel 1s detected, wherein a positive
immunobinding reaction with Ighi-class antibodies is detected for SEQ 13 NO: 45 and for at
feast one amino acid sequence from at least two of groups (i }-(iii) (wherein groups (i}-(ii1)

are as described elsewhere herein). In another aspect of the disclosure, a positive result 13
33



923

10

i5

20

25

30

WO 2021/211637 PCT/US2021/027163

indicated when a positive immuncobinding reaction with Ig(G-class antibodies is detected for
SEQ ID NG 45 and for at least one amino acid sequence from at least five of groups (1) — (iv)
and {vii) — {xii) {(wherein groups (i} - {(iv) and {vii} — (xii) are as described elsewhere herein}.
In yet another aspect of the disclosure, a positive result for infection by one or more Bbsl
species 18 indicated when a positive immunobinding reaction with IgM-class antibodies ts
detected for SEQ 1D NO: 45 and for at least one amino acid sequence from at least two of
groups (i} — (it} and {v) {(wherein groups (i} ~ (iii) and {v) are as described elsewhere herein).
In another aspect, a positive result 15 indicated when a positive immunobinding reaction with
1gG-class antibodies 13 detected for SEQ 1D NO: 45 and for at Jeast one amino acid sequence
from at least two of groups (1) — {(vi} (wherein groups (1} — (vi} are as described elsewhere
herein).

In another aspect of a method of the present disclosure, a positive result for infection
by one or more Bbsl species is indicated when a biological sample obtained from a subject
suspected of having Lyme disease is contacted with a screeming panel of the disclosure under
conditions appropriate for specific antibody binding to an epitope, and specitic binding of
{eM- and fgG-class antibodies, if present in the biological sample, with amino acid sequences
included in the selected groups of the screening panel is detected, wherein a positive
immunobinding reaction with IgM-class or Ig(G-class antibodies is detected for SEQ 1D NO:
45, and a posttive imrounobinding reaction with IgM-class antibodies 13 detected for at least
one amino acid sequence trom at least two of groups (1)-(ii1} {(wheretn groups (i)}-{i11} are as
described elsewhere herein) and a positive immunobinding reaction with IgG-class antibodies
is detected for at least one amino acid sequence from at least five of groups (1) — (iv) and (vit})
~ {xi1} {wherein groups (1} — (iv} and (vii} — (xii} are as described elsewhere herein}). In
another aspect, a positive result 18 1ndicated wheu a positive immunobinding reaction with
IgM-class or IgG-class antibodies is detected for SEQ ID NG: 45, and a positive
immunobinding reaction with fgM-class antibodies is detected for at least one amino acid
sequence from at least two of groups {1) — (v} {(wherein groups (1} — (v} are as described
elsewhere herein), and a positive immunobinding reaction with IgG-class antibodies ts
detected for at least one amino acid sequence from at least two of groups (1) — (vi} (wherein
groups (1) — {vi} are as described elsewhere herein}.

In yet another aspect of a method of the present disclosure, a positive result for
infection by one or more Bbsl species 1s indicated when a biological sample obtained from a
subject suspected of having Lyme disease 1s contacted with a screening panel of the
disclosure under conditions appropriate for specific antibody binding o an epitope, and
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specific binding of IgM- or IgG-class antibodies, if present in the biological sample, with
amino acid sequences included in the selected groups of the screening panel s detected,
wherein a positive immunobinding reaction IgM-class antibodies s detected for at least one
amino acid sequence from at feast two of groups (i) — (i1t) {wherein groups {1111} are as
described elsewhere herein}. In one aspect, a positive result 1s indicated when a positive
immunobinding reaction with IgG-class antibodies is detected for at least one amino acid
sequence from at least five of groups (i) — (1v} and {vii} — (xi1} {(wherein groups (1) — (iv) and
{(vii} — {xii} are as described elsewhere hereiny. In another aspect, a positive result 18
indicated when a positive tnumunobinding reaction with IgM-class antibodies 13 detected for
at least one amino acid sequence from at least two of groups (1) — (i11) and (v} (wherein
groups (1) — {111} and (v} are as described elsewhere herein). In yet another aspect, a positive
result is indicated when a positive immunobinding reaction with IgG-class antibodies is
detected for at least one amino acid sequence from at least two of groups (1) — {(vi} (wherein
groups (i} — (vi} are as described elsewhere herein).

In methods of the present disclosure, any primary antibody bound to a peptide
encoded by an amino acid sequence of the present disclosure may be detected with anti-
human antibodies, such as IgG or IgM, used as the secondary antibody conjugatedto a
detectable moiety. As discussed elsewhere herein, the detectable moiety may be selected
from the group consisting of chromophores, radicactivity moieties and enzymes or other
detectable moiety known to one of ordinary skill 1n the art. In oue aspect, the deteciable
motety comprises alkaline phosphatase. In another aspect the detectable motety comprises
biotir.

In another aspect of the disclosure, a method is provided for detecting and
distinguishing various species of Borrefia in a saraple. The sample may be from a subject
suspected of having Lyme disease. The method may comprise, for example, providing a
sample, for example, a biological sample obtained from a subject suspected of having Lyme
disease and mixing or contacting the biological sample with a panel of the present disclosure.
Amino acids may be labeled to confirm their presence if positive results are not obtained in
the assay. In an aspect of the disclosure, a sample 1s considered positive in a multi-species
panel assay for Borrelia if at least one amino acid sequence is detected from at least two
groups of the panel. A sample is considered positive for a specific species of Borrefia if at

feast two amino acid sequences identified with the specific species are detected.

Subjects and cells
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As used herein, a subject may be an animal, such as a mammal or a2 non-mammal.
Non-limiting examples of mammalian subjects include primates (including but not hmited to
humans), rodents {including but not limited to mice, rats, squirrels, chipmunks, prairie dogs),
lagomorphs, deer, canids (including but not timited to dogs, foxes, coyotes, and wolves),
felids {including but not limited to domestic cats, bobceats, cougars, and other wild cats},
bears, horses, cows, sheep, goats, and pigs. Non-limiting examples of non-mammalian
subjects inchude birds, amphibians, lizards, insects, and arthropods. As used herein, a cell
may be a bacterial cell, including but not imited to £ cofi, or an animal cell, either

mammalian or non-mammalian,

EXEMPLIFICATION

Example 1. Lyme ImmunoBloet antigen specificity

The Lyme ImmunoBlot IgG and IgM Tests are qualitative immuunoblot assays that
detect 1gG and 1gM antibodies directed against 8. burgdorferi sensu lato species in serum
samples suspected of having Lyme disease. Recombinant 5. hurgdorferi sensu lato antigens
are sprayed as straight lines onto nitrocellulose strips, which are then used tn the Lyme
ImmunoBlot Test. Experiments were undertaken to determine the specificity of the Lyme

ImmunoBlot Test.

Methods
Antigen preparation

Recombinant target proteins were obtatved by cloniog hybrid gene constructs or
portions of genes into pET vectors, expressing the gene products in Escherichia coli
{GenScript, Piscataway, NJ, USA), then isolating the proteins to > 90% purity, as previously
described [Liu et al., Healthcare (2018) 6(3) pit: ES9; Shah et al, Healthcare (2019) 711211
Bbsl recombinant proteins were derived from several US and European species of Bhsl
including Blbss straing B31 and 297 for the detection of the following targets: P23 (OspC),
P31 (OspA), P34 (OspB), P39 (BmpA), P41, P93 the variable surface antigen of Bbss
{(VisE), and €6 (a hybnd protein containing the immunodominant region of VISE from
different Bbs! species) for IgM ImmunoBlot and all the above, plus P66, P58, P45, P30, P28,
P18, for Ig( as previously described. The targeted Bbsl species were Bbss (8. burgdorferi
B31 and B. burgdorferi 297}, B. afzelii, B. garinii, B. californiensis, B anayonii, B.
spiedmanii, and B. valaisiana. For specificity controls, recombinant proteins from several
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tick-borne relapsing fever (TBRY) Borrefia species (B. hermsii, B. miyamotoi, B. turicatae
and 5. furcica) were derived for the detection of four target antigens: BipA, GlpQ, tHbp and

FlaB, as previously described [Shah et al., Healthcare (2019) 7:121].

Preparation of antigen strips

Auntigen strips for Bbsl and TBRY immunoblots were prepared as previously
described [Liu et al, Healthcare (20183 6(3 ) pit: E99; Shah et al., Healthcare (2019) 711211
In brief, purified proteins and control proteins were diluted (7-19 ng protein/line) and
spraved tn straight lines on unitrocellulose sheets (Amersham Protran, GE Healthcare Life
Science) using a BioDot ligquid dispenser (BioDot, Irvine, CA, USA). The sheets were then

blocked with 5% non-~fat dry mik and sliced into 3 mm wide strips.

Detection of antibody reactivity

Serclogical immunoblot testing was performed at {GeneX Reference Laboratory, a
high-complexity testing facility with Clinical Laboratory Improvement Amendments (CLIA)
certification. Lyme ImmunoBlot strips were tested with alkaline phosphatase (AP)-
conjugated anti-rabbit antibodies rabbit anti-Borrelia burgdorferi serum samples and rabbit
anti-TBRF Borrelia serum samples. Rabbit sera with antibodies to the following &.
burgdorferi species were tested: 5. burgdorferi sensu lato species B. burgdorferi B31 and 8.
burgdorferi 297, and 8. burgdorferi seusu siricto species 8. californiensis, B. afzalii, B.
garinii, B. spiefmanii, and B. valaisiana. Rabbit sera with antibodies to the TBRF Borrefia
species described above were used as controls,

Reactivity between Sorrefia-specific anttbodies from test sera and Borrelio antigens
on immunoblots was detected as previously described [Liu et al., Healtheare (2018) 6(3) pit:
E99; Shab et al., Healthcare (2019) 7:1211. In brief] strips were labeled, scaked in diluent
(100 mM Tris, 0.9% NaCl, 0.1% Tween-20 and 1% non-fat dry milk} for S min 1o a trough,
then a 10 pL aliquot of the test or control serum was added to the sirip. Strips with sera were
incubated at room temperature for one hour, washed 3 times with wash buffer (KPL,
Gaithersburg, MD, USA) at room temperature, and the final wash solution was then
aspirated. To detect IgG and IgM reactivity, strips were incubated with alkaline phosphatase-
comjugated goat anti-human IgG at 1:10,000 dilution or IgM at 1:6000 dilution respectively
{KPL, Gaithersburg, M}, USA} for one hour, then were washed 3 times. To visualize bands
of antibody/antigen reactivity, the strips were reacted with a chromogenic substrate, S-bromo-

4-chioro-3-indolylphosphatenitro-blue tetrazolium (BCIP/NBT, KPL, Gaithersburg, MD,

37



30

WO 2021/211637 PCT/US2021/027163

USA) and the reaction was terminated by washing with distilled water after the calibration
control produced a visible band at 39 kDa Bands demonstrating an intensity lower than that

of the calibration control were reported as negative.

Scoring of Immunoblots

For Bbsl immunoblots, the following bands (in kDa} were scored for IgG reactivity:
18 {group (11} SEQ D NO: 433, 23 (OspC, group (1) SEQ D NOs: 1-103, 28 (group (xi}
SEQ ID NOs: 41 and 42), 30 {(group {x) SEQ ID NO: 403, 31 {OspA; group (v SEQ ID NOs:
F1-203, 34 (OspB; group {vi) SEQ 1D NOs: 34-39), 39 (BmpA; group (i) SEQ H NQOs: 21~
26}, 41 (FlaB; group (111} SEQ ID NOs: 32 and 33}, 45 (group (ix} SEQ ID NO: 313, S8
{group {viii} SEQ I3 NG: 30), 66 (group (vit) SEQ ID NG 29), and 83-93 (group (1v) SEG
D NOGs: 27 and 28). The following bands (in kDa) were scored for IgM reactivity: 23
{OspC; group () SEQ 1 NOs: 1-10), 31 (Osp A, group (v} SEQ ID NGOs: 11-20), 34 (Osp B,
group (vi} SEQ ID NOs: 34-39}, 39 (BmpA; group (1) SEQ 1D NQOs: 21-26), 41 (FlaB,; group
(i11) SEQ ID NOs: 32 and 33) and 93 (group (iv) SEQ ID NOs: 27 and 28). Interpretation of
immunoblots was determined by two different criteria: CDC eriteria, and in-house criteria, as
previously described [Liu et al., Headthcare (2018) 6(3) pit: E99]. By CDC critenia, IgM
reactivity was interpreted as positive if two of the three antigen bands 23, 39, and 41 kDa
were positive, and Ig( reactivity was interpreted as positive if five of the ten antigen bands
18, 23, 28, 30, 39, 41, 45, S8, 66, and 83-93 were positive. By in-house critena, IgM
reactivity was considered positive if two of the four bands of 23, 31, 39, and 41 kDa were
present, and TgG reactivity was considered positive if two out of the six bands of 23, 31, 34,

39, 41, and 83-93 kia were present.

Results
As shown in Fig. 2, antibodies to B. burgdorferi species were detected, indicating that
the Lyme ImmunoBlot s specific for the detection of 8. burgdorferi group antibodies. A lfow

signal to only 41kDa was detected with rabbit anti-TBRF Borrelia specific serum samples.

Example 2. Lyme ImmunoBlois validation study for clinical sensitivity and specificity

A total of 178 patient samples were tested as per Lyme ImmunoeBlot IgM and IgG

protocols to determine clinical sensitivity and specificity. The following patient samples
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were tested as per Lyme Immunoblot IgM and Ig(G test protocols. The ImmunoBlots were

read by 1o-house criteria and CDC criteria.

Methods
Antigen prepavafion

Antigens were prepared substantially as described in Example | The targeted Bbsi
species were were Bbss (5. burgdorferi B31 and B. burgdorferi 297}, B. californiensis, B.

spielmanii, B. afzelii, B. garinmi, and B. mayonii,

Preparation of antigen strips

Autigen strips were prepared substavtially as described in Example 1. Protein L
{Sigma, St. Louis, MO, USA} and mixed human IgM and 1gG (Sigma, St. Louis, MO, USA}
were used as control proteins for detecting the addition of human serum and for detecting the

addition of alkaline phosphatase conjugated anti~human antibodies.

Detection of antibody reactivity

Serological immunoblot testing and detection of antibody reactivity were performed
substantially as described in Example 1. Human sera from patients with confirmed Borrefia
infection were used as positive controls and sera from uninfected persons were used as
negative controls. All imrounoblot testing of patient samples was performed with

simultaneous testing of positive and negative control serum samples.

Scoring of Immunoblots
Bbsl immunoblots were scored substantially as described in Example 1. Immunobiot

reactivity for Bbsl in representative patient serum samples is shown in Fig. 3.

Patients and Data Collection

The patient cohort was recruited from a medical practice located in San Francisco,
CA, specializing 1n the diagnosis and treatment of tick-borne diseases. The Western
institutional Review Board (WIRB), Puvallup, WA approved the anonymous retrospective
data collection protocol and consent form. Patients of either sex qualified for the study
provided they were at least 18 years of age, had a medical history of musculoskeletal,
neuropsychiatric and/or cardiac symptoms consistent with LD, and gave written informed
consent for data coliection. Subjects were included in the study if they met the case

definition of untreated or previously treated chronic LD with symptoms lasting more than six
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months, as described in detail elsewhere [Cameron et al., Fxpert Rev Anfi Infect Ther. (2014
12:1103-113S; Stricker et al., Am J fnfect {s (2018) 14:1-44]. Patients were not required to
have had a documented tick bite or erythema migrans rash for participation in the study
because serological testing was used to detect exposure rather than active infection. De-
identified patient samples were coded according to the patient’s place of residence. Blood
was drawn and serum was separated at independent laboratories including BioReference”,
LabCorp®, and AnyLabTestNow", and serum samples were transported to the reference
laboratory for immunoblot testing.

A total of 175 human sera expecied to be negative for Bbsl and TBRF were obtained
from the Centers for Disease Control and Prevention (CDC), College of American
Pathologists, New York State Departiment of Health, New York Biologics (Southampton,
NY, USA) and IGeneX Reference Laboratory (Milpitas, CA, USA). The IGeneX samples
were lettover sera received for routine testing for tick-borne diseases that would otherwise be
discarded. Testing of control sera was performed by laboratory personnel in a blinded
fashion in the same manner as testing of clinical samples from Bbsi and TBRF patients.

Results are reported in Table 1, Table 2A-C, and Table 3.

Chivonic { yme Disease cohort

To assess the ability of the Lyme Immunoblot to identify Borrelia seroreactivity in
patients with chronic Lyme disease (CLD), av additional study was performed with seruro
samples from a cohort of 90 patients who met the clinical case definition of CLD, as recently
described [Stricker et al., dm J Infect Dis (2018) 14:1-44]. Immuncblot testing was

performed as described previously herein. Results are reported in Table 4.

Resulis

Table 1. Patient Samples Tested

Expecied Result
Source Samples n Positives | Negatives
CDC CDC - Set 1 10 5 S
e CDC - Set 2 32 12 20
fiirfiiiszmy PT Samples =0 ? H
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S TS,
Protficiency Autmmm.unu\zd 42 0 42
Samples Reumatoid

arthritis)
New York
Biologics Viruses 46 ¢ 46
New York N
Biologics RPR (+) 28 o =8
Total Samples 178 26 152

Table 2ZA. Determination of Clinical Sensitivity

Lyme WB (in- Lyme WB Lyme IB (in- Lyme IB
Sam | Posi house) (CBCH house} (CBCH
ples | tives
Ig | Ig | G Ig | g | GF g | Ig | GF foM Ig | G+
M| GITM M| G| M MG M| EY G M
CDh 5 2 4 4 2 3 4 2 5 5 2 4 4
C -
Set 1
CDh 12 7 8 9 7 5 9 07 110 9 5 9
C-
Set 2
PT 9 9 6 9 9 6 9 G 6 9 9 6 G
Sam
ples
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Tota
i 36 1€ | I8 | 22 1 18 | 14 | 22 21 18 | 24 20 15 | 22
Posit
ives

69,1 69, 84, 69, 53,1 84. 80,1 68,1 92, 7691 87.| 84,
Sensitivity | 2% | 2% | 6% | 2% | 8% | 6% R% | 2% | 3% % | 7% | 6%

Table 2B. Detatled Information on Lyme Positive Patients Samples {CDC Samples Panel |

and 2 combined)

o Lyme WB (in- Lyme WB Lyme IB {In- Lyme 1B
CBC ) 5 house) (CDC) house) (CDC)
Samp |
les ves | 1o [ fg | G+ | Ig | g | G+ g | Ig |G+ Ig | Ig | G+
M G I M M G | M M G M I M G| M
Baly e 16l s 1 s |51 |6 715 8 | 613 6
Lyme
Lyme
Arthri 4 O 4 4 0 4 4 3 4 4 2 4 4
tis
Neuro
logic 3 3 3 3 3 3 3 3 3 3 3 2 3
Lyme
Total
Posit 17 9 12 4 13 8§ 8 i3 13 1 12 15 1 11 9 i3
ves
Sensitivity 52,0 79.% Te.| 47,1 47,1 76. 76,0 79.| 88, &4, 32,1 76
' y 9% | 6% | 8% | 1% | 1% | 5% S% | 6% | 2% | 7% | 9% | 8%
Table 3A. Determination of Chnical Specificity
Lyme WB (in- | Lyme WB CDC Lyme IB (in- Lyme IB
Sam | Nega house) data (CDC) house) (CDCH
[ L - &
ples | tives "o T TG | 1g | (G| [ 1g | Ig | GF .| G
MG M M IE v v e v Dy
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Lbe S 0 i i 0 ¢ 0 0 { { ¢ 0 ¢
- Set
”E %
("I,)(/ 2G O i i 0 0 O 3 i 4 0 0 0
- Set
2%
Pt
Sam 11 0 G ¢ 0 ¢ 0 0 { {0 ¢ 0 ¢
ples
Auto
imm 42 0 0 0 0 0 0 0 O G 0 0 0
une
(22
RA}
Viry
ses
46 16 5 15 2 0 2 0 O G 0 0 0
(11
M
V)
RPR 28 6 3 7 i 0 i 0 1 i 0 0 0
{+)
False
Posit 16 | 16| 24 3 0 3 3 2 5 0 0 0
ives
True
, 311412 14 , 14 411541 14 ,

Nega 152 6 5 3 9 152 9 9 o 7 152 § 152 | 152
fives

g, . . . 48, . . o

¥ 3. 84,1 98 100, 8 o8 gig % 100, | 160, | 100,

5 4 2 0% 8 8 7 7 0% | 9% | 0%
Specificity | % | % | % | % % % | % | % ? N

* Western blot results provided by CBC

Table 3B Detailed Summary of viral antibody positive samples

43



WO 2021/211637 PCT/US2021/027163

Lyme WB (n- Lyme WB Lyme 1B (n- in o
Antib house} (CDC) house) Lyme 1B (CDC)
odies | n
i lg | G+ Ig G+ B Gt | ! Gt
tO g é:‘ ol N .y ~d Y .y el
N EEYERY Iz M gt | 1gG M fgM | 1aG M
FBY Z & 4 16 2 0 2 0 0 0 0 0 0
HSY 171 2 O 2 0 0 G 0 0 0 0 0 0
CMY i ¢ 1 i 0 ¢ { 0 0 0 0 0 0
HCV {4 2 { 2 0 ¢ { 0 0 0 0 0 0
Vis 14 ol s Lisl 2o | 2 o lol ol ol ol o0
es O
Specifici | 78. | 89, | 67. | 95, | 100, | 95, 100, | 100, | 100, | 100, | 100, | 100,
ty 3% { 1% 1 4% | 7% | 8% | 7% 0% | 0% | 8% | 6% | 6% | 6%

Table 3C: CDC Specificity Samples — Summary

Lyme WB {in- Lyme WB Lyme IB (in- Lyme B
CDC | Negat house} (CDCH house) (CDC)
Samples | ives oM | 1eG G+ | Ig | Ig | Gt g {Ig i G+ Ig | Ig | GF
SHIEY M I MG M MIiIGIMIM G| M
Fibromy "
algia “ o lolololoo ool ololo]|o
Healthy .
endeniic 0 1 1 01010 0 1 Y 01010
Healthy
nos- O
endemic 0 i i 0101 0 0 0 1 g {040
Mononu -
celosis - 0 0 0O 10100 | T O T S T 0 O A 2 I
MS 2 0 0 0 01010 0 0 0 04100
RA 2 O 0 O 0 O 0 1 0 i 0 0 0
Severe
Peridonti 2
tis 0 0 0 01010 i 0 1 6100
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Syphilis 2 o Lol olololo o ftolololo]o

False

Positives 0 2 2 010 4§ 3 1 f 0|0 0

True

Negative 25

8 25 123 1230010 0 22 0 2 1 21 0 |0 0
00,1 921 92. 100100100 RR.iI8071 B4 {00i00100

Specificity 0% | 0% | 0% | % | % % 0% 1 % 0% % % | %

Western blot resulis provided
by CDC

As shown in Table 1, 14/42 patients (33%) in the Bbsl group had antibodies to Bbss
based on reactivity with Bbss-specific antigens derived from the B31 and/or 297 strains.
Four had antibodies to Bbss only, while the remaining ten patients reacted with Bbss and
other Bbs! species. In five samples (8, 12, 51, 86, and 88) the signal intensity with multiple
species 1ncluding Bbss was strong. In the remaining five samples (22, 31, 52, 63, and 64) the
signal with other Bbsl species was much stronger than Bbss.

The results obtained with the 175 control sera that were expected to be negative for
Bbsl and TBRF yielded a false positive rate of 2.3% (4/175 samples} for the Bbsl
immunoblot and 2.7% (5/17S samples) for the TBRF immunoblot (Table 3). False positive
tests for Bbsl were seen with a healthy endersic serum (one control}, viral infection {one
control} and syphilis (two controls). False positive tests for TBRE were seen with an allergy
patient serurn {one control}, multiple sclerosis {one control), viral infection {one control}) and
syphilis (two controls).

Based on the data shown tn Table 1, Table 2ZA-B, and Tables 3A-C, the sensitivity of
the Lyme ImmunoBlot i3 92.3%, and the specificity is 98% for IgM and 98.7% for IgG.
Interestingly, all 3 patients with false positive IgM results—one with mononucleosis, one
with rheumatoid arthritis, and one with severe periodontitis—had antibodies to Osp T (23
kDa) and Osp A (31 kDa), whereas none of the 11 patients positive for antibedies to CMV or
the 22 patients with rheumatord arthritis were negative on the Lyme Immuunoblot IgM. Thus
it is possible that these three patients could have been exposed to 8. burgdorferi but did not
have active disease. Based on the data obtained in this study, Lyme ImmunoBlots can be

used 1n place of Lyme Western Blois.
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Fig. 3 shows ImmuncBlots of representative patient serum samples and interpreted

according to in-house critenia. These results illustrate bow detection of antigens from

multiple Bbs! species identifies patients that would otherwise be missed by only testing for

Bbss antigens.

Table 4. Summary of seroreactivity for CLD cohort subjects in Group 1 (Bbsi), Group 2

{TBRF) ot both
ImmunoBlot Total
Group 1 (B burgdorferi sensu lato Positive) 42
Group 2 {Tick-Borne Relapsing Fever Boreelia 56
Pesitive)
Dual Group 1 and 2 Positive 8

Group 1 Bbsi Positive Samples

34 (38%)

B. bugdorferi sensu lato 3

BB sensu stricto (B3 1 and/or B297} 4

B. afzelii/garini 6

B. californiensis 6

B. spielmanii 6

B. mayonit + B spetlmanit 2

B. spielmanii + B. afzelii/garinit 1

B. afzelii/garinii, B. californiensis, B. mayonii 1
Buoal Group land 2 & (9%)

B. burgdorferi sensu lato + Tick-Borne Relapsing Fever "

borrelia “

B. burgdorfert sensu lato + B. hermsi i

B. californiensis + Tick-Borne Relapsing Fever borrelia 2

B spielmanit + Tick-Borne Relapsing Fever borrelia 1
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B. afzelii/garinui + Tick-Borne Relapsing Fever borrelia i

B afzeli/garinu + B. turicatae 1

In the CLD cohort {Table 4}, ImmunoBlot testing revealed that out of the 90 subjects
with suspected LD, a total of 42 patients (47%) were seropositive for Bbsl (Group 1)
Seroreactivity within Group 1 was as follows: Bbss (14}, 5. californiensis (8}, . spielmanii
(10), B. afzeliv/B. garingi (10), and mixed infections that included 8. mayonii (3. Thirty-four
patients {38%) were seropositive for Bbsl alone, 48 patients {53%) were seropositive for
TBRF alone, and 8§ patients (9%) were positive for both Bbsl and TBRF. Sera from 4
patients in Group | were seropositive for 2 of more species of Bbsl. Sercreactivity to the
exact Borrelia species in the remaining Group 1 and Group 2 patients could not be defined
using the immunoblot technique.

Forty-eight patients were positive for 8, burgdorferi-specific antibodies. In contrast,
it only 8. burgdorferi sensu stricto (B31 and 297) were used as antigens, only 14 patients
would be identified as positive. This data demonstrates that antigens from multiple species

are required for an inclusive test.

Discussion

Using the Lyme ImmunoBlot test described Examples 1 and 2, this study of patients
who met the CLD case definition revealed that all had exposure to either Bb or TBRF
species. Positive immunoblots were further characterized at the species level for the
following Bbst: B. californiensis, B. spielmanii, B. afzelii/B. garinii, and B. mayonii. Most
sera were reactive to either Bb species alone (38%) or to TBRF species alone (53%), with
few seropositive to both Bb species and TBRF species {(9%). The lack of widespread dual
reactivity suggests that cross-reactivity wn our immunoblots between TBRE and Bb species is
unlikely. Immunoblot testing of control sera demonstrated excellent specificities of 97.7%
for the Bbsl assay and 97 1% for the TBRF assay (Table 3).

Spirochetes falling into the Bbsl complex are distributed worldwide, with most LD
cases reported in the USA, Europe, and Asia. The CDC states that approximately 30,000
cases of LD are reported in the USA each year using surveillance criteria featuring two-tier
Bbss testing, but when tracked by other methods it is estimated that more than 300,000
people develop LD in the USA annually. The fact that CDC surveilllance criteria featuring

two-tier Bbss testing captures less than one out of every ten cases shows that LD is
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underreported, and the results of our study suggest that some people with suspected LI who
have failed to meet surveillance criteria may be wnfected by Bbal that are not crossreactive
with Bbss on two-tier testing.

The immunoblot testing used 1n this study enabled differentiation of Bbsl into 5
specific categories: B. cafiforniensis, B. spielmanii, B. mayonii, the European species 5.
afzeliv/B. garinii, and undifterentiated Bb species Based on surveillance reporting o the
USA, the distribution pattern of Bbss is characterized by human cases reported in all 50 states
with the majority reported in the Northeast, upper Midwest and northern Califormia.
Importantly, however, other Bbsl species are not detected by commercial testing in the USA.
Until recently, Bbss, B. garinii and B. gfzefii were considered to be the only etiologic agents
of L. Currently, nine species are said to have pathogenic potential: B. afzelii, B,
bavariensis, B. bissettii, Bbss, B. gavinii, B. kurtenbachii, B. lusitaniae, B. spielmanii and B.
vafaisiong. Nine other species including B. californiensis have not been isolated from
humans. B. afzelii, B. gavinii and B. spielmanii are considered to be Borrefia species
primarily found in Burasia, while B. californiensis is considered to be a North American
species. The understanding in the art of the pathogenicity of Borrelia species is evolving,
and some species that have not been isolated from humans and are not considered to be
pathogenic may be capable of causing iilness.

The genetic diversity of Borrelia spirochetes, and the symptoms of infection that are
as diverse as the organisms causing them, makes it challenging to diagnose Borrelia-
associated disease. It is important to recognize that classification is a human concept and the
organisms encompassing the genus Borrefia tall within a continuous spectrum of organisms
rather than into well-defined genetically-distinct groups that are easily categorized.

This study highlights the dire need for a diagnostic approach that acknowledges the
complexity and genetic diversity of Borrelia spirochetes. Commercially available serological
testing kits, as endorsed by the CDC, are highly specific for Bbss, and have poor sensitivity.
The CDC case definution for LD 18 narrowly drawn aund the laboratory criteria needed to
qualify as a positive case are rigid. Commercial serological tests are based on antigens of just
one Bbss strain, B3 1, and this test protocol is therefore not capable of detecting antibody
reactivity to Borrefia species and strains that lack crossreactivity with B31 — a limitation that
excludes detection of many Borrefia pathogens.

Microscopy is nonspecific: spirochetes are only visible when there are high bacterial
foads in the blood, and artifacts such as pseudospirochetes (filaments derived from

erythrocytes) can be mstaken for spirochetes. Ideally, a microscopic diagnosis should be
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confirmed by testing using other methodologies such as serclogical assays. In contrast, the
immunoblot testing described herein detected exposure to a variety of Bbsl species.

Bb-seropositive patients tended to be more frequently IgM positive than IgG or dual
1gM/1gG positive. Prolonged IgM reactivity has been demonstrated in patients with late or
fongstanding LB, Furthermore, IgM reactivity has been demonstrated in human subjects with
persistent Bb infection despite treatment with antibiotics. The cohort studied herein met the
case description for CLD and had symptoms counsistent with LD and other tickborng co-
infections, such as musculoskeletal, neuropsychiatric and/or cardiac manifestations. The
instant study corroborates the findings of previous studies showing that prolonged IgM
reactivity is associated with Bb infections and suggests that these infections may be
persistent. The fact that IgM reactivity in Borrelia infections is likely to persist long after the
onset of symptoms should be recognized when designing testing protocols for diagnosis.

In summary, exposure to Bbsl 15 a cause for concern, and Bbsl may explain LD
symptoms in patients who are seronegative for Bbss. Some patients may demonstrate dual
exposure to both Bb and TBRF species, further complicating diagnosis and treatment.
Immunoblot testing for Bbsi has allowed the detection of a diverse group of Borrelia
serotypes and has provided a greater understanding of human exposure to pathogenic

Borrelia,

Example 3. Lyme IGXSpot Test

IGXSpot is an enzyme-linked immunosorbent spot (ELISPOT) based assay used for
monitoring cellular imroune responses. ELISPOT assay is highly sensitive and accurate 1o

detecting rare antigen-specific T cells [Jin et al., Cells (2013) 2:607-6201.

Methods

IGXSpot Lyme Dhisease (LD) test uses the following B. burgdorferi sensu lato
species~ specific antigens (mixture of Osp A, Osp B, Osp C, P39, P41, P93, Co (SEQ ID NO:
45}, and VsIE (SEQ ID NO: 44}) to stimulate T cells isolated from patient whole blood that
are cultured inside each well of the 96-well plates. If the patient has recently been infected
by B. burgdorferi, isolated patient T cells will respond to the stimulation by secreting
Interferon gamma (IFNy). [FNy is captured at the bottom of the well and detected by
biotinylated IFNy antibody bound to streptavidin conjugated alkaline phosphatase (AP}
When the substrate of AP 1s added to each well, bright blue dots will appear if IFNy is

present. Any patient sample with 3 or more blue dots is considered positive. The number of
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blue dots therefore represents the likelihood of the patient being infected by 5. burgdorferi

sensu lato.

Patient sample collection and preporation

A set of 97 blood samples from patients with Lyme-like symptoms were collected in
sodium heparin tubes. All the blood samples were processed as per Lyme IGXSpot procedure
Flinet al, Cells (2013} 2:607-620]. In addition, serum samples from ail patients were tested

by IgM and IgG Western blots. Detailed resulis are presented in Tables 5 and 6.

Results
Table 5. IgXSpot Lyme Test Data Summary
Lyme Lyme Positive Lyme WB
Critiera
FGX5pot | WB/PCR/IFA M fegc
1GXSpot Pos, 22 10 6 1
IGXSpot Neg. 75 45 21 14
WB/PCR/IFA & IGXSpot Neg.
) o O O i 0
{Total 30 Samples)
14 All tests Negative Samples o o o 0
{(Normal Samples) -
Sensitivity 18.2%
Spectficity 100.0%

Table 6. 22 IGXSpot Positives
n | PCR(+) | WB(+) | Band 31 | Band 23 | Band 23,31
WEB-igM 6 i 6 5 2 2
WE- 1gG | 0 | 1 0 0
PCR 3 3 0 2 1 0
WEB&PCR(¢) | 12 O 0 3 2 0
Total 22 4 7 11 3 2
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As shown in Table 5, 22/97 samples were positive by IGXSpot. This included one
positive by Western blot and PCR (Table 3), 6 positive by Western blot only, and 3 positive
by PCR. The remaining 12 samples were negative by both Western blot and PCR.
Interestingly, Band 31 was present in 11/22 patients tested. This included 6 Western blot
positive samples, T Western blot and PCR positive samiple, 2 PCR positive samples and 3
Western blot and PCR negative patients samples. Five samples were positive for band 23; 2
also had band 31 present.

Of the remaining 44 Lyme negative samples, 9 samples had antibodies to other tick-
borue pathogens. This included S with antibodies to B. duncans; 2 with antibodies to
Analplasma phagocviophilun, 1 with antibodies to Fhrlichia chaffeenssis and 1 with
antibodies to Rickefissia.

Based on these data, of the 55 patents positive by other tests, 10 patients (18.2%) were
positive by IGXSpot. The remaining 12 patients positive by IGX Spot were negative by all
other tests. (M those 12 patients, 3 had band 31 kDa present on thetr Western blot and 2 had
band 23 kDA present on the Western blot. If these are considered true positives, then
IGXSpot sensttivity 18 23.8%. An additional 7 patients were positive by IgXSpot. All 44
patients negative for Lyme disease were negative by IGXS8pot test. Thus the specificity was
100%. These data suggest that IGXSpot s positive in patients with late disease, who produce
very low antibody levels or no antibodies. Therefore, the IGXSpot may identify patients

rissed by other tests.

Example 4. Lyme ImmunoBLOUT Validation Study with blinded CDC Samples

A set of 280 blinded serum samples were provided by CDC. Of these 90 were tfrom
patients confirmed positive for infection with Borrelai burgdorferi group. The remaining
190 were from non-Lyme patients. All samples were tested by Lyme ImmunoBlots IgM and

1gG to determine clinical sensitivity and specificity.

Methods

Recombinant proteins derived from several US and European species of Bbsi were
used to prepare antigen strips for Lyme IBs. The recombinant proteins selected included all
the protetos used wn scoring WBs by the CDC and in-house criteria described below. P23
{OspC) and P31 (OspA) proteins from several different BBsl species were used as target

antigens in the Lyme IB. Separate P39 (BropA) antigens derived from European and US

5%
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Bbsl species were included in the panel of test antigens. Additionally, a hybrid protein
containing the immunodoninant region of VslE from different Bbsl species referred to
elsewhere herein as C6 (SEQ 1D NO: 45) and alsc termed “Tier 1 antigen” was used in the
Lyme IBs as a target antigen. Recombinant antigens were prepared by cloning the hybnd
gene constructs of portions of the selected genes into pET vectors, and then expressing the
proteins in fscherichia coli (GenScript, Piscataway, NJ, USA). The & cofi-produced
recombinant Bbsl proteins were then purified using metal affinity chromatography followed
by gel filtration. Al the recombinant proteins were >90% pure by Coomassie blue staining

after SDS PAGE.

FPreparation of Lyme ImmunoBlot Strips

Purified proteins and two control proteins, diluted to yield 7-19 ng of protein as a line
0 each 3 mom strip of membrane were sprayed in straight lines onto nitrocellulose membrane
{Amersham Protran, GE Healthcare Life Science) using a BioDot liguid dispenser (BioDot,
Irvine, CA). The two conirol proteins were Protein L (Sigma, St. Louis, MO) for detecting
the addition of human serum (termed serum control), and a mixture of human IgM and IgG
{Sigma, St. Louis, MO) for detecting the addition of alkaline phosphatase conjugated anti-
human antibodies (termed conjugate control). The membranes were then blocked with 5%

non-fat dry milk and sliced into 3 mm wide strips.

Procedure for Detection of Borrelia Specific Antibodies on [ yme Immunobiots and Western
Blots with Test Sera

Prior to use, each strip was labeled and then scaked 1n 1 mL of diluent (100 mM Tris,
0.9% NaCl, 0.1% Tween-20 and 1% non-tat dry mik) for 5 min in a trough. A 10 uL aliquot
of the test or control serum was added to a corresponding B or WB strip in the trough. The
strips were then incubated at room temperature for one hour with serum, followed by three
washes with wash buffer (KPL, Gaithersburg, MD), USA} at room temperature. After
aspirating the final wash solution, strips for detecting IgG and IgM were incubated with
alkaline phosphatase-conjugated goat anti-human IgG at 1:10,000 dilation and IgM at 1.6000
dilution respectively (KPL, Gaithersburg, MD, USA) for one hour. After three washes, bands
were visualized by reaction with 5-bromo-4-chloro-3-indolyiphosphatenitro-blue tetrazolium
(BCIP/NBT, KPL, Gaithersburg, MID, USA). The reactions were terminated by washing
with distiled water when a calibration control produced a visible band at 39 kDa. Alkaline

phosphatase-conjugated rabbit antibody to the 39/93 kDa BBsl antigens {Strategic

52



923

25

WO 2021/211637 PCT/US2021/027163

Biosciences, Stow, MA, USA) diluted in human serum was used as the calibration control as
previously described. Bands with lower intensity than the cahibration control were reported
as negative. The Lyme IB strips were also reacted with a mixture of human sera from
patients with confirmed Lyme disease as a positive control and sera from uninfected persons

as a negative control.

Scoring and Intferpretation of Positive Serological Reactions

The following antigen bands in kDa were scored on the Lyme IB strips: for IgG—
Co/Tier 1 antigen (SEQ ID NG 45), 18 {group (xit) SEQ 1D NG: 43}, 23 (OspC; group (i}
SEQ ID NOs: 1-10), 28 {group (x1) SEQ ID NOs: 41 and 42), 30 {group {x) SEQ ID NO: 40},
31 {OspA; group (v} SEQ 1D NOs: 11-20), 34 (OspB; group {(vi} SEQ ID NOs: 34-39), 39
{BmpA; group (i) SEQ ID NOs: 21-26), 41 (FlaB; group (ii1) SEQ ID NOs: 32 and 33), 45
{group (x} SEQ ID NO: 313, S8 {group (vii) SEQ 1D NG: 30}, 66 (group (vi) SEQ ID NG:
29}, and 93 (group (iv} SEQ 1D NOs: 27 and 28); for IgM-—C6/Tier 1 antigen (SEQ D NO:
453, 23 (OspC; group (13 SEQ ID NOs: 1-10), 31 (Osp A, group (v} SEQ ID NQOs: 11-20), 34
{OspB; group (vi} SEQ 1D NOs: 34-39), 39 (BmipA; group (i) SEQ H NQOs: 21-26), 41
(FlaB; group (ii1) SEQ 1D NOs: 32 and 33}, and 93 {group (iv} SEQ ID NOs: 27 and 28).
Tier 1 scoring: the sample was considered positive for Tier | if either igM or IgG B had a
positive Tier-1 antigen band. Tier 2 scoring: Ig(G was considered positive if two from the
following six antigens bands were present: 23, 31, 34, 39, 41 and 93 kDa. IgM 1B was
considered positive if two out of the five following bands were present: 23, 31, 34, 39 and 41
kDa. Results are summarized in Tables 7 and 8.

A sample was considered two-tier IgM-posttive if positive by Tier 1 and IgM-positive
by Tier 2. A sample was considered two-tier Ig( positive if positive by Tier 1 and IgG-
positive by Tier 2. A sample was considered two-tier IgM and I positive if positive by

Tier 1 and IgM and IgG positive by Tier 2.

Results and Discussion

As shown in Tables 7 and 8, using the two-tier scoring criteria described above
herein, the sensitivity of Lyme IgM immunoblot was 78.9%; the sensitivity of Lyme Ig(s
immunoblot, 65.6%; and the overall sensitivity, 88.9%. The specificity was 97.9% for IghM;

100% for 1gG; and 97.9% overall.

Table 7. Sensitivity of two-tier Lyme ImmunoBlot Ighf and IgG (N=90}
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Based on the data presented, two-tier Lyme ImmunoBlots have the sensitivity and

specificity for clinical use, for detection of B. burgdorferi sensu lato antibodies in patients’

SEra.
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N IgM IgG oM Overall
Dhsease and IgG
Early Lyme 60 21 4 27 52
Cardiac Lyme 3 0 0 2 2
Lyme arthritis 20 0 5 5 20
Lyme arthritis 7 0 0 6 &
Total Lyme (+) 90 21 9 56 80
Total Lyme (+} 90 71 59 80
Nensitivity 78.9% | 65.6% 88.9%

Table 8. Specificity of two-tier Lyme ImmunoBlot 1gM and 1gG (N=190}

N IgM IgG eV Overall
Disease and IgG
Fibromyalgia 15 I 0 O 1
Mounonucleosis 15 0 0 0 &
Multiple sclerosis 15 0 0 O &
Periodontitis 15 0 0 O &
Rheumatoid arthritis 15 i 0 0O i
Syphilis 15 1 0 0 i
Endemic Negative
Controls >0 0 0 0 &
Non-Endemic

50
Negative Controls I ¢ 0 1
False Posttive ¢ 4 ¢ 0 4
True Negative 196 186 196 190 186
Specificity $7.9% | 100.0% | 1606% | 97.9%

Conclusion

PCT/US2021/027163
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Equivalents

Although several aspects of the present disclosure have been described and illustrated
herein, those of ordinary skill 1o the art will readily envision a variety of other means and/or
structures for performing the functions and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the present disclosure. More generally, those skilled in the art will
readily appreciate that all parameters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific application or applications for which the
teachings of the present disclosure is/are used. Those skilled in the art will recognize, or be
able to ascertain using no more than routine experimentation, many equivalents to the
specific aspects of the disclosure described herein. It is, therefore, to be understood that the
foregoing aspects are presented by way of example only and that, within the scope of the
appended claims and equivalents thereto; the disclosure may be practiced otherwise than as
specifically described and claimed. The present disclosure is directed to each individual
feature, system, article, material, and/or method described herein. In addition, any
combination of two or more such features, systems, articles, materials, and/or methods, if
such features, systems, articles, materials, and/or methods are not mutually inconsistent, 1s
included within the scope of the present disclosure.

All definitions, as defined and used herein, should be understood to control over
dictiovary definitions, definitions in docurnents incorporated by reference, and/or ordinary
meanings of the defined terms.

The indetinite articles “a” and “an,” as used herein in the specification and 1n the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”
The phrase “and/or,” as used herein in the specification and 1o the claims, should be
understood to mean “either or both” of the elements so conjoined, 1 e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Other elements
may optionally be present other than the elements specifically identified by the “and/or”
clause, whether related or unrelated to those elements specifically identified, unless clearly
indicated to the conirary.

All references, patents and patent applications and publications that are cited or

referred to in this application are incorporated by reference in their entirety herein.

What 1s claimed is:

91
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CLAIMS

i A pavel for detecting [gM- or Ig(G-class antibodies, the panel comprising SEQ 1D NO:
45 and a plurality of groups of labelled and/or tagged and/or bound amino acid sequences,
wherein the labelled and/or tagged and/or bound amino acid sequences comprise amino acid
sequences and variants thereof which retain the immunological binding profile of the
corresponding non-varant, and wherein the plurality of groups of labelled and/or tagged
and/or bound amino acid sequences is selected from the foliowing groups:

(i) SEQ ID NG: 1, SEQ ID NO: 2, SEQ ID NG: 3, SEQ ID NG: 4, SEQ ID NG: 5,
SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, and SEQ ID NO: 10,

(i) SEQ 1D NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 1D NO:
25, and SEQ ID NO: 26,

(111} SEQ ID NO: 32, and SEQ ID NO: 33,

(iv) SEQ D NGO 27 and SEQ 1D NO: 28,

(v) SEQ ID NO: 11, SEQ ID NQO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NG:
15, SEQ ID NO: 16, SEQ D NG: 17, SEQ D NG 18, SEQ ID N 19, and SEQ H2 NG: 20,

(vi) SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO:
38, and SEQ ID NO: 39,

(vii) SEQ ID NO: 29,

(viit) SEQ ID NO: 30,

(ix) SEQ ID NO: 31,

(x) SEQ ID NO: 40,

{xi} SEQ ID NOs: 41 and 42, and

{xii) SEQ ID NO: 43.

2. The panel of claim 1, wherein the labelled and/or tagged and/or bound amino acid
sequences are bound to a substance selected trom the group consisting of nitrocellulose,

nylon, polyvinylidene difluoride (PVDF), magnetic beads, and agarose.

2

3. The panel of clain 1 further comprising one or more of SEQ ID NGO 44 and SEQ D
NO: 46, and vanants thereof which retain the immunological binding profile of the

corresponding non-variant.

4. The panel of claim 1, wherein each of the one or more amino acid sequences are
tagged with an antibody with specificity for the amino acid sequence.
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5. A method for detecting IgM- or IgG-class antibodies resulting frors infection by one
or more Borrelia burgdorferi sensu lato (Bbsl) species, if present in a biological sample
obtained from a subject suspecied of having Lyme disease, the rmethod comprising:

{(a) providing a screening panel comprising SEQ ID NO: 45 and a plurality of
groups of labelled and/or tagged and/or bound amino acid seguences, wherein the labelled
and/or tagged and/or bound amino acid sequences comprise amino acid sequences and
vartants thereot which retain the immrounological binding profile of the corresponding non-
variant, and wherein the plurality of groups of labelled and/or tagged and/or bound amine
acid sequences is selecied from the following groups:

(iy SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID

NG: S, SEQ D NO: 6, SEQ ID NO: 7, SEGQ ID NO: 8, SEQ ID NG: 9, and SEQ ID

NG 10,

(it} SEQ ID NO: 21, SEG ID NO: 22, SEQ 1D NO: 23, SEQ ID NO: 24, SEQ

1D NO: 25, and SEQ > NO: 26,

(111} SEQ ID NO: 32, and SEQ ID NO: 33,
(iv) SEQ ID NO: 27 and SEQ ID NO: 28;
(v} SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, 8EQ ID NO- 14, SEQ

[0 NOG: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, and

SEQ ID NO: 20,

(vi) SEQ 1D NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ

ID NO: 38, and SEQ 1D NO: 39,

(vii) SEQ D NO: 29,

(viii} SEQ ID NO- 30,

(ix) SEQ D NO: 31,

{x) SEQ ID NO: 40,

{x1) SEQ I3 NQOs: 41 and 42, and

{x11} SEQ ID NG: 43,

{b) providing the biological sample obtained from the subject suspected of having
Lyme disease;

{c}) contacting the biological sample with the screening panel of step (a}) under

conditions appropriate for specitic antibody binding to an epitope; and

{d) detecting specific binding of IgM- or lgG-class antibodies, if present in the
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biological sample, with amino acid sequences included in the selected groups of the screening
panel of step (1), wherein the sample 1s scored as positive for infection by one or more Bhsl
species when:

{1} a positive immunobinding reaction with IgM-class antibodies is detected
for SEQ ID NO: 45 and for at least one amino acid sequence from at least two of
groups {1}-(iii},

{2} a positive immunobinding reaction with IgG-class antibodies 1s detected
for SEQ D NG: 45 and for at least one amino acid sequence from at least five of
groups (i} — (v} and {(vil) — (ai),

(3} a positive immmunobinding reaction with IgM-class antibodies 1s detected
for SEQ 1D NOG: 45 and for at least one amino acid sequence from at least two of
groups (i} — {11ty and (v}, or

(4} a positive immunobinding reaction with Ig(o-class antibodies is detected
for SEQ D NG: 45 and for at least one amino acid sequence from at least two of
groups (1) — {(vi},

and wherein a positive score for infection indicates the presence of antibodies

to one or more Bbs! species in the subject.

6. The method of claim 5 wherein the binding of IgM-class auntibodies 1s detected

through the use of an anti-human IgM antiboedy linked to a detectable motety.

7. The method of clairm 5 wherein the binding of IgG-class antibodies is detected

through the use of an anti-human Ig(s antibody linked to a detectable moiety.

g The method of claim 6 or 7, wherein the detectable moiety is selected from the group

consisting of chromophores, radicactive moieties, and enzymes.

9. The method of Claim 8, wherein the detectable moiety comprises alkaline
phosphatase,
10, The method of Claim §, wherein the detectable moiety comprises biotin.
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11 The method of claim 5, wherein the one or more Bbsl species comprise 5. gfzelii, B.
garinii, B. californiensis, B. spiefmonii, B. mavonii, B. vadaisiana, B. bavariensis, B.
burgdorferi B31, and B. burgdorferi 297

12. The method of claim 5, wherein the screening panel of step (a) further comprises at
feast one or more of SEQ ID NO: 44 and SEQ ID NO: 46, and variants thereof which retain

the immunological binding profile of the corresponding non-variant.

13, A method for detecting IgM-class and IgG-class antibodies resulting from 1ufection
by one or more Borrefia burgdorferi sensu lato (Bbsl) species, if present in a biological
sample obtained from a subject suspected of having Lyme disease, the method comprising:
{a) providing a screening panel comprising SEQ 1D NG: 45 and a plurality of
groups of labelled and/or tagged and/or bound amino acid sequences, wherein the labelled
and/or tagged and/or bound amino acid sequences comprise aming acid sequences and
variants thereof which retain the immunoclogical binding profiie of the corresponding non-
variant, and wherein the plurality of groups of labelled and/or tagged and/or bound amine
acid sequences is selected from the following groups:
{(DSEGQ D NO: 1, SEQIDNO: 2, SEQ D NG: 3, SEQ D NG 4, SEQ ID
NO: 5. 8EQ ID NO: 6, SEQ ID NO: 7, 8EQ ID NO: 8, SEQ ID NO: 9, and SEQ ID
NG 16,
(ii) SEQ ID NG: 21, SEQ ID NG: 22, SEQ ID NQO: 23, SEQ ID NO: 24, SEQ
I3 NG 25, and SEQ D NG: 26,
(iti}) SEQ ID NO: 32, and SEQ 1D NG: 33,
(iv) SEQ ID NO: 27 and SEQ ID NO: 28;
(v} SEQ ID NO: 11, SEQ IDNO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ
I3 NQO: 15, SEQ D NO: 16, SEQ D NG: 17, SEQ ID NO: 18, SEQ ID NO: 19, and
SEQ ID NG: 20,
{vi) SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ
I3 NG 38, and SEQ D NG: 39,
{vii) SEQ ID NO: 29,
{(vii) SEQ ID NO: 30,
(ix) SEQ ID NO: 31,
(x) SEQ ID NO: 40,

2
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(xi) SEQ ID NOs: 41 and 42, and
(xii) SEQ ID NO: 43;
{(b) providing the biological sample obtained from the subject suspected of having
Lyme disease;
(¢} contacting the biological sample with the screening panel of step (a) under
conditions appropriate for specific antibody binding to an epitope; and
{(d) detecting specific binding of IgM-class and Ig(G-class antibodies, if present in the
biological sample, with amino acid sequences included in the selected groups of the screening
panel of step (a), wherein the sample 18 scored as positive for infection by one or more Bbsl
species when a posiiive iramunobinding reaction with IgM-class or IgG-class antibodies is
detected for SEQ ID NO: 45 and:
(1Y A} a positive immunobinding reaction with IgM-class antibodies is
detected for at feast one amino acid sequence from at least two of groups (i)-{ii1}, and
{1YB) a positive immunobinding reaction with IgG-class antibodies is
detected for at feast one amino acid sequence from at least five of groups (1) — (iv) and
{vii} — {xi1}; or
(2X A} a positive immunobinding reaction with IgM-class antibodies is
detected for at feast one amino acid sequence from at feast two of groups (i) ~ (v}, and
{(2}B) a positive immunobinding reaction with IgG-class antibodies is
detected for at least one amuno acid sequence from at feast two of groups (i) — {(vi),
and wherein a positive score tor infection indicates the presence of antibodies

to one or more Bbsl species in the subject.

14, The method of claim 13 wherein the binding of IgM-class antibodies s detected

through the use of an anti-human Igh antibody hinked to a detectable moiety.

15, The method of claim 13 wherein the binding of IgG-class antibodies s detected

through the use of an anti-human IgG antibody linked to a detectable moiety.

16. The method of claim 14 or 15, wherein the detectable moiety is selected from the

group consisting of chromophores, radicactive moieties, and enzymes.

17 The method of Claim 16, wherein the detectable moiety comprises alkaline
phosphatase.
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18. The method of Claim 16, wherein the detectable moiety comprises biotin,

19 The method of claim 13, wherein the one or more Bbsl species corprise 5. afzelii, B,
garinii, B. californiensis, B. spielmonii, B. mavonii, B. valaisiona, B. bavariensis, 5.

burgdorferi B31, and B. burgdorferi 297

20, The method of clairmn 13, wherein the screening panel of step (a) further comprises at
feast one or more of SEQ ID NO: 44 and SEQ ID NO: 46, and variants thereof which retain

the immunological binding profile of the corresponding non-variant.

21, A method for detecting IgM- or IgG-class antibodies resulting from infection by one
or more Borrelia burgdorferi sensu lato (Bbsl) species, if present in a biological sample
obitained from a subject suspected of having Lyme disease, the method comprising:

{a) providing a screening panel comprising a plurality of groups of labelled and/or
tagged and/or bound amino acid sequences, wherein the labelied and/or tagged and/or bound
amino acid sequences comprise amino acid sequences and variants thereof which retain the
immunological binding profile of the corresponding non-variant, and wherein the plurality of
groups of labelled and/or tagged and/or bound amino acid sequences is selected from the
following groups:

(1) SEQ ID NO: 1, SEQID NO: 2, SEQ ID NO: 3, SEQ ID NG: 4, SEQ ID

NO: 5, SEGQG ID NO: 6, SEQ 1D NO: 7, SEQ 1D NG: 8, SEQ D NG: 9, and SEGQ ID

NG: 10,

(i) SEQ ID NO: 21, SEQ ID NO: 22, SEQ 1D NO: 23, SEQ ID NO: 24, SEQ

D NO: 25, and SEQ ID NO: 26,

(i1} SEQ ID NO: 32, and SEQ ID NO: 33,
{(iv) SEQ ID NO: 27 and SEQ ID NO: 28,
(v} SEQ ID NO: 11, SEQ D NO: 12, SEQ ID NG 13, SEQ ID NO: 14, SEQ

D NO: 15, SEQ ID NO: 16, SEQ ID NG 17, SEQ ID NG 18, SEQ ID NO: 19, and

SEQ ID NO: 20,

{vi) SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEO

I NG: 38, and SEQ D NG: 39,

{vii) SEQ ID NQ: 29,
{viiiy SEQ 1D NO: 30,
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(ix} SEQ ID NO: 31,
(x) SEQ ID NO: 40,
(xi) SEQ ID N{Os: 41 and 42, and
(xit) SEQ 1D NO: 43;
(b} providing the biological sample obtained from the subject suspected of having
Lyme disease;
{c) contacting the biological sample with the screening panel of step (a) under
conditions appropriate for specitic antibody binding to an epitope; and
{d) detecting specific binding of IgM- or lg(G-class antibodies, if present in the
biological sarnple, with amino acid sequences included in the selected groups of the screening
panel of step (a), wherein the sample is scored as positive for infection by one or more Bbsl
species when:
{1} a positive immunobinding reaction with IgM-class antibodies is detected
for at least one amino acid sequence from at least two of groups (i) — (i1},
{2} a posttive imamounobinding reaction with IgG-class antibodies 13 detected
for at least one anmuno acid sequence from at least five of groups (1) — (v) and {vi1) -
(xii),
(3} a positive immmunobinding reaction with IgM-class antibodies 1s detected
for at least one amino acid sequence from at least two of groups (1) — (ii1) and (v}, or
{4} a positive immunobinding reaction with IgG-class antibodies is detected
for at least one amino acid sequence from at least two of groups (1) — (vi),
and wherein a positive score tor infection indicates the presence of antibodies

to one or more Bbsi species in the subject.

22.  The method of claim 21 wherein the binding of IgM-class antibodies s detected

through the use of an anti-human IgM antibody linked to a detectable moiety.

23, The method of claim 21 wherein the binding of Ig(G-class antibodies s detected

through the use of an anti-human Ig( antibody linked to a detectable moiety.

24, The method of claim 22 or 23, wherein the detectable moiety is selected from the

group consisting of chromophores, radicactive moieties, and enzymes,
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25, The method of Claim 24, wherein the detectable moiety comprises alkaline
phosphatase.

26. The method of Claim 24, wherein the detectable moiety comprises biotin,

27. The method of claim 21, wherein the one or more Bbsl species comprise B. afzefii, 5.

garinii, B. californiensis, B. spielmaonii, B. mayonii, B. valaisiona, B. bavariensis, B.

burgdorferi B3, and 8. burgdorferi 297
28. The method of claim 21, wherein the screening panel of step (a) further comprises at

feast one or more of SEQ ID NG: 44, SEQ 1B NQG: 45, and SEQ ID NG: 46, and variants

thereof which retain the immunological binding profile of the corresponding non-variant.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |__—I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1-4, directed to a panel for detecting IgM- or IgG-class antibodies, the panel comprising SEQ: 45 and a plurality of
groups of labelled and/or tagged and/or bound amino acid sequences.

Group |1, claims 5-28, directed to a method for detecting IgM- or IgG-class antibodies resulting from infection by one or more Borreha
burgdotferi sensu lato (Bbsl) species, if present in a biological sample obtained from a subject.

Pl see Supplemental Sheet-—-—-——-—r—

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
14

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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Continuation of Box No. Il Observations where unity of invention is lacking:

The inventions listed as Groups I-1l do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:
Group | has the special technical feature of a composition comprising or consisting of a panel, that is not required by Group II.

Group Il has the special technical feature of contacting a biological sample with a screening panel under conditions appropriate for
specific antibody binding to an epitope; and detecting specific binding of IgG and/or IgM class antibodies, it present in the biological
sample, that is not required by Group I.

Common technical features:

Groups I-1l share the common technical features of detecting IgM- or IgG-class antibodies, and a panel comprising SEQ: 45 and a
plurality of groups of labelled and/or tagged and/or bound amino acid sequences, wherein the labelled and/or tagged and/or bound
amino acid sequences comprise amino acid sequences and variants thereof which retain the immunological binding profile of the
corresponding non-variant, and wherein the plurality of groups of labelled and/or tagged and/or bound amino acid sequences is selected
from the following groups: (i) SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9, and SEQ ID NO: 10,

(i) SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, and SEQ ID NO: 26,

(iii) SEQ ID NO: 32, and SEQ ID NO: 33,

(iv) SEQ ID NO: 27 and SEQ ID NO: 28;

(v) SEQ ID NO: 11, SEQID NO: 12, SEQ fD NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16. SEQ ID NO: 17, SEQ ID NO: 18,
SEQ ED NO: 19, and SEQ ID NO: 20,

(vi) SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, and SEQ ID NO: 39,

(vii.) SEQ ID NO: 29,

viii) SEQ ID NO: 30,

(ix) SEQ ID NO: 31,

(x) SEQ ID NO: 40,

(xi) SEQ ID NOs: 41 and 42, and.

(xii) SEQ ID NO: 43.

However, this shared technical feature does not represent a contribution over prior art, because this shared technical feature is
previously made obvious by US 2009/0162875 A1 to Dattwyler et al. (hereinafter 'Dattwyler') and US 2012/0142023 A1 to Ascoli et al.,
(hereinafter ‘Ascoli').

Dattwyler teaches a panel for detecting 1gM- or IgG-class antibodies, the panel comprising a plurality of groups of labelled and/or
tagged and/or bound aminc acid sequences, wherein the labelled and/or tagged and/or bound amino acid sequences comprise amino
acid sequences and variants thereof which retain the immunological binding profile of the corresponding non-variant (para [0063] - "The
diagnostic method comprises taking a sample of body fluid or tissue likely to contain antibodies. The antibodies can be, e.g., of IgG, IgE,
1gD, IgM, or IgA type. Generally, IgM and/or IgA antibodies are detected, e.g. for the detection of early infection. IgG antibodies can be
detected when some of the additional peptides discussed above are used in the method (e.g. peptides for the detection of flagellum
proteins)."; para [0065] - "In embodiments of the invention, the assay may comprise (1) immobilizing the antibody(s) in the sample,
adding a peptide of the invention, and then detecting the degree of antibody bound to the peptide, e.g. by the peptide being labeled or by
adding a labeled substance (conjugate, binding partner), such as a labeled antibody, which specifically recognizes the peptide; (2)
immobilizing a peptide of the invention, adding the sample containing an antibody(s), and then detecting the amount of antibody bound
to the peptide, e.g. by adding a labeled substance (conjugate, binding partner), such as a labeled antibody, which specifically recognizes
the antibody; or (3) reacting the peptide and the sample containing antibody(s) without any of the reactants being immobilized, and then
detecting the amount of complexes of antibody and peptide, e.g. by the peptide being labeled or by adding a labeled substance
(conjugate, binding partner), such as a labeled antibody, which specifically recognizes the peptide."; para [0028] - “The invention
includes a peptide represented by SEQ ID NO:1, as well as active variants of this peptide. An "active variant" of this peptide, or of other
peptides described herein, refers to a peptide which retains the ability to specifically recognize (bind to) an antibody against a causative
agent of Lyme disease."; para [0060] - "Thus, "a" peptide of the present invention, as used above, can be two or more peptides, which
can be the same or different.").

Ascoli teaches a test strip for detection of IgG or IgM antibodies specific for Borrelia burgdorferi, comprising a plurality of bound amino
acid sequences including a sequence with 99.9% identity t SEQ ID NO: 29 (para [0026] "test strips to detect the presence of B.
burgdorferi or to detect and diagnose LD. The test strip contains at least two regions, each of which containing a protein selected
from...P66 (SEQ ID NO: 15)"; [0033] "a four (4) window cassette for B. burgdorferi-specific IgG or IgM antibody detection in accordance
with the preferred embodiment of the present invention"; note, SEQ ID NO: 15 residues 25-618 have 99.9% identity to SEQ ID NO: 29,
and 100% identity except for a single mismatch L to M corresponding to the residue at position 1 of the claimed sequence). The addition
of a Met at the start of the sequence was a practice well known in the art of molecular biology at the time, in order to design peptides
that can be expressed since Met it is a start codon recognized by translation machinery, as evidenced by Dattwyler (para [0101] "We
unexpectedly found that shortening the C terminal portion of the peptide by 7 and 8 amino acids showed a trend toward increased its
sensitivity...the critical immunodiagnostic epitope of the 26-residue IR6 sequence is confined within a 17-residue segment of the IR6
sequence and the N-terminal sequence (Met) is essential for maintenance of antigenicity”) and thus the use of a fragment of the
antibody detection sequence taught by Ascoli comprising a Met at the N terminus of a fragment thereof that retains binding activity would
have been obvious to one of ordinary skill in the art during the ordinary course of experimentation. Further it would have been obvious
to one of ordinary skill in the art to have applied the antibody detection sequences to the panel taught by Dattwyler, in order to detect
antibodies indicative of Borrelia burgdorferi in a sample.

________ Continued on next page

Form PCT/ISA/210 (extra sheet) (July 2019)
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B Continued from previous page--————-——

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I-Il inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

Form PCT/ISA/210 (extra sheet) (July 2019)
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:

IZ in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter:1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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