Molecular Analysis of Dermatophytes
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Household Members
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Practice Points

* When a patient presents with tinea pedis or onychomycosis, inquire if other household members also
have the infection, investigate.if they have a history of concomitant tinea pedis and onychomycosis, and
examine for plantar scaling and/orinail discoloration.

= If the variables above are observed, think about spread of infection‘andstreatment options.
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Dermatophyte infection from the same strains may
be an important routesfor transmission 'of derma-
tophytoses within a househald. In this{study, we
used molecular methods to identify dermatophytes
in members of dermatophyte-infected households
and evaluated variables associated with the
spread of infection. Fungal species were identi-
fied by polymerase chain reaction (PCR) using
primers targeting the internal transcribed spacer
(ITS) regions (ITS1 and ITS4). For strain differen-
tiation, fungal DNA was probed with a ribosomal
DNA-specific probe (containing ITS1, 5.8S ribo-
somal DNA, and ITS2) to detect restriction frag-
ment length polymorphisms (RFLPs). Associations
between the spread of a dermatophyte infection
and fungal/host variables were determined using
xZ and logistic regression analyses. Among the
50 households enrolled in this study, 18 included
multiple infected members (MIMs). Trichophyton
rubrum was the most commonly isolated dermato-
phyte species, followed by Trichophyton mentag-
rophytes and Epidermophyton floccosum. Sixteen
T rubrum strains (TR-A to TR-P) were identified,
with spread of infection detected in 8 MIM house-
holds. Factors that were significantly (P<.05)
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associated with the spread of infection included
the presence of strains TR-B or TR-D, a history
of concomitant tinea pedis and onychomycosis,
and plantar scaling and/or nail discoloration. This
study is unique in that it used molecular evidence
to demonstrate the association of certain strains
with the spread of dermatophyte infection among
members of the same household.

Cutis. 2013;91:237-245.

ermatophytes are fungi that can infect kerati-
Dnous tissue, including the hair, skin, and nails,
resulting in cutaneous mycoses called derma-
tophytoses, such as tinea or ringworm infections.
Fungal infection of the nails is called onychomycosis
and infection of the feet is referred to as tinea pedis.
Onychomycosis is most often caused by dermato-
phytes,' namely Trichophyton rubrum (responsible for
approximately 80% of nail infections), Trichophyton
mentagrophytes, and Epidermophyton floccosum.
Although onychomycosis can present in fingernails,
it most often affects the toenails.”’ Tinea pedis
occurs in nearly 50% of patients with onychomy-
cosis*; in susceptible patients, many cases of toenail
fungus initially begin as tinea pedis."” Tinea pedis
and onychomycosis are widespread in developed
countries, with nearly 10% of the population being
infected at any given time.”®
Tinea pedis and onychomycosis are known to be
transmitted through direct or indirect contact with
infectedwskin lesionsfor a contaminated envifon-
ment.”® Although attempts have been made to inves-
tigate the spread of dermatophyte infections among
members of the same household,” earlier analysis
precluded unequivocal demonstration of the spread
of infection due to a single strain because molecular
techniques were not available. In this cross-sectional
phase 4 clinical trial, we isolated dermatophytes
from infected members of enrolled households, typed
the isolated strains using polymerase chain reac-
tion (PCR) and restriction fragment length poly-
morphisms (RFLPs), and determined the association
of spread of infection with fungal- and disease-
specific variables.

Materials and Methods

Study Design—Households with at least 2 residents
and 1 individual (index person [IP]) with tinea pedis
and/or onychomycosis were identified by screening.
Infection was confirmed clinically and mycologically
(potassium hydroxide [KOH] and culture positive) in
the IP; then other members within the same house-
hold were examined for tinea pedis and/or onycho-
mycosis using the same criteria. All participants with
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confirmed fungal infections were referred to their
primary care physicians for appropriate treatment.

Household members were screened at 2 derma-
tology centers (University Hospitals Case Medical
Center, Cleveland, Ohio [site 1], and University
of Minnesota, Minneapolis [site 2]) and 2 podia-
try centers (Blair Medical Associates, Altoona,
Pennsylvania [site 3] and Joppa Foot Care, Parkville,
Maryland [site 4]). Participants were reimbursed for
costs associated with their participation in the study.

Enrolled participants met the following inclu-
sion criteria: at least 2 members living in the same
household, older than 14 years, and at least 1 mem-
ber with current tinea pedis and/or onychomycosis
as identified by clinical signs and positive KOH and
culture of dermatophyte. Exclusion criteria included
treatment with over-the-counter or home remedies
within 4 weeks of the screening visit and use of
prescription oral or topical antifungal medications
within 4 months of the screening visit.

Study Puratiomand Evaluation Criteria—The study
was approved by an'institutional review board at
all 4 study sites, and all participants completed an
approved consent form prior to enrollment. The date
of the first participant’s visit was May 11, 2005, and
the date of the last participant’s visit was January 9,
2006. The following evaluation criteria were used for
enrolling participants: clinical signs of tinea pedis
and/or onychomycosis as well as positive mycologic
KOH and culture.

The study consisted of 1 clinic visit (visit 1) dur-
ing which all-IPs were evaluatediby a dermatologist
or podiatrist for clinical signs of skin andfor toenail
fungal infection. Samples were then taken from IPs
with clinical signs of onychomycosis and/or tinea
pedis; if a positive culture and KOH was reported
for the IP, household members were contacted for
study enrollment. For each IP, personal and family
history of tinea pedis and/or onychomycosis was
recorded, clinical examination of whole-body skin
was conducted, and samples were collected from the
feet and/or toenails for mycologic culture and KOH.
The IP was notified of the results of the mycologic
culture and KOH by telephone and letter. Following
isolation of a dermatophyte from the IP, additional
household members were enrolled and evaluated
using the same evaluation criteria. Samples were
collected from household members within 4 weeks of
reporting the IP’s culture positivity. Any use of over-
the-counter treatments, home remedies, or prescrip-
tion oral or topical antifungal medications by non-IP
participants was documented.

The clinical signs of tinea pedis included itching,
burning, redness, scaling, blisters, and tissue mac-
eration of toe webs. Clinical signs of onychomycosis
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included discoloration, onycholysis (lifting of the
nail from the nail bed), and hyperkeratosis (crum-
bling subungual debris). Clinical signs were graded
by severity (O=absent; 1=mild; 2=moderate;
3=severe). Composite scores were used in statisti-
cal programs to analyze spread of infection among
household members.

Mycologic Identification—Clinical specimens (skin
and nail samples) were plated onto general (potato
dextrose agar) and inhibitory media (Mycosel agar)
(both Becton, Dickinson and Company) and incu-
bated at 35°C for 1 to 4 weeks. Plates were observed
weekly, and colonies of interest were examined
microscopically and/or were biochemically tested
for genus and species identification.!®!? All myco-
logic and molecular identification procedures were
conducted at the Center for Medical Mycology,
Cleveland, Ohio.

Polymerase ~Chain  Reaction—Based ~ Species
Identification—Genomic DNA was isolated from
collected isolates using MasterPure Yeast DNA
Purification Kit (Epicentre), and the internal tran-
scribed spacer (ITS) regions ITSI1, 5.8S, and ITS2
were PCR amplified as previouslyy described.!
Amplification reactions were carried out with vol-
umes of 100 pL containing reaction buffer (50 mM
potassium chloride; 10 mM tris hydrochloride
[pH 9.0]; 0.1% Triton X-100; 1.5 mM magnesium
chloride; deoxynucleotide triphosphate mix [0.2 mM
each | of deoxyadenosine triphosphate, deoxyeyti-
dine | triphosphate, deoxyguanesine \triphosphate,
deoxythymosine triphosphate]); 30 pmol each of prim-
ers ITS1 (5-TCCGTAGGTGAACCTGCGG-3")
and ITS4 (5'-TCCTCCGCTTATTGATATGC-3");
5 U of Tag DNA polymerase; and approximately
10 ng of template DNA. The PCR cycling conditions
were 35 cycles of 95°C for 1 minute, 55°C for 1 min-
ute, and 72°C for 2 minutes, followed by an exten-
sion step of 72°C for 10 minutes. Polymerase chain
reaction products were purified using a QIAquick
PCR Purification Kit (Qiagen), digested with Mwal,
and analyzed by agarose gel electrophoresis.

Restriction Fragment Length Polymorphism—Based
Strain Differentiation—An RFLP-based approach was
used to identify dermatophytes to the strain level as
previously described.!* Each DNA sample (10 wg)
was digested for 18 hours with 18 U of EcoRI in a total
volume of 20 wL. Samples were separated via agarose
gel electrophoresis and were transferred to nylon
membrane using standard Southern blotting proto-
cols.’>!1% A ribosomal DNA probe (3'-18S-ITS1-I1TS2)
was amplified (using same PCR conditions as above)
from template DNA of ATCC isolates of T rubrum
and T mentagrophytes using universal primers NS5

(5'-AACTTAAAGGAATTGACGGAAG-3') and
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ITS4." Hybridization signal was detected by chemi-
luminescence. Isolates with the same band pattern
were considered identical. Spread of infection was
concluded when 1 or more identical strains were iso-
lated from members of the same household. Strain-
type designations were arbitrarily assigned and were
nonidentical across the 3 dermatophyte species.
Statistical Analysis—An association between the
spread of infection and each variable was determined
using Pearson’s x? test or logistic regression analysis
(forced entry method) at a significance threshold
of P<.05. Risk estimates (odds ratio [OR]) and
95% confidence intervals (Cls) were compared for
variables exhibiting statistically significant associa-
tion with spread of infection. The goodness of fit of
different models was compared using the Hosmer-
Lemeshow test. All statistical analyses were per-

formed using SPSS (version 16).

Results

Baseline Characteristics—Of 107 households screened,
dermatophyte infections were identified in 50 house-
holds (32 single infected member [SIM] households
and 18 multiple infected member [MIM] house-
holds). The mean age (standard deviation [SD]) of
the study participants was 57.73 (17.61) years for
SIM households and 50.33 (20.80) years for MIM
households (Table 1).

Distribution of. Dermatophyte Species—Internally
transcribed, spacer-based' PCR amplification/ gener-
ated an approximately 640-bp amplicon from all iso-
lates; digestion of this amplicon with Mwal resulted
in species-specific band patterns. Ivichophyton
rubrum isolates consistently exhibited a set of
3 bands (approximately 380, 430, and 550 bp), while
a fourth band of 700 bp also was detected in some
isolates, likely representing undigested amplicon. In
contrast, T mentagrophytes isolates exhibited bands of
220 bp, a doublet band set around 400 bp, and a band
around 700 bp. The Mual-digested band patterns
for T rubrum (n=8) and T mentagrophytes (n=1)
isolates obtained from participants enrolled in this
study were similar to those observed for the respec-
tive reference ATCC strains of these species. Such
species-specific patterns also were obtained for the
clinical and the ATCC E floccosum isolates tested.
Polymerase chain reaction—based identification of
the 3 dermatophyte species was in agreement with
culture-based identification.

Our PCR analysis showed that 47% (50/107)
of households had dermatophytes known to cause
onychomycosis andfor tinea pedis. A total of
107 dermatophyte isolates were obtained from mem-
bers of households with dermatophyte infection
(Figure 1). Among these 107 isolates, 42 were obtained
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Table 1.

Select Baseline Characteristics of
Enrolled Households

Screened households
(107 households)

v

| Dermatophyte infection? |

SIM MIM
Variable Households Households
Mean age 57.73 (17.61) 50.383 (20.80)
(SD), y | No | | Yes |
v v
<25 23.71(0.76) 22.10(1.89) | 57 households || 50 households |
25-49 44.62 (4.34) 41.20 (6.84) v v
| Not enrolled || Enrolled in study |
50-74 62.26 (5.14) 65.69 (8.17)
>75 79.80 (3.29) 78.62 (4.24)
v v

Study Site, n | 1 infected member | | 2 or more infected members

Site 12 6 2 v v

32/households

Site 2° o5 14 (82 individualsy 57 isolates)

Site 4° 1 2
Gender of
individuals,? n

Male 4 12

Female 27 23

Abbreviations: SIM, single infected member; MIM, multiple
infected member; SD, standard deviation.

aUniversity Hospitals Case Medical Center, Cleveland, Ohio.
“University of Minnesota, Minneapolis.

¢Joppa Foot Care, Parkville, Maryland.

dGender information was not provided for 1 SIM household and
3 individuals in 1 MIM household.

from skin samples, 39 originated from toenail speci-
mens, and the remaining 26 were present in both
skin and toenails. Among the 50 households in which
dermatophytes were isolated, 32 were SIM households
(57 isolates obtained from 32 participants), while
18 were MIM households (50 isolates obtained from
38 participants). Among the 50 isolates obtained
from MIM households, T rubrum was the most com-
mon (74% [37/50]), followed by T mentagrophytes
(24% [12/50]) and E floccosum (2% [1/50]).
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18 households
(88 individuals; 50 isolates)

A 4

Infection due to same strain
among household members?

' !

8 households
(22 isolates)

10 households
(28 isolates)

Figure 1. Schema outlining the study design.

Distribution of Dermatophyte Strain  Types—
Southern blot analysis and RFLP evaluation of
isolates obtained from all enrolled households iden-
tified 16 T rubrum strain types (TR-A to TR-P),
4 T mentagrophytes strain types (TM-A to TM-D),
and 2 E floccosum strain types (EF-A and EF-B)
(Figure 2). Isolates obtained from MIM households
consisted of 37 T rubrum strains, with the most
common strain types being type D (35.1% [13/37]),
type B (24.3% [9/37]), and type G (13.5% [5/37])
(Figure 3). Isolates from these households also
included T mentagrophytes isolates, with strain
type TM-D being the most common. Among the
57 isolates obtained from SIM households,
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Figure 2. Representative Southern blotting images showing presence of different strains of dermatophytes in

infected nail (N) or skin (S) samples. Molecular weight markers (\/Hindlll) are indicated on the left side of the images.
Nomenclature of clinical samples includes Study Site-Family ID-Individual and Organism Source (ie, 02-25-1N indicates
Study Site 02, Family ID 25, 1 [index person] and nail sample).
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Figure 3. Distribution of dermatophyte species ( Trichophyton rubrum [TRY], Trichophyton mentagrophytes [TM], and
Epidermophyton floccosum [EF]) and strains in households with a single infected member (A) or multiple infected
members (B). Spread of infection due to the same strain in a household was determined based on restriction fragment

length polymorphisms.

50 isolates belonging to 10 strain types of T rubrum
were isolated, with the most common strains belong-
ing to types TR-B and TR-D (36% [18/50] and
34% [17/50], respectively)(Figure 3). Furthermore,
5 T mentagrophytes isolates (all strain type TM-B)
and 2 E floccosum isolates (both strain type EF-A)
were isolated from individuals in SIM households.
Association of Spread of Infection With Fungal
Species or Strains—To determine if dermatophyte
infection in 1 household member could spread to
other members, we analyzed the Southern blot and
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RFLP band patterns for different clinical isolates
obtained from members residing in the same MIM
households. Our study showed spread of infec-
tion was associated with specific strain types in
44% (8/18) of the MIM households, with pres-
ence of T rubrum in members of 7 households and
with T mentagrophytes in members of 1 household.
No spread of infection was noted in the remaining
10 MIM households. Next, we determined the trends
of spread of infection among the 50 individual iso-
lates obtained from members residing in the 18 MIM

VOLUME 91, MAY 2013 241

Copyright Cutis 2013. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.



- [ oction |

households. Our analysis showed that 44% (22/50)
of the strains were associated with spread of infec-
tion among individuals living in these households; of
these strains, 20 were T rubrum isolates and 2 were
T mentagrophytes isolates. Among the 20 T rubrum
isolates involved in spread of infection, only strain
types TR-B, TR-C, TR-D, and TR-F were detected.
Strain type TR-D was involved in 45% (9/20) of
cases, followed by TR-B, which was isolated in
35% (7/20) of cases. The 2 T mentagrophytes isolates
involved in spread of infection belonged to type
TM-D. Furthermore, x* analyses revealed an OR of
6.47 for T rubrum, indicating that the odds of this
strain being associated with spread of infection was
6 times higher than the other strain types.

Logistic regression analysis showed that T rubrum
(as the infecting species) and strain types TR-D
or TR-B were significantly associated with spread
of infection due to isolates with similar genotypes
(P<.04 for all comparisons).

Association of Spread of Infection. With, Clinical
Variables—The relationship bétween warious host-
associated factors and spread of infection among
individuals residing in the same households was con-
ducted. Our analysis showed that there was no asso-
ciation between the spread of infection and history
of tinea pedis or onychomycosis (P>.05). However,
when_comparing the spread of infection with dual
history of both tinea pedis and enychomycosis, we
found a significant association (OR} 3.98; 95% CI,
1.02-15.51; P=.046), suggesting that members resid-
ing in MIM households with history of bothstinea
pedis and onychomycosis were 3 times more likely
to have concurrent infection than those without
such history.

We also tested if symptoms localized to the feet
(eg, lateral, plantar, toe web scaling) could be associ-
ated with the spread of infection. Our analysis showed
a statistically significant (P=.045) association of only
1 such variable—plantar scaling—with spread of
infection (OR, 4.4; 95% CI, 1.03-18.74), indicating
that participants with plantar scaling were 4.4 times
more likely to have concurrent infection than those
with no such scaling. Our analyses also revealed
that nail discoloration was significantly associated
with the spread of infection (OR, 9.41; 95% CI,
1.07-83.02; P<.04). Although fitness centers are
considered as the environment where dermatophyte
infections may be likely to spread, none of the par-
ticipants who exhibited concurrent infection reported
that they had visited such centers.

Furthermore, among the 8 households where
spread of infection was concluded, 4 had secondary in-
fected members that genetically were related to the

IP, with 1 having infected cousins (household 01-21)
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and 3 having an infected child and a parent (house-
holds 02-23, 02-25, and 02-29)(Table 2). Two house-

holds (02-23, 02-25) had both spouse and child
infected with strains infecting the IP.

Comment
Our study used a molecular approach to investi-
gate the spread of dermatophyte infection within a
household. Our PCR analyses showed that T rubrum
was the most common species isolated, followed by
T mentagrophytes and E floccosum. This trend was
similar to other reports.!>!"?° Additionally, we were
able to differentiate between various strains using
RFLP analyses, which revealed the presence of
16 T rubrum strains (TR-A to TR-P),
4 T mentagrophytes strains (TM-A to TM-D), and
2 E floccosum strains (EF-A and EF-B). These
results are consistent with the findings of Jackson
et al'* who reported 14 individual RFLP patterns
(TR-A to TR-N) among 50 clinical isolates of
T wubrum testeds

The proportion of households with infection that
spread among members in our study (8 of 18 house-
holds [44%])wresembles an earlier epidemiologic
study by English,”which reported spread of infection
in 9 of 19 (47%) households with at least 1 infected
member. Among MIM households, we found that
only strain_types TR-A through TR-] were iso-
lated. Logistic regression analysis revealed significant
association with T gubrum isolates (TR-D /strain)
and spread of infection among household members
(P=.009). Regression analysis further showed that
history of tinea pedis plus 3 clinical variables—
onychomycosis, plantar scaling (a clinical sign of
tinea pedis), and nail discoloration (a clinical sign
of onychomycosis and generally indicative of severe
nail infection)*?'—were statistically associated with
spread of infection in MIM households (P<.044).
These results are in agreement with earlier studies,
which also investigated the relationship between
prior disease or nail infection with the spread of der-
matophyte infections. English’ revealed that clinical
signs of disease occurred in members of households
that were exposed for a period of 1 to 15 years. The
effect of prior exposure on carriage within a house-
hold also was investigated by Pomeranz et al** who
showed dermatophytes may persist asymptomatically
among members of an infected individual’s house-
hold for up to 2 months in some cases. These authors
suggest that progression of disease in the nails can be
a predictor of the spread of infection among house-
hold members.?

The results of our study, which suggest that mul-
tiple strains were present in some samples, are in
agreement with those reported by Yazdanparast et al*’
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Table 2.
Households With Spread of Dermatophyte Infection

Household Participant Relation Dermatophyte Strain Tissue
No. No. Sex to Index Species Type Source
01-21a 01-21-01° Male Self TR F Skin
01-21-03 Male Cousin TR D Skin
01-21-03 Male Cousin TR F Toenail
02-21 02-21-01° Male Self TR D Toenalil
02-21-03 Female Spouse TR D Skin
02-232 02-23-01° Male Self TR B Toenall
02-23-01° Male Self TR B Skin
02-23-02 Male Child TR B Toenail
02-23-02 Male Child TR B Skin
02-23-03 Female Spouse TR B Skin
02-24 02-24-01° Male Self TR B Skin
02-24-02 Male Roommate TR B Skin
02-262 02:25-01° Male Self TR C Toenail
02-25-01° Male Self TR D Skin
02-25-02 Female Spouse TR D Skin
02-25-03 Male Child TR C Toenail
02-29° 02-29-01° Male Self TR D Toenall
02-29-02 Male Parent TR D Skin
02-44 02-44-01° Male Self ™ D Skin
02-44-02 Female Spouse ™ D Skin
02-58 02-58-01 Male Self TR D Skin
02-58-02 Female Spouse TR D Toenail

Abbreviations: TR, Trichophyton rubrum; TM, Trichophyton mentagrophytes.
aSpread of infection may be linked to a genetic disposition.
®Index person.
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who performed culture- and PCR-based strain typing
of nail specimens from 10 patients with onychomy-
cosis due to T rubrum. The authors reported that
2 or more strains were present in 6 of 10 specimens.??
In a separate study, Gupta et al** evaluated the varia-
tions in RFLPs among serial isolates from patients
with T rubrum infections and reported a total of
5 RFLPs (TR-1 to TR-5, differentiated by 1 band
shift) among 66 strains, with 2 major RFLP types
(TR-1 and TR-3) accounting for 68% (45/66) of
the samples. Similar to our findings, these investiga-
tors reported the occurrence of more than 1 RFLP
type in serial samples obtained from 1 nail in a
single patient.?*

The spread of foot infections may occur in places
such as shower stalls, bathrooms, or locker rooms where
floor surfaces often are wet and people are barefoot.
However, we did not find an association between the
spread of infection and potential risk factors such as vis-
iting a nail salon, using a swimming pool, walking bare-
foot at home, wearing wet shoes, orsharing abed; there
was no association with sex, agef or number of showers
taken per day. Although we found no obvious asso-
ciation, our findings could be limited bysthe relatively
small number of households examined in our study.
Additionally, none of the participants in our study
who lived in households where a spread of the infec-
tion was_observed reported visiting a fitness center;
therefore, any link between visits to fitness centers and
spread of infectionremains to be determined dsing the
RFLP, methodology.

Our study suggests' that spread of dermatophyte
infection among participants likely occurred in the
home environment; however, it is possible that genetic
predisposition may have some role in susceptibility to
the infection. Prior studies have shown a pattern of
familial infection, suggesting an autosomal-dominant
pattern of susceptibility and association of HLA-DR6
with reduced susceptibility to T rubrum.?¢*? Our results
showed that 50% (4/8) of MIM households included
infected members who were genetically related (eg,
parent/child, cousins). However, 2 households had
both spouse and child infected with the same derma-
tophyte strain, and both the home environment and
genetic predisposition may have contributed to spread
of infection. Therefore, although some household
members might lack an inherent susceptibility to a
given strain, they may have acquired a different strain
independently. Our results indicate that although a
genetic predisposition may have contributed to the
spread of infection, the sample size was too small to
reach a definite conclusion. Further studies need to
be conducted to ascertain the contribution of genetic
predisposition and home environment to spread
of infection.
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A limitation of the current study is that it was a
cross-sectional, not longitudinal, analysis; therefore,
we were unable to determine the chronology of
infection, the cause-and-effect relationship between
specific strain types and infection, or the household
member that was infected first. The design of the
study also limits our ability to distinguish between
relapse or reinfection, ongoing infection, and
de novo infection. In this study, the requirement for
entry into enrollment for both IPs and their house-
hold members was to have both positive culture and
positive KOH test for dermatophytes as well as no
oral antifungal exposure at least 4 months prior to
the study. Therefore, any participant who may have
had antifungal exposure beyond the 4-month cutoff
point with false-negative culture or KOH results was
excluded from the study and considered a screen fail-
ure. However, for family members only, it is possible
that residual drug from prior treatments beyond the
4 months cutoff point resulted in false exclusion from
the study=If it had-occurred, there would be a lower
estimation of (spread of infection (ie, the study actu-
ally reported fewertinstances of spread than actually
would have oecurred, implying the spread actually
may have been at a higher rate).

The source of the spread of infection also may
be a common point within the household. Due to
the study population size, we also were unable to
evaluate /the baseline rate of genetic variation of
T rubrum dependent’ on' geographic region./ Large-
scale studies are needed to overcome these limitations
and to determine if theré is anyydefinitive associa-
tion between the identified risk factors and spread of
infection in patients with onychomycosis and/or tinea
pedis and to determine if spread of infection occurs
within a household. Additional studies are needed to
determine the community prevalence of the identi-
fied strain types and compare it with prevalence of the
molecular types in households.

Conclusion

Our findings may aid in the design of further large-
scale studies and the development of important
benchmarks to guide therapy for dermatophyte infec-
tions, especially in preventing the spread of infection
among household members.
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