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EXECUTIVE SUMMARY

Cryptosporidiosis is a diarrhoeal disease of hunaamsyoung animals caused by the protozoan
parasiteCryptosporidium. lliness in neonatal animals is causeddoyptosporidium parvum and
both this and a human-adapted spec@&yptosporidium hominis, cause cryptosporidiosis in
people. Each species causes approximately half of the répates in England and Wales, but
the distribution by person, time and place (the epid&gy) differs, as do the risk factors for
infection. Further investigation of variants witf@ parvum has revealed more about the natural
history and epidemiology of this species, but geneticatian within C. hominis is poorly
understood and the distribution of variants unknown. pneaious study, we found that 90% of
C. hominis isolates from apparently un-linked (sporadic) cases inlagdgand Wales were
indistinguishable. A study of the population genetic€afiominis in the north east of Scotland
showed isolates were genetically very similar, indingathat the parasite population structure
was almost clonal, while in other countries moreatan has been observed.

In this project, to investigate whether other typing radghfor C. hominis isolates could be
useful for epidemiological purposes in England and Walesge genetic loci were studied and
any relationship betwee@. hominis variants and epidemiological factors was investigaféel.
identified sporadic and outbreak cases from the natiariction of Cryptosporidium oocysts
maintained at the UK Cryptosporidium Reference UnitwaBsea. In the first instance, we read
the DNA sequence of part of the parasite genome by Igakira large part of the GP60 gene.
This is a highly variable gene, and many “families” hagerbidentified in botl€. parvum and

C. hominis. The gene also contains variable numbers and formsrepeating sequence of
nucleotides, microsatellite DNA, which can be used tatiflevariation within these families.
Cases in a case control study were investigated foliomddips between exposure and GP60
results. Family Ib subtype A10G2 was the most commospbradic cases, representing over
90% all isolates. However, people with non-IbA10G2 isolatese statistically more likely to
have returned from non-European destinations than peaghlébA10G2.

Isolates from two drinking waterborne outbreaks thatuored in the Autumn of 2005 were
compared with sporadic cases and exposure. In the outbrgakth west WalesC. hominis
isolates were exclusively IbA10G2. This was also the pradmrhtype locally in cases during
the six years prior to the outbreak. In the outbreaksouth east England, IbAIOG2 also
predominated but two otheéC. hominis families were also present, although there was no
difference in the results of the epidemiological gsial of the outbreak when these cases were
excluded from the analysis.

We also investigated the development of an alternaypmg method forC. hominis and C.
parvum to DNA sequence analysis, which is costly and time comgy We investigated single
strand conformation polymorphisms (SSCP) at two genetic lavestigation of the ITS-2
region showed more variation between sample runs ltbameen samples. However, SSCP on
the GP60 gene appeared to be much more reliable, and hadvmame of providing direct
comparison with the DNA sequence based analysis.

To conclude, this study:

1. tells us that indigenouS. hominis in the UK shows little genetic variation in the GP60 gene
and supports previous findings at other loci

2. indicates little change 8. hominis over the time investigated

3. suggests wider global transmission may be subject terblaséd or social factors

4. an international database @ffyptosporidium variants with standardised nomenclature would
assist in interpretation of studies elsewhere

5. Further method development is required for rapid methadspidemiological purposes.




BACKGROUND AND INTRODUCTION

Since January 2000, primary diagnostic laboratories thraudbiegland and Wales have been
sendingCryptosporidium isolates to the UK Cryptosporidium Reference Unit ((JRo support
the national collection oCryptosporidium oocysts (Anon 2002). This now comprises over
14000 isolates, each of which is represented in the coletiyostored oocyst suspensions,
DNA, and patient data, and characterised at least tepges/genotype level using polymerase
chain reaction restriction fragment length polymorphiamalysis (PCR-RFLP). Molecular
epidemiology based on a prior study in England and em#tional collection has shown the
spectrum and prevalence Gfyptosporidium species/genotypes in human disease. It has also
demonstrated geographic and temporal differences betweernwih predominant species,
Cryptosporidium parvum and Cryptosporidium hominis (McLaughlinet al., 2000; Chalmerst

al., in preparation). The collection has also been tsadpport a case control study of sporadic
cryptosporidiosis in Wales and the north west of BndJ in which separate risk factors for
hominis andC. parvum were identified (Hunteet al., 2004a). FoC. hominis these were contact
with another person with diarrhoea, changing napjaied,travel abroad in the two weeks prior
to illness. C. hominis has been associated with non-intestinal symptoms upaanonths after
acute disease (Huntetral., 2004b).

An international trial for the comparison of typing nedk for application to epidemiological
investigations has shown parity between methods for sjgeimtype identification and intra
species variation (Chalmees al., 2005). Further discriminatory methods have been applied to
investigate genetic variation with@. parvum andC. hominis, and were reviewed by Robinson
(2006). At the CRU, multi-locus fragment typing (MLFT) thfee microsatellite DNA markers
(ML1, ML2 and gp15/45) identified greater variationdnparvum thanC. hominis isolates from
the sporadic case control study, with 9@6hominis isolates having the same MLFT (Anon,
2005; Hunteret al., 2007). There may be inherently less variation withihominis populations
than withinC. parvum, as has been suggested from a study in Scotland (Mal&n 2003) but
not borne out in Malawi (Perg al., 2003) and India (Gatet al., 2006). Equally, other genetic
targets may be more applicable for identifying genetic tianawithin C. hominis and for
epidemiological investigations of this species.

It is apparent from prior research and from surveillaniz¢a that the spring peak in
cryptosporidiosis reported in England and Wales, attlidat to C. parvum, has declined in
recent years (Nichokt al., 2006). The autumn peak, attributable€Ctdiominis, has not declined
and during 2005 was particularly marked and sustained, amvatiea partly but not wholly
explained by recognised outbreaks involving drinking and recredtiwaters.C. hominis is
clearly an important human pathogen and yet the resdtiprbetween isolates causing outbreaks
and sporadic disease is unclear and requires further igpetash.

While the prior investigations and an international trialeh@vovided important information
about the utility of various subtyping methods and thdespiology of cryptosporidiosis caused
by C. parvum subtypes, further investigation is required@fhominis isolates (Anon, 2005;
Chalmerst al., 2005). Application of molecular techniques for investigatbbgenetic variation
within C. hominis will permit better understanding of the population stritetofC. hominis and
better epidemiological tools to provide information on speead and control of disease. This
project focuses on the applicability for the molec@pidemiology ofC. hominis of commonly
used typing tools.



Isolates from the national collection Gfyptosporidium oocysts have been examined previously
for genomic variation at three microsatellite locingsifragment size analysis (Anon, 2005;
Hunteret al., 2007), ML1, ML2 and gp15/45 (Table 1).

Table 1. Microsatellite markers previously used at the CRUfor Cryptosporidium
genotyping

Marker Chromosome Location Repeat | Codes | GenBank | Reference
(C. parvum lowa) Unit for accession

ML1 11 Hypothetical protein (nt | GAG Glutamic | AJ249582 Cacciet
906689 — 911434, plus acid al., 2000
strand)

ML2 VI Possible sporozoite GA Non- AJ308567 Cacciet
cystein-rich protein coding al., 2001
(Segment 1/4)

“gpl5/45" | VI GP60 surface TCA Serine AF164490 Stroray
glycoprotein (nt 266434 al., 2000
267408, minus strand)

We now looked in more detail at the GP60 gene by readinDX#e sequence from most of the
gene. This gene codes for a 60 kDa precursor protein th#¢asged to form two zoite cell
surface glycoproteins (gpl5 and gp45), involved in host cell atethand invasion, that are
highly antigenic (Strongt al., 2000). It is a very variable gene, and many allelic lfasnhave
been identified in botkC. parvum andC. hominis (Table 2). The gene also contains a polyserine
tract (variable numbers and forms of a repeating sequentiteéee nucleotides coding for the
amino acid serine), frequently referred to as micrdlgatgpl5/45, which had been included in
the previous study to identify subgenotypes. Here, we indlI@dA sequence analysis of an
850 bp region of the GP60 gene encompassing the polyserineatrdcthe hypervariable
downstream region (Strongt al, 2000; Penget al, 2001; Alveset al., 2003,), providing
information from a large part of the gene. DNA sequencihghe microsatellite region, as
opposed to fragment size anaylsis, provides data whicht raigarwise be missed since length
may mask differences in sequence.

Sequence analysis of the GP60 gene has been used forgatrestofCryptosporidium isolates
from Uganda (Akiyoshet al., 2006), India (Pengt al., 2001; Gategt al., 2006), Canada (Trotz-
Williams et al., 2006), USA (Strongt al., 2000; Zhotet al., 2003; Feltust al., 2006), Australia
(Chalmerset al., 2005), Malawi (Pengt al., 2003), Japan (Wat al., 2005), Portugal (Peng
al., 2001; Alveset al., 2003), South Africa (Least al., 2002), China, Guatemala, Kenya, and
Slovenia (Pengt al., 2001). Some researchers identified the isolateset@ltblic family level
(la through to le inC. hominis, lla through to IIf inC. parvum) while others used further
nomenclature to identify allelic subtypes according toaffwdnet al. (2005) or Gateet al.
(2006) (Table 2), described in Methods. In some instancetyple are not named but the DNA

sequences placed on the freely accessible databasanfjorDNA sequences, Genbank
http://www.ncbi.nlm.nih.gov/




Table 2. Nomenclature and geographical distribution of publisbd Cryptosporidium parvum
and Cryptosporidium hominis GP60 allelic subtypes

Location

GP60 allelic subtype

Reference

Kuwait

IbA9G3

IbA10G2

IdA14

1eA11G3T3
1laA15G1R1
1laA15G2R1

1IcA5G3

1IdA18G1

11IdA20G1a, b, cand d
1IfA6

Sulaimaret al. (2005¥

India

laA12G1
laA12G1R1
1aA19R3
1aA21R3
1aA22R3
IbA9G3
IdA15G1
IdA15G29
IdA16
1eA11G3T3

Gateiet al. (2006§

USA

laA15G2R1
11aA15G2R2
IlaA16G1R1
IlaA16G2R1
1laA16G3R2
11aA17G2R1
11aA17G2R2
11aA17G4R2
11aA18G2R1

Feltuset al. (2006§

Canada

1aA19R3
laA23R4
1dA19
1eA11G3T3
11aA13G2R1
1laA15G2R1
1laA15G2R2
IlaA16G1R1
IlaA16G2R1
1laA16G3R1
11aA17G2R1
11aA18G3R1

Trotz-Williamset al. (20062

Australia
UK

IbA9G3
IbA10G2
1eA12G3T3
1laA15G2
laAl17G1
11aA18G3
11aA20G3

Chalmerset al. (2005}

Portugal

1aA19R3
IbA10G2
IdA15
1eA11G3T3
IfA14G1
1laA15G2R1
1laA16G2R1
IIbA14
IIcA5G3a
IlcA5G3b
IldA17G1
IldA19G1
IldA12G1
11dA22G1

Alveset al. (2006

!ldentified using the nomenclature system of Sulaietah. (2005)
?|dentified using the nomenclature system of Gettel. (2006).




Candidate isolates for this study include those fromigoetl outbreaks, compared with those
from sporadic indigenous cases and from patients whe tnavelled abroad. GP60 analysis was
then used as a benchmark against which single strand catimnnpolymorphism (SSCP)
analysis of PCR amplified products from the ITS-2 rediGasseret al., 2004) and the GP60
gene (Wuet al., 2003) were compared. SSCP was evaluated for use amilahigh throughput
method of subtyping. hominis andC. parvum isolates. SSCP of the internal transcribed region
2 (ITS-2) has been used by Gasseal. (2004) for subtyping o€. hominis and C. parvum
isolates. The group performed non-radioactive analg$i$TS-2 PCR fragments using a
thermoregulated gel apparatus (SEA2000, Elchrom scientifitjtyBiag of C. hominis and C.
parvum isolates by PCR of the GP60 region followed by restricenzymedigestion and SSCP
analysis of the products was previously described byedsl (2003). The group described good
discrimination of both species among 41 human and ar@mpgdrvum isolates. In this project,
the GP60 PCR-RFLP-SSCP was adapted and investigated fas asepid cheaper alternative
to sequencing using the SEA 2000 apparatus (Elchrom Scientific).

AIM

Use molecular techniques to compare the prevalence, gefeiation and clustering within
sporadic cases @. hominis, and contrast with outbreak cases in north Wales lamdduth of
England during autumn 2005.

OBJECTIVES

Objective 1

Identify cases and archived DNA from up to Z&(hominis isolates from the national collection
of Cryptosporidium isolates from the case control study in Wales anthneest England, from
primary cases in a drinking waterborne outbreak in théhseast and cases from a drinking
waterborne outbreak in north Wales outbreak in 2005, aselsqprior to that outbreak were
included. EQA was provided . hominis DNA previously included in the international trial.

Objective 2
Undertake DNA sequence analysis of PCR products frofG8#®0 gene to provide benchmark
data.

Objective 3

Undertake PCR-SSCP ITS-2 to investigate the prevalencepaseimiological distribution of.
hominis subtypes and undertake PCR-RFLP-SSCP GP60 of a sulifeisofiates to investigate
utility as a proxy test for GP60 sequencing.

Objective 4
Apply subtype data to the epidemiological database qmaiticollection and sporadic case
control study data) and analyse the relationship betaetypes and exposures.

Objective 5
To provide a final report on the applicability of moleauépidemiological tools for investigation
of cases, clusters and outbreaks of disease causedhbminis in England and Wales.



SECTION 1. INVESTIGATION OF GP60 GENE
METHOD

Sample sets and selection

A total of 286C. hominis isolates were investigated at the GP60 gene. In addgiQA, samples
were included in each batch process and analysis, skléo@m archivedC. hominis DNA
previously characterised in other laboratories duringitbernational trial (Chalmerst al.,
2005). The sample sets were as follows:

I. Sporadic cases:DNA from 115 sporadic cases previously part of the casgralostudy
(Hunter et al, 2004) were examined to explore any associations betwgersue and GP60
alleles. The data set included indigenous cases andrétoseing from abroad. Single variable
analysis was performed in SPSS. Discriminatory power cgdsulated by the Hunter Gaston
index Hunter and Gaston, 1988).

il. Drinking waterborne outbreak 1. DNA from all 76 primaryC. hominis cases reported to the
Hampshire and Isle of Wight Health Protection Unit (Rmouth office) from an outbreak on the
south east coast in the autumn of 2005 was identifiedeilCRU archive. These samples were
examined to explore whether there were any associdigtmgen exposure and being a primary
case withC. hominis GP60 alleles. Statistical analysis was undertaken byllslexerlander,
HPA Centre for Infections Statistics Unit, Colindala behalf of the outbreak control team
(Neira-Munoz and Smith, 2006). Single variable analysas werformed in EpiData Analysis
and multivariable analysis in STATA. Those variablesrfrthe single variable analysis with
odds ratios bigger than one and p-values of 0.2 or less madueled in the multivariable model.
Sex was included in the multivariable model regardlesss significance.

iii. Drinking waterborne outbreak 2: DNA from 71 out of a total of 231 cases linked to ¢he
hominis outbreak in north west Wales in the autumn of 2005 werdifigeinin the CRU archive.
Selection was made on the following criteria from agsestionnaire data provided by the North
Wales Health Protection Team: all cases reportingnteforeign travel were excluded; all cases
where another member of the household was also aneseexcluded; every other remaining
case in the database was chosen. These samples \warmexk to compare this outbreak with
others and with sporadic cases.

iv. Historical cases prior to outbreak 2: DNA from 24 out of 48 cases from the local
laboratory serving the population submitted to the CRU sinoeaty 2000 were selected by
identifying every alternate case in the CRU archive. Thasgples were examined to investigate
local changes in predominant alleles over time.

Prior DNA extraction and species identification

Oocysts were separated by flotation from faecal delbsiag saturated NaCl solution and
centrifugation for 8 min at 1100 g (Ryleyet al., 1976). The floated material containing the
oocysts was washed with de-ionised oocyst-free waterottysts resuspended in 1 ml de-
ionised, oocyst-free water and stored at°E4prior to use. To extract DNA, 20@ oocyst
suspension was incubated at 100 °C for 60 min and DNA extractegprsieinase K digestion
in lysis buffer at 56 °C and a spin-column filtrationhieique (QlAamp DNA mini kit, Qiagen).
DNA extracts were stored at -ZDprior to use.

To identify Cryptosporidium species, th&Cryptosporidium oocyst wall protein (COWP) gene
was investigated using PCR-RFLP (Spa&hal., 1997). Briefly, primers cry-15 and cry-9 were



used to amplify a 550 bp region of the COWP gene, whichth&s subjected to restriction
endonuclease digestion Bgal. The digestion products were separated by agarose (3%gel/v)
electrophoresis, visualised using Sybr Green | (1x soludiad)recorded using a digital imaging
system (Alphalmager, Alpha Innotech). Product sizesewemfirmed by comparison with a
DNA molecular weight standard marker (Invitrogen).

Bi-directional sequencing of the GP60 gene

C. hominis isolates were analysed by DNA sequence analysis d&RB&0 gene using a nested
PCR protocol (Alvest al., 2003) The primary PCR primers were AL3531 (5'-ATA GTC TCC
GCT GTATTC-3') and AL3535 (5'-GGA AGG AAC GAT GTA TCT}3'The secondary PCR
primers were AL3532 (5- TCC GCT GTA TTC TCA GCC-3) (GP60X2&nd AL3534
(5'-GCA GAG GAA CCA GCA TC-3) (GP60X2R), producing final draents of 800 to 850
bp. Each PCR sample contained 1X PCR buffer (Qiageawl@y, UK), (containing 1.5mM
MgCly), 1X Qiagen Q solution, 200 uM of each deoxynucleosidedsphate, 300 nM of the
forward and reverse primers, 2 units of Qiagen Hot3tay polymerase, and 2l of DNA
template (for primary PCR) or 2 pl of primary PCR prod{iet secondary PCR) in a 1Q0
reaction The PCR program for both the primary and secondary B&Rorised 40 cycles of
denaturation at 94°C for 45 s, annealing at 52°C for 45 s, aedsgom at 72°C for 60 s, with an
initial denaturation at 95°C for 15 min and a final exiemsat 72°C for 10 min All PCR
products were purified with the Qiaquick PCR purification (Ktiagen, Crawley, UK) and
submitted to GeneService, Cambridge for sequencing. This wees iddooth directions using
forward and reverse primers GP60X2F and GP60X2R and the BiJglyminator Cycle
Sequencing Kit (Applied Biosystems, UK.) on an ABI3730 autechatequencer (Applied
Biosystems, UK.)

DNA sequence analysis and GP60 allele identification (seeftie 1, page 12)

The sequences were received in FASTA format with accompgualyie traces (ABI files) from
GeneService in Cambridge, UK. The forward sequences edited at the 5’ and 3’ termini to
remove all low quality data. All forward sequences wéentedited to all begin at the same
position, 15 bases before the first triplet of the osetellite. The reverse sequences were
amended using the reverse complement option of thedBipEbgramme, and edited to remove
low quality data. The 5’ sequences of the reverse-congpitad data were adjusted so that they
began at the same position upstream of the microsatadlidid the forward sequences.

All good quality forward/reverse sequences were assenbile an input file for the ClustalX
alignment programme. The alignment was run, and isoblatth identical microsatellite and
GP60 profiles recorded. Ambiguities between pairs of fodfvaverse sequences were resolved
by consulting the sequence trace files. Reverse sequencels ditli not extend as far as the
microsatellite were excluded from the alignment, asevgequences with poor quality read data
or excessive mis-called bases.

To facilitate rapid identification of defined. hominis alleles, a separate ClustalX input file was
assembled using sequence from the GenBank database mnépes@e high quality, extensive
example each df. hominis allele family, la to Ig. Each sequence representingetliee alleles
had approximately 900 bases of sequence from the GP60 genala@néle from isolates
identified in the first alignment as having unique profie=e then added to the input file, and
the alignment run. The majority of unique isolate typegmad unambiguously with one of the
five C. hominis allele families la to le. Where this was not thee;ahe nucleotide sequences
were accessed and aligned using the Basic Local Aligni8eguence (BLAST) tool (US
National Center for Biotechnology Informatiohtif://www.ncbi.nlm.nih.gov/BLAST)/ against
all the sequences on GenBank. A small number seemee Yartants or subtypes of existing




types, particularly la and Id. All sequences which coud Ipe assigned a definitive la-le
classification were sent to Dr Lihua Xiao at CDC ath, for further investigation.

Once the initial la to Ig allele family had been defi, the microsatellite triplet codons were
categorised, and a full genotype profile produced. Withii edlele family there exists multiple
subtypes, varying from each other according to the numbiimnatleotide repeats (TCA, TCG
or TCT) which code for the amino acid serine (Sulairgtaad., 2005). Further, the presence and
number of repeats of the sequence AA(A/G)ACGGTGGTAAG@radhe microsatellite region
(repeat R1, R2...) provides another element to the ndatere (Gateet al., 2006; Lihua Xiao,
personal communication). This is the basis for thegmasion of the complete subtype family
name (Figure 1).

Subtypes were assigned to each isolate and recordediogleacentral spreadsheet to prevent
results from being overlooked or duplicated. Sequencing data w@mechived using a
BioNumerics database (www.applied-maths.com) to perajtid identification of isolates,
create a permanent archive of profiles and to produce a phglogéree for illustrative purposes
(Figure 2). Briefly, an initial pairwise alignment sinmityg matrix of consensus sequences was
created using the un-weighted pair group method with ariibmetan (UPGMA), and multiple
alignment performed. Clustering was based on the neighboumg algorithm with the Kimura

2 parameter correction. Tl yptosporidium meleagridis GP60 sequence reported by Sulaiman
et al. (2005), accession number AF401499 was used as an out-group toegheBootstrap
analysis using 1000 replicates was performed.

RESULTS

GP60 PCR EQA, test sensitivity and typability
Six of the twelve previously tested EQA samples ampllifieth the GP60 primers first time and
a further two amplified at a second attempt. Four sagrghite not amplify, although re-testing the
DNA with the routine COWP PCR showed that the DNAI mot degraded. All of the eight
GP60 positive samples had the same alleles demonstratadysty. These were then included
in each GP60 PCR batch as control samples.

Of the 286 isolates investigated (Appendix 1), 254 were typable&@mnwere not typable either
because they did not amplify in the PCR (28 isolated)ezause the sequencing results were
equivocal (two isolates). Therefore the overall typigbivas 89.4%.

Of the 254 typable isolates, 250 matched sequences previouslyeckpm GenBank. Four
isolates had no close homologues on the GenBank dafabagching at less than 96% identity.
These were named according to the nomenclature procaelnenstrated in Figure 1 and where
the quality of the data permitted, submitted to Genbank.dl$tabution of alleles is shown in
Table 3.



The first part of the subtype name is the allele family and is one character from a series
la through to Ig. This classification is based on variations in the approximately 900
bases of DNA sequence downstream of the microsatellite region.

_ Microsatellite regio 900 bases ............ matching allele fan la—-Ig

Examples of all the gene sequences of allele families la-Ig are contained in the public
database GenBank. A defined common start point for the final alignment is identified
from a T base 15 bases before the start of the microsatellite region. The sequence
downstream of the microsatellite is compared to each individual allele family using a
computerised alignment programme.

This microsatellite region contains repeats of the triplets TCA and TCG (and sometimes
TCT) and provides the subtype nomenclature that appears after the allele family name:

The number of ‘TCA’ triplet repeats in the microsatellite is counted e.qg.:

R TERIGAGAEE T CATCATCATCATCATCATCATCGTCATCATCGTCAACAAC...
1 2 3 4 5 6 7 8 9 10
‘TCA'= 10

Then the number of ‘TCG’ triplet repeats in the microsatellite is counted e.g.:

G IERIEGAGASE TCATCATCATCATCATCATCATCGTCATCATCGTCAACAAC...
1 2
‘TCG' =2

The number of TCA triplets makes up the ‘A’ component of the genotype; the number of
‘TCG' triplets the ‘G’ component. The example above is therefore subtype A10G2

In a similar manner, the third triplet base occasionally showed transversion from ‘A’ to
‘T’, making the triplet ‘TCT’. The number of ‘TCT triplets is designated the ‘T’ parameter,
and is recorded after the ‘G’ component, e.g. AAG2T1 etc.

The R repeat is located downstream of the serine-encoding microsatellite, and this
parameter (‘R’) records the number of contiguous copies of a short, degenerate repeat
sequence (AA(A/G)ACGGTGGTAAGG). If this repeat is present, it is recorded after the
microsatellite designation, e.g. AAG2T1R3

The above example matched exactly with the allele family Ib sequence from the
database, and is subtype A10G2. Hence the full genotype for this isolate is IbA10G2.

Figure 1. Outline of procedure to assign GP60 allele fatgiand subtypes to
C. hominisisolates




Table 3. Distribution of GP60 subtypes between sample setad comparison with published

data

Project sample set

Interpretation

GP60
family and
subtype
alleles

Sporadic
cases
from
case
control
study

Drinking
waterborne
outbreak 1

Drinking
waterborne
outbreak 2

Historical
samples
prior to
outbreak
2

Percentage sequence similarity, GenBank accessiq
number and reference

laA12R3

1

No UK homologues.
Nepal 99.9% AY167595 (Wet al., 2003)

laA18R2

No UK homologues.
Uganda 99.8% AY873783 (Akiyoski al., 2006)

laA22R1

=

Not previously reported on GenBank.

laA23R4

No UK homologues.
USA 99.8% AF164504 (Strorg al., 2001)

Presumptive
laA25

Not previously reported on GenBank

[aA30R3

No UK homologues.
Source not stated 100% AF403170 (Petng., 2001)
Uganda 99.9% XM_663000 (TU502) (>tal., 2004)

IbA9G2

No UK homologues.

99.6% identity with:

Japan AY167596 (Wat al., 2003)

Portugal AY166807 (Alvest al., 2003)

South Africa AF440626, AF440628, AF440637,
AF440640 (Leavet al., 2002)

Source not stated AF374344, AF374348, AF37435
(Onget al., unpublished)

USA AF528762 (Sturbaur al., 2003); AF164498,
AF164499 (Strongt al., 2001)

IbA10G2

92

63

63

20

Leicestershire (CRU unpublished data)
Northern Ireland (Glabermaat al., 2002)
W3950: 100% identity with isolates from:
France AY702626 (Cohet al., 2006)
South Africa AF440626 (Leawt al., 2002)
USA AF164499 (Strongt al., 2001)

[dA15G1

No UK homologues.
Bangladesh 100% AY700388 (Hienal.,
unpublished)

leA11G3T3

East Sussex (CRU unpublished data)
W11639: 99.4% identity with isolates from:
Japan AY167593 (Wat al., 2003)

Portugal AY166808 (Alvest al., 2003)

Kuwait AY738184 (Sulaimast al., 2005)

Peru AF528760 (Sturbaum et al., 2003)
Bangladesh AY700389 (Hirt al., unpublished)

IfA12G1

No UK homologues.
South Africa 100% AF440639 (Leaeeal., 2002)

IgA24

>

N

Not previously reported on GenBank but matched tha

reported by Glabermagi al. (2002) in Northern

Ireland (Dr Lihua Xiao, personal communication)
Sequences submitted to GenBank (accession numt
EF214734 and EF214735).

NEGATIVE

13

Equivocal

TOTAL

115

76

71

24

pers
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GP60 allele families and subtypes by sample set
Sporadic casesOf 115C. hominisisolates, 14 were not typable as 13 did not amplify and one
gave an equivocal reaction. Therefore the samplgsability is 87.8%.

Of the typable isolates, there were nine identified typable 3), 92 of 101 typable isolates fell
into a single type IbA10G2. Each of the other identified $ypentained only a single isolate
member except for IgA24 which contained two. This gives aichgtatory power of 0.171,
which is very low.

When those isolates which had the IbA10G2 allele wergaoed with those having other
alleles, a history of recent foreign travel was mmmmon for the other alleles. However, this
was not statistically significant p=0.1374 (Two-tailed Fishexact test), OR=3.01 (95% CI 0.59
to 16.20) (Table 4).

Table 4. Foreign travel and GP60 alleles in sporadic cases

Foreign Travel IbA10G2 | Other alleleg TOTAL
No 65 4 69
Yes 27 5 32
TOTAL 92 9 101

All five of the other types with a reported travel higtbad travelled outside of Europe, three to
Pakistan (alleles laA12R3, 1aA22R1 and 1aA30R3), one to &¢alele 1aA25) and one to New
Zealand (IgA24) (Table 5). Only three of the IbA10G2 cases weown to have travelled
outside of Europe (Tunisia and Turkey).

Table 5. Destination of foreign travel and GP60 alleles in sporazicases

Destination IbA10G2 Other alleles
BALEARIC ISLANDS 3
CANARY ISLANDS 5
CYPRUS 3
FRANCE 4
GREECE 2
KENYA 1 (IaA25)
Not Known 1
NEW ZEALAND
PAKISTAN
SPAIN
TUNISIA
TURKEY

Grand Total

1 (IgA24)
3 (IaA12R3, 1aA22R1 and [aA30R3

NE N o
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Four cases that had not travelled outside Europe had ndip@iAalleles. Apart from one
IgA24, these were different (one 1aA23R4 and one IfA12G1) tiwaralleles of cases that had
travelled outside Europe. The relationship between trauside of Europe and GP60 alleles
was highly statistically significant p=0.00008 (Fishers exast), OR=37.08 (95% CI 4.76 to
303.65) (Table 6). No other epidemiological associations meEgent.

Table 6. Travel outside Europe and GP60 alleles in sporadic case

Travel out of Europe IbA10G2 | Other allele§ TOTAL
No 88 4 92
Yes 3 5 8
TOTAL 91 9 100

Drinking waterborne outbreak 1 (south east England):Of 76 isolates, six were not typable.
Therefore the sample set typablility is 92%. The typadéates belonged predominantly to two
previously described alleles: 63 were IbA10G2, six were leA11G8IBone was IdA15G1.
These data were provided to Neville Verlander, HPA Ceftreinfections Statistics Unit,
Colindale. Two sets of analyses were performed, ong wirseventy six cases and the other
restricted the cases to those with @éominis IbA10G2 allele only. Multivariable analysis for
all 76 cases showed that there was a dose-responsenggti between number of glasses of
unboiled tap water and being a case of cryptosporidiagts, an odds ratio of 1.29 per glass
(95% CI: 1.12 to 1.48). Results were similar when restgcthe cases to allele 1bA10G2; the
odds ratio per glass of unboiled tap water being 1.35 (95% 18:14.1.57).

Drinking waterborne outbreak 2 (north west Wales): Of 71 isolates, eight were not typable.
Therefore the sample set typability is 88.7%. The 63 tgpaddlates all belonged to the
IbA10G2 subtype family.

North west Wales isolates prior to outbreak 20f 24 isolates, two were not typable. Therefore
the sample set typability is 91.7%. The 22 typable isola®® predominantly IbA10G2 (20
isolates), one was 1aA18R2 and one was leA11G3T3.

Comparision of isolates:the neighbour-joining tree illustrating clustering of GR&@uences

for representative isolates from the different studyugs confirms that the sequences clustered
into discrete groups reflecting the allelic families.
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CRU

GP60 reference  stydy sample Set
. - - ° allele number
g g £ £ P P
IdA15G1 W11535 Outbreak 1
—— IgA24 W3010 Sporadic, case control study
100 1aA30R3 W3004 Sporadic, case control study

100

laA22R1 W3351 Sporadic, case control study
laA23R4 W4295 Sporadic, case control study
laA18R2 w8619 Pre-outbreak 2
1aA12R3 W3555 Sporadic, case control study
IfA12G1 W4776 Outbreak 1
IeA11G3T3 W11639  Outbreak 1
1eA11G3T3 W10638  Pre-outbreak 2
100 leA11G3T3 W11306 Outbreak 1
100 1eA11G3T3 W11042  Outbreak 1

IbA10G2 W11766  Outbreak 2

IbA10G2 W11071  Outbreak 1

IbA10G2 W11721  Outbreak 2

IbA10G2 W10936  Historical

IbA10G2 W11109  Outbreak 1
I IbA10G2 W4220 Sporadic, case control study
IbA10G2 W3590 Sporadic, case control study
IbA10G2 W7715 Pre-outbreak 2

100

100

- C meleagridis AF401499

Figure 2. Neighbour-joining tree illustrating clustering of GP60 sequences for
representative alleles. Scale represents sequence distari%). Bootstrap values above 50%
are shown.
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DISCUSSION

The most common GP8D. hominis allele, IbA10G2, represented over 90% of all isolatess Thi
subtype has previously been detected in the UK in spoities in Leicestershire (CRU
unpublished data) and outbreak cases from Northern Ir€ladermaret al., 2002). The allelic
family Ib has been recognised as a major cause of eatex outbreaks af. hominis in the UK
(Glabermaret al., 2002), US — Milwaukee outbreak (Zheual., 2003) and France (Coheh
al., 2006) and in sporadic cases in Australia (Chalmteals, 2005). The conclusions of Cohen
al. (2006) that Ib is the predominant allele associated wiftterborne outbreaks can be
explained by data from this study by the hypothesis thatishsimply because this is the most
common allele in human cryptosporidiosis (and theeefbe most commog€. hominis allele
contaminating water from human sewage). During the enviratahsurvey undertaken as part
of the outbreak investigations in north west Wat@shominis IbA10G2 was detected in sewage
influent and effluent and in raw and treated water (€ath Report: North West Wales, 2005).
IbA10G2 also predominates in the Netherlands (Peter Wielpgyaonal communication) and
since non-IbA10G2 infections appear to be associated withltta non-European destinations,
it may be hypothesised that this is the predominaneatietulating in Europe.

However, by itself, GP60 sequence typing has very low distatory power (Hunter-Gaston
discriminatory power of sporadic cases = 0.171). Noneed® the evidence from this and other
studies (Mallonet al., 2003; Hunteret al., 2007) is thatC. hominis appears to be highly
conserved in the UK. Investigation &&. hominis isolates at a further seven mini and
microsatellite markers located on different chromosomecurrently underway in collaboration
with Professor Giovanni Widmer and Dr Sultan Tanriyefdifts University, MA. Preliminary
results indicate that these and previous findings are si@gpbddowever, it must be borne in
mind that the picture may change over time. During this groye tested isolates collected each
year since 2000 from north west Wales, which showed wéley\tariation although longer more
extensive studies are required to demonstrate stabikytowe.

Allele 1eA11G3T3 was found in both north west Wales anthe outbreak in the south east
where it has was also detected in separate outbreak fragse East Sussex (Cryptosporidium
Reference Unit unpublished data), linked to swimming pool Tke.allele family le has been
found worldwide in sporadic cases of cryptosporidiosis.

Of the less common subtypes identified, previous ideatibos are generally reported from
further afield. However, it is interesting to note tbathe four cases with non-IbA10G2 alleles
that did not report foreign travel, one had the IgA2klalwhich matched an isolate from
Northern Ireland (Glabermaet al., 2002) and may well circulate in the UK, one (IbA9G2)
appears to be widespread, while the remaining two, laA23R4fAa@a@G1 matched isolates

from USA and South Africa respectively (Strogi@l., 2001; Leavet al., 2002).

One of the Pakistani isolates, 1aA12R3 has been isbfateviously from a patient from Nepal
(Wu et al., 2003), while another, 1aA30R3, has been isolated from daganhildren (Akiyoshi
et al., 2006). A previously unreported allele (IlaA22R1) found in ttuslyshas no closely related
sequences on GenBank.

Only one isolate out of 24 from the historical set froonth west Wales had not been found in
the UK: 1aA18R2 has been reported previously from Ugandadrehil(Akiyoshiet al., 2006).
Likewise, IdA15G1 was found in one sample from the aakrfrom the south east and has been
found previously in Bangladeshi children (Hataal., unpublished).
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The sensitivity of the GP60 PCR affects typability of thethod which, over all was 89.5%
(inter-set range 87.8% to 92.0%). A quarter of the origimalep of 12 EQA samples failed to
amplify with the GP60 primers, although DNA was shown tm be degraded in storage.
Typability of this method is also dependant on obtaining gpadity sequence data. While this
method has been applied to environmental and water sarfylere the numbers of oocysts
present are lower than in clinical samples) the seitgiof the test is not as great as that applied
for species/genotype identification.

Care was taken during this study to follow the emergingeosus for naming of new GP60
subtypes. The system described by Sulaistah. (2005) portrays the “R” repeat as consisting
of an “ACATCA” directly after the microsatellite gon. However, the same group in a later
paper used R to describe the longer repeat described in Fi§.lhaminis isolates but did not
explain the change of system (Gagtial., 2006). Several studies have implemented the
nomenclature scheme for studies of isolates from wideributed Cryptosporidium isolates
(Table 1). For there to be universally accepted nomeneldhare is a need for clarification of
the system. All newly identified subtypes should ben@&a according to the accepted system
and their sequences along with source data submitted toa@knB

The GP60 sequencing method is applicable to epidemiologdigdies forCryptosporidium, but
indigenous UK C. hominis isolates show very little variation even when theepi of
heterogeneity is explored using multiple markers. Thaursently being further substantiated in
a collaborative study with Tufts University.

SECTION 2: INVESTIGATION OF SSCP

METHOD

SSCP ITS-2

ITS-2 amplification was performed as described by Gassgr (2004). PCR products were run
on 3% Phorecus agarose gels to evaluate the succP€aRof SSCP of PCR-positive samples
was performed as described by Gassed. (2004), except that they were run for 15 hr instead
of 14 hr and were stained with SYBRGold (Sigma) for I.%@ud de-stained for 45 min. Gel
images were taken using an Alphalmager system (Alpha Irfmnot@ed banding patterns
analysed using BioNumerics software (Applied Maths).

SSCP GP60

GP60 SSCP was performed according to a method adapted fabrdetdcribed by Wt al.
(2003). GP60 amplification was performed according to theedeBRCR method modified from
that described by Alveat al. (2003) for use at CRU using primary PCR primers AL3531 and
AL3535, and secondary primers AL3532 and AL3534. PCR products ugastet withRsal
and fragments analysed by SSCP on GMA gels using thendhegulated SEA 2000 apparatus
(Elchrom). SSCP was performed in an air-conditionetl geet 19°C) Swansea University
laboratory to improve temperature control. Gels weaiet with SYBRGold for 1.5 hr and de-
stained for 45 min. Gel images were taken using an Alpgémsystem and banding patterns
analysed using BioNumerics software (Applied Maths). Jdmple W11402 was run in three
lanes across each gel to allow normalisation witmd &etween gels using BioNumerics.
Calculation of band pattern similarity was performesing the densitometric curve-based
Pearson similarity coefficient in BioNumerics. Degdams were produced using the
Unweighted Pair Group Method with Arithmetic mean (P& method in BioNumerics.
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Evaluation panel samples (I hominis, 10 C. parvum) were chosen to represent the subtype
families available as well as examples of closelgtesl families. Library samples were chosen
to represent the different GP60 sequence subtypes iddntfiate at the CRU.

RESULTS: SSCP ITS-2

Optimisation

SSCP of the ITS-2 region was performed as describedasge®et al. (2004), therefore little
optimisation was required for standardisation. SSCR performed in an air conditioned
laboratory (set at 19°C) and gels stained as describe@.abov

Evaluation

Initial evaluation was performed by testing samples prelotested by Dr Robin Gasser, as
well as selected samples from the drinking water-aataxtioutbreaks described above. Foreign
traveller samples previously tested by Dr Robin GasséheatUniversity of Melbourne were
used as a library of different subtypes. Banding patteans found to be very similar for many
of the different subtypes. This, in conjunction withigngicant degree of inter- and intra-gel
variation in band positions made identification of subsypery difficult. It was not possible to
develop a reliable procedure for comparison of patterns fobfferent gel runs using
BioNumerics, making the method difficult to evaluateyfulh summary the method was found
to be of possible value for investigation of variabilitythin discrete sample sets but not
reproducible enough for large-scale subtyping investigatidi®&2l SSCP was therefore deemed
unsuitable for investigation of the prevalence and epidegicdl distribution ofC. hominis
subtypes in the study samples.

RESULTS: SSCP GP60

Optimisation

Preliminary experiments (data not shown) were perforasedescribed by Wet al. (2003) with

the modifications of replacing the external primershwthe Alveset al. (2003) GP60 PCR
(AL3531 and AL3535) since the original Vtial. (2003) reverse primer contains a mismatched
base, and of using the Elchrom SSCP apparatus.. Howsuadl, intensity was very variable
hampering profile analysis. Increasing the number of Pgeies provided no improvement.

The method was further developed by nesting the PCR usingueset al. (2003) GP60 PCR
internal primers (AL3532 and AL3534). Consistently strong bamele observed and profiles
readily observed. This was therefore adopted as the méferethod. Digestion of the PCR
product with the restriction enzynisal was found to be essential to create fragments ef th
correct length for SSCP analysis.

Evaluation

Inter-assay reproducibility was evaluated by running evalua@mples on separate SSCP runs.
Inter-run reproducibility was assessed by comparing patpeothiced after analysis of samples
for the first time with patterns produced in subsequent. remsilarity ranged from 87.8-98.2%
(mean, 95.2%).

Cluster analysis was performed on the evaluation g&mgdendix 2). Overall there was a trend
for repeats to cluster with their counterparts and fer dlusters to follow the sequence-based
subtyping result. There were several exceptions, wittesof the more closely related sequence
subtypes clustering together (11aA15G1R1, [1aA17G1R1, 1laAl8G1RaA21G1R1) and
IIdA17G1 also clustering with these subtypes. If a ctibdi86% similarity is applied to the
cluster analysis all of the isolates cluster withumterparts from the same sequence subtype
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family apart from one of three OZ16 patterns and threeigiit W8670 patterns which cluster

within the Ila group. Both of these samples showed latge-min pattern differences suggesting
the possibility of an experimental error or the preseotmixed subtypes. When these were
removed from the analysis the isolates clusteredrdompto the sequence data (Appendix 3).

Library construction

The library panel was analysed using the same clustemgthod. All but four isolates gave
patterns, including nine that had previously given poor sequeresngis. The overall trend was
for isolates to cluster appropriately.

DISCUSSION

Reading the DNA of the parasite genome (sequencing) psowadaigh level of data. For
investigation of population structures, multiple loci eequired and this is expensive and time
consuming. Alternative methods to type isolates withircigigefor epidemiological purposes
may be more appropriate once the population structurederstood. The GP60 PCR-RFLP-
SSCP is one method that may have the potential to figesilates to the family level within
species. The creation of a library allows profilesnfreamples of unknown subtype to be
assessed for their similarity to previously identifiggfterns, and identification improved by
running appropriate numbers and types of standards in eacbRf#). PCR-RFLP-SSCP offers a
potentially rapid method for subtyping large numbers ofatesl which would be particularly
useful for identifying unusual subtypes within a background pfeaailing subtype. However,
further standardisation is required but it does provide stipgcevidence especially for isolates
that are difficult to sequence due to generation of papresee traces.

It is worthy of note at this point that DNA sequence gsialis the most widely used analytical
method for Cryptosporidium typing. Most development has gone into multilocus seqenc
typing of limited numbers of samples for research purpdsesdesirable to further develop, in
collaborative work, rapid tools for epidemiological purmsEhese should not be limited to the
methods described here but take advantage of developing legikeso

SECTION 3
CONCLUSIONS
* C. hominisis highly conserved in indigenous UK cases.
» Alleles other than IbA10G2 are linked to recent foreiguetautside Europe.
* Predominance of Ib allelic family and more specificdbpA10G2 in European drinking
waterborne outbreaks reflects its high prevalenceonaslic cases.
* Indications are that that allele IbA10G2 has been stableel UK population for some
time but it is not possible to predict that this wilin&n so.
* To encourage consistency in naming new GP60 alleles (anddilmageprofiles) there is
a need for a publicly accessible international datafmlaseaming and storing submitted
sequences. This would also provide a basis on which telagea future multi-locus
database and support further method development.
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APPENDIX 1. Results of GP60 sequence analysis of isolatesdigethis study.

CRU reference Sample GP60 allele
number set
WA4776 Sporadic; case control study IfA12G1
W4771 Sporadic; case control study IbA10G2
W4762 Sporadic; case control study IbA10G2
W4733 Sporadic; case control study IbA10G2
W4725 Sporadic; case control study IbA10G2
W4691 Sporadic; case control study IbA10G2
W4690 Sporadic; case control study IbA10G2
W4687 Sporadic; case control study IbA10G2
W4686 Sporadic; case control study IbA10G2
W4672 Sporadic; case control study IbA10G2
W4670 Sporadic; case control study IbA10G2
W4665 Sporadic; case control study IbA10G2
W4663 Sporadic; case control study IbA10G2
W4660 Sporadic; case control study IbA10G2
W4655 Sporadic; case control study IbA10G2
W4641 Sporadic; case control study PCR negative
W4635 Sporadic; case control study IbA10G2
W4623 Sporadic; case control study IbA10G2
W4621 Sporadic; case control study PCR negative
W4620 Sporadic; case control study IbA10G2
W4618 Sporadic; case control study IbA10G2
W4604 Sporadic; case control study IbA10G2
W4591 Sporadic; case control study IbA10G2
W4583 Sporadic; case control study IbA10G2
W4580 Sporadic; case control study IbA10G2
W4569 Sporadic; case control study IbA10G2
W4548 Sporadic; case control study IbA10G2
W4540 Sporadic; case control study IbA10G2
W4539 Sporadic; case control study PCR negative
W4526 Sporadic; case control study IbA10G2
W4525 Sporadic; case control study IbA10G2
W4512 Sporadic; case control study IbA10G2
W4511 Sporadic; case control study IbA10G2
W4498 Sporadic; case control study IbA10G2
W4430 Sporadic; case control study IbA10G2
W4412 Sporadic; case control study IbA10G2
W4410 Sporadic; case control study IbA10G2
W4384 Sporadic; case control study IbA10G2
W4375 Sporadic; case control study IbA10G2
w4331 Sporadic; case control study IbA10G2
W4312 Sporadic; case control study IbA10G2
W4310 Sporadic; case control study IbA10G2
W4301 Sporadic; case control study IbA10G2
W4295 Sporadic; case control study laA23R4
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W4293 Sporadic; case control study IbA10G2
W4282 Sporadic; case control study IbA9G2
W4273 Sporadic; case control study IbA10G2
W4259 Sporadic; case control study IbA10G2
W4258 Sporadic; case control study IbA10G2
W4252 Sporadic; case control study IbA10G2
W4250 Sporadic; case control study IbA10G2
W4239 Sporadic; case control study IbA10G2
W4238 Sporadic; case control study IbA10G2
W4223 Sporadic; case control study IbA10G2
W4222 Sporadic; case control study IbA10G2
W4220 Sporadic; case control study IbA10G2
W4206 Sporadic; case control study IbA10G2
W4196 Sporadic; case control study PCR negative
W4185 Sporadic; case control study IbA10G2
W4142 Sporadic; case control study IbA10G2
W4141 Sporadic; case control study IbA10G2
W4140 Sporadic; case control study IbA10G2
W4121 Sporadic; case control study IbA10G2
W4118 Sporadic; case control study IbA10G2
W4117 Sporadic; case control study IbA10G2
W4107 Sporadic; case control study IbA10G2
W4088 Sporadic; case control study IbA10G2
W4048 Sporadic; case control study IbA10G2
W4034 Sporadic; case control study IbA10G2
W4016 Sporadic; case control study IbA10G2
W3999 Sporadic; case control study IbA10G2
W3996 Sporadic; case control study IbA10G2
W3957 Sporadic; case control study IgA24
W3948 Sporadic; case control study PCR negative
W3889 Sporadic; case control study IbA10G2
W3888 Sporadic; case control study PCR negative
W3887 Sporadic; case control study IbA10G2
W3871 Sporadic; case control study IbA10G2
W3870 Sporadic; case control study IbA10G2
W3812 Sporadic; case control study IbA10G2
W3804 Sporadic; case control study PCR negative
W3802 Sporadic; case control study PCR negative
W3801 Sporadic; case control study IbA10G2
W3796 Sporadic; case control study IbA10G2
W3765 Sporadic; case control study IbA10G2
W3690 Sporadic; case control study IbA10G2
W3676 Sporadic; case control study IbA10G2
W3670 Sporadic; case control study PCR negative
W3590 Sporadic; case control study IbA10G2
W3555 Sporadic; case control study laA12R3
W3554 Sporadic; case control study IbA10G2
W3542 Sporadic; case control study PCR negative
W3504 Sporadic; case control study IbA10G2
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W3499 Sporadic; case control study IbA10G2
W3441 Sporadic; case control study IbA10G2
W3423 Sporadic; case control study PCR negative
W3407 Sporadic; case control study PCR negative
W3391 Sporadic; case control study PCR negative
W3351 Sporadic; case control study laA22R1
W3334 Sporadic; case control study Presumptive 1aA25
W3229 Sporadic; case control study IbA10G2
W3227 Sporadic; case control study IbA10G2
W3116 Sporadic; case control study IbA10G2
W3114 Sporadic; case control study IbA10G2
W3090 Sporadic; case control study IbA10G2
W3015 Sporadic; case control study IbA10G2
W3010 Sporadic; case control study IgA24
W3009 Sporadic; case control study IbA10G2
W3004 Sporadic; case control study 1aA30R3
W3000 Sporadic; case control study IbA10G2
W2998 Sporadic; case control study IbA10G2
W2955 Sporadic; case control study IbA10G2
W2945 Sporadic; case control study IbA10G2
W2696 Sporadic; case control study IbA10G2
W2588 Sporadic; case control study equivocal
W11875 Outbreak 1: south east England IbA10G2
W11845 Outbreak 1: south east England IbA10G2
W11807 Outbreak 1: south east England IbA10G2
W11743 Outbreak 1: south east England IbA10G2
W11726 Outbreak 1: south east England IbA10G2
W11698 Outbreak 1: south east England IbA10G2
W11677 Outbreak 1: south east England IbA10G2
W11648 Outbreak 1: south east England IbA10G2
W11647 Outbreak 1: south east England IbA10G2
W11646 Outbreak 1: south east England leA11G3T3
W11640 Outbreak 1: south east England IbA10G2
W11639 Outbreak 1: south east England leA11G3T3
W11569 Outbreak 1: south east England IbA10G2
W11568 Outbreak 1: south east England IbA10G2
W11543 Outbreak 1: south east England IbA10G2
W11535 Outbreak 1: south east England IdA15G1
W11532 Outbreak 1: south east England IbA10G2
W11531 Outbreak 1: south east England IbA10G2
W11528 Outbreak 1: south east England IbA10G2
W11500 Outbreak 1: south east England IbA10G2
W11499 Outbreak 1: south east England IbA10G2
W11489 Outbreak 1: south east England PCR negative
W11468 Outbreak 1: south east England IbA10G2
W11467 Outbreak 1: south east England IbA10G2
W11466 Outbreak 1: south east England IbA10G2
W11465 Outbreak 1: south east England | bA10G2
W11463 Outbreak 1: south east England IbA10G2
W11441 Outbreak 1: south east England PCR negative
W11425 Outbreak 1: south east England IbA10G2
W11424 Outbreak 1: south east England IbA10G2
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W11381 Outbreak 1: south east England PCR negative
W11380 Outbreak 1: south east England PCR negative
W11378 Outbreak 1: south east England IbA10G2
W11374 Outbreak 1: south east England IbA10G2
W11371 Outbreak 1: south east England PCR negative
W11365 Outbreak 1: south east England IbA10G2
W11364 Outbreak 1: south east England IbA10G2
W11362 Outbreak 1: south east England IbA10G2
W11361 Outbreak 1: south east England IbA10G2
W11354 Outbreak 1: south east England IbA10G2
W11353 Outbreak 1: south east England IbA10G2
W11351 Outbreak 1: south east England IbA10G2
W11349 Outbreak 1: south east England IbA10G2
W11308 Outbreak 1: south east England IbA10G2
W11307 Outbreak 1: south east England IbA10G2
W11306 Outbreak 1: south east England leA11G3T3
W11305 Outbreak 1: south east England IbA10G2
W11304 Outbreak 1: south east England IbA10G2
W11267 Outbreak 1: south east England PCR negative
W11265 Outbreak 1: south east England IbA10G2
W11241 Outbreak 1: south east England IbA10G2
W11238 Outbreak 1: south east England IbA10G2
W11237 Outbreak 1: south east England IbA10G2
W11236 Outbreak 1: south east England IbA10G2
W11235 Outbreak 1: south east England IbA10G2
W11234 Outbreak 1: south east England IbA10G2
W11233 Outbreak 1: south east England IbA10G2
W11231 Outbreak 1: south east England leA11G3T3
W11213 Outbreak 1: south east England IbA10G2
W11212 Outbreak 1: south east England leA11G3T3
W11185 Outbreak 1: south east England IbA10G2
W11173 Outbreak 1: south east England IbA10G2
W11155 Outbreak 1: south east England IbA10G2
W11153 Outbreak 1: south east England IbA10G2
W11130 Outbreak 1: south east England IbA10G2
W11129 Outbreak 1: south east England IbA10G2
W11128 Outbreak 1: south east England IbA10G2
W11110 Outbreak 1: south east England IbA10G2
W11109 Outbreak 1: south east England IbA10G2
W11108 Outbreak 1: south east England IbA10G2
W11107 Outbreak 1: south east England IbA10G2
W11106 Outbreak 1: south east England IbA10G2
W11090 Outbreak 1: south east England IbA10G2
W11071 Outbreak 1: south east England IbA10G2
W11042 Outbreak 1: south east England leA11G3T3
W10876 Outbreak 1: south east England IbA10G2
W12340 Outbreak 2: north west Wales IbA10G2
W12284 Outbreak 2: north west Wales IbA10G2
W12251 Outbreak 2: north west Wales IbA10G2
W12248 Outbreak 2: north west Wales IbA10G2
W12245 Outbreak 2: north west Wales IbA10G2
W12227 Outbreak 2: north west Wales IbA10G2
W12198 Outbreak 2: north west Wales IbA10G2
W12197 Outbreak 2: north west Wales IbA10G2
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Ww12182 Outbreak 2: north west Wales IbA10G2
W12174 Outbreak 2: north west Wales IbA10G2
W12173 Outbreak 2: north west Wales IbA10G2
W12172 Outbreak 2: north west Wales IbA10G2
W12160 Outbreak 2: north west Wales IbA10G2
W12159 Outbreak 2: north west Wales IbA10G2
W12156 Outbreak 2: north west Wales IbA10G2
W12153 Outbreak 2: north west Wales IbA10G2
W12141 Outbreak 2: north west Wales IbA10G2
W12139 Outbreak 2: north west Wales IbA10G2
W12135 Outbreak 2: north west Wales PCR negative
W12133 Outbreak 2: north west Wales IbA10G2
W12110 Outbreak 2: north west Wales IbA10G2
W12077 Outbreak 2: north west Wales IbA10G2
W12072 Outbreak 2: north west Wales PCR negative
W12071 Outbreak 2: north west Wales IbA10G2
W12057 Outbreak 2: north west Wales PCR negative
W12055 Outbreak 2: north west Wales IbA10G2
W12050 Outbreak 2: north west Wales IbA10G2
W12023 Outbreak 2: north west Wales IbA10G2
W12022 Outbreak 2: north west Wales PCR negative
W12018 Outbreak 2: north west Wales IbA10G2
Ww12014 Outbreak 2: north west Wales PCR negative
W12009 Outbreak 2: north west Wales IbA10G2
W11989 Outbreak 2: north west Wales IbA10G2
W11986 Outbreak 2: north west Wales IbA10G2
W11976 Outbreak 2: north west Wales IbA10G2
W11964 Outbreak 2: north west Wales IbA10G2
W11963 Outbreak 2: north west Wales IbA10G2
W11962 Outbreak 2: north west Wales IbA10G2
W11933 Outbreak 2: north west Wales IbA10G2
W11932 Outbreak 2: north west Wales IbA10G2
W11931 Outbreak 2: north west Wales IbA10G2
W11912 Outbreak 2: north west Wales PCR negative
W11865 Outbreak 2: north west Wales IbA10G2
W11863 Outbreak 2: north west Wales IbA10G2
W11862 Outbreak 2: north west Wales IbA10G2
W11843 Outbreak 2: north west Wales IbA10G2
W11830 Outbreak 2: north west Wales IbA10G2
W11829 Outbreak 2: north west Wales IbA10G2
W11802 Outbreak 2: north west Wales IbA10G2
W11799 Outbreak 2: north west Wales IbA10G2
W11766 Outbreak 2: north west Wales IbA10G2
W11745 Outbreak 2: north west Wales IbA10G2
W11722 Outbreak 2: north west Wales IbA10G2
W11721 Outbreak 2: north west Wales IbA10G2
W11709 Outbreak 2: north west Wales IbA10G2
W11708 Outbreak 2: north west Wales PCR negative
W11695 Outbreak 2: north west Wales IbA10G2
W11694 Outbreak 2: north west Wales IbA10G2
W11684 Outbreak 2: north west Wales IbA10G2
W11683 Outbreak 2: north west Wales IbA10G2
W11664 Outbreak 2: north west Wales IbA10G2
W11657 Outbreak 2: north west Wales IbA10G2
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W11611 Outbreak 2: north west Wales IbA10G2
W11609 Outbreak 2: north west Wales IbA10G2
W11594 Outbreak 2: north west Wales IbA10G2
W11575 Outbreak 2: north west Wales IbA10G2
W11524 Outbreak 2: north west Wales IbA10G2
W11252 Outbreak 2: north west Wales IbA10G2
W11126 Outbreak 2: north west Wales PCR negative
W11036 North West Wales Historical: 2005 IbA10G2
W10936 North West Wales Historical: 2005 IbA10G2
W10837 North West Wales Historical: 2005 IbA10G2
W10824 North West Wales Historical: 2005 IbA10G2
W10638 North West Wales Historical: 2005 leA11G3T3
W9953 North West Wales Historical: 2005 IbA10G2
W9905 North West Wales Historical: 2005 IbA10G2
W9904 North West Wales Historical: 2005 IbA10G2
W9903 North West Wales Historical: 2005 IbA10G2
Wwo847 North West Wales Historical: 2005 IbA10G2
W9o472 North West Wales Historical: 2005 IbA10G2
w9117 North West Wales Historical: 2005 PCR negative
W8619 North West Wales Historical: 2005 laA18
W7717 North West Wales Historical: 2005 IbA10G2
W7715 North West Wales Historical: 2005 IbA10G2
W7420 North West Wales Historical: 2005 IbA10G2
w6871 North West Wales Historical: 2005 PCR negative
W6001 North West Wales Historical: 2005 IbA10G2
W5726 North West Wales Historical: 2005 IbA10G2
W4819 North West Wales Historical: 2005 IbA10G2
W4107 North West Wales Historical: 2005 IbA10G2
W2690 North West Wales Historical: 2005 IbA10G2
W2397 North West Wales Historical: 2005 IbA10G2
W1941 North West Wales Historical: 2005 IbA10G2
w1421 North West Wales Historical: 2005 IbA10G2
W1149 North West Wales Historical: 2005 IbA10G2
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APPENDIX 3. UPGMA cluster analysis of GP60 SSCP pani isolates based on

Pearson similarity values.

A. Evaluation panel
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B. Library panel isolates

Pearson correlation (Opt:1.009%) 0.036-100.0%]
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