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DETECTION AND DELINEATION OF MICROORGANISMS USING THE ILV3 GENE

FIELD OF THE INVENTION

The invention provides a novel target in the context of detecting whether a fungus or yeast
is present in a sample. This target, ILV3, encodes a dihydroxyacid dehydratase and is
particularly useful in clinical diagnostic applications due to the lack of any sequence identity
with the human genome. Primers and probes are provided which allow the presence or
absence of Candida, Aspergillus and Cryptococcus neoformans to be determined in a
sample. Once the presence of a fungus or yeast is determined, the identity of that species
is usefully obtained, for example to direct therapy. As well as pan- Candida and pan-
Aspergillus detection using a single primer/probe set there are also provided species-
specific primer pairs that enable the species of Candida or Aspergillus to be determined in
the sample. Melt curve analysis may be employed as a method of determining which
species is present in the sample. The methods may be combined with methods that
determine whether bacteria are present in the sample and which may categorise those
bacteria as either Gram positive or Gram negative.

BACKGROUND OF THE INVENTION

The US centre for disease control estimates that at least 30% of patients are prescribed
antibiotics unnecessarily (Journal of the American Medical Association, May 2016).
Antibiotic resistance is a pressing public health threat. Every year in the UK there are over
160,000 cases of sepsis resulting in 44,000 deaths. Many of these deaths are due to
antibiotic resistant microbial infections. Culture-based identification of microbial infections
takes around 5 days on average, during which time antibiotics are administered. It would
be of great benefit if a more rapid test could be developed in order to detect a microbial

infection in a sample.

Some molecular tests for identifying microbial DNA or RNA are known. For example,
US7291724 and US7169555 describe oligonucleotides binding to ribosomal DNA that can
be used in PCR reactions. Further amplification based methods for the detection of
fungus/yeast are known. For example, see W02002/27021, CN105018575, US6872523
and Van Burik et al., 1998.

DESCRIPTION OF THE INVENTION

Fungal infections (fungaemia) of the blood are highly dangerous. The inventors have
investigated molecular targets that may be probed to rapidly (same day results) identify a
fungal infection. The invention thus provides ILV3 as a novel target in the context of
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detecting whether a fungus or yeast is present in a sample. ILV3 encodes a dihydroxyacid
dehydratase that catalyses the third step in the common pathway leading to biosynthesis of
branched-chain amino acids. The inventors have discovered that this gene is present in
the most clinically relevant fungal species and can be specifically targeted to permit
detection and identification of a fungal infection. Moreover, this target is particularfy useful
in clinical diagnostic applications due to the lack of any sequence identity with the human
genome. In more detail, Liu ef al., 2006 lists a number of candidate genes as potential
targets for antifungal drug discovery. Of all the candidates listed, only ILV3 has a 0%
identity with humans at the protein level. After conducting further analysis, the inventors
have found that [LV3 also has no homology with humans or bacteria (of either Gram
positive or Gram negative status) at the genetic level. This contrasts with the other
candidate genes disclosed in Liu et al., in which the inventors found genetic homology to
humans. For example, ILVS (2% identity with humans at the protein level) resuited in two
positive nucleotide alignments (82% identity) with the human genome. Thus, candidate
genes other than ILV3 (including ribosomal candidates, e.g. 18S, 288S or 5.8S) may result
in the false positive detection and identification of a fungal infection in samples comprising
human genetic material. Thus, in its broadest aspect, the invention provides for the use of

ILV3 to identify a fungal infection in a sample.

It should be noted that throughout the specification the term “comprising” is intended to
represent open-ended (i.e. including) language. However, for the avoidance of doubt,
wherever the term “comprising” is used it is envisaged that the corresponding feature may
be limited to that specified (i.e. consisting) as necessary.

Accession numbers and related information for the ILV3 gene sequence in the species of

interest are provided in Table A:

SC5314 |

"NC_0320931 | 3636428 |  ILV3
Candida glabrata CBS138 NC_005968.1 2886651 CAGL0B03993g Anti-sense
Candida CDC317 HE605203.1 CPAR2_100130 { CPAR2_100130 Anti-sense
parapsilosis (locus_tag)
Candida tropicalis | MYA3404 NW_003020040.1 8300008 CTRG_06147 Anti-sense
Candida krusei SD108 JQFK01000016.1 JLO9_g2096 JLO9_g2096 Sense
(locus tag)
Candida CD36 NC_012864.1 8048016 CD36_55010 Anti-sense
dubliniensis
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Candida ATCC 6260 | NW_001809800.1 5129681 PGUG_00520 Anti-sense
guilliermondii
Candida auris 6684 NW_017263971.1 28879407 QG37_05711 Anti-sense
Aspergiflus Af293 NC_007195.1 3512998 AFUA_2G14210 Sense
fumigatus
Aspergillus niger | CBS 513.88 NT_166533.1 4989816 ANI_1_1182164 Anti-sense
Aspergillus flavus | NRRL3357 NW_002477240.1 7922100 AFLA_105610 Anti-sense
Cryptococcus JEC21 NC_006693.1 3259119 CNH01530 Sense
neoformans

Through extensive characterisation and testing, the inventors have identified specific
regions of the ILV3 gene that can be targeted. Firstly, the inventors have identified regions
of the ILV3 gene in 8 clinically prevalent Candida species that can be commonly targeted
using a single primer and/or probe set. A single primer and/or probe set specifically
hybridises to ILV3 from these 8 species but does not cross-react with the ILV3 gene from
non-Candida species. Such primer/probes may be referred to as “pan-Candida”.

Secondly, the inventors have identified regions of the ILV3 gene in 3 clinically prevalent
Aspergillus species that can be commonly targeted using a single primer and/or probe set.
A single primer and/or probe set specifically hybridises to these 3 species but does not
cross-react with the ILV3 gene from non-Aspergillus species. Such primer/probes may be
referred to as “pan-Aspergillus”.

Thirdly, the inventors have identified regions of the ILV3 gene in Cryptococcus neoformans
that can be targeted using a primer and/or probe set. A primer and/or probe set specifically
hybridises to this species but does not cross-react with the ILV3 gene from non-
Cryptococcus species.

Collectively, the first, second and third category of target regions can be probed to
determine whether there is a fungal infection in the sample. With appropriate
discrimination of amplification products it can be determined which category of fungal

infection is present.

Fourthly, the inventors have identified regions of the ILLV3 gene that differ between 8
clinically prevalent Candida species that can thus each be separately targeted using
suitably designed primer and/or probe sets. Each primer and/or probe set specifically
hybridises to one Candida species but does not cross-react with the ILV3 gene from other
Candida species (or non-Candida species).
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prevalent Aspergillus species that can thus each be separately targeted using suitably

designed primer and/or probe sets. Each primer and/or probe set specifically hybridises to
one Aspergillus species but does not cross-react with the ILV3 gene from other Aspergillus

species (or non-Asperygillus species).

The fourth and fifth category of target regions can be probed to more specifically identify

the nature of a fungal infection in the sample. With appropriate detection of amplification

products the species responsible for the infection can be identified. This may facilitate

treatment.

Specific primer and probe sequences are provided that target the respective regions and

which also form an aspect of the present invention.

Table B below identifies the various ILV3 target regions, identified with reference to the

sequences provided in Table A. Table B also provides specific primer and probe

sequences of the invention that target the respective regions, together with the SEQ ID NO

used in the sequence listing for each sequence:

. e | Forward = | Forward | - Reverse Reverese. . Probe
- SEQ f 7 : - SEQ ., o
.Name . | . Primer .1 primer D primer primer . [ location
- { sequence™ | tocation™ | " | sequence™ | -location™ P -
CA: CA:
¢c1169825- 1169779-
1169806 CA: 1169707- 1169804
caGl: 1169729 CGl:
c393798- CGl: 393752-
393779 393680- 393777
cr: 393702 cr:
c405996- cT: 405950-
405978 405878- 405975
CDu: 405900 CDu:
Pan- GAAGGYCC cgiggig' GAWCCACC CDu: fﬁcWAiS:T 112211;%%‘;'
Candid 1 AAARGGTG CGu: 2 MGARAATC 1217918- 3 TTCYGGE CGu:
a(iLvs) Gwcc ¢909809- TRCCRTC C 61;12229946% 1- ATACC 909763-
909790 ’ 909788
909713
cP: . cP:
c24006- : 23960-
23987 23888-23910 23985
cK: ck: cK:
61666- °517§1j1762 61712
61685 . 61687
CAu: 32206-32228 CAu:
c32324- 32278-
32305 32303
:""d'd , |Tecermet | cuzoasa | Iﬁiﬁgl‘é‘# uous- | .o igfggfg ¢1170174-
albican GGC(':GATIT 1170217 CTTT 1170140 CTGTTAT 1170151
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s-melt GAA
(iLv3)
TGCTTGA
6 gﬁgg;fg_\ 71213 | g?g;gf:f: 1171120- | . | TIGTGGA | 1171165-
CTTAG 1171192 . 1171138 TGTAGCA | 1171192
AATGTCC
AATTGCA
g gg‘ém? c1219181- | gg;%%z’z 1219103- | .. | TGGCTTTC | 1219148-
1219161 1219124 AAGCCAG | 1219171
) TTGA ATAC
Candid CcC
a ATTAGCC
dublinie | | Lmigﬁ c1218505- | . ggﬁigggrcr 1218409- 119 | GACTTCA | c1218439-
nsis - 1218486 1218429 AGCCATC | 1218416
TA GAA
melt CGG
(ILv3) TGCCTCG
" %I;TT(;CGCT‘_}E c1218553- | . i:;?ggg; 1218419- | | TCGTTTG | c1218505-
1218534 1218440 ACATTACC | 1218480
TA AATA
ATCA
AGGTACT
CCAGGTTCT CCAAAGCA TACTTCAA
condid | 14 | GCTETTGGT ngggg' 15 | GrGATGAA 1%%%‘;78' 121 | GGGTAAA czgg;;;-
a" . AA GGAATG GCTAGAG
tropical T
M _':“ i AGGTACT
GTTCTGCTG CAAAGCAG TACTTCAA
(iLv3) 16 | TTGGTAAAA C:ggigg' 17 | TGATGAAG 1%%%:‘;’ 121 | GGGTAAA °23§3§§‘
TCACT GAATGT GCTAGAG
T
TACTATCT
. GCCATGGG TCTTGTCGG
Candid | 1o | AnGACACA €24951- 19 | CAATAGCTG | 24843-24865 | 122 | TGCCAGG | c24907-
a 24931 GTCTCCC 24883
. ATAGA GATTA
parapsil ACA
osis - TCCTGCTA
GTGGTGGA GCTTCTCTT
melt 24881- TIGCTGA | c24862-
(1Lv3) 20 | AGCAAGAG 4863 21 | CCAAAGTG | 24774-24795 | 123 | L oo 24839
TAA ATTTG
GA
AGGTCGG
- Fciggiiig c394191- | . gﬁg?c':’égs 394080- 124 | TGGTACT | c394151-
394169 394101 CAAAGTG | 394128
TATGT TATAA
TCA
TGCTAAG
. " mggiii c393535- | . ggi‘z%aczf 393445- 125 | TTAGTCTC | c383478-
Candid 393516 393464 TAATGCC | 393453
cere TAG
a TCce
glabrat TCAGCAA
a-melt | ggﬂ%ﬁg c395076- | . égx(é:fg'“ 394987- 126 | AGCGCAA | c395030-
(ILv3) 395055 395006 GTTGGTG | 395007
TATG AAC
6
AGAGAAA
GACGGTATC ATCGTAGTG TTATCGC
28 | TceaTGGGT °§§Z§§§' 29 | TTGTGCCAT 3;%1;%33' 127 | AGACTCT °§§Z§3§'
ACTA CAT TTCGAGA
cT
ATGGGTTAC | o0 TCTGGAACA ggceTTCTTCG 61770-
30 | GGCTTAGGT 31 | ATATGGCCG | c61817-61796 | 128
ARG 61744 ATTA TCACGGT 61793
Candid T
a:;::e’ GGTGGTAT 60940- CCGAAACTG :ggérA: 60990-
(1v3) 32 | GTAcacTGe ~0961 33 | CTGGAGAT | c61030-61011 | 129 | =~ | “coor
CAATA GAT
AGC
TGGTTTCAA 60420- CAGAATCTG TGGTTCIT | 60462-
34 | GGACGAGG 60440 35 | cacateeer | 6033560513 [ 130 | reerg | eoass
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ATTT TATTT GTCTGGA
AA
GCGGTTCTC 61778- GGCAAGTTC TATGé\éfACGT 61815-
36 ¢§GGTTTCT 61797 37 11_';((::1ATCGGA €61923-61902 | 131 | oo 61838
AAT
CCTCTCTT
GGAAGAGG CCTTTGGAG
38 | CCAGAGTTG 61340- 39 | GCATCAGA | c62015-61996 | 132 | ATATITCA | ¢61970-
61961 _ ACTCTGG 61945
AAATA GAC
ccT
TGCTTGTC
20 ggcc:\l\c%/:\c €909629- M gfgg%cccrﬁ 909529- 133 | TCGGAAG | ¢909577-
909608 909550 AAATTCTC | 909552
GATTG TCTTT
GCT
TGCTTCG
Candid | . ;ﬁgggﬁﬁ €911117- 43 ié‘:g?fgg 911002- 134 | CAAGCCA | co11088-
a 911098 911023 TGTTGTAT | 911065
- AA ACTC
guillier GC
mondii TGCTTCG
-melt | :;i?;ig’; o111 | iggzgﬂi 910994 | ... | CAAGCCA | c911088-
(1nv3) 911090 911013 TGTTGTAT | 911065
CTCAAG CA o
ACCGTTG
a6 gﬁﬁggﬁ €910941- 47 ’égAAICCZﬁTGf 910799- 135 | GTGATAC | 910878-
GGAATG 910920 AAG 910819 CATCAGA 910904
AACTCC
TCTGACA
CTCCTCTGT CAAGTCAGC
48 | AGGCGTTG c32790- 49 | CATCACGTA | 32682-32703 | 136 | OCACTCC | c32744-
32768 ATTGTTG 32721
AAATTA CTTA
GCT
AAAGGCT
CACCGGTAA CCAGCCTGT
50 | GGAAGGAA c:;g;‘ 51 | AMAGCAGT | 32368-32389 | 137 ﬁfg‘fggg c:;:;;‘
CATAC GATAA
CGA
TGCTTGA
GCCAAGAT GGCATTTGC
52 | eTreTTeea | 32654 53 | TCAAGTTCT | 32567-32588 | 138 | [CCIGAC | 32629
AGAAG 32633 CAGATGA 32605
¢ CTGT
AAGGTCT
AACATGCCT GGCATAAT
c33278- GTTGTGT 33233-
54 | GGTGTGCTT 33259 S5 | GGTACCACC | 33202-33223 | 139 | _ o | oo
AT GTAAA
GGC
fﬁ"ﬂ'rf- ACTGGTAA | 35503 GGTTTCAAT grslzTc%rCTc 32542-
56 | GACACTCAA 57 | GGGTTGGA | 32512-32533 | 140
melt AGAGAAC 32580 G AGGCAAG 32563
(1Lv3) CAAA c
TCGCCCTT
GAGGAGGA TCTGATAAC
58 | CTTTATCAC c:::?:’ 59 | ACACACGGT | 32328-32349 | 141 ET'—;GOA\EJ ?23;572
TGCTTTA CTIT c
TGTCACC
ATTGAACAA CCTTAAACC
60 | GCACTCCTC c33648- 61 | CAGTAGCGT | 33566-33587 | 142 | CAGGATG | c33627-
33628 TGTCGCA 33606
GAT ACAA G
TTTCTGGT
GCACTTCTA TGGGACAA
62 | ACAGACGG c:g:g- 63 | TGTGACCAA | 32175-32195 | 143 igggf_ﬁf C:;f;g'
AAGAT TCAA c
. CCCGTGA
GGTAAAGC ACCTCCAGT
64 | caTcagaca | 2930 65 | GGCAATGA | 32826-32848 | 144 | CATCATG c32830-
CrTeA 32909 TATAAG ACCAAGA 32864
AATCGT
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TGGCCAT
CATGGTTTA CCGTATGAT
66 | CGGTGGTA c::;(z)g- 67 | T6GAAAGC | 33130-33151 | 145 gfg;:g: C;‘::;’:'
CCATTA AGAGA
GAC
AAGAAAG
CAACAGAAT CGCAAAGT
68 | TGACTTGCT Cgsggg' 69 | ACCTCTCTT | 32011-32033 | 146 xggfgé °§§§§§'
CGTG GTATCT
GA
AFu: AFu: AFu:
3721583- ¢3721887- 3721790-
Pan- 37;::?97 373‘&?72 CAGTATG 373514
Aspergil 70 SCAGGGTG 541018- 71 TSGCRTCGT 540714- 72 GGTACAA 540811-
lus V1 CTTCSCA ACCACTG AGGGWA
(1Lv3) 541004 540729 ToMGA 540788
AFl: AFI: AFI:
€382612- 382308 ¢382405-
382598 382323 382381
AFu: AFu: AFu:
3721797- €3721875- 3721848-
3721816 3721894 3721870
::";r . GGTACSAA AN: CTGATGTTC AN: ;%gfg AN:
|uspvzg 73 | GGGWATGC | ¢540804- | 74 | GCRTCRTAC 540707- 75 | yaraeer | €549753-
(1Lv3) GATA 540785 CcA 540726 ot 540731
AFI: AFl: AFu:
382398- 382301- 382347-
382379 382320 382325
ACCTGCG
76 fgggg‘if_\:\e 321531 | TA-EiTG':CCCGAAG ¢3721653- sg | CCTTGTTC | c3721651-
AATAA 3721552 AATACC 3721675 éTATCCTC 3721628
TTCGTCTG
asperai | 79 iggl?g:f 321618 | oo ézccﬁgﬁ ¢3721706- g | TCTGGTA | 3721658-
spergi 3721638 3721681 CAACGGC | 3721681
llus ATGA AC -
fumigat
TTCGTCTG
:‘I:.VB) " :gigg?é 3721616 | o ggi‘:?gﬁ c3721706- | . | TCTGGTA | 3721658-
3721638 3721681 CAACGGC | 3721681
ATATGA AC A
TCCATCG
a3 g;ﬁi’gﬁi 3721798- | o, gﬂég;g?{; ¢3721898- g5 | AAACCGT | 3721848-
3721818 3721878 CATGGGT | 3721870
ATACT GTA .
Aspergi ] AGACACC
e | amecteac | e | fseTese |, || Grrecre | st
niger ATC 540199 A 540103 GCTGATT | 540138
(ILv3) TGA
ACCGAGG
%0 gg%ccﬁ c382604- | oo iﬂég:%cg 382519- g1 | AGGACAT | c382572-
Aspergi 382586 382541 GAACAAA | 382549
A AGATAC
flus GCT
flavus ACCGAGG
(ILv3) % gggceccﬁ? c382604- | ﬂﬂfé@: 382520- g1 | AGGACAT | c382572-
382586 v 382541 GAACAAA | 382549
A GATAC
. GCT
ATGCCGT
crvot o g&mifr 702696- o gf,rAéTcé:gTAT 702796- g5 | TECGAAC | 702724-
fyptoc 702717 702777 ACTTTGTC | 702747
occus ATTC TCT 16
neofor
AGTTTGA
;'I'L‘:,";) 9% gGTAE;(C% 702499- o7 §§§§§§3 702602- gg | TCATGGG | 702526-
nAn 702520 : 702582 CGCTGGT | 702549
AAAC AAAT A
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TCAAGGT
99 ‘C\%TCG' G' 'fCT 702736- 100 gééﬁccﬁ?f 702850~ 101 | CACTCAC 702805-
702757 702831 GGAACAT | 702829
GTATC T
TGCT
TGTTGTCT
102 gﬁ;‘;ﬁ’:‘é& 702384- 103 iﬁggfggg €702521- 104 | TGAGGTA | 702423-
702403 702500 CCTTGGC 702446
TCA ATAC e
CGGAGAG
105 If\?éﬁggcﬁ 701384- 106 gggig; €701499- 107 | GTGCTCG | 701435-
701406 701479 ACATTGT 701458
TTATG ATC aTC

(i) All sequences shown are in the 5’ to 3’ orientation
(i) Primer/ probe location is based on the orientation of the gene (c=complement)

In Table B of GB1705932.0, the forward and reverse primer sequences and locations for
Aspergillus niger (ILV3) and Aspergillus flavus (ILV3) were incorrectly interchanged and

thus recited as follows:

Aspergi AGACACC
llus 86 g;ﬁg;i:g? 540084- 87 ¢gg$gggg ¢540219- 38 GTTCCTG c540161-
niger TA 540103 ATC 540199 GCTGATT 540138
{ILV3) TGA
ACCGAGG
89 f;lggi?g 382519- 90 gﬁg‘?ﬁf c382604- o1 AGGACAT c382572-
Aspergi 382541 382586 GAACAAA 382549
AGATAC A
flus GCT
flavus ACCGAGG
(ILv3) 92 212::::2: 382520- % ggg_ZCATGG ¢382604- 91 AGGACAT c382572-
382541 382586 GAACAAA 382549
GATAC A GCT

The designation of the terms “forward” and “reverse” primers is relative to the orientation of
the ILV3 gene which is fixed for each of nucleotide sequence accession numbers
NT_166533.1 (Aspergillus niger) and NW_002477240.1 (Aspergillus flavus). Thus, the
skilled person consulting nucleotide sequence accession numbers NT_166533.1 and
NW_002477240.1 when seeking to understand the invention, would immediately and
unambiguously realise that the “forward” primer sequence and location as recited in Table
B of GB1705932.0 is, in fact, the reverse primer sequence and location and vice versa for
Aspergillus niger (ILV3) and Aspergillus flavus (ILV3). This correction has been applied
throughout the present application.

Thus, the invention provides primers and probes useful in fungal detection. As would be
readily understood by the skilled person, primers and probes hybridise to particular sub-
regions within the gene of interest (ILV3). While the primers are specified individually
herein, it would be immediately appreciated, based in particular on the information provided
in Table B which primers are preferably paired according to the invention, including when
defined by reference to their target region. Using the information provided herein, in
particular the new target and specific target sequences, primers and probes may be
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designed by one skilled in the art. Typically, primers are between 15 and 40, such as
between 18 and 35, nucleotides in length. Probes are typically between 15 and 100, such
as between 20 and 40, nucleotides in length. Some mismatches to the target sequences
may be tolerated provided that specific hybridisation is achieved. Specific hybridisation is a
term of art well understood by the skilled person to exclude hybridisation to non-target
sequences. The skilled person is also aware of suitable reaction conditions used for

-performing nucleic acid amplification under which specific hybridisation must occur.

Moreover, for primers and/or probes which hybridise to multiple target sequences there
may be some degeneracy in specific positions. For example, a primer may include any
pyrimidine nucleotide (t/u or ¢) at a given position or a mixture of primers containing at least
two of these nucleotides may be adopted. Variants of the specific primers and probes
described herein (e.g. by SEQ |D NO) are also envisaged. They may contain nucleotide
additions, deletions and/or substitutions provided that specific hybridisation is still achieved.
1, 2, 3, 4, 5, 6 or 7 additions, deletions and/or substitutions may be tolerated in some
circumstances. As explained further herein, primers and/or probes may be labelled
according to the detection methodology employed. Typical labels are fluorescent
molecules, which may be arranged as fluorophores and quenchers in some aspects.

The invention therefore provides at least one primer pair for detecting a yeast/fungus
infection in a sample comprising a forward and reverse primer hybridizing specifically to the
ILV3 gene of the following Candida species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from these 8 species but do not hybridise (or cross-react) with the ILV3 gene from
non-Candida species. Thus, an amplification product will only be generated if a Candida
species (from those 8 species) is present in the sample.

According to some embodiments, the forward primer of a primer pair hybridises to at least
3, 4, 5, 6, 7 and preferably all of the following target sequences:
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positions ¢1169825-1169806 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

positions ¢393798-393779 of nucleotide sequence accession
number NC_005968.1 (Candida glabrata)

positions c405996-405978 of nucleotide sequence accession
number NW_003020040.1 (Candida tropicalis)

positions ¢1218036-1218017 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

positions ¢809809-909790 of nucleotide sequence accession
number NW_001809800.1 (Candida guilliermondii)

positions c24006-23987 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions 61666-61685 of nucleotide sequence accession number
JQFKO01000016.1 (Candida krusei)

positions ¢32324-32305 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

According to some embodiments, the reverse primer of a primer pair hybridises to at least

3, 4, 5, 6, 7 and preferably all of the following target sequences:

vi.

vii.

viii.

positions 1169707-1169729 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

positions 393680-393702 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)

positions 405878-405900 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217918-1217940 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

positions 909691-909713 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23888-23910 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions ¢61784-61762 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions 32206-32228 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

Thus, primer pairs may be generated from these particular target regions to permit pan-

Candida detection. This can be achieved with a single primer pair in some embodiments.
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In specific embodiments, the forward and reverse primer hybridizing specifically to the ILV3
gene of at least 3, 4, 5, 6, 7 and preferably all of the Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of SEQ ID NO: 1
and SEQ ID NO: 2 respectively. This is a pan-Candida primer pair.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of the following Asperygillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
ii. Aspergillus flavus

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from these 3 species but do not hybridise (or cross-react) with the ILV3 gene from
non-Aspergillus species. Thus, an amplification product will only be generated if an
Aspergillus species (from those 3 species) is present in the sample.

According to some embodiments, the forward primer of a primer pair hybridises to at least
2, and preferably all 3, of the following target sequences:
i. positions 3721583-3721597 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions ¢5641018-541004 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
iii. positions ¢382612-382598 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)
or wherein the forward primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
i. positions 3721797-3721816 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
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ii. positions c540804-540785 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)

iii. positions c382398-382379 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)

According to some embodiments, the reverse primer of a primer pair hybridises to at least
2, and preferably all 3, of the following target sequences:
i. positions ¢c3721887-3721872 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
i. positions 540714-540729 of nucleotide sequence accession nhumber
NT_166533.1 (Aspergillus niger)
ii. positions 382308-382323 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the reverse primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
i. positions c3721875-3721894 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions 540707-540726 of nucleotide sequence accession number
NT_166533.1 (Asperygillus niger)
iii. positions 382301-382320 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)

Thus, primer pairs may be generated from these particular target regions to permit pan-
Aspergillus detection. This can be achieved with a single primer pair in some
embodiments.

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of the following Asperygillus species

i. Aspergillus fumigatus

ii. Aspergillus niger

ii. Aspergillus flavus
comprises, consists essentially of or consists of the nucleotide sequence of SEQ ID NO: 70
and 71 or SEQ ID NO: 73 and 74 respectively. Thus, SEQ ID NO: 70 and 71 form a
preferred primer pair. SEQ ID NO: 73 and 74 form a second primer pair. These are pan-
Aspergillus primer pairs.
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The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida albicans.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida albicans species. Thus, an amplification product will only be generated if Candida
albicans is present in the sample and will not be generated if one of the other 7 Candida

species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida albicans hybridises to one of the following target sequences
from nucleotide sequence accession number NC_032093.1:

i. positions ¢1170234-1170217

ii. positions c1171213-1171192

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida albicans hybridises to one of the following target sequences
from nucleotide sequence accession humber NC_032093.1:

i. positions 1170119-1170140

ii. positions 1171120-1171138

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida albicans comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 4 and 5 or 6 and 7 respectively. Thus, SEQ ID NO: 4 and 5 form
a first primer pair. SEQ ID NO: 6 and 7 form a second primer pair.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida dubliniensis.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida dubliniensis species. Thus, an amplification product will only be generated if
Candida dubliniensis is present in the sample and will not be generated if one of the other 7
Candida species is present in the sample (or if a non-Candida species is present).
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According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida dubliniensis hybridises to one of the following target
sequences from nucleotide sequence accession number NC_012864.1:
i. positions c1219181-1219161
ii. positions ¢1218505-1218486
ii. positions ¢1218553-1218534

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida dubliniensis hybridises to one of the following target
sequences from nucleotide sequence accession number NC_012864.1:
i. positions 1219103-1219124
ii. positions 1218409-1218429
iii. positions 1218419-1218440

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida dubliniensis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 8 and 9, SEQ ID NO: 10 and 11 or SEQ ID NO: 12
and 13 respectively. Thus, SEQ ID NO: 8 and 9 form a first primer pair. SEQ ID NO: 10

and 11 form a second primer pair and so on.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida tropicalis.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida tropicalis species. Thus, an amplification product will only be generated if
Candida tropicalis is present in the sample and will not be generated if one of the other 7

Candida species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida tropicalis hybridises to one of the following target sequences
from nucleotide sequence accession number NW_003020040.1:

i. positions c406146-406127

ii. positions c406142-406120
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According to some embodiments, the reverse primer of a primer pair hybridizing
specifically to the ILV3 gene of Candida tropicalis hybridises to one of the following target
sequences from nucleotide sequence accession number NW_003020040.1:

i. positions 406047-406068

ii. positions 406048-406069

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida tropicalis comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 14 and 15 or SEQ ID NO: 16 and 17 respectively. Thus, SEQ ID
NO: 14 and 15 form a first primer pair. SEQ ID NO: 16 and 17 form a second primer pair.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida parapsilosis.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida parapsilosis species. Thus, an amplification product will only be generated if
Candida parapsilosis is present in the sample and will not be generated if one of the other

7 Candida species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida parapsilosis hybridises to one of the following target
sequences from nucleotide sequence accession number HE605203.1:

i. positions c24951-24931

ii. positions c24881-24863

According to some embodiments, the reverse primer of a primer pair hybridizing specificaily
to the ILV3 gene of Candida parapsilosis hybridises to one of the following target
éequences from nucleotide sequence accession number HE605203.1:

i. positions 24843-24865

ii. positions 24774-24795

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida parapsilosis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 18 and 19 or SEQ ID NO: 20 and 21 respectively.
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Thus, SEQ ID NO: 18 and 19 form a first primer pair. SEQ ID NO: 20 and 21 form a
second primer pair.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida glabrata.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida glabrata species. Thus, an amplification product will only be generated if Candida
glabrata is present in the sample and will not be generated if one of the other 7 Candida
species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida glabrata hybridises to one of the following target sequences
from nucleotide sequence accession number NC_005968.1:
i. positions c394191-394169
ii. positions ¢393535-393516
iii. positions c395076-395055
iv. positions c394884-394863

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida glabrata hybridises to one of the following target sequences
from nucleotide sequence accession number NC_005968.1:
i. positions 394080-394101
ii. positions 393445-393464
iii. positions 394987-395006
iv. positions 394783-394803

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida glabrata comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 22 and 23, SEQ ID NO: 24 and 25, SEQ ID NO: 26 and 27 or
SEQ ID NO: 28 and 29 respectively. Thus, SEQ ID NO: 22 and 23 form a first primer pair.
SEQ ID NO: 24 and 25 form a second primer pair and so on.
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The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida krusei.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida krusei species. Thus, an amplification product will only be generated if Candida
krusei is present in the sample and will not be generated if one of the other 7 Candida

species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing
specifically to the ILV3 gene of Candida krusei hybridises to one of the following target
sequences from nucleotide sequence accession humber JQFK01000016.1:
i. positions 61723-61744

ii. positions 60940-60961

iii. positions 60420-60440

iv. positions 61778-61797

v. positions 61940-61961

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida krusei hybridises to one of the following target sequences from
nucleotide sequence accession number JQFK01000016.1:
i. positions c61817-61796
ii. positions ¢61030-61011
iii. positions c60535-60513
iv. positions c61923-61902
v. positions c62015-61996

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida krusei comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 30 and 31, SEQ ID NO: 32 and 33, SEQ ID NO: 34 and 35, SEQ
ID NO: 36 and 37 or SEQ ID NO: 38 and 39 respectively. Thus, SEQ ID NO: 30 and 31
form a first primer pair. SEQ ID NO: 32 and 33 form a second primer pair and so on.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida guilliermondii.
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By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida guilliermondii species. Thus, an amplification product will only be generated if
Candida guilliermondii is present in the sample and will not be generated if one of the other
7 Candida species is present in the sample (or if a non-Candida species is present).

According to some embodiments, the forward primer of a primer pair hybridizing
specifically to the ILV3 gene of Candida guilliermondii hybridises to one of the following
target sequences from nucleotide sequence accession number NW_001809800.1:
i. positions c909629-909608
ii. positions c911117-911098
iii. positions c911111-911090
iv. positions c910941-910920

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Candida guilliermondii hybridises to one of the following target
sequences from nucleotide sequence accession number NW_001809800.1:
i. positions 909529-909550
ii. positions 911002-911023
ii. positions 910994-911013
iv. positions 910799-910819

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida guilliermondii comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 40 and 41, SEQ ID NO: 42 and 43, SEQ ID NO: 44
and 45 or SEQ ID NO: 46 and 47 respectively. Thus, SEQ ID NO: 40 and 41 form a first
primer pair. SEQ ID NO: 42 and 43 form a second primer pair and so on.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida auris.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Candida auris species. Thus, an amplification product will only be generated if Candida
auris is present in the sample and will not be generated if one of the other 7 Candida

species is present in the sample (or if a non-Candida species is present).
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According to some embodiments, the forward primer of a primer pair hybridizing

specifically to the ILV3 gene of Candida auris hybridises to one of the following target

sequences from nucleotide sequence accession number NW_017263971.1:

i.
i.
iii.
iv.
V.
Vi.
vii.

viil.

Xi.

positions ¢32790-32768
positions ¢32451-32430
positions ¢32654-32633
positions ¢33278-33259
positions ¢32603-32580
positions ¢32399-32376
positions ¢33648-33628
positions ¢32240-32219
positions ¢32930-32909
positions ¢33228-33206
positions ¢32106-32085

According to some embodiments, the reverse primer of a primer pair hybridizing specifically

to the ILV3 gene of Candida auris hybridises to one of the following target sequences from

nucleotide sequence accession number NW_017263971.1:
i.

i.

ii.

iv.

V.

vi.

vii.

viii.

xi.

positions 32682-32703
positions 32368-32389
positions 32567-32588
positions 33202-33223
positions 32512-32533
positions 32328-32349
positions 33566-33587
positions 32175-32195
positions 32826-32848
positions 33130-33151
positions 32011-32033

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Candida auris comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 48 and 49, SEQ ID NO: 50 and 51, SEQ ID NO: 52 and 53, SEQ
ID NO: 54 and 55, SEQ ID NO: 56 and 57, SEQ ID NO: 58 and 59, SEQ ID NO: 60 and 61,
SEQ ID NO: 62 and 63, SEQ ID NO: 64 and 65, SEQ ID NO: 66 and 67 or SEQ ID NO: 68
and 69 respectively. Thus, SEQ ID NO: 48 and 49 form a first primer pair. SEQ ID NO: 50
and 51 form a second primer pair and so on.
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The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Aspergillus fumigatus.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Aspergillus fumigatus species. Thus, an amplification product will only be generated if
Aspergillus fumigatus is present in the sample and will not be generated if one of the other
2 Aspergillus species is present in the sample (or if a hon-Aspergillus species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Aspergillus fumigatus hybridises to one of the following target
sequences from nucleotide sequence accession number NC_007195.1:
i. positions 3721531-3721552
ii. positions 3721618-3721638
iii. positions 3721616-3721638
iv. positions 3721798-3721818

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Aspergillus fumigatus hybridises to one of the following target
sequences from nucleotide sequence accession number NC_007195.1:
i. positions c3721653-3721675
ii. positions c3721706-3721681
iii. positions c3721898-3721878

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Aspergillus fumigatus comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 76 and 77, SEQ ID NO: 79 and 80, SEQ ID NO: 82
and 80 or SEQ ID NO: 83 and 84 respectively. Thus, SEQ ID NO: 76 and 77 form a first
primer pair. SEQ ID NO: 79 and 80 form a second primer pair and so on.

'The invention also provides a forward and reverse primer hybridizing specifically to the

ILV3 gene of Aspergillus niger.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
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Aspergillus niger species. Thus, an ampilification product will only be generated if
Aspergillus niger is present in the sample and will not be generated if one of the other 2

Aspergillus species is present in the sample (or if a non-Aspergillus species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Aspergillus niger hybridises to one of the following target sequences
from nucleotide sequence accession number NT_166533.1:

i. positions ¢5640219-540199

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Asperygillus niger hybridises to one of the following target sequences
from nucleotide sequence accession number NT_166533.1:

ii. positions 540084-540103

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Aspergillus niger comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 87 and 86.

The invention also provides a forward and reverse primer hybridizing specifically to the
ILV3 gene of Aspergillus flavus.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Aspergillus flavus species. Thus, an amplification product will only be generated if
Aspergillus flavus is present in the sample and will not be generated if one of the other 2

Aspergillus species is present in the sample (or if a non-Aspergillus species is present).

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Aspergillus flavus hybridises to one of the following target sequences
from nucleotide sequence accession number NW_002477240.1:

i. positions c382604-382586

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Aspergillus flavus hybridises to one of the following target sequences
from nucleotide sequence accession number NW_002477240.1:

i. positions 382519-382541

ii. positions 382520-382541
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In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Asperyillus flavus comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 90 and 89 or SEQ ID NO: 90 and 92 respectively. Thus, SEQ ID
NO: 90 and 89 form a first primer pair. SEQ ID NO: 90 and 92 form a second primer pair.

The invention further provides a forward and reverse primer hybridizing specifically to the

ILV3 gene of Cryptococcus neoformans.

By “hybridising specifically”, or equivalent language, is meant that the primers hybridise to
ILV3 from this species but do not hybridise (or cross-react) with the ILV3 gene from non-
Cryptococcus neoformans species. Thus, an amplification product will only be generated if
Cryptococcus neoformans is present in the sample and will not be generated if a non-
Cryptococcus neoformans species is present.

According to some embodiments, the forward primer of a primer pair hybridizing specifically
to the ILV3 gene of Cryptococcus neoformans hybridises to oné of the following target
sequences from nucleotide sequence accession number NC_006693.1:

i. Positions 702696-702717

ii. Positions 702499-702520

iii. Positions 702736-702757

iv. Positions 702384-702403

v. Positions 701384-701406

According to some embodiments, the reverse primer of a primer pair hybridizing specifically
to the ILV3 gene of Cryptococcus neoformans hybridises to one of the following target
sequences from nucleotide sequence accession number NC_006693.1:

i. Positions ¢702796-702777

ii. Positions c702602-702582

ii. Positions c702850-702831

iv. Positions ¢702521-702500

v. Positions c701499-701479

In specific embodiments the forward and reverse primer hybridizing specifically to the ILV3
gene of Cryptococcus neoformans comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 93 and 94, SEQ ID NO: 96 and 97, SEQ ID NO: 99
and 100, SEQ ID NO: 102 and 103 or SEQ ID NO: 105 and 106 respectively. Thus; SEQ
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ID NO: 93 and 94 form a first primer pair. SEQ ID NO: 95 and 97 form a second primer

pair and so on.

The primer pairs, as explained herein, are preferably used in combination for example in
multiplex reactions. Multiple primer pairs can be included in a single reaction mixture (a
mastermix). Thus, in some embodiments, at least one primer in each primer pair is
differentially labelled compared to the other primer pairs. This is one means by which
amplification products can be distinguished. Examples of labelled primers that may be
used in the present invention include AMPLIFLUOR primers and LUX primers. Thus
primers may include modifications, labels and sequence extensions to incorporate the
relevant detection technology. Such sequence modifications, labels and extensions are

encompassed by the invention.

Many nucleic acid amplification protocols involve use of a probe. Variants of PCR permit
detection in real time or at end-point using such probes. Examples include hydrolytic

probes (e.g. TAQMAN probes) and hairpin probes (e.g. MOLECULAR BEACONS). Probes

may also be attached to primers in some embodiments (e.g. SCORPION probes). Thus
probes of the invention may include modifications, labels and sequence extensions to
incorporate the relevant detection technology. Such sequence modifications, labels and
extensions are encompassed by the invention. Preferably, the probes of the invention also
target the ILV3 gene in genus or species specific fashion to complement the action of the
primers. In relation to the probes of the invention “hybridising specifically” is defined in
analogous fashion to the definitions provided for the corresponding primers. Again, Table
B identifies preferred combinations of probes of the invention with primer pairs of the
invention, including when defined by reference to their target sequence.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of the following
Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
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According to some embodiments the at least one probe hybridises to at least 3, 4, 5,6, 7

and preferably all of the following target sequences:

vi.

Vii.

viii.

positions 1169779-1169804 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

positions 393752-393777 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)

positions 405950-405975 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217990-1218015 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

positions 909763-909788 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23960-23985 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions c61712-61687 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions 32278-32303 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

In specific embodiments, the probe that hybridizes specifically to the ILV3 gene of the

following Candida species

i.
ii.
iii.
iv.
v.
vi.
vii.

viii.

Candida albicans
Candida dubliniensis
Candida tropicalis
Candida parapsilosis
Candida glabrata
Candida krusei
Candida guilliermondii
Candida auris

comprises, consists essentially of or consists of the nucleotide sequence of SEQ ID NO: 3.

The invention also provides at least one probe for detecting a yeast/fungus infection in a

sample comprising a probe that hybridizes specifically to the ILV3 gene of the following

Aspergillus species

Aspergillus fumigatus
Aspergillus niger
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ii. Aspergillus flavus

According to some embodiments at least one probe hybridises to at least 2, and preferably
all 3, of the following target sequences:
i. positions 3721790-3721814 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions c540811-540788 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
iii. positions ¢382405-382381 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)
or the at least one probe hybridises to at least 2, and preferably all 3, of the following target
sequences:
i. positions 3721848-3721870 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions c540753-540731 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
iii. positions c382347-382325 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus).

In specific embodiments the probe that hybridizes specifically to the ILV3 gene of the
following Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus
comprises, consists essentially of or consists of the nucleotidé sequence of SEQ ID NO: 72
or 75.

The invention also provides at least one probe for detecting a yeast/fungus infection in a
sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida

albicans.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida albicans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_032093.1:

i. positions ¢1170174-1170151

ii. positions 1171165-1171192
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In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
albicans comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 116 or 117.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida
dubliniensis.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida dubliniensis hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:
i. positions 1219148-1219171
ii. positions c1218439-1218416
iii. positions c1218505-1218480

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
dubliniensis comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 118, 119 or 120.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida
tropicalis.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida tropicalis hybridises to the following target sequence from nucleotide sequence
accession number NW_003020040.1:

i. positions c406111-406082

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
tropicalis comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 121.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida

parapsilosis.
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According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida parapsilosis hybridises to one of the following target sequences from nucleotide
sequence accession number HE605203.1:

i. positions c24907-24883

ii. positions c24862-24839

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
parapsilosis comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 122 or 123.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida

glabrata.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of

' Candida glabrata hybridises to one of the following target sequences from nucleotide

sequence accession number NC_005968.1:
i. positions c394151-394128
ii. positions ¢393478-393453
iii. positions ¢395030-395007
iv. positions ¢394836-394807

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
glabrata comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 124, 125, 126 or 127.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida
krusei.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida krusei hybridises to one of the following target sequences from nucleotide
sequence accession number JQFK01000016.1:
i. positions 61770-61793
ii. positions c60990-60967
iii. positions 60462-60485
iv. positions 61815-61838
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V. positions c61970-61945

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
krusei comprises, consists essentially of or consists of the nucleotide sequence of SEQ ID
NO: 128, 129, 130, 131 or 132.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of
Candida guilliermondii.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida guilliermondii hybridises to one of the following target sequences from nucleotide
sequence accession number NW_001809800.1:
i. positions c909577-909552
ii. positions c911088-911065
iii. positions 910878-910904

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
guilliermondii comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 133, 134 or 135.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Candida auris.

According to some embodiments, the probe hybridizing specifically to the ILV3 gene of
Candida auris hybridises to one of the following target sequences from nucleotide
sequence accession number NW_017263971.1:
i. positions c32744-32721
ii. positions ¢32421-32398
iii. positions c32629-32605
iv. positions 33233-33257
v. positions 32542-32563
vi. positions 32350-32373
vii.  positions ¢33627-33606
viii.  positions ¢32218-32196
ix. positions c32890-32864
X.  positions ¢33259-33236
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xi.  positions ¢c32061-32038

In specific embodiments the probe hybridizing specifically to the ILV3 gene of Candida
auris comprises, consists essentially of or consists of a nucleotide sequence selected from
SEQ ID NO: 136-146.

The invention therefore provides at least one probe for detecting a yeast/fungus infection in
a sample comprising a probe that hybridizes specifically to the ILV3 gene of Aspergillus
fumigatus.

According to some embodiments the probe hybridizing specifically to the ILV3 gene of
Aspergillus fumigatus hybridises to one of the following target sequences from nucleotide
sequence accession number NC_007195.1:
i. positions ¢3721651-3721628
ii. positions 3721658-3721681
ii. positions 3721848-3721870

In specific embodiments the probe that hybridizes specifically to the ILV3 gene of
Aspergillus fumigatus comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 78, 81 or 85.

The invention also provides at least one probe for detecting a yeast/fungus infection in a
sample comprising a probe that hybridizes specifically to the ILV3 gene of Asperygillus niger

According to some embodiments the probe hybridizing specifically to the ILV3 gene of
Aspergillus niger hybridises to one of the following target sequences from nucleotide
sequence accession number NT_166533.1:

i. positions ¢5640161-540138.

In specific embodiments the probe that hybridizes specifically to the ILV3 gene of
Aspergillus niger comprises, consists essentially of or consists of the nucleotide sequence
of SEQ ID NO: 88.

The invention also provides at least one probe for detecting a yeast/fungus infection in a
sample comprising a probe that hybridizes specifically to the ILV3 gene of Aspergillus

flavus.
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According to some embodiments the probe hybridizing specifically to the ILV3 gene of
Aspergillus flavus hybridises to one of the following target sequences from nucleotide
sequence accession number NW_002477240.1:

i. positions ¢382572-382549

In specific embodiments the probe that hybridizes specifically to the ILV3 gene of
Asperyillus flavus comprises, consists essentially of or consists of the nucleotide sequence
of SEQ ID NO: 91.

The invention also provides at least one probe for detecting a yeast/fungus infection in a
sample comprising a probe that hybridizes specifically to the ILV3 gene of Cryptococcus
neoformans.

According to some embodiments the probe hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans hybridises to one of the following target sequences from
nucleotide sequence accession number NC_006693.1:

i. Positions 702724-702747

ii. Positions 702526-702549

iii. Positions 702805-702829

iv.  Positions 702423-702446

v.  Positions 701435-701458

In specific embodiments the probe that hybridizes specifically to the ILV3 gene of
Cryptococcus neoformans comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 95, 98, 101, 104 or 107.

The probes, as explained herein, are preferably used in combination for example in
multiplex reactions. The invention provides sets of probes comprising at least two probes
of the invention and which are intended to be used together (e.g. in a multiplex reaction
and/or mastermix). Thus, in some embodiments, each probe is differentially labelled
compared to the other probes (that are used in the amplification). As already discussed,
many nucleic acid amplification protocols involve use of a probe. Examples include
hydrolytic probes (e.g. TAQMAN probes) and hairpin probes (e.g. MOLECULAR
BEACONS). Probes may also be attached to primers in some embodiments (e.g.
SCORPION probes). Such probes may be differentially labelled as would be readily
understood by one skilled in the art. This may involve inclusion of different fluorophores
and/or different quenchers.
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The primers and probes of the invention (which may be referred to as “detection
components”) are advantageously combined together to facilitate nucleic acid amplification
based fungal detection, and characterisation in some embodiments. Preferred
combinations of primer pairs and probes are set forth in Table B. Thus, the invention also
provides a kit for detecting a yeast/fungus infection in a sample comprising at least one
primer pair of the invention and/or at least one probe of the invention.

Kits containing pan-Candida and pan-Aspergillus detection components may be combined.
They may be further combined with detection components to detect Cryptococcus
neoformans. Thus, the kit may comprise combinations of primer pairs permitting detection
of Candida, Aspergillus and Cryptococcus neoformans. The primer pairs may be provided
in the form of a mastermix combination (i.e. a single master mix containing the primer pairs
at suitable concentrations). Such kits may further comprise the relevant probes permitting
detection of Candida, Aspergillus and Cryptococcus neoformans. The probes may also be
included in the mastermix combination (again at a suitable concentration). One specific kit
useful according to the invention comprises primers that comprise, consist essentially of or
consist of the nucleotide sequences of SEQ ID NOs: 1 and 2 (for pan-Candida detection),
SEQ ID NOs: 70 and 71 (for pan-Aspergillus detection) and SEQ ID NOs: 93 and 94 (for
Cryptococcus neoformans detection). Such a kit may further comprise the probes of SEQ
ID NOs: 3, 72 and 95 respectively.

Other kits of the invention, which may be combined with the kits described above, are
useful for identifying the species responsible for a Candida infection in a sample. They
contain appropriate Candida species specific primers of the invention. The primer pairs
may be provided in the form of a mastermix combination (i.e. a single master mix
containing the primer pairs at suitable concentrations). One specific kit useful according to
the invention comprises primers that comprise, consist essentially of or consist of the
nucleotide sequences of SEQ ID Nos 48 and 49, 18 and 19, 24 and 25, 40 and 41, 6 and 7,
8 and 9, 16 and 17 and 38 and 39 respectively.

Other kits of the invention, which may be combined with the kits described above, are
useful for identifying the species responsible for an Aspergiilus infection in a sample. They
contain appropriate Aspergillus species specific primers of the invention. The primer pairs
may be provided in the form of a mastermix combination (i.e. a single master mix
containing the primer pairs at suitable concentrations). One specific kit useful according to
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the invention comprises primers that comprise, consist essentially of or consist of the
nucleotide sequences of SEQ ID NOs 80 and 82, 86 and 87, 90 and 92,

The kits of the invention may contain various additional components. For example, they
may contain reagents needed for amplification. They may contain one or more of a
polymerase, dNTPs, MgCl,, buffer etc. In some embodiments the kits may include DNA
extraction reagents. More specifically, the kits may include reagents for extracting DNA
from a blood sample. The kits may incorporate a suitable carrier in which the ampilification
reactions take place. Advantageously, such a carrier may comprise a multi-well plate, such
as a 48 or 96 well plate for example. Such a carrier allows the detection methods to be
carried out in relatively small volumes - thus facilitating scale up and minimising the sample
volume required.

The kits will typically incorporate suitable instructions. These instructions permit the

methods of the invention to be carried out reliably using the kits of the invention.

While particular primers and probes have been extensively described and are usefully
applied in the methods of the invention, other primers and probes may be designed and
applied to target ILV3. Accordingly, the invention provides a general method of detecting a
fungallyeast infection in a sample, comprising:

a. performing a nucleic acid amplification reaction to amplify the ILV3 gene of
fungi/yeast
b. detecting the amplification product to determine whether the sample contains a

fungallyeast infection.

According to all aspects of the invention ILV3 may be used to identify any fungus/yeast of
interest. However, by “amplify the ILV3 gene” it is not intended that the entire ILV3 gene
must be amplified. As the skilled person would be readily aware, only a portion of the ILV3
gene need be amplified to indicate the presence of the ILV3 gene. The minimum size of
amplification product is typically governed by the primer length (and probe if included).
Typical amplification products may be between 50 and 500 nucleotides in length, such as
between 50 and 250 nucleotides. “Infection” simply refers to the presence of the
fungus/yeast in a sample which ordinarily would not contain such fungus or yeast. Thus,
the methods of the invention are also sensitive as well as specific to enable even low levels
of fungal cells to be determined in the sample. A “sample” in the context of the present
invention is thus defined to include any sample in which it is desirable to test for the
presence of a fungus (e.g. a yeast) carrying the ILV3 gene. The sample may not, a priori,
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be known to contain a fungus. The sample may be obtained from a human subject. The
sample may, therefore, contain human genetic material (in particular human DNA). Thus
the sample may comprise, consist essentially of or consist of a clinical sample, such as a
blood sample. By blood sample is meant any sample comprising blood or a derivative
thereof. Thus, serum and plasma are included together with blood broth (i.e. blood added
to a culture medium). The methods of the invention are particularly applicable to the rapid
detection and identification of the source of a fungal infection. Thus, the sample may
comprise a blood culture sample from a patient suspected of suffering from, or being
screened for, a bloodstream infection. The sample may be any suitable volume such as 1
to 10ml, preferably a 1ml blood culture sample.

Alternatively the sample may be or comprise an in vitro assay system for example.
Samples may comprise, consist essentially of or consist of beverage or food samples or
preparations thereof, or pharmaceutical or cosmetic products such as personal care
products including shampoos, conditioners, moisturisers etc., all of which are tested for
microbial contamination as a matter of routine. The sample may comprise, consist
essentially of or consist of tissue or cells and may comprise, consist essentially of or
consist of a sputum or a blood sample or a platelet sample for example. In addition, the
methods and kits of the invention may be used to monitor contamination of surfaces, such
as for example in locations where food is being prepared. The contamination may be from
any relevant fungal source. Furthermore, the invention is also useful in monitoring
environmental conditions such as water supplies, wastewater, marine environments etc.

While the invention is applicable to potentially any fungus or yeast, there are particular
fungi that are of importance to clinical diagnoses. Thus, the invention has been developed
to target fungal genera and species that cause blood borne infections at relatively high
frequency. Thus, the invention may focus on detection and optionally discrimination of
Candida species. The invention may permit detection of at least 1, 2, 3, 4, 5, 6, 7 or all 8 of
the following species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
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This may be via pan-Candida targeting or by species-specific targeting of the ILV3 gene as
explained in further detail herein. The invention may additionally, or alternatively, focus on
detection and optionally discrimination of Aspergillus species. The invention may permit
detection of at least 1, 2 or all 3 of the following species:

i. Aspergillus fumigatus

ii. Aspergillus niger

ii. Aspergillus flavus
This may be via pan-Aspergillus targeting or by species-specific targeting of the ILV3 gene
as explained in further detail herein. The invention may additionally, or alternatively, focus

on detection of Cryptococcus neoformans.

The invention thus provides a method of detecting a fungal/yeast infection in a sample,
comprising:
a. performing a nucleic acid amplification reaction comprising the following
‘components:

i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida species, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of
Candida species; and

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus species, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Aspergillus species; and/or

iii. a forward and reverse primer hybridizing specifically to the ILV3 gene
of Cryptococcus neoformans, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Cryptococcus neoformans

b. detecting the amplification products to determine whether the sample

contains a fungal/yeast infection.

The methods of the invention may involve a nucleic acid amplification reaction that is
capable of ampilifying, in specific fashion, the ILV3 gene of at least 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or all 12 of the following species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
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v. Candida glabrata

vi. Candida krusei

vii. Candida guilliermondii
viii. Candida auris

'ix. Aspergillus fumigatus

X. Aspergillus niger

xi. Aspergillus flavus

xii. Cryptococcus neoformans.

The amplification used in the methods of the invention may involve use of a forward and
reverse primer hybridizing specifically to the ILV3 gene of Candida species. Additionally or
alternatively, the methods may in\)olve use of a probe that hybridizes specifically to the
ILV3 gene of Candida species. In some embodiments, a common forward and reverse
primer and/or common probe hybridises to the ILV3 gene of at least 2, 3, 4, 5, 6, 7 and
preferably all, of the following Candida species:
i. Candida albicans

ii. Candida dubliniensis

iii. Candida tropicalis

iv. Candida parapsilosis

v. Candida glabrata

vi. Candida krusei

vii. Candida guilliermondii
viii. Candida auris

Thus, in some embodiments, pan-Candida amplification is utilised. Suitable primers and
probes of the invention for pan-Candida amplification are described herein, including
specific targeting regions within ILV3, and all such primers and probes may be utilised. In
one embodiment, the methods of the invention comprise use of a forward primer
comprising the sequence of SEQ ID NO: 1, a reverse primer comprising the sequence of
SEQ ID NO: 2 and/or a probe comprising the sequence of SEQ ID NO: 3.

In other embodiments, including methods for discriminating the source of the infection,
Candida species specific amplification is adopted. In such embodiments, a separate
forward and reverse primer and/or probe hybridises to the ILV3 gene of each of at least 2,
3, 4, 5, 6, 7 and preferably all, of the following Candida species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
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iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
Thus, there is a separate primer pair and/or probe for each Candida species to be
detected. Suitable primers and probes of the invention for species specific Candida
amplification are described herein, including specific targeting regions within ILV3, and all
such primers and probes may be utilised.

The amplification used in the methods of the invention may additionally or alternatively
involve use of a forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus species. Additionally or alternatively, the methods may involve use of a probe
that hybridizes specifically to the ILV3 gene of Aspergillus species. In some embodiments,
a common forward and reverse primer and/or common probe hybridises to the ILV3 gene
of at least 2, and preferably all 3, of the following Aspergillus species:

i. Aspergillus fumigatus

ii. Aspergillus niger

ii. Aspergillus flavus
Thus, in some embodiments, pan- Aspergillus amplification is utilised. Suitable primers
and probes of the invention for pan- Aspergillus amplification are described herein,
including specific targeting regions within ILV3, and all such primers and probes may be
utilised. In one embodiment, the methods of the invention comprise use of a forward
primer comprising the sequence of SEQ ID NO: 70 or 73, a reverse primer comprising the
sequence of SEQ ID NO: 71 or 74 and/or a probe comprising the sequence of SEQ ID NO:
72 or 75.

In other embodiments, including methods for discriminating the source of the infection,
Aspergillus species specific amplification is adopted. In such embodiments, a separate
forward and reverse primer and/or probe hybridises to the ILV3 gene of each of at least 2,
and preferably all 3, of the following Aspergillus species:

i. Aspergillus fumigatus

ii. Aspergillus niger

iii. Aspergillus flavus.
Thus, there is a separate primer pair and/or probe for each Aspergillus species to be
detected. Suitable primers and probes of the invention for species specific Aspergillus
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amplification are described herein, including specific targeting regions within ILV3, and all
such primers and probes may be utilised.

The ampilification used in the methods of the invention may additionally or alternatively
involve use of a forward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans. Additionally or alternatively, the methods may involve use of a
probe that hybridizes specifically to the ILV3 gene of Cryptococcus neoformans. Suitable
primers and probes of the invention for Cryptococcus neoformans amplification are
described herein, including specific targeting regions within ILV3, and all such primers and
probes may be utilised. '

According to the methods of the invention, amplification products can simply be detected to
indicate a fungal species is present in the sample. Amplification products can be detected
via any known means as would be readily appreciated by one skilled in the art. In some
embodiments, however, discrimination of amplification products is used in order to identify
the genus and/or species of the fungus present in the sample. Thus, methods of the
invention may involve detecting and identifying a fungal/yeast infection in a sample. They
may comprise performing the nucleic acid amplification and detecting and distinguishing
the amplification products to identify the fungal/yeast infection.

The invention therefore provides a method of detecting and identifying a fungal/yeast
infection in a sample, comprising:
a. performing a nucleic acid amplification reaction comprising the following
components:

i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida species, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of
Candida species; and

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus species, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Aspergillus species; and/or

iii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Cryptococcus neoformans, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3

gene of Cryptococcus neoformans
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b. detecting and distinguishing the amplification products to identify the

fungallyeast infection.

The methods of the invention that permit the identity of the fungus in the sample to be

identified are particularly useful to direct treatment in a manner that is specific for the

infection at hand. They are thus useful separately from general fungal detection methods.

Thus, the invention also relates to methods of identifying the species responsible for a

Candida infection in a sample, comprising:

a. performing nucleic acid amplification reactions using at least three, 4, 5, 6, 7

or all of the following sets of components:

vi.

vii.

viii.

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida albicans

i. aforward and reverse primer hybridizing specifically to the ILV3 gene

of Candida dubliniensis

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida tropicalis

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida parapsilosis

a forward and reverse primer hybridizing specificaily to the ILV3 gene
of Candida glabrata

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida krusei

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida guilliermondii

a forward and reverse primer hybridizing specifically to the ILV3 gene.
of Candida auris

b. detecting and distinguishing the amplification products to identify the species

responsible for the Candida infection.

These methods may employ any of the suitable primers (and probes) of the invention that

are described herein in detail.

Similarly, the invention also provides a method of identifying the species responsible for an

Aspergillus infection in a sample, comprising:

a. performing nucleic acid amplification reactions using at least two or all three

of the following sets of components:
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i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus fumigatus

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene

of Aspergillus niger
ii. aforward and reverse primer hybridizing specifically to the ILV3 gene

of Aspergillus flavus
b. detecting and distinguishing the amplification products to identify the species

responsible for the Aspergillus infection.

These methods may employ any of the suitable primers (and probes) of the invention that
are described herein in detail. These methods may be employed in parallel with Candida

identification methods in some embodiments.

The invention provides methods that can be considered a general screen to determine
whether a fungal infection is present. The invention also provides more specific methods
that permit the species responsible for the infection to be identified. Such methods may
advantageously be combined. Accordingly, the invention further provides a method of
detecting and identifying a yeast/fungal infection in a sample comprising:
a. Performing a method of the invention in order to determine whether
Candida, Aspergillus and/or Cryptococcus neoformans is present in the
sample
b. Inthe event that a species of Candida or Aspergillus is present in the
sample performing a method of the invention in order to determine which
species is present
to thereby detect and identify the yeast/fungal infection in the sample.

In step a, the detection of Cryptococcus neoformans may remove the requirement to
perform step b. Alternatively, the outcome of step a may simply be that there is a fungus
present in the sample. In such methods, step b may additionally comprise performing a
method of the invention to determine whether Cryptococcus neoformans specifically is

present in the sample.

As discussed herein, the methods of the invention generally involve nucleic acid
amplification of the ILV3 gene. Any form of nucleic acid amplification can be used,
although polymerase chain reaction (PCR) is preferred. Such methods may employ any
suitable form of detection technology. Real-time monitoring of amplification may be used in
some embodiments. In other embodiments, an end-point detection method may be
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employed. In some embodiments, the nucleic acid amplification is performed as a
multiplex nucleic acid amplification reaction. In other embodiments, each nucleic acid
amplification targeting 1L.V3 from a different genus or species is included in a separate
reaction area. A reaction area is a defined location at which amplification takes place. It
may be a well in a multi-well plate or a test tube for example. Sequencing, in particular
next generation sequencing (NGS), may be utilised for detection and optionally also
discrimination. Examples of NGS platforms include lllumina sequencing (such as Hi-Seq
and Mi-Seq), SMRT sequencing (Pacific Biosciences), Nanopore sequencing, SoLID
sequencing, pyrosequencing (e.g. Roche 454), single molecule sequencing
(SeqLL/Helicos) and ion-Torrent (Thermo Fisher) which are well-known to the skilled
person and commercially available. As described herein, the ILV3 gene from different fungi
has a different nucleotide sequence which can be probed using sequencing to identify the
source of a fungal infection. Sequencing may provide rapid and guantitative resulits.

For simple detection, the mere presence of an amplification product indicates that there is a
fungus present in the sample. As discussed herein, this is typically a fungus selected from
Candida, Aspergillus and Cryptococcus neoformans. However, where more detailed
information on the nature of the fungus is required the amplification products may be
distinguished. In some embodiments, distinguishing involves a melt curve analysis.
Various primer pairs described herein have been designed to have non-overlapping melt
curves. Thus, when included in a multiplex amplification, the melt curve generated permits
the species of Candida or Aspergillus in the sample to be identified. This may be a
separate multiplex for Candida to the multiplex used for Aspergillus discrimination. It is
shown herein that the methods of the invention based on a melt curve analysis permit
discrimination of 8 different species of Candida and 3 different species of Aspergillus
respectively. Melt curve analysis according to the invention may or may not rely upon use
of sequence specific probes. In preferred embodiments, the methods do not require use of
ILV3 specific probes. Instead a sequence independent reagent such as an intercalating
agent, one example of which is SYBR GREEN, may be used to monitor ampilification.

In other embodiments, amplification products may be distinguished by using differentially
labelled primers and/or probes. In some embodiments, at least one primer and/or probe is
differentially labelled according to genus to permit identification of the genus of
fungus/yeast in the sample. In some embodiments, at least one primer and/or probe is
differentially labelled according to species of Candida and/or Aspergillus to permit
identification of the species of Candida and/or Aspergillus in the sample.
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In still further embodiments, amplification products may be distinguished by determining the
size of the amplification products. Primer pairs can be designed to amplify differently sized
amplification products within the ILV3 gene of different genera and species if required.

In other embodiments, amplification products may be distinguished according to sequence.

The invention can advantageously be implemented in order to also detect bacteria in a
sample. More specifically, the methods may further permit the determination of whether a
bacteria or a fungus is present in the sample. In some embodiments, the methods may
permit distinguishing whether the bacteria is Gram positive or Gram negative. Suitable
reagents for such methods of detecting bacteria are disclosed in Klaschik et al (J. Clin.
Microbiol. 2002, 40(11):4304) and Wu et al (JOURNAL OF CLINICAL MICROBIOLOGY,
Aug. 2008, p. 2613-2619) each of which is hereby incorporated by reference. Such
methods may rely upon use of a probe to distinguish Gram-negative from Gram-positive
bacteria. In some embodiments, the primers amplify specific parts of the 16S region of
bacterial DNA. The primers PLK1 (6-TACGGGAGGCAGCAGT-3 — SEQ ID NO: 108) and
PLK2 (5-TATTACCGC GGCTGCT-3 - SEQ ID NO: 109) are highly conserved in different
groups of eubacteria. A 187-bp fragment is synthesized by these primers. PLK2 may be
labelled with fluorescein internally. The fluorescence dye-labelled hybridization probes
ISN2 (6-CCGCAGAATAAG CACCGGCTAACTCCGT-3 — SEQ ID NO: 110) and ISP2 (5-
CCT AAC CAG AAA GCC ACG GCT AAC TAC GTG-3 - SEQ ID NO: 111) emit light at
different wavelengths (640 and 705 nm) and can be used for detection and Gram stain
differentiation of bacterial DNA by a fluorescence signal. Other suitable primers may
comprise the nucleotide sequence CAACGCGAAGAACCTTACC (SEQ ID NO: 112) and
ACGTCATCCCCACCTTCC (SEQ ID NO: 113). A suitable Gram-positive probe comprises
the nucleotide sequence 5-FAM-ACGACAACCATGCACCACCTG-TAMRA-3' (SEQ ID NO:
114). A suitable Gram-negative probe comprises the nucleotide sequence 5-HEX-
ACGACAGCCATGCAGCACCT-TAMRA'3 (SEQ ID NO: 115). Although these probes are
differently labelled to permit differential detection, it will be appreciated by the skilled
person that alternative approaches as described herein may be adopted to facilitate
detection.

Thus, the invention further provides a method of detecting and identifying a microbial
infection in a sample, comprising:
a. performing a nucleic acid amplification reaction comprising the following
components:
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i. aforward and reverse primer hybridizing specifically to the 16S rRNA
gene of Gram positive bacteria; optionally together with a probe that
hybridizes between the primer binding sites specifically to the 16S
rRNA gene of gram positive bacteria

ii. aforward and reverse primer hybridizing specifically to the 16S rRNA
gene of Gram negative bacteria; optionally together with a probe that
hybridizes between the primer binding sites specifically to the 16S
rRNA gene of Gram negative bacteria

iii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of at least one fungallyeast species; optionally together with a probe
that hybridizes between the primer binding sites specifically to the
ILV3 gene of at least one fungallyeast species

b. detecting and distinguishing the amplification products to determine whether
the sample contains a Gram negative bacterial infection, a Gram positive

bacterial infection and/or a fungallyeast infection.

Preferably, the amplification is performed as a multiplex although this is not essential as
explained herein. ILV3 amplification may be performed according to any method of the

invention or using any of the relevant primers and/or probes of the invention.

Corresponding kits are also provided. Thus, the invention provides a kit for discriminating a
microbial infection in a sample, comprising components for performing a multiplex nucleic
acid amplification reaction comprising:

a. aforward and reverse primer hybridizing specifically to the 16S rRNA gene
of Gram positive bacteria; optionally together with a probe that hybridizes
between the primer binding sites specifically to the 16S rRNA gene of Gram
positive bacteria

b. aforward and reverse primer hybridizing specifically to the 16S rRNA gene
of Gram negative bacteria; optionally together with a probe that hybridizes
between the primer binding sites specifically to the 16S rRNA gene of Gram
negative bacteria

c. aforward and reverse primer hybridizing specifically to the ILV3 gene of at
least one fungall/yeast species; optionally together with a probe that
hybridizes between the primér binding sites specifically to the ILV3 gene of
at least one fungallyeast species;

wherein components a, b and ¢ each produce distinguishable ampilification products
thus enabling a determination of whether the sample contains a Gram negative
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bacterial infection, a Gram positive bacterial infection and/or a fungal/yeast
infection.

Any suitable primer and probe according to the invention may be incorporated into such
kits together with primers and probes for 16S rRNA amplification primers and probes. All
embodiments of the invention discussed herein apply mutatis mutandis to these aspects of
the invention. These methods may be followed by fungal species identification where

needed. The kits may contain suitable components for this purpose as described herein.

The invention effectively provides for patient selection for therapy and, critically, avoids
unnecessary treatment with antifungal agents such as fungicides (or antibiotics if bacteria

are also detected). Incorrect use of antifungal agents and antibiotics fuels resistance.

Accordingly, the invention also relates to a method of selecting a subject for treatment with
an antifungal agent such as a fungicide (or an antibiotic if bacteria are detected) comprising
performing a method described herein and selecting the subject for treatment where an

infection is detected, optionally also identified.

In a related aspect, the present invention provides a method of predicting responsiveness
of a subject to treatment with an antifungal agent such as a fungicide (or an antibiotic if
bacteria are detected) comprising performing a method described herein and predicting
responsiveness of the subject to treatment where an infection is detected, optionally also
identified.

In a further aspect the invention provides a method of treating an infection comprising
administering an antifungal agent such as a fungicide (or an antibiotic if bacteria are
detected) to the subject suffering from the infection, wherein the subject has been selected
for treatment by performing a method described herein. ‘

The invention also relates to a method of treating an infection comprising administering an
antifungal agent such as a fungicide (or an antibiotic if bacteria are detected) to the subject
suffering from the infection, wherein the subject displays, in a sample, a detectable ILV3
gene.

In yet a further aspect, the present invention provides an antifungal agent such as a

fungicide (or an antibiotic if bacteria are detected) for use in a method of treating an
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infection, wherein the subject has been selected for treatment by performing the method

described herein.

According to a further aspect of the invention there is provided an antifungal agent such as
a fungicide for use in a method of treating an infection, wherein the subject displays, in a

sample, a detectable ILV3 gene.

The infection may be a fungal or yeast infection, in particular a Candida, Aspergillus or
Cryptococcus neoformans infection as explained herein in greater detail. This may direct
the specifics of the treatment provided. For example, C. auris has been shown to be
resistant to three main classes of antifungal drugs, including azoles (e.g. fluconazole).
Similarly, species such as C. glabrata and C. krusei, may have a decreased susceptibility
to anti-fungal agents such as fluconazole relative to other Candida species (Trick et al.,
2002).

In certain embodiments the antifungal agent such as a fungicide (or an antibiotic if bacteria
are detected) is a broad spectrum agent. This is particularly useful if an infection is
detected but where the species responsible for the infection has not yet been
characterised. Once the infection has been detected, the nature of the infection may be
characterised so as to allow more targeted therapy (e.g. the species of Candida causing
the infection). Thus, combinations of broad spectrum antifungal agents such as a fungicide
(or an antibiotic if bacteria are detected) and more focussed therapies may be employed as

part of the methods described herein.
The invention can also be described by one or more of the following numbered clauses:

1. A method of detecting a fungal/yeast infection in a sample, comprising:
a. performing a nucleic acid amplification reaction to amplify the ILV3 gene of
fungi/yeast
b. detecting the amplification product to determine whether the sample contains a
fungal/yeast infection.
2. A method of detecting a fungall/yeast infection in a sample, comprising:
a. performing a nucleic acid amplification reaction comprising the following
components:
i. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida species, optionally together with a probe that hybridizes between the
primer binding sites specifically to the ILV3 gene of Candida species; and
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ii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Asperyillus species, optionally together with a probe that hybridizes between
the primer binding sites specifically to the ILV3 gene of Asperygillus species;
and/or

iii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of Crypfococcus
neoformans

b. detecting the amplification products to determine whether the sample contains a

fungall/yeast infection.

. The method of clause 1 or 2 wherein the nucleic acid amplification reaction

amplifies the ILV3 gene of at least 3, 4, 5, 6, 7, 8, 9, 10, 11 or all 12 of the following
species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
ix. Aspergillus fumigatus
x.Aspergillus niger
xi. Aspergillus flavus
xii. Cryptococcus neoformans.

. The method of any one of clauses 1 to 3 wherein step a comprises:

i. use of aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida species; and/or

ii. use of a probe that hybridizes specifically to the ILV3 gene of Candida species.
. The method of any one of clauses 1 to 4 wherein a common forward and reverse

primer and/or common probe hybridises to the ILV3 gene of at least 3, 4, 5, 6, 7 and
preferably all, of the following Candida species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v.Candida glabrata
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vi. Candida krusei
vii. Candida quilliermondii
viii. Candida auris

6. The method of clause 5§ wherein the common forward primer hybridises to at least

3, 4, 5, 6, 7 and preferably all of the following target sequences:

vi.

Vii.

viii.

positions c1169825-1169806 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)

i. positions ¢393798-393779 of nucleotide sequence accession number

NC_005968.1 (Candida glabrata)

positions c405996-405978 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions ¢1218036-1218017 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)

positions ¢909809-909790 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions ¢24006-23987 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)

positions 61666-61685 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions ¢32324-32305 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

7. The method of clause 5 or 6 wherein the common reverse primer hybridises to at

least 3, 4, 5, 6, 7 and preferably all of the following target sequences:

Vi.

vii.

positions 1169707-1169729 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)

i. positions 393680-393702 of nucleotide sequence accession number

NC_005968.1 (Candida giabrata)

positions 405878-405900 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217918-1217940 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)

positions 909691-909713 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23888-23910 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)

positions ¢61784-61762 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)
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positions 32206-32228 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

8. The method of any one of clauses 5 to 7 wherein the common probe hybridises to

at least 3, 4, 5, 6, 7 and preferably all of the following target sequences:

vi.

vii.

viii.

positions 1169779-1169804 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)

i. positions 393752-393777 of nucleotide sequence accession number

NC_005968.1 (Candida glabrata)

positions 405950-405975 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217990-1218015 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)

positions 909763-909788 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23960-23985 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)

positions ¢61712-61687 of nucleotide sequence accession number
JQFKO01000016.1 (Candida krusei)

positions 32278-32303 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

9. The method of any one of clauses 1 to 8 which uses a forward primer comprising
the sequence of SEQ ID NO: 1, a reverse primer comprising the sequence of SEQ
ID NO: 2 and/or a probe comprising the sequence of SEQ ID NO: 3.

10. The method of any one of clauses 1 to 3 wherein a separate forward and reverse
primer and/or probe hybridises to the ILV3 gene of each of at least 3, 4, 5, 6, 7 and

preferably all, of the following Candida species:

i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v.Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
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The method of clause 10 wherein the forward primer hybridizing specifically to the
ILV3 gene of Candida albicans hybridises to one of the following target sequences
from nucleotide éequence accession number NC_032093.1:
i. positions ¢1170234-1170217
ii. positions ¢1171213-1171192
The method of clause 10 or 11 wherein the reverse primer hybridizing specifically to
the ILV3 gene of Candida albicans hybridises to one of the following target
sequences from nucleotide sequence accession number NC_032093.1:
i. positions 1170119-1170140
ii. positions 1171120-1171138
The method of any one of clauses 10 to 12 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida dubliniensis hybridises to one of the
following target sequences from nucleotide sequence accession number
NC_012864.1:
i.positions ¢1219181-1219161
ii. positions ¢1218505-1218486
iii. positions ¢c1218553-1218534
The method of any one of clauses 10 to 13 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida dubliniensis hybridises to one of the
following target sequences from nucleotide sequence accession number
NC_012864.1:
i.positions 1219103-1219124
ii. positions 1218409-1218429
iii. positions 1218419-1218440
The method of any one of clauses 10 to 14 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida tropicalis hybridises to one of the following
target sequences from nucleotide sequence accession number NW_003020040.1:
i. positions c406146-406127
ii. positions c406142-406120
The method of any one of clauses 10 to 15 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida tropicalis hybridises to one of the following
target sequences from nucleotide sequence accession number NW_003020040.1:
i. positions 406047-406068
ii. positions 406048-406069
The method of any one of clauses 10 to 16 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida parapsilosis hybridises to one of the
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following target sequences from nucleotide sequence accession number
HE605203.1:
i. positions c24951-24931
ii. positions c24881-24863
The method of any one of clauses 10 to 17 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida parapsilosis hybridises to one of the
following target sequences from nucleotide sequence accession number
HE605203.1:
i.positions 24843-24865
ii. positions 24774-24795
The method of any one of clauses 10 to 18 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida glabrata hybridises to one of the following
target sequences from nucleotide sequence accession number NC_005968.1:
i.positions c394191-394169
ii. positions ¢393535-393516
iii. positions ¢395076-395055
iv. positions ¢394884-394863
The method of any one of clauses 10 to 19 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida glabrata hybridises to one of the following
target sequences from nucleotide sequence accession number NC_005968.1:
i. positions 394080-394101
ii. positions 393445-393464
iii. positions 394987-395006
iv. positions 394783-394803
The method of any one of clauses 10 to 20 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida krusei hybridises to one of the following
target sequences from nucleotide sequence accession number JQFK01000016.1:
i. positions 61723-61744
ii. positions 60940-60961
iii. positions 60420-60440
iv. positions 61778-61797
v.positions 61940-61961
The method of any one of clauses 10 to 21 wherein the reverse primer hybridizing

~

specifically to the ILV3 gene of Candida krusei hybridises to one of the following
target sequences from nucleotide sequence accession number JQFK01000016.1:
i.positions c61817-61796
ii. positions ¢61030-61011



10

15

20

25

30

35

WO 2018/189502 PCT/GB2018/000065

-50-

iii. positions c60535-60513
iv. positions ¢61923-61902
v.positions ¢62015-61996
23. The method of any one of clauses 10 to 22 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida guilliermondii hybridises to one of the
following target sequences from nucleotide sequence accession number
NW_001809800.1:
i. positions ¢909629-909608
ii. positions c911117-911098
iii. positions c911111-911090
iv. positions ¢910941-910920
24. The method of any one of clauses 10 to 23 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida guilliermondii hybridises to one of the
following target sequences from nucleotide sequence accession number
NW_001809800.1:
i. positions 909529-909550
ii. positions 911002-911023
iii. positions 910994-911013
iv. positions 910799-910819
25. The method of any one of clauses 10 to 24 wherein the forward primer hybridizing
specifically to the ILV3 gene of Candida auris hybridises to one of the following
target sequences from nucleotide sequence accession number NW_017263971.1:
i. positions ¢32790-32768
ii. positions ¢32451-32430
iii. positions ¢32654-32633
iv. positions ¢33278-33259
v.positions ¢32603-32580
vi. positions ¢32399-32376
vii. positions ¢33648-33628
viii. positions ¢32240-32219
ix. positions ¢32930-32909
X. positions ¢33228-33206
xi. positions ¢32106-32085
26. The method of any one of clauses 10 to 25 wherein the reverse primer hybridizing
specifically to the ILV3 gene of Candida auris hybridises to one of the following
target sequences from nucleotide sequence accession number NW_017263971.1:
i. positions 32682-32703
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ii. positions 32368-32389
iii. positions 32567-32588
iv. positions 33202-33223
v.positions 32512-32533
vi. positions 32328-32349
vii. positions 33566-33587
viii. positions 32175-32195
ix. positions 32826-32848
x. positions 33130-33151
xi. positions 32011-32033

27. The method of any one of clauses 10 to 26 wherein:

a.

the probe hybridizing specifically to the ILV3 gene of Candida albicans hybridises
to one of the following target sequences from nucleotide sequence accession
number NC_032093.1:

i. positions ¢1170174-1170151

ii. positions 1171165-1171192

. the probe hybridizing specifically to the [LV3 gene of Candida dubliniensis

hybridises to one of the following target sequences from nucleotide sequence
accession number NC_012864.1:

i. positions 1219148-1219171

ii. positions c1218439-1218416
iii. positions ¢1218505-1218480;

the probe hybridizing specifically to the ILV3 gene of Candida tropicalis
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:

i. positions c406111-406082;

. the probe hybridizing specifically to the ILV3 gene of Candida parapsilosis

hybridises to one of the following target sequences from nucleotide sequence
accession number HE605203.1:

i. positions c24907-24883

ii. positions c24862-24839

. the probe hybridizing specifically to the ILV3 gene of Candida glabrata hybridises

to one of the following target sequences from nucleotide sequence accession
number NC_005968.1:
i. positions c394151-394128
ii. positions ¢393478-393453
iii. positions ¢395030-395007
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iv. positions c394836-394807

f. the probe hybridizing specifically to the ILV3 gene of Candida krusei hybridises
to one of the following target sequences from nucleotide sequence accession
number JQFK01000016.1:

i. positions 61770-61793
ii. positions c60990-60967
iii. positions 60462-60485
iv. positions 61815-61838
v. positions c61970-61945

g. the probe hybridizing specifically to the ILV3 gene of Candida guilliermondii
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_001809800.1:

i. positions c909577-909552
ii. positions ¢911088-911065
iii. positions 910878-910904; and/or

h. the probe hybridizing specifically to the ILV3 gene of Candida auris hybridises to
one of the following target sequences from nucleotide sequence accession
number NW_017263971.1:

i. positions ¢32744-32721
ii. positions c32421-32398
iii. positions ¢32629-32605
iv. positions 33233-33257
v. positions 32542-32563
vi. positions 32350-32373
vii. positions ¢33627-33606
viii. positions ¢32218-32196
ix. positions ¢32890-32864
X. positions ¢33259-33236
xi. positions ¢32061-32038
28. The method of any one of clauses 10 to 27 wherein:

i. the forward primer comprises the sequence of: SEQ ID NO: 4 or 6, the reverse
primer comprises the sequence of SEQ ID NO: 5§ or 7 and/or the probe
comprises the seqUence of: SEQ ID NO: 116 or 117 to specifically detect
Candida albicans

ii. the forward primer comprises the sequence of: SEQ ID NO: 8, 10 or 12, the
reverse primer comprises the sequence of SEQ ID NO: 9, 11 or 13 and/or the
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probe comprises the sequence of: SEQ ID NO: 118, 119 or 120 to specifically
detect Candida dubliniensis
ii. the forward primer comprises the sequence of: SEQ ID NO: 14 or 16, the
reverse primer comprises the sequence of SEQ ID NO: 15 or 17 and/or the
probe comprises the sequence of: SEQ ID NO: 121 to specifically detect
Candida tropicalis
iv. the forward primer comprises the sequence of: SEQ ID NO: 18 or 20, the
reverse primer comprises the sequence of SEQ ID NO: 19 or 21 and/or the
probe comprises the sequence of: SEQ ID NO: 122 or 123 to specifically
detect Candida parapsilosis
v. the forward primer comprises the sequence of: SEQ ID NO: 22, 24, 26 or 28,
the reverse primer comprises the sequence of SEQ ID NO: 23, 25, 27 or 29
and/or the probe comprises the sequence of: SEQ ID NO: 124, 125, 126 or
127 to specifically detect Candida glabrata
vi. the forward primer comprises the sequence of: SEQ ID NO: 30, 32, 34, 36 or
38, the reverse primer comprises the sequence of SEQ ID NO: 31, 33, 35, 37
or 39 and/or the probe comprises the sequence of: SEQ ID NO: 128, 129,
130, 131 or 132 to specifically detect Candida krusei
vii. the forward primer comprises the sequence of: SEQ ID NO: 40, 42, 44 or 46,
the reverse primer comprises the sequence of SEQ ID NO: 41, 43, 45 or 47
and/or the probe comprises the sequence of: SEQ ID NO: 133, 134 or 135 to
specifically detect Candida guilliermondii
viii. the forward primer comprises the sequence of: SEQ ID NO: 48, 50, 52, 54,
66, 58, 60, 62, 64, 66 or 68, the reverse primer comprises the sequence of
SEQ ID NO: 49, 51, 53, 55, 57, 59, 61, 63, 65, 67 or 69 and/or the probe
comprises the sequence of: SEQ ID NO: 136, 137, 138, 139, 140, 141, 142,
143, 144, 145 or 146 to specifically detect Candida auris.

29. The method of any one of clauses 1 to 28 wherein step a comprises:

i. use of a forward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus species; and/or

ii. use of a probe that hybridizes specifically to the ILV3 gene of Asperygillus
species.

30. The method of clause 29 wherein a common forward and reverse primer and/or
probe hybridises to the ILV3 gene of at least 2, and preferably all 3, of the following
Aspergillus species:

i. Aspergillus fumigatus
ii. Aspergillus niger
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iii. Aspergillus flavus
31. The method of clause 30 wherein the common forward primer hybridises to at least
2, and preferably all 3, of the following target sequences: |
i. positions 37215683-3721597 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
ii. positions c541018-541004 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions c382612-382598 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the common forward primer hybridises to at least 2, and preferably all 3,
of the following target sequences:
i. positions 3721797-3721816 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
ii. positions ¢540804-540785 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions c382398-382379 of nucleotide sequence accession humber
NW_002477240.1 (Aspergillus flavus)
32. The method of clause 30 or 31 wherein the common reverse primer hybridises to at
least 2, and preferably all 3, of the following target sequences:
i. positions c3721887-3721872 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
ii. positions 540714-540729 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
ii. positions 382308-382323 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the common reverse primer hybridises to at least 2, and preferably all 3,
of the following target sequences:
i. positions c3721875-3721894 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
ii. positions 540707-540726 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions 382301-382320 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
33. The method of any one of clauses 30 to 32 wherein the common probe hybridises
to at least 2, and preferably all 3, of the following target sequences:
i. positions 3721790-3721814 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
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ii. positions c5640811-540788 of nucleotide sequence accession number

NT_166533.1 (Asperygillus niger)

iii. positions ¢382405-382381 of nucleotide sequence accession number

NW_002477240.1 (Aspergillus flavus)
or wherein the common probe hybridises to at least 2, and preferably all 3, of the
following target sequences:

iv. positions 3721848-3721870 of nucleotide sequence accession number

NC_007195.1 (Aspergillus fumigatus)

v. positions c540753-540731 of nucleotide sequence accession number

NT_166533.1 (Aspergillus niger)

vi. positions ¢382347-382325 of nucleotide sequence accession number

NW_002477240.1 (Aspergillus flavus).
The method of any one of clauses 1 to 33 which uses a forward primer comprising
the sequence of SEQ ID NO: 70 or 73, the reverse primer comprises the sequence
of SEQ ID NO: 71 or 74 and/or the probe comprises the sequence of SEQ ID NO:
72 or 75.
The method of any one of clauses 1 to 34 wherein a separate forward and reverse
primer and/or probe hybridises to the ILV3 gene of each of at least 2, and preferably
all 3, of the following Aspergillus species:
i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus.
The method of clause 35 wherein the forward primer hybridizing specifically to the
ILV3 gene of Aspergillus fumigatus hybridises to one of the following target
sequences from nucleotide sequence accession number NC_007195.1:
i.positions 3721531-3721552
ii. positions 3721618-3721638
iii. positions 3721616-3721638
iv. positions 3721798-3721818
The method of clause 35 or 36 wherein the reverse primer hybridizing specifically to
the ILV3 gene of Aspergillus fumigatus hybridises to one of the following target
sequences from nucleotide sequence accession number NC_007195.1:
i. positions ¢3721653-3721675
ii. positions ¢3721706-3721681
iii. positions ¢3721898-3721878
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38. The method of any one of clauses 35 to 37 wherein the forward primer hybridizing
specifically to the ILV3 gene of Aspergillus niger hybridises to one of the following

target sequences from nucleotide sequence accession number NT_166533.1:

i. positions ¢540219-540199

39. The method of any one of clauses 35 to 38 wherein the reverse primer hybridizing

specifically to the ILV3 gene of Aspergillus niger hybridises to one of the following

target sequences from nucleotide sequence accession number NT_166533.1:

i. positions 540084-540103

40. The method of any one of clauses 35 to 39 wherein the forward primer hybridizing

specifically to the ILV3 gene of Aspergillus flavus hybridises to one of the following

target sequences from nucleotide sequence accession number NW_002477240.1:

i. positions ¢382604-382586

41. The method of any one of clauses 35 to 40 wherein the reverse primer hybridizing

specifically to the ILV3 gene of Aspergillus flavus hybridises to one of the following

target sequences from nucleotide sequence accession number NW_002477240.1:

i. positions 382519-382541
ii. positions 382520-382541

42. The method of any one of clauses 35 to 41 wherein:

a.

the probe hybridizing specifically to the ILV3 gene of Aspergillus fumigatus
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_007195.1:

positions ¢3721651-3721628

positions 3721658-3721681

positions 3721848-3721870

the probe hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one of the following target sequences from nucleotide sequence
accession number NT_166533.1:

positions ¢540161-540138; and/or

the probe hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1:

positions ¢382572-382549

43. The method of any one of clauses 35 to 42 wherein:

the forward primer comprises the sequence of; SEQ ID NO: 76, 79, 82 or 83,
the reverse primer comprises the sequence of SEQ ID NO: 77, 80 or 84 and/or
the probe comprises the sequence of SEQ ID NO: 78, 81 or 85 to specifically
detect Aspergillus fumigatus
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ii. the forward primer comprises the sequence of: SEQ ID NO: 87, the reverse
primer comprises the sequence of SEQ ID NO: 86 and/or the probe comprises
the sequence of SEQ ID NO: 88 to specifically detect Aspergillus niger

iii. the forward primer comprises the sequence of: SEQ ID NO: 90, the reverse
primer comprises the sequence of SEQ ID NO: 89 or 92 and/or the probe
comprises the sequence of SEQ ID NO: 91 to specifically detect Aspergillus
flavus.

44. The method of any one of clauses 1 to 43 wherein step a comprises:

i. use of a forward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans; and/or

ii. use of a probe that hybridizes specifically to the ILV3 gene of Cryptococcus
neoformans.

45. The method of clause 44 wherein the forward primer hybridizing specifically to the
ILV3 gene of Cryptococcus neoformans hybridises to one of the following target
sequences from nucleotide sequence accession number NC_006693.1:

i.Positions 702696-702717
ii. Positions 702499-702520 ,
iii. Positions 702736-702757
iv. Positions 702384-702403
v.Positions 701384-701406

46. The method of clause 44 or 45 wherein the reverse primer hybridizing specifically to
the ILV3 gene of Cryptococcus neoformans hybridises to one of the following target
sequences from nucleotide sequence accession number NC_006693.1:

i. Positions ¢702796-702777
ii. Positions ¢702602-702582
iii. Positions ¢702850-702831
iv. Positions ¢702521-702500
v.Positions ¢701499-701479

47. The method of any one of clauses 44 to 46 wherein the probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of Crypfococcus
neoformans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_006693.1: |

i. Positions 702724-702747
ii. Positions 702526-702549
iii. Positions 702805-702829
iv. Positions 702423-702446
v.Positions 701435-701458
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48. The method of any one of clauses 44 to 47 wherein the forward primer comprises
the sequence of SEQ ID NO: 93, 96, 99, 102 or 105, the reverse primer comprises
the sequence of SEQ ID NO: 94, 97, 100, 103 or 106 and/or the probe comprises
the sequence of SEQ ID NO: 95, 98, 101, 104 or 107.

49. The method of any preceding clause wherein step b comprises distinguishing
amplification products in order to identify the genus and/or species responsible for
the infection.

50. A method of detecting and identifying a fungal/yeast infection in a samplé,
comprising performing the method of any preceding clause and, in step b, detecting
and distinguishing the amplification products to identify the fungal/yeast infection.

51. A method of detecting and identifying a fungal/yeast infection in a sample,
comprising:

a. performing a nucleic acid amplification reaction comprising the following
components:

i. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida species, optionally together with a probe that hybridizes between the
primer binding sites specifically to the ILV3 gene of Candida species; and

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus species, optionally together with a probe that hybridizes between
the primer binding sites specifically to the ILV3 gene of Aspergillus species;
and/or

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of Cryptococcus
neoformans

b. detecting and distinguishing the amplification products to identify the fungal/yeast
infection.

52. The method of any preceding clause which is performed as a multiplex nucleic acid
amplification reaction.

53. The method of any one of clauses 49 to 52 wherein distinguishing comprises:

i. a melting curve analysis

ii. use of differently labelled primers and/or probes; or

iii. determining the size of the amplification products.
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The method of clause 53 wherein at least one primer and/or probe is differentially
labelled according to genus to permit identification of the genus of fungus/yeast in
the sample.
The method of clause 54 wherein at least one primer and/or probe is differentially
labelled according to species of Candida and/or Aspergillus to permit identification
of the species of Candida and/or Aspergillus in the sample.
The method of any preceding clause wherein the sample comprises a test sample
from a human, optionally a blood sample.
At least one primer pair for detecting a yeast/fungus infection in a sample
comprising:
a. aforward and reverse primer hybridizing specifically to the ILV3 gene of the
following Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v.Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
b. a forward and reverse primer hybridizing specifically to the ILV3 gene of the
following Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus

. a forward and reverse primer hybridizing specifically to the ILV3 gene of Candida

albicans

. a forward and reverse primer hybridizing specifically to the ILV3 gene of Candida

dubliniensis

. a forward and reverse primer hybridizing specifically to the ILV3 gene of Candida

tropicalis

. aforward and reverse primer hybridizing specifically to the ILV3 gene of Candida

parapsilosis

. aforward and reverse primer hybridizing specifically to the ILV3 gene of Candida

glabrata g

. a forward and reverse primer hybridizing specifically to the ILV3 gene of Candida

krusei
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a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida guilliermondii
a forward and reverse primer hybridizing specifically to the ILV3 gene of Candida

aurs

k. a forward and reverse primer hybridizing specifically to the ILV3 gene of

Aspergillus fumigatus;
a forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger,

m. a forward and reverse primer hybridizing specifically to the ILV3 gene of

Aspergillus flavus; and/or

n. a forward and reverse primer hybridizing specifically to the ILV3 gene of

Cryptococcus neoformans.

58. The at least one primer pair of clause 57 wherein the forward primer of a primer pair

hybridises to at least 3, 4, 5, 6, 7 and preferably all of the following target

sequences:

vi.

vii.

viii.

positions ¢1169825-1169806 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)

positions ¢393798-393779 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)

positions c405996-405978 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions ¢1218036-1218017 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)

positions c909809-909790 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions ¢24006-23987 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)

positions 61666-61685 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions ¢32324-32305 of nhucleotide sequence accession number
NW_017263971.1 (Candida auris).

59. The at least one primer pair of clause 57 or 58 wherein the reverse primer of a

primer pair hybridises to at least 3, 4, 5, 6, 7 and preferably all of the following

target sequences:

positions 1169707-1169729 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)
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ii. positions 393680-393702 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)
iii. positions 405878-405900 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)
iv. positions 1217918-1217940 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)
v. positions 909691-909713 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)
vi. positions 23888-23910 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)
vii. positions c61784-61762 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)
viii. positions 32206-32228 of nucleotide sequence accession humber
NW_017263971.1 (Candida auris).

60. The at least one primer pair of any one of clauses 57 to 59 wherein the forward
primer of a primer pair hybridises to at least 2, and preferably all 3, of the following
target sequences:

i. positions 3721583-3721597 of nucleotide sequence accession nhumber
NC_007195.1 (Aspergillus fumigatus)
ii. positions c541018-541004 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions ¢382612-382598 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the forward primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
iv. positions 3721797-3721816 of nucleotide sequence accession number
NC_007195.1 (Asperygillus fumigatus)
v. positions c540804-540785 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
vi. positions ¢382398-382379 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)

61. The at least one primer pair of any one of clauses 57 to 60 wherein the reverse
primer of a primer pair hybridises to at least 2, and preferably all 3, of the following
target sequences:

i. positions ¢3721887-3721872 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
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ii. positions 540714-540729 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions 382308-382323 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the reverse primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
iv. positions c3721875-3721894 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)
v. positions 540707-540726 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
vi. positions 382301-382320 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
62. The at least one primer pair of any one of clauses 57 to 61 wherein the forward

primer of a primer pair hybridizing specifically to the ILV3 gene of Candida albicans

hybridises to one of the following target sequences from nucleotide sequence
accession number NC_032093.1:

i. positions ¢1170234-1170217

ii. positions ¢1171213-1171192

63. The at least one primer pair of any one of clauses 57 to 62 wherein the reverse

primer of a primer pair hybridizing specifically to the ILV3 gene of Candida albicans

hybridises to one of the following target sequences from nucleotide sequence
accession number NC_032093.1:
i.positions 1170119-1170140
ii. positions 1171120-1171138
64. The at least one primer pair of any one of clauses 57 to 63 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
dubliniensis hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:
i.positions ¢1219181-1219161
ii. positions ¢1218505-1218486
iii. positions ¢1218553-1218534
65. The at least one primer pair of any one of clauses 57 to 64 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
dubliniensis hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:;
i.positions 1219103-1219124
ii. positions 1218409-1218429
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iii. positions 1218419-1218440
The at least one primer pair of any one of clauses 57 to 65 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida tropicalis
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:
i. positions c406146-406127
ii. positions c406142-406120
The at least one primer pair of any one of clauses 57 to 66 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida tropicalis
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:
i. positions 406047-406068
ii. positions 406048-406069
The at least one primer pair of any one of clauses 57 to 67 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
parapsilosis hybridises to one of the following target sequences from nucleotide
sequence accession number HE605203.1:
i. positions ¢c24951-24931
ii. positions c24881-24863
The at least one primer pair of any one of clauses 57 to 68 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
parapsilosis hybridises to one of the following target sequences from nucleotide
sequence accession number HE605203.1:
i.positions 24843-24865
ii. positions 24774-24795
The at least one primer pair of any one of clauses 57 to 69 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida glabrata
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_005968.1:
i.positions ¢394191-394169
ii. positions ¢393535-393516
iii. positions ¢395076-395055
iv. positions ¢394884-394863
The at least one primer pair of any one of clauses 57 to 70 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida glabrata
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_005968.1:
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i. positions 394080-394101
ii. positions 393445-393464
iii. positions 394987-395006
iv. positions 394783-394803
The at least one primer pair of any one of clauses 57 to 71 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida krusei
hybridises to one of the following target sequences from nucleotide sequence
accession number JQFK01000016.1:
i.positions 61723-61744
ii. positions 60940-60961
iii. positions 60420-60440
iv. positions 61778-61797
v.positions 61940-61961
The at least one primer pair of any one of clauses 57 to 72 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida krusei
hybridises to one of the following target sequences from nucleotide sequence
accession number JQFK01000016.1:
i. positions ¢61817-61796
ii. positions ¢61030-61011
iii. positions ¢60535-60513
iv. positions ¢61923-61902
v.positions ¢62015-61996
The at least one primer pair of any one of clauses 57 to 73 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
guilliermondii hybridises to one of the following target sequences from nucleotide
sequence accession number NW_001809800.1:
i. positions c909629-909608
ii. positions ¢911117-911098
iii. positions ¢911111-911090
iv. positions ¢910941-910920
The at least one primer pair of any one of clauses 57 to 74 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
guilliermondii hybridises to one of the following target sequences from nucleotide
sequence accession number NW_001809800.1:
i. positions 909529-909550
ii. positions 911002-911023
iii. positions 910994-911013
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iv. positions 910799-910819
76. The at least one primer pair of any one of clauses 57 to 75 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida auris
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_017263971.1.
i. positions ¢32790-32768
ii. positions ¢32451-32430
iii. positions ¢32654-32633
iv. positions ¢33278-33259
v.positions ¢32603-32580
vi. positions ¢32399-32376
vii. positions ¢33648-33628
viii. positions ¢32240-32219
ix. positions ¢32930-32909
X. positions ¢33228-33206
Xi. positions ¢32106-32085
77. The at least one primer pair of any one of clauses 57 to 76 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida auris
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_017263971.1:
i.positions 32682-32703
ii. positions 32368-32389
iii. positions 32567-32588
iv. positions 33202-33223
v.positions 32512-32533
vi. positions 32328-32349
vii. positions 33566-33587
viii. positions 32175-32195
ix. positions 32826-32848
x. positions 33130-33151
xi. positions 32011-32033
78. The at least one primer pair of any one of clauses 57 to 77 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus
fumigatus hybridises to one of the foliowing target sequences from nucleotide
sequence accession number NC_007195.1:
i. positions 3721531-3721552
ii. positions 3721618-3721638
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fii. positions 3721616-3721638
iv. positions 3721798-3721818
79. The at least one primer pair of any one of clauses 57 to 78 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus
fumigatus hybridises to one of the following target sequences from nucleotide
sequence accession number NC_007195.1;
i. positions ¢3721653-3721675
ii. positions ¢3721706-3721681
iii. positions ¢3721898-3721878
80. The at least one primer pair of any one of clauses 57 to 79 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one 6f the following target sequences from nucleotide sequence
accession number NT_166533.1:
i. positions ¢540219-540199
81. The at least one primer pair of any one of clauses 57 to 80 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one of the following target sequences from nucleotide sequence
accession number NT_166533.1:
i.positions 540084-540103
82. The at least one primer pair of any one of clauses 57 to 81 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1;
i. positions ¢382604-382586
83. The at least one primer pair of any one of clauses 57 to 82 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1:
i.positions 382519-382541
ii. positions 382520-382541
84. The at least one primer pair of any one of clauses 57 to 83 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Cryptococcus
neoformans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_006693.1:
i. Positions 702696-702717
ii. Positions 702499-702520
iii. Positions 702736-702757
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iv. Positions 702384-702403
v.Positions 701384-701406
85. The at least one primer pair of any one of clauses 57 to 84 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Cryptococcus
neoformans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_006693.1:
i. Positions c702796-702777
ii. Positions c702602-702582
iii. Positions c702850-702831
iv. Positions ¢702521-702500
v. Positions c701499-701479
86. The at least one primer pair of any one of clauses 57 to 85 wherein:
a. the forward and reverse primer hybridizing specifically to the ILV3 gene of the
following Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 1 and SEQ ID NO: 2 respectively;
b. the forward and reverse primer hybridizing specifically to the ILV3 gene of the
following Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 70 and 71 or SEQ ID NO: 73 and 74 respectively;

c. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida albicans comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 4 and 5 or SEQ ID NO: 6 and 7
respectively;

d. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida dubliniensis comprises, consists essentially of or consists of the
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nucleotide sequence of SEQ ID NO: 8 and 9, SEQ ID NO: 10 and 11 or SEQ ID
NO: 12 and 13 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida tropicalis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 14 and 15 or SEQ ID NO: 16 and 17
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida parapsilosis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 18 and 19 or SEQ ID NO: 20 and 21

respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida glabrata comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 22 and 23, SEQ ID NO: 24 and 25, SEQ
ID NO: 26 and 27 or SEQ ID NO: 28 and 29 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida krusei comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 30 and 31, SEQ ID NO: 32 and 33, SEQ ID NO: 34
and 35, SEQ ID NO: 36 and 37 or SEQ ID NO: 38 and 39 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida guilliermondii comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 40 and 41, SEQ ID NO: 42 and 43, SEQ
ID NO: 44 and 45 or SEQ ID NO: 46 and 47 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida auris comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 48 and 49, SEQ ID NO: 50 and 51, SEQ ID NO: 52
and 53, SEQ ID NO: 54 and 55, SEQ ID NO: 56 and 57, SEQ ID NO: 58 and
59, SEQ ID NO: 60 and 61, SEQ ID NO: 62 and 63, SEQ ID NO: 64 and 65,
SEQ ID NO: 66 and 67 or SEQ ID NO: 68 and 69 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Aspergillus fumigatus comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 76 and 77, SEQ ID NO: 79 and 80, SEQ
ID NO: 82 and 80 or SEQ ID NO: 83 and 84 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 87 and 86;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Aspergillus flavus comprises, consists essentially of or consists of the
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nucleotide sequence of SEQ ID NO: 90 and 89 or SEQ ID NO: 90 and 92
respectively; and/or

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 93 and 94, SEQ ID NO: 96 and 97, SEQ
ID NO: 99 and 100, SEQ ID NO: 102 and 103 or SEQ ID NO: 105 and 106
respectively.

87. The at least one primer pair according to any one of clauses 57 to 86 comprising at

least two primers pairs wherein at least one primer in each primer pair is

differentially labelled compared to the other primer pairs.

88. At least one probe for detecting a yeast/fungus infection in a sample comprising:

a.

a probe that hybridizes specifically to the ILV3 gene of the following Candida
species |

i. Candida albicans

ii. Candida dubliniensis

ii. Candida tropicalis

iv. Candida parapsilosis
v. Candida glabrata

vi. Candida krusei

vii. Candida guilliermondii

viii. Candida auris

b.

S@ ™ o aop

a probe that hybridizes specifically to the ILV3 gene of the following Aspergillus
species

i. Aspergillus fumigatus

ii. Aspergillus niger
ii. Aspergillus flavus

a probe that hybridizes specifically to the ILV3 gene of Candida albicans

a probe that hybridizes specifically to the ILV3 gene of Candida dubliniensis
a probe that hybridizes specifically to the ILV3 gene of Candida tropicalis

a probe that hybridizes specifically to the ILV3 gene of Candida parapsilosis
a probe that hybridizes specifically to the ILV3 gene of Candida glabrata

a probe that hybridizes specifically to the ILV3 gene of Candida krusei

a probe that hybridizes specifically to the ILV3 gene of Candida guilliermondii
a probe that hybridizes specifically to the ILV3 gene of Candida auris

a probe that hybridizes specifically to the ILV3 gene of Aspergillus fumigatus
a probe that hybridizes specifically to the ILV3 gene of Aspergillus niger

. a probe that hybridizes specifically to the ILV3 gene of Aspergillus flavus; and/or
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a probe that hybridizes specifically to the ILV3 gene of Cryptococcus

neoformans.

89. The at least one probe of clause 88 that hybridises to at least 3, 4, 5, 6, 7 and

preferably all of the following target sequences:

vi.

vii.

viii.

positions 1169779-1169804 of nucleotide sequence accession number
NC_032093.1 (Candida albicans)

positions 393752-393777 of nucleotide sequence accession humber
NC_005968.1 (Candida glabrata)

positions 405950-405975 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217990-1218015 of nucleotide sequence accession number
NC_012864.1 (Candida dubliniensis)

positions 909763-909788 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23960-23985 of nucleotide sequence accession number HE605203.1
(Candida parapsilosis)

positions c61712-61687 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions 32278-32303 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

90. The at least one probe of any one of clauses 88 or 89 wherein:

a.

the probe hybridizing specifically to the ILV3 gene of Candida albicans hybridises

to one of the following target sequences from nucleotide sequence accession
number NC_032093.1:

positions ¢1170174-1170151

positions 1171165-1171192

the probe hybridizing specifically to the ILV3 gene of Candida dubliniensis
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_012864.1:

positions 1219148-1219171

positions ¢1218439-1218416

positions c1218505-1218480;

the probe hybridizing specifically to the ILV3 gene of Candida tropicalis
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:

positions c406111-406082;
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d. the probe hybridizing specifically to the ILV3 gene of Candida parapsilosis

hybridises to one of the following target sequences from nucleotide sequence
accession number HE605203.1:

positions c24907-24883
positions c24862-24839

e. the probe hybridizing specifically to the ILV3 gene of Candida glabrata hybridises

to one of the following target sequences from nucleotide sequence accession
number NC_005968.1:

iv.

positions ¢394151-394128
positions ¢393478-393453
positions ¢395030-395007
positions ¢394836-394807

f. the probe hybridizing specifically to the ILV3 gene of Candida krusei hybridises

to one of the following target sequences from nucleotide sequence accession
number JQFK01000016.1:

i.

ii.
i
iv.
V.

positions 61770-61793
positions ¢60990-60967
positions 60462-60485
positions 61815-61838
positions c61970-61945

g. the probe hybridizing specifically to the ILV3 gene of Candida guilliermondii

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_001809800.1:

positions c909577-909552
positions ¢911088-911065
positions 910878-910904; and/or

h. the probe hybridizing specifically to the ILV3 gene of Candida auris hybridises to

one of the following target sequences from nucleotide sequence accession
number NW_017263971.1:

i.
ii.
iii.
iv.
V.
Vi.
vii.

viii.

positions ¢32744-32721
positions ¢32421-32398
positions ¢32629-32605
positions 33233-33257
positions 32542-32563
positions 32350-32373
positions ¢33627-33606
positions ¢32218-32196
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positions ¢32890-32864
positions ¢33259-33236
positions ¢32061-32038

91. The at least one probe of any one of clauses 88 to 90 wherein at least 1 probe

hybridises to at least 2, and preferably all 3, of the following target sequences:

positions 3721790-3721814 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)

positions ¢540811-540788 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)

positions ¢382405-382381 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)

or wherein the common probe hybridises to at least 2, and preferably all 3, of the

following target sequences:

iv.

vi.

positions 3721848-3721870 of nucleotide sequence accession number
NC_007195.1 (Aspergillus fumigatus)

positions ¢540753-540731 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)

positions ¢382347-382325 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus).

92. The at least one probe of any one of clauses 88 to 91 wherein:

a. the probe hybridizing specifically to the ILV3 gene of Aspergillus fumigatus

hybridises to one of the following target sequences from nucleotide sequence

accession number NC_007195.1:

i.positions ¢3721651-3721628
ii. positions 3721658-3721681

iii. positions 3721848-3721870
i. the probe hybridizing specifically to the ILV3 gene of Aspergillus niger hybridises

to one of the following target sequences from nucleotide sequence accession
number NT_166533.1:

i. positions ¢540161-540138; and/or

j- the probe hybridizing specifically to the ILV3 gene of Aspergillus flavus

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1:

93. The at least one probe of any one of clauses 88 to 92 wherein the probe hybridizing

i. positions c382572-382549

specifically to the ILV3 gene of Cryptococcus neoformans hybridises to one of the
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following target sequences from nucleotide sequence accession number
NC_006693.1:
i. Positions 702724-702747
ii. Positions 702526-702549
iii. Positions 702805-702829
iv. Positions 702423-702446
v. Positions 701435-701458
94. The at least one probe of any one of clauses 88 to 93 wherein:
a. the probe that hybridizes specifically to the ILV3 gene of the following Candida
species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v.Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 3
b. the probe that hybridizes specifically to the ILV3 gene of Candida albicans
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 116 or 117
c. the probe that hybridizes specifically to the ILV3 gene of Candida dubliniensis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 118, 119 or 120
d. the probe that hybridizes specifically to the ILV3 gene of Candida tropicalis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 121
e. the probe that hybridizes specifically to the ILV3 gene of Candida parapsilosis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 122 or 123
f. the probe that hybridizes specifically to the ILV3 gene of Candida glabrata
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 124, 125, 126 or 127
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g. the probe that hybridizes specifically to the ILV3 gene of Candida krusei
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 128, 129, 130, 131 or 132

h. the probe that hybridizes specifically to the ILV3 gene of Candida guilliermondii
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 133, 134 or 135

i. the probe that hybridizes specifically to the ILV3 gene of Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 136, 137, 138, 139, 140, 141, 142, 143, 144, 145 or 146

j- The probe that hybridizes specificaily to the ILV3 gene of the following
Aspergillus species

i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus

comprises, consists essentially of or consists of the nucleotide sequence of SEQ
IDNO: 72 0r75

k. the probe that hybridizes specifically to the ILV3 gene of Aspergillus fumigatus
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 78, 81 or 85

I. the probe that hybridizes specifically to the ILV3 gene of Aspergillus niger
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 88

m. the probe that hybridizes specifically to the ILV3 gene of Aspergillus flavus
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 91; and/or

n. the probe that hybridizes specifically to the ILV3 gene of Cryptococcus
neoformans comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 95, 98, 101, 104 or 107.

95. The at least one probe according to any one of clauses 88 to 94 comprising at least
two probes wherein each probe is differentially labelled.

96. A kit for detecting a yeast/fungus infection in a sample comprising at least one
primer pair according to any one of clauses 57 to 87 and/or at least one probe
according to any one of clauses 88 to 95.

97. The kit of clause 96 comprising primer pairs in combination permitting detection of

Candida, Aspergillus and Cryptococcus neoformans.
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98. The kit of clause 97 further comprising probes permitting detection of Candida,
Aspergillus and Cryptococcus neoformans. ‘

99. A kit comprising the primers of SEQ ID NOs: 1 and 2, SEQ ID NOs: 70 and 71 and
SEQ ID NOs: 93 and 94.

100.The kit of clause 99 further comprising the probes of SEQ ID NOs: 3, 72 and 95.

101.A kit for identifying the species responsible for a Candida infection in a sample,
comprising the primer pairs of any one of clauses 57c¢ to 57j or clauses 62 to 77.

102.The kit of clause 101 wherein the primers comprise, consist essentially of or consist
of the nucleotide sequences of SEQ ID NO: 48 and 49, SEQ ID NO: 18 and 19,
SEQ ID NO: 24 and 25, SEQ ID NO: 40 and 41, SEQ ID NO: 6 and 7, SEQ 1D NO:
8 and 9, SEQ ID NO: 16 and 17 and SEQ ID NO: 38 and 39 respectively.

103.A kit for identifying the species responsible for an Aspergillus infection in a sample,
comprising the primer pairs of any one of clauses 57k to 57m or clauses 78 to 83.

104.The kit of clause 103 wherein the primers comprise, consist essentially of or consist
of the nucleotide sequences of SEQ ID NO: 80 and 82, SEQ ID NO: 86 and 87,
SEQ ID NO: 90 and 92.

105.The kit according to any one of clauses 96 to 104 further comprising reagents for
extracting DNA from a blood sample.

106.A method of detecting and identifying a microbial infection in a sample, comprising:
a. performing a nucleic acid amplification reaction comprising the following

components:

i. a forward and reverse primer hybridizing specifically to the 16S rRNA gene of
Gram positive bacteria; optionally together with a probe that hybridizes between
the primer binding sites specifically to the 16S rRNA gene of Gram positive
bacteria

ii. aforward and reverse primer hybridizing specifically to the 16S rRNA gene of
Gram negative bacteria; optionally together with a probe that hybridizes
between the primer binding sites specifically to the 16S rRNA gene of Gram
negative bacteria

iii. a forward and reverse primer hybridizing specifically to the ILV3 gene of at least
one fungallyeast species; optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of at least one
fungallyeast species

b. detecting and‘distinguishing the amplification products to determine whether the
sample contains a Gram negative bacterial infection, a Gram positive bacterial
infection and/or a fungal/yeast infection.
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107.The method of clause 106 in which the amplification of the ILV3 gene is performed
according to a method as defined in any one of clauses 1 to 56 and/or using at least
one primer pair as defined in any one of clauses 57 to 87 and/or at least one probe
according to any one of clauses 88 to 95 and/or using a kit as defined in any one of

clauses 96 or 105.

108.A kit for discriminating a microbial infection in a sample, comprising components for
performing a multiplex nucleic acid amplification reaction comprising:

a. aforward and reverse primer hybridizing specifically to the 16S rRNA gene of
Gram positive bacteria; optionally together with a probe that hybridizes between
the primer binding sites specifically to the 16S rRNA gene of Gram positive
bacteria

b. aforward and reverse primer hybridizing specifically to the 16S rRNA gene of
Gram negative bacteria; optionally together with a probe that hybridizes
between the primer‘ binding sites specifically to the 16S rRNA gene of Gram
negative bacteria

c. aforward and reverse primer hybridizing specifically to the ILV3 gene of at least
one fungall/yeast species; optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of at least one
fungallyeast species;

wherein components a, b and ¢ each produce distinguishable amplification products

thus enabling a determination of whether the sample contains a Gram negative

bacterial infection, a Gram positive bacterial infection and/or a fungal/yeast
infection.

109.The kit of clause 108 which comprises at least one primer pair as defined in any
one of clauses 57 to 87 and/or at least one probe according to any one of clauses

88 to 95 and/or a kit as defined in any one of clauses 96 to 105.

110.A method of identifying the species responsible for a Candida infection in a sample,
comprising:

a. performing nucleic acid amplification reactions using at least three, 4, 5, 6, 7 or

all of the following sets of components:
i.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida albicans
ii.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida dubliniensis
iii.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida tropicalis
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iv.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida parapsilosis
v.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida glabrata
vi.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida krusei
vii.a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida guilliermondii
viii. a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida auris ‘
b. detecting and distinguishing the amplification products to identify the species
responsible for the Candida infection.
111.The method of clause 110 wherein the primer pairs are used in a multiplex reaction.
112.The method of clause 110 or 111 wherein detecting and distinguishing the
amplification products is according to a melt curve analysis.
113.The method of any one of clauses 110 to 112 wherein each primer pair is used in a
separate reaction vessel.
114.The method of any one of clauses 110 to 113 wherein the forward primer
hybridizing specifically to the IL.V3 gene of Candida albicans hybridises to one of
the following target sequences from nucleotide sequence accession number
NC_032093.1:
i.positions ¢c1170234-1170217
ii. positions ¢1171213-1171192
1156.The method of any one of clauses 110 to 114 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida albicans hybridises to one of
the following target sequences from nucleotide sequence accession number
NC_032093.1:
i.positions 1170119-1170140
ii. positions 1171120-1171138
116.The method of any one of clauses 110 to 115 wherein the forward primer
hybridizing specifically to the ILV3 gene of Candida dubliniensis hybridises to one of
the following target sequences from nucleotide sequence accession number
NC_012864.1:
i. positions ¢1219181-1219161
ii. positions ¢1218505-1218486
iii. positions ¢1218553-1218534
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117.The method of any one of clauses 110 to 116 wherein the reverse primer

hybridizing specifically to the ILV3 gene of Candida dubliniensis hybridises to one of

the following target sequences from nucleotide sequence accession number
NC_012864.1:
i.positions 1219103-1219124
ii. positions 1218409-1218429
iii. positions 1218419-1218440
118.The method of any one of clauses 110 to 117 wherein the forward primer
hybridizing specifically to the ILV3 gene of Candida tropicalis hybridises to one of
the following target sequences from nucleotide sequence accession number
NW_003020040.1:
i.positions c406146-406127
ii. positions c406142-406120
119.The method of any one of clauses 110 to 118 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida tropicalis hybridises to one of
the following target sequences from nucleotide sequence accession number
NW_003020040.1:
i. positions 406047-406068
ii. positions 406048-406069
120.The method of any one of clauses 110 to 119 wherein the forward primer

hybridizing specifically to the ILV3 gene of Candida parapsilosis hybridises to one of

the following target sequences from nucleotide sequence accession number
HE605203.1:
i. positions c24951-24931
ii. positions c24881-24863
121.The method of any one of clauses 110 to 120 wherein the reverse primer

hybridizing specifically to the ILV3 gene of Candida parapsilosis hybridises to one of

the following target sequences from nucleotide sequence accession number
HE605203.1:
i. positions 24843-24865
ii. positions 24774-24795
122.The method of any one of clauses 110 to 121 wherein the forward primer

hybridizing specifically to the ILV3 gene of Candida glabrata hybridises to one of the

following target sequences from nucleotide sequence accession number
NC_005968.1:

i. positions ¢394191-394169

ii. positions ¢393535-393516
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iii. positions ¢395076-395055
iv. positions ¢394884-394863
123.The method of any one of clauses 110 to 122 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida glabrata hybridises to one of the
following target sequences from nucleotide sequence accession number
NC_005968.1:
i. positions 394080-394101
ii. positions 393445-393464
iii. positions 394987-395006
iv. positions 394783-394803
124.The method of any one of clauses 110 to 123 wherein the forward primer
hybridizing specifically to the ILV3 gene of Candida krusei hybridises to one of the
following target sequences from nucleotide sequence accession number
JQFKO01000016.1:
i. positions 61723-61744
ii. positions 60940-60961
iii. positions 60420-60440
iv. positions 61778-61797
v.positions 61940-61961
125.The method of any one of clauses 110 to 124 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida krusei hybridises to one of the
following target sequences from nucleotide sequence accession number
JQFK01000016.1:
i. positions ¢61817-61796
ii. positions ¢61030-61011
iii. positions ¢60535-60513
iv. positions ¢61923-61902
v.positions ¢62015-61996
126.The method of any one of clauses 110 to 125 wherein the forward primer
hybridizing specifically to the ILV3 gene of Candida guilliermondii hybridises to one
of the following target sequences from nucleotide sequence accession number
NW_001809800.1:
i. positions c909629-909608
ii. positions c911117-911098
iii. positions ¢911111-911090
iv. positions ¢910941-910920
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127.The method of any one of clauses 110 to 126 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida guilliermondii hybridises to one
of the following target sequences from nucleotide sequence accession number
NW_001809800.1:
i. positions 909529-909550
ii. positions 911002-911023
iii. positions 910994-911013
iv. positions 910799-910819
128.The method of any one of clauses 110 to 127 wherein the forward primer
hybridizing specifically to the ILV3 gene of Candida auris hybridises to one of the
following target sequences from nucleotide sequence accession number
NW_017263971.1:
i. positions ¢32790-32768
ii. positions ¢32451-32430
iii. positions ¢32654-32633
iv. positions ¢33278-33259
v. positions ¢32603-32580
vi. positions ¢32399-32376
vii. positions c33648-33628
viii. positions ¢32240-32219
ix. positions ¢32930-32909
X. positions ¢33228-33206
xi. positions ¢32106-32085
129.The method of any one of clauses 110 to 128 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Candida auris hybridises to one of the
following target sequences from nucleotide sequence accession number
NW_017263971.1:
i. positions 32682-32703
ii. positions 32368-32389
iii. positions 32567-32588
iv. positions 33202-33223
v.positions 32512-32533
vi. positions 32328-32349
vii. positions 33566-33587
viii. positions 32175-32195
ix. positions 32826-32848
X. positions 33130-33151
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xi. positions 32011-32033

130.The method of any one of clauses 110 to 129 wherein

a.

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida albicans comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 4 and 5 or SEQ ID NO: 6 and 7 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida dubliniensis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 8 and 9, SEQ ID NO: 10 and 11 or SEQ ID
NO: 12 and 13 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida tropicalis comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 14 and 15 or SEQ ID NO: 16 and 17 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida parapsilosis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 18 and 19 or SEQ ID NO: 20 and 21
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida glabrata comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 22 and 23, SEQ ID NO: 24 and 25, SEQ ID NO: 26
and 27 or SEQ ID NO: 28 and 29 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida krusei comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 30 and 31, SEQ ID NO: 32 and 33, SEQ ID NO: 34
and 35, SEQ ID NO: 36 and 37 or SEQ ID NO: 38 and 39 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida guilliermondii comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 40 and 41, SEQ ID NO: 42 and 43, SEQ ID
NO: 44 and 45 or SEQ ID NO: 46 and 47 respectively;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Candida auris comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 48 and 49, SEQ ID NO: 50 and 51, SEQ ID NO: 52
and 53, SEQ ID NO: 54 and 55, SEQ ID NO: 56 and 57, SEQ ID NO: 58 and 59,
SEQ ID NO: 60 and 61, SEQ ID NO: 62 and 63, SEQ ID NO: 64 and 65, SEQ ID
NO: 66 and 67 or SEQ ID NO: 68 and 69 respectively;

131.A method of identifying the species responsible for an Aspergillus infection in a

sample, comprising:
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a. performing nucleic acid ampilification reactions using at least two or all three of
the following sets of components:
i. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspenrgillus fumigatus
ii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger
ii. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus flavus
b. detecting and distinguishing the ampiification products to identify the species
responsible for the Aspergillus infection.
132.The method of clause 131 wherein detecting and distinguishing the amplification
- products is according to a melt curve analysis.
133.The method of clause 131 or 132 wherein the primer pairs are used in a multiplex
reaction.
134.The method of any one of clauses 131 to 133 wherein each primer pair is used in a
separate reaction vessel.
135.The method of any one of clauses 131 to 134 wherein the forward primer
hybridizing specifically to the ILV3 gene of Aspergillus fumigatus hybridises to one
of the following target sequences from nucleotide sequence accession number
NC_007195.1:
i. positions 3721531-3721552
ii. positions 3721618-3721638
iii. positions 3721616-3721638
iv. positions 3721.798-3721 818
136.The method of any one of clauses 131 to 135 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Aspergillus fumigatus hybridises to one
of the following target sequences from nucleotide sequence accession number
NC_007195.1:
i. positions ¢3721653-3721675
ii. positions ¢3721706-3721681
iii. positions ¢3721898-3721878
137.The method of any one of clauses 131 to 136 wherein the forward primer
hybridizing specifically to the ILV3 gene of Aspergillus niger hybridises to one of the
following target sequences from nucleotide sequence accession number
NT_166533.1:
i. positions ¢540219-540199
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138.The method of any one of clauses 131 to 137 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Aspergillus niger hybridises to one of the
following target sequences from nucleotide sequence accession number

NT_166533.1:

i.positions 540084-540103
139.The method of any one of clauses 131 to 138 wherein the forward primer
hybridizing specifically to the ILV3 gene of Aspergillus flavus hybridises to one of
the following target sequences from nucleotide sequence accession number
NW_002477240.1:
i. positions ¢382604-382586
140.The method of any one of clauses 131 to 139 wherein the reverse primer
hybridizing specifically to the ILV3 gene of Aspergillus flavus hybridises to one of
the following target sequences from nucleotide sequence accession number
NW_002477240.1:
i. positions 382519-382541
ii. positions 382520-382541
141.The method of any one of clauses 131 to 140 wherein:

a. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus fumigatus comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 76 and 77, SEQ ID NO: 79 and 80, SEQ |ID
NO: 82 and 80 or SEQ ID NO: 83 and 84 respectively;

b. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 87 and 86;

c. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus flavus comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 90 and 89 or SEQ ID NO: 90 and 92 respectively.

142.The method of any one of clauses 110 to 141 which comprises use of a species
specific probe for detecting and distinguishing the amplification products to thus
identify the species responsible for the infection.

143.The method of clause 142 wherein each probe is differentially labelled.

144.The method of clause 142 or 143 wherein:

a. the probe hybridizing specifically to the ILV3 gene of Candida albicans
hybridises to one of the following target sequences from nucleotide sequence
accession humber NC_032093.1:

i. positions ¢1170174-1170151
ii. positions 1171165-1171192
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. the probe hybridizing specifically to the ILV3 gene of Candida dubliniensis

hybridises to one of the following target sequences from nucleotide sequence
accession number NC_012864.1:
i. positions 1219148-1219171
ii. positions ¢c1218439-1218416
iii. positions ¢1218505-1218480;

. the probe hybridizing specifically to the ILV3 gene of Candida tropicalis

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:
i. positions c406111-406082;

. the probe hybridizing specifically to the ILV3 gene of Candida parapsilosis

hybridises to one of the following target sequences from nucleotide sequence
accession number HE605203.1:

i. positions c24907-24883

ii. positions c24862-24839

. the probe hybridizing specifically to the ILV3 gene of Candida glabrata

hybridises to one of the following target sequences from nucleotide sequence
accession number NC_005968.1:
i. positions c394151-394128
ii. positions c393478-393453
ii. positions c395030-395007
iv. positions ¢394836-394807
the probe hybridizing specifically to the ILV3 gene of Candida krusei hybridises
to one of the following target sequences from nucleotide sequence accession
number JQFK01000016.1:
i. positions 61770-61793
ii. positions ¢c60990-60967
iii. positions 60462-60485
iv. positions 61815-61838
v. positions ¢61970-61945

. the probe hybridizing specifically to the ILV3 gene of Candida guilliermondii

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_001809800.1:
i. positions c909577-909552
ii. positions c911088-911065
iii. positions 910878-910904; and/or
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h. the probe hybridizing specifically to the ILV3 gene of Candida auris hybridises
to one of the following target sequences from nucleotide sequence accession
number NW_017263971.1:

i. positions ¢32744-32721
ii. positions ¢32421-32398
iii. positions ¢32629-32605
iv. positions 33233-33257
v. positions 325642-32563
vi. positions 32350-32373
vii. positions ¢33627-33606
viii. positions ¢32218-32196
ix. positions ¢32890-32864
X. positions ¢33259-33236
xi. positions ¢32061-32038
145.The method of any one of clauses 142 to 144 wherein:
a. the probe that hybridizes specifically to the ILV3 gene of Candida albicans
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 116 or 117
b. the probe that hybridizes specifically to the ILV3 gene of Candida dubliniensis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 118, 119 or 120
¢. the probe that hybridizes specifically to the ILV3 gene of Candida tropicalis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 121
d. the probe that hybridizes specifically to the ILV3 gene of Candida parapsilosis
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 122 or 123
e. the probe that hybridizes specifically to the ILV3 gene of Candida glabrata
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 124, 125, 126 or 127
f. the probe that hybridizes specifically to the ILV3 gene of Candida krusei
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
ID NO: 128, 129, 130, 131 or 132
g. the probe that hybridizes specifically to the ILV3 gene of Candida guilliermondii
comprises, consists essentially of or consists of the nucleotide sequence of SEQ
1D NO: 133, 134 or 135; and/or
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h. the probe that hybridizes specifically to the ILV3 gene of Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 136, 137, 138, 139, 140, 141, 142, 143, 144, 145 or 146

146.The method of any one of clauses 142 to 145 wherein:

a. the probe hybridizing specifically to the ILV3 gene of Aspergillus fumigatus
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_007195.1:

i. positions ¢3721651-3721628
ii. positions 3721658-3721681
iii. positions 3721848-3721870

d. the probe hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one of the following target sequences from nucleotide sequence
accession number NT_166533.1:

i. positions c540161-540138; and/or

e. the probe hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1:

i. positions ¢382572-382549
147.The method of any one of clauses 142 to 146 wherein:

a. the probe that hybridizes specifically to the ILV3 gene of Aspergillus fumigatus
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 78, 81 or 85;

b. the probe that hybridizes specifically to the ILV3 gene of Aspergillus niger
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 88;

c. the probe that hybridizes specifically to the ILV3 gene of Aspergillus flavus
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 91.

148. A method of detecting and identifying a yeast/fungal infection in a sample
comprising:

a. Performing a method according to any one of clauses 1 to 56 in order to
determine whether Candida, Aspergillus and/or Cryptococcus neoformans is
present in the sample

b. Inthe event that a species of Candida or Aspergillus is present in the sample
performing a method according to any one of clauses 110 to 147 in order to
determine which species is present

to thereby detect and identify the yeast/fungal infection in the sample.
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149.A method of selecting a subject for treatment with an antifungal agent such as a
fungicide (or an antibiotic if bacteria are detected) comprising performing a method
according to any one of clauses 1 to 56 and/or 106 to 148 and selecting the subject
for treatment where an infection is detected, optionally also identified.

150.A method of predicting responsiveness of a subject to treatment with an antifungal
agent such as a fungicide (or an antibiotic if bacteria are detected) comprising
performing a method according to any one of clauses 1 to 56 and/or 106 to 149 and
predicting responsiveness of the subject to treatment an infection is detected,
optionally also identified.

151.A method of treating an infection comprising administering an antifungal agent such
as a fungicide (or an antibiotic if bacteria are detected) to the subject suffering from
the infection, wherein the subject has been selected for treatment by performing a
method according to any one of clauses 1 to 56 and/or 106 to 150.

152.A method of treating an infection comprising administering an antifungal agent such
as a fungicide (or an antibiotic if bacteria are detected) to the subject suffering from
the infection, wherein the subject displays, in a sample, a detectable ILV3 gene.

1563. An antifungal agent such as a fungicide (or an antibiotic if bacteria are detected) for
use in a method of treating an infection, wherein the subject has been selected for
treatment by performing a method according to any one of clauses 1 to 56 and/or
106 to 151.

154.An antifungal agent such as a fungicide for use in a method of treating an infection,
wherein the subject displays, in a sample, a detectable ILV3 gene.

DESCRIPTION OF THE FIGURES
Figure 1 shows amplification curves in which the identification of 8 different Candida
species was achieved by using a single primer-probe set containing degenerate bases

(pan-Candida set).

Figure 2 is an overlay of the melt curves from multiple Candida species using the best
single primer-probe set for each species.

Figures 3A (set 1) and 3B (set 2) show amplification curves in which two pan-Aspergillus
primer-probe sets yielded amplification for the three Aspergillus species tested.
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Figures 4A and 4B show amplification curves from experiments to determine which primer-
probe sets gave maximal performance, in terms of (a low) Ct detection value and (a high)
level of fluorescence at the end of the amplification protocol.

DETAILED DESCRIPTION (EXPERIMENTAL EXAMPLES)

The ILV3 gene represents a novel gene for the detection of Candida and other fungal
organisms (including Aspergillus spp. and Cryptococcus neoformans). The ILV3 gene,
which encodes for di-hydroxyacid dehydratase, an enzyme that catalyses the third step in
the common pathway leading to biosynthesis of branched-chain amino acids, is a
yeast/fungal-specific gene with 0% (zero) homology to any human DNA (Liu et al., 2006).
Current fungal detection methods focus on ribosomal DNA (either 18S, internal transcribed
spacers (5.8S) or 28S rRNA), which have large regions of homology to equivalent genes
found in humans (ref: Khot et al., 2009; and Kan, 1992). This high level of homology makes
the generation of specific primers and detection probes both challenging and time
consuming as primer-probe sets need to be checked for their cross-reactivity to human
DNA. Also, considering the products and methods of the invention will often use as the test
sample lysates derived from human blood samples, any residual human DNA will be
randomly sheared which may increase the likelihood of a human DNA sequence having
complementarity, and thus cross-reactivity, to a ribosomal rRNA-based fungal primer-set.
In contrast, with the use of an /LV3-based primer-probe set this screening process is not
needed, and the risk of cross-reactivity to human DNA is eliminated. In parallel to targeting
ILV3, it was also decided to employ hydrolysis (“TAQMAN") probes for sample detection.
TAQMAN probes allow for excellent sensitivity, specificity and gqPCR performance to be
achieved. However, in other embodiments, alternative probe types may be used. For
example MOLECULAR BEACONS or SCORPIONS may be used to target /L V3 for the
detection of yeast and fungi.

In addition to targeting /LV3 for the detection of Candida, this gene can also be targeted
for, but not limited to, the detection of other fungal pathogens including several species of

Aspergillus, as well as Cryptococcus neoformans.

For the identification of Candida, bioinformatic analysis of the /LV3 gene (through
sequence alignment of this gene against multiple Candida species) identified two regions
that could be used for the detection of Candida species. Experiments demonstrated that
the identification of multiple (8) species could be achieved, by using a single primer-probe
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set, which contained degenerate bases (a ‘pan-Candida’ primer-probe set; Primer-probe
Set2 —See Table 1 and Figure 1.

Organism

C. albicans {#5)
C. albicans {#5)
C. albicans {#5)
C. albicans {#5)
C. albicans {#5)
C. albicans {#5)
C. albicans (#5)
C. albicans (#5})
C. albicans (#5)
C. albicans (#S)
C. albicans (#5)
C. albicans (#5)

Organism

C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (46)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)
C. albicans (#6)

Set1-a/sen
Set1-a/sen
Set1-afsen
Set1-sense
Set1-sense
Set1-sense
Set2-afsen
Set2-a/fsen
Set2- afsen
Set 2 - sense
Set 2 - sense
Set 2-sense

Set1-afsen
Set1-afsen
Set1-afsen
Set1-sense |}
Set1l-sense [N
Set1-sense
Set 2 - afsen
Set2-a/sen
Set2-afsen
Set 2- sense
Set 2 - sense
Set 2-sense

Organism

C. albicans {#7)
C. albicans (#7)
C. albicans (#7)
C. albicans {#7)
C. albicans {(#7)
C. albicans (#7)
C. albicans {#7)
C. albicans {#7)
C. albicans (#7)
C. albicans (#7)
C. albicans (#7)
C. albicans (#7)

Organism

C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata
C. glabrata

Primer-probe Ct
Seti-afsen B
Set1-afsen
Set1-a/sen
Set1-sense
Set1-sense
Set1-sense §
Set2-afsen
Set 2 - afsen
Set 2 -afsen
Set 2-sense
Set 2 - sense
Set 2- sense

Set1-afsen
Set1-a/sen
Set1-a/sen
Set 1-sense
Set 1-sense
Set 1-sense
Set2- afsen
Set2-afsen
Set 2 - a/sen
Set 2- sense
Set2-sense |
Set 2-sense

Organism

C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis
C. parapsilosis

Organism
NTC
NTC
NTC
NTC

Primer-probe Ct(dR)
Set 1-a/fsen
Set1-afsen
Set 1-afsen
Set1-sense
Set 1-sense
Set1-sense
Set2- a/sen
Set2-afsen
Set2-afsen
Set 2 - sense
Set 2 - sense
Set 2-sense

Set1-sense
Set1-a/sen
Set 2- sense
Set2- asen

Table 1

In order to further increase the performance of Candida detection (to enhance sensitivity

and specificity) numerous variants of the original primer-probe set were designed and

tested by substituting bases within the sequence of the primers and probe. The

modifications to the reverse primer sequence and the probe sequence did not have any

beneficial effect (data not shown). However, one of the re-designed forward primers

enhanced the sensitivity of detection of a previously detectable Candida species (i.e. lower

Ct (Cp) value relative to the original forward primer — an increase in the Delta Ct), as well

as enhancing the performance specificity of detecting Candida guilliermondii, which

previously had poor detection with the original primer-probe design — see Table 2. This

new, updated set (SEQ ID NO: 1-3) has now been adopted (sequences shown in Table B).
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Rori +F2 + Pori
Name Cp RFU Delta Ct
CA 28.25 5.387 05
(o1 28.82 4.264 0.53
cal 2.1 5.667 0.79
CK 30.59 3.323 -0.07
cP 28.28 5.313 -0.43
CL 35
CGu 27.31
CDu 28.8
Rori + Fori + Pori
Name Cp RFU
CA 28.75 4212
cT 235 3.495
CaGl 28 5.222
CK 30.52 3.008
cp 27.85 5.163
CcL 34.11 1.553
CGu 31.62 0.713
CDu 28.22 S5.424

Table 2

A recent Public Health England report lists the individual species of Candida associated
with candidaemia (“Surveillance of candidaemia in England, Wales and Northern Ireland,
2014”). From this report, it was decided to target the following Candida species whose
genomes had been sequenced and published: C. albicans, C. glabrata, C. parapsilosis,
C. tropicalis, C. krusei, C. dubliniensis, and C. guilliermondii. In addition to these species,
Candida auris, the eighth species, was also added to the above list of organisms to be
targeted for species-specific identification. The reason for this is because this species has
been identified by Public Health England (“Candida auris identified in England”) as a
significant emerging fungal pathogen with sporadic cases of C. auris having been identified
throughout England and other countries Worldwide. Furthermore, C. auris has been shown
to have a propensity for transmission between hospital patients, as well as showing
resistance to three main classes of antifungal drugs, including azoles (e.g. fluconazole).
Additional longitudinal epidemiological data has shown a recent shift in the incidence of
bloodstream infections caused by non-albicans species of Candida (Wisplinghoff et al.,
2014). These species, for example C. glabrata and C. krusei, have a decreased
susceptibility to anti-fungal agents such as fluconazole relative to other Candida species
(Trick et al., 2002). Therefore, there is a clinical need to be able to discriminate and
differentiate between these eight most prevalent Candida species, especially C auris.

To achieve this level of differentiation, the /LV3 gene was again interrogated
bioinformatically. Multiple primer sets were designed for each species individually, with
bioinformatic analysis of each primer set being performed to determine the specificity of
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these primer sets to the species of interest and ensuring no homology (cross-reactivity)
was seen to other Candida species. The resulting primer sets were tested by meit curve
analysis, using SYBR Green chemistry. Each primer set would generate an amplified
region of DNA (‘amplicon’) of a precise melting temperature (Tm). Experiments using all the

5 primer sets were conducted in order to determine the Tm profile of each primer set, for
each Candida species — see Table 3.

10

16

20
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Candida species SEQ1Ds Actual Tm (°C) | St. dev {°C})
C. albicans 2,2 809 0.04
6,7 78.51 0.01
8,9 77.56 0
C. dubliniensis 10,11 79.6 0.04
12,13 80.55 0.01
L 14,15 76.93 0
C. tropicalis
16,17 76.33 0.01
L 18, 19 81.03 0.1
C. parapsilosis
20,21 77.38 0
22,23 79.27 0.12
C. glabrata 24,25 79.79 0.04
26,27 80.39 0.08
28,29 76.6 0
30,31 78.76 0.06
32,33 79.27 0.06
C. krusei 34,35 80.35 0
36, 37 79.81 0
38,39 75.41 0.01
40,41 78.96 0.01
C. guilliermondii 42,43 80.35 0
44,45 80.52 0.01
46,47 78.35 0
48,49 82.13 0.01
50,51 79.81 0.04
52,53 79.91 0.01
54,55 80.39 0.04
56,57 83.09 0.02
C. aquris 58,59 78.92 0.02
60, 61 82.75 0
62,63 78.06 0.01
64, 65 78.87 0.01
66, 67 81.74 0
68, 69 81.86 0.05

Table 3

Once completed, the best single primer-probe set for each species was selected to
optimise spread and separation between the Tm values of each species — see Table 4.
When these primer sets were again tested experimentally, and the melt curve trace of each
species was overlaid, there was very good resolution between the eight traces, showing
that this approach is a valid way of discriminating between individual Candida species —
see Figure 2. These primer sets provide delineation of more Candida species than the

current test from T2 Biosystems.
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Temper?::;e »range. Candida Spp.| SEQIDs | Actual Tm (°C) Tm d':‘f:;tms:f(?:;w?e"
82.00 CAu 48,49 1.34
81.75
81.50
81.25
81.00
80.75 cP 18,19 Ho.7R) 0.88
80.50
80.25
80.00
79.75 CaGl
79.50
79.25 -
79.00 CGu
78.75
78.50
78.25 CA 6,7
78.00
77.75
77.50 CDu 8,9
77.25
77.00
76.75
76.50
76.25 cT 16,17 |- 76325 1025
76.00
75.75
75.50
75.25 CK 38, 39 75.3
75.00

0.93

0.65

0.865

114

Table 4

In addition to the detection of Candida species, ILV3 can also be used as a target for the
detection of other fungal organisms such as Aspergillus species (particularly focused on
Aspergillus fumigatus, Asp. niger, and Asp. flavus) and Cryptococcus neoformans. In an
identical approach, as outlined previously for Candida, bioinformatic analysis and sequence
alignment, where applicable, was used to identify suitable regions within the /LV3 gene for
the design of a ‘pan-Aspergillus’ primer-probe set as well as several primer-probe sets for
species-specific identification of the three Aspergillus species, as well as C. neoformans.
Experiments demonstrated that two pan-Aspergillus primer-probe sets yielded amplification
for the three Aspergillus species tested, but that the V1 design (SEQ ID Nos 70-72; Figure
3A) was preferred due to better fluorescence across these species — see Figures 3A and
3B. For the generation of species-specific primer-probe sets, various design iterations for
each species were tested bioinformatically to demonstrate species specificity (especially

important for the detection of different Aspergillus species) as well as ensuring no
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homology to other fungal organisms or human genes. Primer-probe sets that passed this
validation approach were then tested in vitro to determine which set gave maximal
performance, in terms of (a low) Ct detection value and (a high) level of fluorescence at the
end of the amplification protocol — see Tables 5-6. Figure 4A shows amplification traces of
the chosen species-specific primer-probe set for the three Aspergillus species (Asp.
fumigatus: SEQ ID NO:'79-81; Asp. niger. SEQ ID NO: 86-88; and Asp. flavus: SEQ ID
NO: 89-91. See Table B for sequences). Figure 4B shows the ampilification trace of the
chosen primer-probe set for the detection of Cryptococcus neoformans (SEQ ID NO: 93-
95).

SEQIDs Ct Av. Ct EndPt |Av. EndPt
22.05 123.107
76,77,78 22.24 152.723
22.43 182.338
22.96 345.802
79, 80, 81 - 22.65 331.714
22.34 317.626
22.28 266.964
83,84, 85 22.66 228.686
23.03 190.408
Table 5
SEQIDs Sample D Ct EndPt
CN-1 27.2 138
93, 94, 95 CN-1 26.9 174
NTC-1 0 0
CN-2 29.2 142
96, 97,98 CN-2 29.2 133
NTC-2 0 0
CN -3 27.5 81
99, 100, 101 CN-3 27.1 92
NTC-3 0 0
102, 103 CN -4 27.6 69
104 CN-4 27.5 60
NTC-4 0 1
105. 106 CN-5 26.9 72
T CN-5S 26.7 77
107
NTC -5 0 -1
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Table 6

PCT/GB2018/000065

Alongside this, primer sets for melt curve analysis were tested to differentiate between the

three Aspergillus species mentioned above. Again, the same bioinformatics approach used

for the identification of Candida melt primers was used in order to find suitable Aspergillus

melt primers. When these Aspergillus melt primers were tested in vitro a good resolution

between the Tm value of each of the three Aspergillus species was achieved — see Tables

7-8.
Aspergillus species SEQIDs Actual Tm (°C) | St. dev (°C)
Asp. fumigatus 80, 82 82.95 0.01
Asp .niger 86, 87 79.54 0.01
Asp. flavus 90,92 81.82 0.01
Table 7
Temper:(;fz;'e range Aspergilius Spp. | SEQIDs | Actual Tm (°C) Tm d:f:;te:ecte(?;tw een
23.00 = Mo | i1
82.75
82.50
82.25
82.00
81.75 AFl 90,92 2.28
81.50
81.25
81.00
80.75
80.50
80.25
80.00
79.75
79.50 AN 86, 87 79.54
79.25
79.00
Table 8

Each individual primer-probe set described herein, and shown in the accompanying Table

B has been experimentally tested and validated, without any cross-reactivity of the various

ILV3 primer-probe sets to a non-target organism.



10

15

20

25

30

35

40

WO 2018/189502 PCT/GB2018/000065

- 96 -

ILV3 represents a novel gene for the identification of yeast and fungal organisms, within the
context of, but not limited to, confirming their presence within blood samples of patients
suspected of having bloodstream infections.
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CLAIMS:

1. A method of detecting a fungal/yeast infection in a sample, comprising:

10

15

20

25

30

35

a. performing a nucleic acid amplification reaction to amplify the ILV3 gene of
fungi/yeast

b. detecting the amplification product to determine whether the sample
contains a fungal/yeast infection.

. A method of detecting a fungallyeast infection in a sample, comprising:

a. performing a nucleic acid amplification reaction comprising the following
components:

i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida species, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of
Candida species; and

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus species, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Aspergillus species; and/or

iii. a forward and reverse primer hybridizing specifically to the ILV3 gene
of Cryptococcus neoformans, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Cryptococcus neoformans

b. detecting the amplification products to determine whether the sample

contains a fungal/yeast infection.

. The method of claim 1 or 2 wherein the nucleic acid amplification reaction amplifies

the ILV3 gene of at least 3, 4, 5, 6, 7, 8, 9, 10, 11 or all 12 of the following species:
i. Candida albicans

ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei

vii. Candida guilliermondii

viii. Candida auris
ix. Aspergillus fumigatus
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X. Aspergillus niger
xi. Aspergillus flavus
xii. Cryptococcus neoformans.

. The method of any one of claims 1 to 3 wherein step a comprises:

i. use of a forward and reverse primer hybridizing specifically to the
ILV3 gene of Candida species, Aspergillus species and/or
Cryptococcus neoformans; and/or

ii. use of a probe that hybridizes specifically to the ILV3 gene of
Candida species, Aspergillus species and/or Cryptococcus
neoformans.

. The method of any one of claims 1 to 4 wherein a common forward and reverse

primer and/or common probe hybridises to the ILV3 gene of at least 3, 4, 5, 6, 7 and
preferably all, of the following Candida species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris;
and/or wherein a common forward and reverse primer and/or probe hybridises to
the ILV3 gene of at least 2, and preferably all 3, of the following Aspergillus species:
i. Aspergillus fumigatus
ii. Aspergillus niger
ili. Aspergillus flavus

. The method of any one of claims 1 to 3 wherein a separate forward and reverse

primer and/or probe hybridises to the ILV3 gene of each of at least 3, 4, 5, 6, 7 and
preferably all, of the following Candida species:
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
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vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris;
and/or wherein a separate forward and reverse primer and/or probe hybridises to
the ILV3 gene of each of at least 2, and preferably all 3, of the following Aspergillus
species:
i. Aspergillus fumigatus
ii. Aspergillus niger
ii. Aspergillus flavus.

The method of any preceding claim wherein step b comprises distinguishing
amplification products in order to identify the genus and/or species responsible for
the infection.

A method of detecting and identifying a fungallyeast infection in a sample,
comprising performing the method of any preceding claim and, in step b, detecting
and distinguishing the amplification products to identify the fungal/yeast infection.

A method of detecting and identifying a fungal/yeast infection in a sample,
comprising:
a. performing a nucleic acid amplification reaction comprising the following
components:

i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida species, optionally together with a probe that hybridizes
between the primer binding sites specifically to the ILV3 gene of
Candida species; and

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus species, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Aspergillus species; and/or

ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Cryptococcus neoformans, optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3
gene of Cryptococcus neoformans

b. detecting and distinguishing the ampilification products to identify the
fungall/yeast infection.
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10. The method of any one of claims 7 to 9 wherein distinguishing comprises:
i. a melting curve analysis
ii. use of differently labelled primers and/or probes; or
ii. determining the size of the amplification products.

11. The method of claim 10 wherein at least one primer and/or probe is differentially
labelled according to genus to permit identification of the genus of fungus/yeast in
the sample; optionally wherein at least one primer and/or probe is differentially
labelled according to species of Candida and/or Aspergillus to permit identification
of the species of Candida and/or Aspergillus in the sample.

12. The method of any preceding claim wherein the sample comprises a test sample
from a human, optionally a blood sample.

13. At least one primer pair for detecting a yeast/fungus infection in a sample
comprising:
a. aforward and reverse primer hybridizing specifically to the ILV3 gene of the
foliowing Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
b. aforward and reverse primer hybridizing specifically to the ILV3 gene of the
following Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
iii. Aspergillus flavus
c. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida albicans
d. aforward and reverse primer hybridizing specifically to the ILV3 gene of

Candida dubliniensis
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e. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida tropicalis

f. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida parapsilosis

g. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida glabrata

h. a forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida krusei

i. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida guilliermondii

j- aforward and reverse primer hybridizing specifically to the ILV3 gene of
Candida auris

k. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus fumigatus,

. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger,

m. a forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus flavus; and/or

n. aforward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus neoformans;
optionally wherein the at least one primer pair comprises at least two
primers pairs wherein at least one primer in each primer pair is differentially
labelled compared to the other primer pairs.

14. The at least one primer pair of claim 13 wherein the forward primer of a primer pair
hybridises to at least 3, 4, 5, 6, 7 and preferably all of the following target
sequences:

i. positions c1169825-1169806 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

ii. positions c393798-393779 of nucleotide sequence accession
number NC_005968.1 (Candida glabrata)

iii. positions c405996-405978 of nucleotide sequence accession
number NW_003020040.1 (Candida tropicalis)

iv. positions ¢1218036-1218017 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

v. positions c909809-909790 of nucleotide sequence accession
number NW_001809800.1 (Candida guilliermondii)
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positions ¢24006-23987 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions 61666-61685 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions €32324-32305 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

15. The at least one primer pair of claim 13 or 14 wherein the reverse primer of a primer

pair hybridises to at least 3, 4, 5, 6, 7 and preferably all of the following target

sequences:

Vi.

vii.

viii.

positions 1169707-1169729 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

positions 393680-393702 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)

positions 405878-405900 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217918-1217940 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

positions 909691-809713 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23888-23910 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions ¢61784-61762 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions 32206-32228 of nucleotide sequence accession number
NW_017263971.1 (Candida auris).

16. The at least one primer pair of any one of claims 13 to 15 wherein the forward

primer of a primer pair hybridises to at least 2, and preferably all 3, of the following

target sequences:

positions 3721583-3721597 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)

positions ¢541018-541004 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)

positions ¢382612-382598 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)
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or wherein the forward primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
vii. positions 3721797-3721816 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
viii. positions c640804-540785 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
ix. positions ¢c382398-382379 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)

17. The at least one primer pair of any one of claims 13 to 16 wherein the reverse
primer of a primer pair hybridises to at least 2, and preferably all 3, of the following
target sequences:

i. positions ¢3721887-3721872 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions 540714-540729 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
iii. positions 382308-382323 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)
or wherein the reverse primer hybridises to at least 2, and preferably all 3, of the
following target sequences:
vii. positions ¢3721875-3721894 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
viii. positions 540707-540726 of nucleotide sequence accession number
NT_166533.1 (Aspergillus niger)
ix. positions 382301-382320 of nucleotide sequence accession number
NW_002477240.1 (Aspergillus flavus)

18. The at least one primer pair of any one of claims 13 to 17 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida albicans
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_032093.1:

i. positions c1170234-1170217
ii. positions c1171213-1171192

19. The at least one primer pair of any one of claims 13 to 18 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida albicans
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hybridises to one of the following target sequences from nucleotide sequence
accession number NC_032093.1:

i. positions 1170119-1170140

ii. positions 1171120-1171138

The at least one primer pair of any one of claims 13 to 19 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
dubliniensis hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:
_i. positions ¢1219181-1219161
ii. positions c1218505-1218486
iii. positions c1218553-1218534

The at least one primer pair of any one of claims 13 to 20 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
dubliniensis hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:
i. positions 1219103-1219124
ii. positions 1218409-1218429
iii. positions 1218419-1218440

The at least one primer pair of any one of claims 13 to 21 wherein the forward

primer of a primer pair hybridizing specifically to the ILV3 gene of Candida tropicalis

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:

i. positions c406146-406127

ii. positions c406142-406120

The at least one primer pair of any one of claims 13 to 22 wherein the reverse

primer of a primer pair hybridizing specifically to the ILV3 gene of Candida tropicalis

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_003020040.1:

i. positions 406047-406068

ii. positions 406048-406069

The at least one primer pair of any one of claims 13 to 23 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
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parapsilosis hybridises to one of the following target sequences from nucleotide
sequence accession humber HE605203.1:

i. positions c24951-24931

ii. positions c24881-24863

The at least one primer pair of any one of claims 13 to 24 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
parapsilosis hybridises to one of the following target sequences from nucleotide
sequence accession number HE605203.1:

i. positions 24843-24865

ii. positions 24774-24795

The at least one primer pair of any one of claims 13 to 25 wherein the forward
primer of a primer pair hybridizing specifically to the [LV3 gene of Candida glabrata
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_005968.1:
i. positions ¢394191-394169

ii. positions ¢393535-393516

iii. positions c395076-395055

iv. positions c394884-394863

The at least one primer pair of any one of claims 13 to 26 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida glabrata
hybridises to one of the following target sequences from nucleotide sequence
accession number NC_005968.1:
i. positions 394080-394101

ii. positions 393445-393464

iii. positions 394987-395006

iv. positions 394783-394803

The at least one primer pair of any one of claims 13 to 27 wherein the forward
p;imer of a primer pair hybridizing specifically to the ILV3 gene of Candida krusei
hybridises to one of the following target sequences from nucleotide sequence
accession number JQFK01000016.1:
i. positions 61723-61744
ii. positions 60940-60961
iii. positions 60420-60440
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iv. positions 61778-61797
v. positions 61940-61961

29. The at least one primer pair of any one of claims 13 to 28 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida krusei
hybridises to one of the following target sequences from nucleotide sequence
accession number JQFK01000016.1:

i. positions c61817-61796
ii. positions c61030-61011
iii. positions c60535-60513
iv. positions ¢61923-61902
v. positions ¢62015-61996

30. The at least one primer pair of any one of claims 13 to 29 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
guilliermondii hybridises to one of the following target sequences from nucleotide
sequence accession number NW_001809800.1:

i. positions c909629-909608
ii. positions c911117-911098
ii. positions ¢911111-911090
iv. positions c910941-910920

31. The at least one primer pair of any one of claims 13 to 30 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida
guilliermondii hybridises to one of the following target sequences from nucleotide
sequence accession humber NW_001809800.1:

i. positions 909529-909550
ii. positions 911002-911023
iii. positions 910994-911013
iv. positions 910799-910819

32. The at least one primer pair of any one of claims 13 to 31 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Candida auris
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_017263971.1:

i. positions ¢32790-32768
ii. positions c32451-32430



10

15

20

25

30

35

WO 2018/189502

Vi.
vii.

vii.

Xi.

-107 -

positions ¢32654-32633
positions ¢33278-33259
positions ¢32603-32580
positions ¢32399-32376
positions ¢33648-33628
positions ¢32240-32219
positions ¢32930-32909
positions ¢33228-33206
positions ¢32106-32085

PCT/GB2018/000065

33. The at least one primer pair of any one of claims 13 to 32 wherein the reverse

primer of a primer pair hybridizing specifically to the ILV3 gene of Candida auris

hybridises to one of the following target sequences from nucleotide sequence
accession number NW_017263971.1:

i.
ii.
jii.
iv.
v.
vi.
vii.

viii.

Xi.

positions 32682-32703
positions 32368-32389
positions 32567-32588
positions 33202-33223
positions 32512-32533
positions 32328-32349
positions 33566-33587
positions 32175-32195
positions 32826-32848
positions 33130-33151
positions 32011-32033

34. The at least one primer pair of any one of claims 13 to 33 wherein the forward

primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus

fumigatus hybridises to one of the following target sequences from nucleotide

sequence accession number NC_007195.1:
i.

i

ii.

iv.

positions 3721531-3721552
positions 3721618-3721638
positions 3721616-3721638
positions 3721798-3721818

35. The at least one primer pair of any one of claims 13 to 34 wherein the reverse

primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus
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fumigatus hybridises to one of the following target sequences from nucleotide
sequence accession number NC_007195.1:
i. positions c3721653-3721675
ii. positions ¢3721706-3721681
iii. positions ¢3721898-3721878

The at least one primer pair of any one of claims 13 to 35 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one of the following target sequences from nucleotide sequence
accession number NT_166533.1:

i. positions ¢540219-540199

The at least one primer pair of any one of claims 13 to 36 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Asperygillus niger
hybridises to one of the following target sequences from nucleotide sequence
accession number NT_166533.1:

i. positions 540084-540103

The at least one primer pair of any one of claims 13 to 37 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession humber NW_002477240.1:

ii. positions c382604-382586

The at least one primer pair of any one of claims 13 to 38 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide sequence
accession number NW_002477240.1:

i. positions 382519-382541

ii. positions 382520-382541

The at least one primer pair of any one of claims 13 to 39 wherein the forward
primer of a primer pair hybridizing specifically to the ILV3 gene of Cryptococcus
neoformans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_006693.1:

vi. Positions 702696-702717

vii. Positions 702499-702520
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viii. Positions 702736-702757
ix. Positions 702384-702403
Xx. Positions 701384-701406

41. The at least one primer pair of any one of claims 13 to 40 wherein the reverse
primer of a primer pair hybridizing specifically to the ILV3 gene of Cryptococcus
neoformans hybridises to one of the following target sequences from nucleotide
sequence accession number NC_006693.1:

vi.  Positions c702796-702777
vii.  Positions c702602-702582
viii.  Positions ¢702850-702831
ix. Positions ¢702521-702500
x.  Positions c701499-701479

42. The at least one primer pair of any one of claims 13 to 41 wherein:
a. the forward and reverse primer hybridizing specifically to the ILV3 gene of
the following Candida species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
comprises, consists essentially of or consists of the nucleotide ‘sequence of
SEQ ID NO: 1 and SEQ ID NO: 2 respectively;
b. the forward and reverse primer hybridizing specifically to the ILV3 gene of
the following Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
ii. Aspergillus flavus
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 70 and 71 or SEQ ID NO: 73 and 74 respectively;
c. the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida albicans comprises, consists essentially of or consists of the
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nucleotide sequence of SEQ ID NO: 4 and 5 or SEQ ID NO: 6and 7
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida dubliniensis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 8 and 9, SEQ ID NO: 10 and 11 or SEQ
ID NO: 12 and 13 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida tropicalis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 14 and 15 or SEQ ID NO: 16 and 17
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida parapsilosis comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 18 and 19 or SEQ ID NO: 20 and 21
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida glabrata comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 22 and 23, SEQ ID NO: 24 and 25,
SEQ ID NO: 26 and 27 or SEQ ID NO: 28 and 29 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida krusei comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 30 and 31, SEQ ID NO: 32 and 33,
SEQ ID NO: 34 and 35, SEQ ID NO: 36 and 37 or SEQ ID NO: 38 and 39
respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida guilliermondii comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 40 and 41, SEQ ID NO: 42 and 43,
SEQ ID NO: 44 and 45 or SEQ ID NO: 46 and 47 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Candida auris comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 48 and 49, SEQ ID NO: 50 and 51, SEQ ID NO:
52 and 53, SEQ ID NO: 54 and 55, SEQ ID NO: 5§6 and 57, SEQ ID NO: 58
and 59, SEQ ID NO: 60 and 61, SEQ ID NO: 62 and 63, SEQ ID NO: 64 and
65, SEQ ID NO: 66 and 67 or SEQ ID NO: 68 and 69 respectively;

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Asperygillus fumigatus comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 76 and 77, SEQ ID NO: 79 and 80,
SEQ ID NO: 82 and 80 or SEQ ID NO: 83 and 84 respectively;
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the forward and reverse primer hybridizing specifically to the ILV3 gene of
Aspergillus niger comprises, consists essentially of or consists of the
nucleotide sequence of SEQ ID NO: 87 and 86;

. the forward and reverse primer hybridizing specifically to the ILV3 gene of

Aspergillus flavus comprises, consists essentially of or consists of the
nucleotide sequence of SEQ 1D NO: 90 and 89 or SEQ ID NO: 90 and 92
respectively; and/or

the forward and reverse primer hybridizing specifically to the ILV3 gene of
Cryptococcus necformans comprises, consists essentially of or consists of
the nucleotide sequence of SEQ ID NO: 93 and 94, SEQ ID NO: 96 and 97,
SEQ ID NO: 99 and 100, SEQ ID NO: 102 and 103 or SEQ ID NO: 105 and
106 respectively.

43. At least one probe for detecting a yeast/fungus infection in a sample comprising:

a.

S@a ™ e aop

a probe that hybridizes specifically to the ILV3 gene of the following Candida
species
i. Candida albicans
ii. Candida dubliniensis
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
a probe that hybridizes specifically to the ILV3 gene of the following
Aspergillus species
i. Aspergillus fumigatus
ii. Aspergillus niger
ii. Aspergillus flavus
a probe that hybridizes specifically to the ILV3 gene of Candida albicans
a probe that hybridizes specifically to the ILV3 gene of Candida dubliniensis
a probe that hybridizes specifically to the ILV3 gene of Candida tropicalis
a probe that hybridizes specifically to the ILV3 gene of Candida parapsilosis
a probe that hybridizes specifically to the ILV3 gene of Candida glabrata
a probe that hybridizes specifically to the ILV3 gene of Candida krusei
a probe that hybridizes specifically to the ILV3 gene of
Candida guilliermondii
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j- aprobe that hybridizes specifically to the ILV3 gene of Candida auris

k. a probe that hybridizes specifically to the ILV3 gene of Aspergillus fumigatus

I. a probe that hybridizes specifically to the ILV3 gene of Aspergillus niger

m. a probe that hybridizes specifically to the ILV3 gene of Aspergillus flavus;

and/or

n. a probe that hybridizes specifically to the ILV3 gene of Cryptococcus

neoformans;

optionally wherein the at least one probe comprises at least two probes wherein

each probe is differentially labelled.

44, The at least one probe of claim 43 that hybridises to at least 3, 4, 5, 6, 7 and

preferably all of the following target sequences:

vi.

vii.

viii.

positions 1169779-1169804 of nucleotide sequence accession
number NC_032093.1 (Candida albicans)

positions 393752-393777 of nucleotide sequence accession number
NC_005968.1 (Candida glabrata)

positions 405950-405975 of nucleotide sequence accession number
NW_003020040.1 (Candida tropicalis)

positions 1217990-1218015 of nucleotide sequence accession
number NC_012864.1 (Candida dubliniensis)

positions 909763-909788 of nucleotide sequence accession number
NW_001809800.1 (Candida guilliermondii)

positions 23960-23985 of nucleotide sequence accession number
HE605203.1 (Candida parapsilosis)

positions ¢61712-61687 of nucleotide sequence accession number
JQFK01000016.1 (Candida krusei)

positions 32278-32303 of nucleotide sequence accession humber
NW_017263971.1 (Candida auris).

45. The at least one probe of any one of claims 43 or 44 wherein:

a. the probe hybridizing specifically to the ILV3 gene of Candida albicans

hybridises to one of the following target sequences from nucleotide

sequence accession number NC_032093.1:

positions ¢1170174-1170151
positions 1171165-1171192
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the probe hybridizing specifically to the ILV3 gene of Candida dubliniensis
hybridises to one of the following target sequences from nucleotide
sequence accession number NC_012864.1:
i. positions 1219148-1219171
ii. positions c1218439-1218416
ii. positions ¢1218505-1218480;
the probe hybridizing specifically to the ILV3 gene of Candida tropicalis
hybridises to one of the following target sequences from nucleotide
sequence accession number NW_003020040.1:
i. positions c406111-406082;

. the probe hybridizing specifically to the ILV3 gene of Candida parapsilosis

hybridises to one of the following target sequences from nucleotide
sequence accession number HE605203.1:
i. positions c24907-24883
ii. positions c24862-24839
the probe hybridizing specifically to the ILV3 gene of Candida glabrata
hybridises to one of the following target sequences from nucleotide
sequence accession number NC_005968.1:
i. positions ¢394151-394128
ii. positions ¢393478-393453
iii. positions ¢395030-395007
iv. positions c394836-394807
the probe hybridizing specifically to the ILV3 gene of Candida krusei
hybridises to one of the following target sequences from nucleotide
sequence accession number JQFK01000016.1:
i. positions 61770-61793
ii. positions c60990-60967
iii. positions 60462-60485
iv. positions 61815-61838
v. positions ¢c61970-61945
the probe hybridizing specifically to the ILV3 gene of Candida guilliermondii
hybridises to one of the following target sequences from nucleotide
sequence accession number NW_001809800.1:
i. positions c909577-909552
ii. positions c911088-911065
iii. positions 910878-910904; and/or
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g. the probe hybridizing specifically to the ILV3 gene of Candida auris
hybridises to one of the following target sequences from nucleotide
sequence accession number NW_017263971.1:

i. positions ¢32744-32721
ii. positions c32421-32398
iii. positions ¢32629-32605
iv. positions 33233-33257
v. positions 32542-32563
vi. positions 32350-32373
vii. positions ¢33627-33606
viii. positions ¢32218-32196
ix. positions ¢32890-32864
X. positions ¢33259-33236
xi. positions ¢32061-32038

46. The at least one probe of any one of claims 43 to 45 wherein at least 1 probe
hybridises to at least 2, and preferably all 3, of the following target sequences:
i. positions 3721790-3721814 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
ii. positions c540811-540788 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
ii. positions c382405-382381 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus)
or wherein the common probe hybridises to at least 2, and preferably all 3, of the
following target sequences:
' vii. positions 3721848-3721870 of nucleotide sequence accession
number NC_007195.1 (Aspergillus fumigatus)
viii. positions ¢540753-540731 of nucleotide sequence accession
number NT_166533.1 (Aspergillus niger)
ix. positions ¢382347-382325 of nucleotide sequence accession
number NW_002477240.1 (Aspergillus flavus).

47. The at least one probe of any one of claims 43 to 46 wherein:

a. the probe hybridizing specifically to the ILV3 gene of Aspergillus fumigatus
hybridises to one of the following target sequences from nucleotide
sequence accession number NC_007195.1:

i. positions ¢3721651-3721628
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ii. positions 3721658-3721681
ii. positions 3721848-3721870
r. the probe hybridizing specifically to the ILV3 gene of Aspergillus niger
hybridises to one of the following target sequences from nucleotide
sequence accession number NT_166533.1:
i. positions c540161-540138; and/or
s. the probe hybridizing specifically to the ILV3 gene of Aspergillus flavus
hybridises to one of the following target sequences from nucleotide
sequence accession number NW_002477240.1:
i. positions c382572-382549

48. The at least one probe of any one of claims 43 to 47 wherein the probe hybridizing
specifically to the ILV3 gene of Cryptococcus neoformans hybridises to one of the
following target sequences from nucleotide sequence accession number
NC_006693.1:

vi.  Positions 702724-702747
vii.  Positions 702526-702549
viii.  Positions 702805-702829

ix. Positions 702423-702446

x.  Positions 701435-701458

49. The at least one probe of any one of claims 43 to 48 wherein:
a. the probe that hybridizes specifically to the ILV3 gene of the following
Candida species
i. Candida albicans
ii. Candida dubliniensis '
iii. Candida tropicalis
iv. Candida parapsilosis
v. Candida glabrata
vi. Candida krusei
vii. Candida guilliermondii
viii. Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of
SEQIDNO: 3
b. the probe that hybridizes specifically to the ILV3 gene of Candida albicans
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 116 or 117
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the probe that hybridizes specifically to the ILV3 gene of Candida
dubliniensis comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 118, 119 or 120
the probe that hybridizes specifically to the ILV3 gene of Candida tropicalis
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 121
the probe that hybridizes specifically to the ILV3 gene of Candida
parapsilosis comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 122 or 123
the probe that hybridizes specifically to the ILV3 gene of Candida glabrata
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 124, 125, 126 or 127
the probe that hybridizes specifically to the ILV3 gene of Candida krusei
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 128, 129, 130, 131 or 132
the probe that hybridizes specifically to the ILV3 gene of Candida
guilliermondii comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 133, 134 or 135
the probe that hybridizes specifically to the ILV3 gene of Candida auris
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 136, 137, 138, 139, 140, 141, 142, 143, 144, 145 or 146
The probe that hybridizes specifically to the ILV3 gene of the following
Aspergillus species

i. Aspergillus fumigatus

ii. Aspergillus niger

iii. Aspergillus flavus
bomprises, consists essentially of or consists of the nucleotide sequence of
SEQIDNO: 72 or 75
the probe that hybridizes specifically to the ILV3 gene of Aspergillus
fumigatus comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 78, 81 or 85
the probe that hybridizes specifically to the ILV3 gene of Aspergillus niger
comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 88

. the probe that hybridizes specifically to the ILV3 gene of Aspergillus flavus

comprises, consists essentially of or consists of the nucleotide sequence of
SEQ ID NO: 91; and/or
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n. the probe that hybridizes specifically to the ILV3 gene of Cryptococcus
neoformans comprises, consists essentially of or consists of the nucleotide
sequence of SEQ ID NO: 95, 98, 101, 104 or 107.

50. The method of any one of claims 1 to 12, wherein the method is performed using at
least one primer pair as defined in any one of claims 13 to 42 and/or at least one
probe as defined in any one of claims 43 to 49.

51. A kit for detecting a yeast/fungus infection in a sample comprising at least one
primer pair according to any one of claims 13 to 42 and/or at least one probe
according to any one of claims 43 to 59; optionally wherein the kit comprises primer
pairs in combination permitting detection of Candida, Aspergillus and Cryptococcus
neoformans; optionally wherein the kit further comprises comprising probes
permitting detection of Candida, Aspergillus and Cryptococcus neoformans;
optionally wherein the kit further comprises reagents for extracting DNA from a
blood sample.

52. A method of detecting and identifying a microbial infection in a sample, comprising:
a. performing a nucleic acid amplification reaction comprising the following
components:

i. aforward and reverse primer hybridizing specifically to the 16S rRNA
gene of Gram positive bacteria; optionally together with a probe that
hybridizes between the primer binding sites specifically to the 16S
rRNA gene of Gram positive bacteria

ii. aforward and reverse primer hybridizing specifically to the 16S rRNA
gene of Gram negative bacteria; optionally together with a probe that
hybridizes between the primer binding sites specifically to the 16S
rRNA gene of Gram negative bacteria

iii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of at least one fungall/yeast species; optionally together with a probe
that hybridizes between the primer binding sites specifically to the
ILV3 gene of at least one fungallyeast species

b. detecting and distinguishing the amplification products to determine whether
the sample contains a Gram negative bacterial infection, a Gram positive
bacterial infection and/or a fungallyeast infection;
optionally wherein the amplification of the ILV3 gene is performed according to a
method as defined in any one of claims 1 to 12 and/or wherein the method is
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performed using at least one primer pair as defined in any one of claims 13 to 42
and/or wherein the method is performed using at least one probe as defined in any
one of claims 43 to 49.

A kit for discriminating a microbial infection in a sample, comprising components for
performing a multiplex nucleic acid amplification reaction comprising:

a. aforward and reverse primer hybridizing specifically to the 16S rRNA gene
of Gram positive bacteria; optionally together with a probe that hybridizes
between the primer binding sites specifically to the 16S rRNA gene of Gram
positive bacteria

b. aforward and reverse primer hybridizing specifically to the 16S rRNA gene
of Gram negative bacteria; optionally together with a probe that hybridizes
between the primer binding sites specifically to the 16S rRNA gene of Gram
negative bacteria

c. aforward and reverse primer hybridizing specifically to the ILV3 gene of at
least one fungall/yeast species; optionally together with a probe that
hybridizes between the primer binding sites specifically to the ILV3 gene of
at least one fungal/yeast species;

wherein components a, b and ¢ each produce distinguishable ampilification products
thus enabling a determination of whether the sample contains a Gram negative
bacterial infection, a Gram positive bacterial infection and/or a fungal/yeast

infection.

The kit of claim 53 which comprises at least one primer pair as defined in any one of
claims 13 to 42 and/or at least one probe according to any one of claims 43 to 49
and/or a kit as defined in claim 51.

A method of identifying the species responsible for a Candida infection in a sample,
comprising:
a. performing nucleic acid amplification reactions using at least three, 4, 5, 6, 7
or all of the following sets of components:
i. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida albicans
ii. aforward and reverse primer hybridizing specifically to the ILV3 gene
of Candida dubliniensis
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a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida tropicalis

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida parapsilosis

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida glabrata

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida krusei

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida guilliermondii

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Candida auris

b. detecting and distinguishing the amplification products to identify the species

responsible for the Candida infection; optionally wherein detecting and

distinguishing the amplification products is according to a melt curve

analysis; optionally wherein each primer pair is used in a separate reaction

vessel; optionally wherein the amplification of the ILV3 gene is performed

according to a method as defined in any one of claims 1 to 12 and/or

wherein the method is performed using at least one primer pair as defined in

any one of claims 13 to 42 and/or wherein the method is performed using at

least one probe as defined in any one of claims 43 to 49.

56. A method of identifying the species responsible for an Aspergillus infection in a

sample, comprising:

a. performing nucleic acid amplification reactions using at least two or all three

of the following sets of components:

a forward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus fumigatus

. aforward and reverse primer hybridizing specifically to the ILV3 gene

of Aspergillus niger
a forward and reverse primer hybridizing specifically to the ILV3 gene
of Aspergillus flavus

b. detecting and distinguishing the amplification products to identify the species

responsible for the Aspergillus infection; optionally wherein detecting and

distinguishing the ampilification products is according to a melt curve

analysis; optionally wherein each primer pair is used in a separate reaction

vessel; optionally wherein the ampilification of the ILV3 gene is performed
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according to a method as defined in any one of claims 1 to 12 and/or
wherein the method is performed using at least one primer pair as defined in
any one of claims 13 to 42 and/or wherein the method is performed using at
least one probe as defined in any one of claims 43 to 49.

57. The method of claim 56 which comprises use of a species specific probe for
detecting and distinguishing the ampilification products to thus identify the species
responsible for the infection; optionally wherein each probe is differentially labelled .

58. A method of detecting and identifying a yeast/fungal infection in a sample
comprising:

a. Performing a method according to any one of claims 1 to 12 in order to
determine whether Candida, Aspergillus and/or Cryptococcus neoformans is
present in the sample

b. Inthe event that a species of Candida or Aspergillus is present in the
sample performing a method according to claim 55 in order to determine
which species is present

to thereby detect and identify the yeast/fungal infection in the sample.

59. The method of any one of claims 55 to 58, wherein the method is performed
according to a method as defined in any one of claims 1 to 12 and/or wherein the
method is performed using at least one primer pair as defined in any one of claims
13 to 42 and/or wherein the method is performed using at least one probe as
defined in any one of claims 43 to 49 and/or wherein the method is performed using
a kit as defined in any one of claims 51, 53 or 54.

60. The method of any one of claims 1 to 12 or claims 55 to 59 which is performed as a

multiplex nucleic acid amplification reaction.

61. A method of selecting a subject for treatment with an antifungal agent such as a
fungicide (or an antibiotic if bacteria are detected) comprising performing a method
according to any one of claims 1 to 12 and/or 52 to 59 and selecting the subject for

treatment where an infection is detected, optionally also identified.

62. A method of predicting responsiveness of a subject to treatment with an antifungal
agent such as a fungicide (or an antibiotic if bacteria are detected) comprising
performing a method according to any one of claims 1 to 12 and/or 52 to 59 and
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predicting responsiveness of the subject to treatment an infection is detected,
optionally also identified.

63. A method of treating an infection comprising administering an antifungal agent such
as a fungicide (or an antibiotic if bacteria are detected) to the subject suffering from
the infection, wherein the subject has been selected for treatment by performing a
method according to any one of claims 1 to 12 and/or 52 to 59.

64. A method of treating an infection comprising administering an antifungal agent such
as a fungicide (or an antibiotic if bacteria are detected) to the subject suffering from
the infection, wherein the subject displays, in a sample, a detectable ILV3 gene.
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