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Abstract

Background

Microsporum canis is a dermatophyte fungus harbored by cats and dogk is
frequently transmitted to humans. Molecular todikedo discriminate fungal isolates at
the strain level would prove extremely useful fonfirming the route of infection, thus
contributing to optimization of prophylaxis and lngigic regimens

Objective

To develop and validate a microsatellite markerebasethod for use in tracking
infections byM. canis

Methods

Primers were designed against sequences flankengntborosatellites individuated by a
BLAST search using the nucleotide sequence infaomatassembled by the
Microsporum canis CBS 113480 genome project. The PCR conditions weralataized
and fragment analysis was performed using a geaetityzer. The resolving power of
the markers was investigated on 26 unreldedanis strains while the reproducibility of
the technique and the stability of the markers wevaluated on a single strain
subcultured in time as well as on 36 strains isoldtom nine outbreak episodes.
Results

Eight markers were recognized as being the mostpmiphic within the set oM.
canis strains isolated from unrelated distant hostshwat total of 22 multilocus
genotypes, which corresponded to a genotypic diyeod 97%. Repeated tests on
subcultures oM. canis reference strain CBS 113480 always yielded theesagsults.
Identical multilocus genotypes were obtained fdrtla¢ isolates from each outbreak
episode.

Conclusion

The high resolving power and reproducibility of thearkers that were identified

support the potential of these tools to detect@eiand routes of infection . canis.



1- Introduction

Microsporum canis is the zoophilic dermatophyte most commonly hagdoby dogs
and cats. This fungal species has a worldwideiligton and is frequently implied in
episodes of human infection. Indeed, in some c@asM. canis tends to overpass
classical ringworm anthropophilic dermatophytes Hiiman infections are caused by
direct contact with infected animals or, more naralith soil or other humans colonized
with the fungus [2]. Cats are the most frequentialelof the infection, although dogs
and occasionally a number of other animal spec® been responsible for episodes
involving humans [1]. Due to these variable podisiés, tracing the source of infection
has proved to be challenging. Yet, the individuatamd removal of the source of the
fungus is crucial in order to prevent re-contamoratof a patient. For this purpose,
molecular tools that are able to discriminate fung@lates at the strain level would be
extremely useful for confirming the source of irtfen. Moreover, such tools would aid
in clarifying the transmission dynamics of this @ah pathogen in human and animal
populations, thus contributing to optimization edphylaxis and hygienic regimens [3].
In recent studies, several DNA markers (randomlypldimd polymorphic DNA —
RAPD -, sequencing of internally transcribed spacel non-transcribed spacer regions
of rRNA genes, intergenic spacers of nuclear DNAJ anitochondrial DNA genes)
have been applied #d. canis, but there was a low degree of polymorphism witihie
species [4-8]. One exception was represented bymwoosatellite markers developed
by Sharmaet al. (2007) [9]. Microsatellite (MS) DNA sequences &fteort, tandem-
repeating DNA sequences comprised of 1-6 bp pezatépg unit. MS are polymorphic
in populations due to their propensity for inserteletion mutation of multiples of the

repeating unit during replication. Variation in thember of repeated units at a genetic
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locus is detected by amplifying the alleles by nseahthe polymerase chain reaction
(PCR) using unique primers flanking the repeatieguence, followed by resolving of
the PCR products by denaturing electrophoresis R8peat numbers in alleles are then
calculated visually using a sequenced allele witlkknawn repeat number as the
reference [9]. Alternatively, primers are labeledhwiuorescent dyes and PCR products
are loaded onto a genetic analyzer, with resulpgessed as a colored peak, whose size
is calculated by alignment to an internal size ddad [11]. Multiple loci are generally
used since measures of population structure cleistatally show high levels of
variance among loci, so that a multilocus genoigpabtained [12]. In other pathogenic
fungi, including other dermatophyte species, sueh Tachophyton rubrum and
Microsporum persicolor, multilocus microsatellite typing (MLMT) has praveéo be a
promising tool for uncovering intraspecific diveys[13, 14], and, as anticipated, two
microsatellite markers have been already showreveal a certain degree of genetic
variation inM. canis [9]. In the present study, we report on the devalept of further
seven markers, and the analysis of a total of ewghtosatellite markers for outbreak

typing of M. canis.

2- Materials and Methods

2.1 Experimental design

The markers were initially developed at the Institof Microbiology and Hygiene,
Universitadtsmedizin Berlin — Charité, Berlin, Gemga(lab A) and subsequently
employed and validated with regard to their repodoility (inter-laboratory
reproducibility andin vitro/in vivo stability of the markers) at the Laboratory of

Mycology of the School of Veterinary Medicine offlu(ltaly) (lab B).

2.2 Development of the MS markers



2.2.1 Fungal strains and DNA extraction

A total of 26 M. canis strains of human and animal origin derived fronrelated
locations in 13 countries (Austria, Capo Verde,r@hiEgypt, France, Germany, ltaly,
Korea, Mexico, New Zealand, Rep. Dominicana, Turké$A) were initially analyzed

to individuate the most polymorphic MS markers. galinDNA was extracted by the
CTAB method [15] after growing the fungus on Salaowr glucose agar (Difco
Laboratories).

2.2.2 Design of microsatellite primers

A BLAST (Basic Local Alignment Search Tool) seargding dinucleotide repeat motifs
was conducted to identify microsatellite markers uming the nucleotide sequence
information assembled by th&licrosporum canis CBS 113480 genome project
(http://www.broadinstitute.org/annotation/genomendatophyte _comparative/MultiHom
e.html). PCR primers between 18 bp and 23 bp imgtlerwere designed against
sequences flanking the microsatellites detectedhleyuse of Primer3 software [16].
Primers were deduced from sequences 1 to 40 niddsaipstream and downstream of
the microsatellite repeats.

2.2.3 PCR and Microsatellite Fragment Analysis

PCR experiments were performed with fluorescencgugated forward primers, by
using 6-carboxyfluorescein (6-FAM) and 6 - carboxy 244577 -
exachlorofluorescein (5-HEXjSigma-Aldrich Co., St. Louis, MO) as two different
labels. The conditions employed for the eight MSkees that were recognized as being
the most polymorphic are reported below. PCR assalys all primer pairs (Table 1)
were optimized for annealing temperatures and®‘Mmcentrations; DNA of CBS

113480 and the oth®4. canis strains were used as templates. Finally, each QRire



contained 200 uM of each dNTP, 0.5 U Anmipli DNA polymerase (Applied
Biosystems), and 10 mM Tris-HCI buffer (pH 8.3) taining 50 mM KCI and 1.5 mM
MgCl, (3 for MS1, 3, 4, 5, 6 and 4.5 for MS8), 20 ng pdete DNA, and 5 pmol of each
primer in a final volume of 25 ul. All amplificatio reactions were performed in a
Robocycler Gradient 40 apparatus (Stratagene, U, J&CA). After an initial
denaturation step of 5 min at 95°C, samples weavegssed through 35 cycles consisting
of 30 s at 95°C, 30 s at the specific annealingpemature indicated in Table 1, and 1 min
at 72°C, followed by a terminal elongation steahin at 72°C. The amplified products
were commercially analyzed on an automated capill@quencer (SMB Services in
Molecular Biology, Berlin, Germany) using an ABIi$tn GeneMapper apparatus
(Applied Biosystems, FosterCity, CA).

2.2.4 Data analysis

The genotype frequencies of each marker were cdeullusing the software MSA
version 3.12 [17], while MULTILOCUS 1.3
(http://www.agapow.net/software/multilocus/) was pdoyed to analyze the genetic

diversity of the sample.
2.3 Validation of the MS markers

2.3.1 Inter-laboratory reproducibility

The developed markers were applied to the sameafistains (26 unrelateld. canis
isolates from 13 countries) in lab B, with some ifiocdtions. Fungal isolates were
cultured on Mycobios Selective agar (Biolife ItalgaS.r.I., Milan, Italy) and DNA was
extracted using a commercially available kit (NoSpir Tissue, Macherey-Nagel,
Duren, Germany). Primer sequences (Table 1) westoru synthesized (Applied

Biosystems UK) with a fluorescent label attacheth®5’ end of each forward primer.
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Different dyes (FAM: MS4 and 6; VIC: MS1 and 7; NEMS2 and 5; PET: MS3 and
8) were employed to allow loading of the PCR prdgwnto the genetic analyzer in two
panels, each including four of the MS markers. Evsided confusion due to possible
overlapping of allele ranges. Hot-Sta#qg (Qiagen) (0.5 units) was used, with an initial
denaturation for 15 min at 95°C, while the othemditions were unchanged (see section
2.2.3).

Microsatellite fragment analysis was performed gsan ABI Prism 310 Genetic
Analyzer (Applied Biosystems, FosterCity, CA) foapdlary electrophoresis. PCR
products were loaded in injections, each includimgy of the MS markers (panel 1:
MS1, 4, 5, 8; panel 2: MS2, 3, 6 and 7). Allvolume of each PCR product was added
to 24.0uL DNA size standard-formamide mix (& LIZ-500 Size Standard and 50Q

Hi- Di formamide, Applied Biosystems) and loadedmf6-well plates. After capillary
electrophoresis, allele calling and analysis weeefgpmed using the “microsatellite
detector” option and default analysis settingshaf GeneMapper version 3.7 software
(GeneMapper software version 3.7 User Guide or./htpyww.appliedbiosystems.com).
The software was also used for panel design, dliel@ng, and data analysis.

2.3.2 Stability of the MS markers — in vitro and invo approach

Using the modified procedure, the reference stGs 113480 was tested on multiple
occasions over 6 months of serial passages. Moredweevaluate whether the
developed markers are stable duringivo transmission of the pathogen, Bb canis
isolates derived from nine episodes of human irdaadf animal origin were studied. A
recently acquired cat was recognized as the sanfr¢efection (SOI) in most cases
(episode 1, 2, 5, 6, 8, 9), while a recently introedd dog was responsible for infection

in episodes 3 and 4. The last case (episode 7jdedia veterinarian of a zoo-safari



who developed ringworm after having handled 2 itddacheetahs. In some cases more
than one human was involved, along with other alinia such cases the infection may
have been spread from the SOI to all the humamsAdsiliving in close proximity,
although it cannot be excluded that one of the pawlected subjects infected the
others. In some occasions, also environmental tesplavere included in the tests.
Figures 1 and 2 show the clinical appearance ofesoimthe humans and animals
sampled. Some of th®l. canis strains studied have been deposited into the CBS
collection of fungi under accession numbers 1244089 T 56), 124406 (VMT 29),
124417 (VMT 59), 124413 (VMT 321) and 124418 (VMI4. All the other strains

are deposited in the fungal collection of the S¢lub&/eterinary Medicine of Turin.

3. Results

3.1 Discriminative power of the method

Of 38 typable MS markers individuated, eight (Tab)ewere recognized as the most
polymorphic within the set dfl. canis strains from 26 unrelated distant hosts (Table 2).
The remaining 30 markers were unacceptable duketdoiv variability displayed, i.e.
they presented the same size for all the straisadrtwo alleles but one of them was
found only in one strain (data not shown). MS8 headn already developed in an earlier
study [9]. The number of alleles revealed by theigat markers ranged from two to 11,
with MS6 and MS4 being the least and most polymiatptrespectively (Fig. 3). A
single genotype was predominant in six out of eigharkers, with a frequency greater
than 0.55. The most frequent genotype (MS 6, akke&te 107), with a frequency of
0.923 was shared by 24 strains. Analysis of thebioed dataset of eight markers
detected a total of 22 multilocus genotypes (calledV) (Table 2), which corresponds

to a genotypic diversity of 97%.



3.2 Reproducibility of the method

With the modified procedure carried out at lab Bthe same dataset of strains, an
analogous MS pattern was obtained for all isolatesulting in 100% inter-laboratory
reproducibility. With regard to the stability ofeahiMS markers, the tests repeated on
subcultures oM. canis reference strain CBS 113480 always yielded theesgasults
(from MS1 to MS 8: 113, 97, 110, 107, 100, 107,,1182), while the data regarding
the nine episodes of human infection from differmalities in Italy are reported in
Table 3. The combination of the eight different kess allowed recognition of six
multilocus genotypes involved in these episodesedigenotypes (L, K, and M) have
been already discovered within the initial datasfle6 strains, while the remaining
three (W, X, Y) were new (from MS1 to MS8, W = 188, 110, 117, 100, 107, 125,
112; X =113, 97, 110, 159, 100, 107, 123, 112; Y1&, 99, 108, 157, 100, 107, 123,
112). Genotypes K and M were responsible for tiepe 2, 6 and 7) and two (ep. 3 and
5) episodes, respectively, while genotypes L, Wand Y were involved in one episode
each. Importantly, identical multilocus genotypesrevobtained for all the isolates from

each episode (Table 3).
4. Discussion

The genotypic diversity found within the set of @6relatedM. canis strains (97%)
indicates a high resolving power of the markersettgpyed. This MLMT method
appears thus to be more promising for the ideatifde of outbreaks and the study of
sources of infection b¥. canis than the markers employed in many of the previous
studies, which were instead shown to possess aliseviminatory power [4-8]. With
the eight loci studied, the genetic diversity appea have almost reached a plateau,

while with the analysis of only two loci, for exafapthe diversity was much lower
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(71%) [9]. Therefore, in our opinion, scoring mahan eight loci would only slightly
improve the resolving power of the markers.

Besides the discriminatory power, reproducibilgyanother key feature required from a
strain typing system. Indeed, methods with low r@uificient reproducibility run the
risk of incorrectly attributing the presence of tpleé genotypes, thus failing to
recognize, for example, that a recently acquirednah represents the source of
infection within a household. For this reason, e tsecond part of the study, we
focused on the validation of the technique witharegto its reproducibility. This
evaluation was not only intended to address thaagpof our method to consistently
produce the same results from a single samplealsat the stability of the markers
during replication of the fungus. Accordingly, wested the same strains in two
different laboratories and we obtained an ideniicafile for each sample, regardless of
the technical modifications that were introducedrake the procedure less expensive
and time-consuming (use of a kit for DNA extractiand of panels including 4 MS
each). Afterwards, we obtained the same MS paftern the same strain (reference
strain CBS 113480) after repeated subcultures disawdrom the strains involved in
each of the nine episodes of human infection ahahorigin that were studied. By this
approach, we demonstrated the stability of our MB8kers duringn vitro propagation
and thein vivo transmission oM. canis, even in situations with several hosts involved
(e.g. episode 6).

Previous studies of the genetic variability Mf canis employed prevalently strains
coming from epidemiologically unrelated hosts, oftt'om geographically distant
locations [4-9], while only a few studies includesblates from closer settings, i.e.

isolates sampled from humans or human-animal figirg) in close proximity [2, 18,
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19]. Our findings support the fact that testing elated isolates is undoubtedly a
suitable starting point for revealing the discriatiory power of a method adopted for
strain typing: this is because it is more likelgtthinrelated distant strains show genetic
variation. On the other hand, we have also showah uking related isolates makes it
possible to ascertain whether the markers devel@pedsufficiently stable, and the
techniques employed are reproducible enough toletiae tracing of a genotype that is
being transmitted through various hosts. As preslipnoted, other studies have tested
isolates of the fungus sampled from related hogs 18, 19], but different
considerations make it unlikely that the typing hoels adopted can represent a mean
effective to track M. canis infections. For example, in one of these studig8] [
sequencing of the ITS region was claimed as a tgable for cluster analysis and
estimation of source of infections byl. canis, on the ground that identical ITS1
sequences were found in two fungal strains samjpted a cat and its owner, while
differences were noted in sequences of five uredlatrains. However, the authors
failed to consider and comment that ITS is theae@f choice for species identification
and for a basic understanding of phylogenetic imahips among dermatophyte
species, but is not suited for applications degsgte discriminate between different
strains, as only limited sequence variations digtish closely related species [5, 8, 15].
Moreover, within the same species, sequences aexraly highly conserved, and thus
probably shared by hundreds of strains. As contiona the sequences of the five
unrelated isolates presented in the paper [18] sleywlimited variations.

In other two studies, different molecular market$S sequencing, NTS amplification
and RAPD [19], and inter-single-sequence-reped®RISPCR [2] — were applied to

strains sampled during an outbreaktofea capitis in a school [19] and to strains
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coming from some infected patients and their c&fs However, these were not
infections of known origin usable thus for a vatida of the tracking capacity of the
markers employed. Indeed, authors could just speewbout the possibility that one
[19] or more [2] strains were responsible for thmsedes studied. Moreover, some
perplexities may arise concerning methods emplayetithe interpretation of data. For
example, as already noted by Abdel-Rahman (2008}H8 RAPD assay [19] suffered
from a significant limitation that appeared to gweacognized by the authors, namely
that the test had probably not been optimized, wih-specific bands obtained on the
gels rather than a clean single band. With regaurthe other study [2], the stability of
the markers employed was not assessed, so thpidannatation of the markers cannot
be excluded as the cause of the lack of relatipnstported for some strains sampled
from related hosts. Moreover, the reproducibilifytiee method was quite low (93%),
and based on this value it was arbitrarily assumied isolates were closely related
genetically when the similarity was 93%, which led the authors to deem as identical
isolates that did not actually present exactly #ane ISSR profile. It is worth
underlining that in our research the interpretati@s instead very stringent, as we only
attributed the same genotype to strains presemniiegsame allele size at each of the
eight loci (Table 3). Moreover, in our study, egles were only included provided that
the humans involved had been healthy before contattt an animal that was
recognized as being the source of infection (T&kI& his ruled out cohabiting humans
and humans/animals that had acquired the infedtmm different sources, which in
turn allowed us to recognize beyond doubt that gereotype was responsible for each

episode, thus indirectly validating the reprodudippf our typing strategy.
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The fact that six different multilocus genotypesrevendividuated from the nine
episodes included in our study denotes that a kiggree of genetic variability is
possible in populations d¥l. canis, even from very close locations (in some cases the
same city, see Table 3). This finding suggests\itn previous studies demonstrated
that several strains from the same locality werenébto share the same genotype [6],
the reason was probably the low discriminatory posfehe markers employed, rather
than the possibility that the area sampled was dated by a single clone. Some
caution is warranted however, to this regard, siheepidemiological situation may
differ from country to country. For this reason are currently expanding our dataset of
strains to provide an overview of the genetic \@hity of M. canis from different
countries in the world, by using our eight MS maskeThis will help in interpreting
future outbreak episodes, as it must be pointedtimatt studies that report the same
strain among all isolates from a suspected outh@adurring in a geographic region for
which no baseline data on the degree of variatiorihe population exists, remain
uninterpretable [3].

In conclusion, our results support the usefulndsthe® MLMT system developed for
individuating the source of infection byl. canis and clarifying the transmission
dynamics of this fungal pathogen among human amdarpopulations. This method
also has the potential to address questions offereht nature; i.e. it may be used to
detect markers of virulence and drug resistancgpatific genotypes. Indeed, the loci
under study are unlikely to be based on these gdndsdue to the clonal mode of
reproduction oM. canis, genomes are transmitted to the next generatian unaltered

condition and thus associated genes — such aseng®l genes and microsatellite
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markers — are linked, which in turn may facilitatacing of the feature of interest

(virulence, drug resistance etc.) within populasiof the fungus [9].
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Marker Repeat type  Primer 5'-3' bp (TC)
MS1 GTos F [6-FAM]GAAGGAGGTATATATGGGTGTG 22 54
’ R GATAAGGTGTTTGGCACTGA 20
MS2 GTurs F [5-HEX]GGGAACAATCTGCCTTAAAC 20 54
) R CACAGAGATATGCCGTATGC 20
MS3 GTs F [5-HEX]JAGGTGTTTGGCACTGAGC 18 54
) R CGAAGAGAAGGAGGTATATATGG 23
MS4 GTis F [6-FAM]CAGCATCTAAATAACTGGCCTA 22 54
R TTTTCTTTCTACTTCCCGTTG 21
MS5 GTw F [5-HEX]GGTTTACACGCAGCATGA 18 54
R CGTGGCTGAAGAAGTCTACC 20
MS6 ATic F [6-FAM]CGTCTGGGACTTGGTAGTAA 20 58
R TCGGAGGATCTTTAAACTGT 20
F [6-FAM]GCCAAAGAGCTTGCTGAG 18
MS? ACoAT g CGTTAGCATGCATCTCTCTATAC 23 o6
MS8 GTs F [6-FAM]GATCGGAGCATGCCATACAG 20 65
R TCTTCCCACCCTTCTCAATG 20

Table 1. Characteristics of the 8 polymorphic M&kers

F = Forward; R = Reverse;  Annealing temperature
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Product size (bp)

source Country City sample MS1 MS2 MS3 MS4 MS5 MS6 MS7 MS8 ML-GT
human  Austria / ca 113 99 110 117 100 107 123 112 A
dog Capo Verde / VMT 576 113 97 110 121 100 107 123 112 B
human _ China Hetian Xyzgoo32 113 97 110 119 100 107 121 112 c
human  Egypt Giza 756 113 97 110 157 100 107 121 112 D
cat France Paris VMT 368 113 97 110 117 100 107 125 112 E
cat France Hayange VMT 374 113 97 110 157 100 107 127 112 F
human  Germany Wirzburg cBs 113480 113 97 110 107 100 107 115 112 G
human  Germany Mdlbis 103912/1 113 97 110 105 100 107 123 112 H
human  Germany Potsdam 163/8805 113 89 110 155 100 107 123 112 |
cat Germany Hamburg H28 113 97 110 157 102 107 123 114 3
chamois Italy Massello CBS 124423 115 o7 112 139 100 107 123 112 K
human _lItaly Firenze VMT 411 115 97 112 139 100 107 123 112 K
cat Italy Cuneo VMT 114 115 97 112 139 100 107 123 112 K
dog Italy Cavallermaggiore VMT 116 115 o7 112 139 100 107 123 112 K
human ltaly Torino VMT 186 113 97 110 155 100 107 123 112 L
cat Italy Bologna VMT 323 113 99 110 155 100 107 123 112 M
dog Italy Messina VMT 414 113 97 110 119 100 107 125 112 N
cat Italy Padova VMT 406 115 97 112 139 100 107 125 112 0
cat Italy Urbino VMT 386 113 97 110 157 100 107 125 112 p
dog Italy Bergamo VMT 1 113 97 110 157 102 107 125 114 0
human  Korea Kyongki K9 113 97 110 121 100 107 121 112 R
human  Mexico Mexico City Mex12 113 97 110 155 100 107 123 112 L
human _ New Zealand / cBs101514 109 101 106 149 102 105 121 114 s
human  Rep. Dominicana / Mex10 113 97 110 161 100 107 123 112 T
human  Turkey Afyon T 109 97 106 153 100 107 123 112 U
human  USA / CBS 27762 109 101 106 157 104 105 121 116 v

Table 2. Allele sizes (and resulting Multi Locusr®@gype) of the eight MS markers from the6canis
strains obtained from unrelated hosts. The sanes siere obtained in the two laboratories (lab. A an
lab. B) where the study was conducted. MS = Midedbte; ML-GT = Multi Locus Genotype
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Ep. sample
source N°  Code ML-GT notes
Cat (SOI) 1 VMT6l1 L
Human 2 VMT 613 L The human involved was a veterinarian who had #eptat SOI
1, Biella (Northern Cat 3 VMT 29 L hospitalized in the clinic for some weeks. Durihgstperiod some
Italy) animals (samples 3-5) that were taken to the cforiother reasons
Dwarf Rabbit 4  VMT 56 L (sterilisation, vaccination etc.) were infectedofpably by the vet)
Cat 5 VMT 326 L
2, Turin (Northern Cat (SOI) 6 VMT321 K The patient (sample 7, fig. 1-A) developed ringwaome days after
It'aly) Human 7  VMT59 K the adoption of a stray kitten with subclinicafeiction (sample 6,
fig. 1-B). Sample 8 was obtained from the cat’s ¢ouc
Cat's couch 8 VMT 614 K
3, Turin (School of Dog (SOl) 9 VMT 99 M The human (sample 10, fig. 1-C) was a veterinargesitiwho
V'eterinary Human 10 VMT 117 M handled a dog (;ample 9, fig. 1-D) during her chihtraining. The
Medicine) fungus was also isolated from the table where tehéhd been
(Northern Italy) Table 11 VMT 108 M visited (sample 11) and from another dog that heehthospitalized
y Dog 12 VMT 107 M in the same box (sample 12).
Dog (SOl) 13 VMT 135 w
4, Turin (Northern Human 14 VMT 146 W The SOl was a recently acquired dog which infethechew owner
! | (sample 14) and two other dogs already presemieimousehold
Italy) Dog 15 VMT 151 W (samples 15 and 16)
Dog 16 VMT 152 w
; Cat (SOI) 17 VMT 232 M
E”i(;/r:?rzrtin(gririn) Human 18 VMT 207 M The SOI was a recently acquired cat which infetiednew owner
(sample 18) and a cat already present in the holdsésample 19)
(Northern ltaly)  c4¢ 19 VMT 233 M
Cat (SOI) 20 VMT 341 K
Human 21 VMT 329 K
Dog 22 VMT 409 K The cat SOl was adopted by a person (sample 2aylia Asti, who
6, Asti (Northern Dog 23 VMT 410 K developed ringworm on the neck and arms (fig. 27Ayo dogs of
|t;5t| ) and Turin Human 54 VMT 330 K the same household (sample 22 and 23, fig. 2-B)ldped lesions as
(Noyrthern Italy) well. The cat was then adopted by a new family moged to Turin,
y Human 25 VMT 332 K where it infected other 3 humans (sample 24- 2&n@8es 27 and 28
Human 26 VMT 333 K were obtained from environment where these latitiepts lived.
Sofa 27 VMT 384 K
Floor 28 VMT 385 K
7 Pombia Cheetah (SOl) 29 VMT 58 K The patient (sample 31, fig. 2-C) was a veterinaoifa zoo-safari
(Northern Italy) Cheetah (SOI) 30 VMT 262 K who developed ringworm after having handled 2 it€dcheetahs
Human 31 VMT611 Kk  (19-2D)
8, Turin (Northern Cat (SOI) 32 VMT 219 X The SOI was a recently acquired cat which infetiednew owner
Italy) Human 33 VMT612 X (sample 33)
9, Modena (Middle Cat (SO 34 VMT 354 M The SOI was a recently acquired cat which infetiednew owner
It;ily) Human 35 VMT 360 % (sample 35). The cat was ther_1 moved to the houeawner’s
mother, who also developed ringworm (sample 36)
Human 36 VMT 367 Y

Table 3. Description of the infection episodes ®ddby the microsatellite markers. Ep. =
Episode number and location. ML-GT = Multi Locusr@type; SOI = source of infection
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Fig. 1 Clinical appearance of examples of the humans andads studied (A and B:

sample 7 and 6, episode 2; C and D: sample 10 agpigbde 3)

Fig. 2 Clinical appearance of examples of the humans andads studied (A and B:

sample 21 and 23, episode 6; C and D: sample 32%130, episode 7)
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Sample File | Sample Name | Panel

VMT 323 MS54-11-5-11-3-52 AM.fea VMT 323 MS4 kit 1-4-5-8
l MS4 ]
75 - 105 ; 138 ; 165
HO0+ M
0 AT
155]

260+
1
117
| MS4 |
75 106 135 165
75% F ‘
139
VMT 414 MS1 MS4 MSE MS8-3-21-12-11-36 PM fsa VMT 414 MS4 kit 1-4-5-8
| MS4 |
75 105 135 165
410t
0__ A
[119
VMT 416 MS1 MS4 MSS5 MSB-3-22-12-12-09 AM.fsa CBS 113480 MS4 kit 1-4-5-8
| MS4 |

5 108 135 165

BO0=—

(=]
M

Fig. 3 Representativenage of an ABI GeneMapper file showing the vatigbof MS4

applied to some unrelatéd. canis strains. Fragment sizes: 155, 117, 139, 119, 107.
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