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OBJECTIVES Using genetic strain typing, we previously identified a high rate of T. tonsurans carriage among 
preschool-aged children attending an urban daycare center. No treatment was provided as part of the ob-
servational study; however, children when symptomatic were treated in accordance with daycare policies. 
This retrospective investigation examines antifungal drug therapy received during the previous investigation 
and characterizes the impact of treatment on persistence of the fungus on the scalp.
METHODS Children in whom serial typeable isolates of T. tonsurans were recovered were eligible for evalu-
ation. Clinic charts were reviewed and dispensing records obtained from the primary pharmacies serving 
the daycare. Infection patterns were examined before and after treatment.
RESULTS We identified 72 dispensing records for 53 children, all of whom received griseofulvin. Nine children 
could not be evaluated because treatment was coincident with their last study visit. Thus, 63 treatment events 
in 44 children with 331 discrete infection events remained. After a single course of griseofulvin, 22.7% of chil-
dren became culture negative, 6.8% acquired another strain of T. tonsurans and, 70.5% remained persistently 
positive with the same strain carried prior to treatment. Among those receiving a second course of therapy, 
54% remained positive and the cumulative percent of children that became culture negative increased to 
36.4%. If children subsequently acquiring a different strain are considered together with those that became 
culture negative, cumulative strain clearance was observed in 43% of children. Neither the griseofulvin dose 
nor the duration of time over which children were infected prior to treatment differed between those that 
remained positive and those that became negative. 
CONCLUSIONS Griseofulvin eradicates dermatophyte scalp carriage in less than one-half of preschool-aged 
children receiving between one and four 4-week courses of the drug.
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INTRODUCTION

The baseline rate of dermatophyte infections in 
the general population varies by infection type 
(i.e., the afflicted tissue site) and is heavily influ-
enced by the demographic characteristics of the 
population, the geographic region from where 
the individuals hail and the species of derma-
tophyte that are endemic to that region. Among 

children in developed countries prevalence rates 
of the most common infection types (e.g., tinea 
capitis, tinea corporis) rarely exceed 10%, even in 
high risk populations.1-6 However, population 
surveys conducted in undeveloped and develop-
ing countries reveal clinical infection rates that 
exceed 1 in every 4 children.7-13 The prevalence of 
asymptomatic carriage also varies widely based 
on the aforementioned criteria. Apart from the 
knowledge that carrier rates increase above basal 
levels in populations that are in close contact with 
an index case (e.g., families, sporting teams, long-
term health care facilities),14-19 the relationship be-
tween symptomatic infection and asymptomatic 
carriage remains poorly understood. 
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In a recent two-year investigation conducted at 
an urban daycare center we observed Trichophy-
ton tonsurans scalp infections to occur in no fewer 
than 1 of every 5 children in attendance with 
infection rates climbing to 1 in every 2 children 
in some months.20 The majority of these children 
were asymptomatic, and by means of multi-
locus, molecular strain typing we confirmed 
that the vast majority were persistent carriers of 
the same genetic strain of T. tonsurans. Notably, 
the likelihood of experiencing symptoms varied 
markedly by the pattern of fungal acquisition. 
Children who predominantly or exclusively car-
ried a single strain of T. tonsurans experienced a 2- 
to 4-fold greater risk of developing symptomatic 
disease than children who transiently acquired 
and lost random strains of the pathogen. 

In light of these findings, we theorized that the 
relatively recalcitrant nature of dermatophyte 
scalp infections may reflect the failure of current 
treatment regimens to adequately resolve persis-
tent infection rather than represent re-infection 
from the environment wherein there exists a 
large fungal burden (e.g., the daycare center). 
In this paper we revisit the children enrolled 
in the previous investigation, explore the treat-
ment patterns and examine whether systemic 
antifungal therapy appeared to alter the course 
of their infection.

MATERIALS AND METHODS

The children described in this investigation 
derive from those enrolled in a prospective epi-
demiologic investigation previously reported on 
by the investigators.20 In brief, the longitudinal 
investigation took place at an urban child care 
center that serves the needs of over 600 pre-
school and school-aged children in the Kansas 
City metropolitan area. All children aged 2 to 6 
years were followed monthly over the course of 
2 years (106 to 174 children per month) and each 
child in attendance was examined for clinical in-
dicators of infection. Fungal scalp samples were 
concurrently obtained from each child during 
these visits, irrespective of whether symptoms 
were manifest, contributing a total of 3,541 cul-
tures. Fungal material was harvested from all 
positive cultures, the genomic DNA isolated and 
the organisms genetically strain typed using 12 
sequence variations in 2 gene loci. Carrier status 
was determined for children in whom typeable T. 

tonsurans isolates were recovered on more than 
one occasion and it is these children that were 
eligible for this evaluation. This retrospective 
evaluation was reviewed and approved by the 
Pediatric Institutional Review Board at Chil-
dren’s Mercy Hospital.

Clinic charts were retrospectively reviewed 
and dispensing records obtained from the two 
primary pharmacies that serve the children en-
rolled at this daycare center. Any oral antifungal 
that was dispensed for a dermatophyte infection 
was recorded along with the prescribed dose and 
duration of therapy. Patient weight was obtained 
from the clinic charts for visits corresponding 
with the prescription. Only children for whom 
a prescription was dispensed by the pharmacy 
were included in this analysis. 

The infection status of each child was evalu-
ated prior and subsequent to therapy, along 
with the nature of the infecting strains. Treat-
ment response was examined using standard 
descriptive statistics. Differences in the course 
of infection between children that reverted to a 
culture negative status and those that remained 
positive were evaluated using an unpaired two-
tailed Student’s t-test. Statistical analyses were 
performed with SPSS version 12 (SPSS, Chicago, 
IL). The significance limit accepted for all statisti-
cal analyses was p = 0.05.

 
RESULTS

As detailed previously, 446 children were en-
rolled over the course of two years. Of the 3,541 
scalp cultures that were collected, 1,390 were 
positive for growth consistent with T. tonsurans 
and 1,048 demonstrated a sufficient quantity of 
DNA to strain type the isolate. A single type-
able isolate of T. tonsurans could be recovered 
in 264 children with 173 children demonstrating 
more than one typeable isolate for comparison. 
Among these 173 children, we could identify 72 
pharmacy dispensing records for 53 children. In 
9 children, the impact of drug therapy on fungal 
carrier status could not be evaluated because 
treatment was coincident with their last study 
visit. Thus, 44 children with 331 typeable isolates 
(average 7.5 per child) and 63 discrete treatment 
events remained from which to evaluate the 
impact of treatment on carrier status. 

The 44 children included in this investigation 
were followed on average 528 ± 182 days (me-
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dian: 608 days, range: 133-713 days). An average 
176 days elapsed between the time of the first 
positive culture and the time children became 
symptomatic prompting treatment (median 153 
days; range 1-425 days). In all cases children were 
treated with griseofulvin at doses ranging from 7 
to 22 mg/kg daily (average: 11.3 ± 3.5 mg/kg). In 
all but 2 cases children were treated for 4 weeks, 
with one child each treated for 6 and 8 weeks. 

After the first course of therapy 34 children 
remained culture positive, 31 with the same strain 
of T. tonsurans and 3 with a different strain. The 
remaining 10 children became culture negative. 
The prescribed dose of griseofulvin did not 
appear to influence whether T. tonsurans was 
retained on or cleared from the scalp (p=0.869). 
In addition, the duration of time that children 
harbored the pathogen prior to treatment did 
not influence outcome after the first course of 
therapy. Children who remained culture positive 
had been infected an average of 155 ± 125 days, 
as compared to 184 ± 144 days in children who 
became culture negative (p = 0.454). Notably, 
there was no difference in the time of follow up 
after completion of the first course of therapy 
between these 2 groups (213 ± 143 vs. 232 ± 
136, p = 0.466) suggesting that children were 
not inadvertently classified as culture negative 
owing to inadequate follow-up. Given the large 
variations in fungal genetic diversity observed 
in this population, we were not able to identify 
whether specific T. tonsurans strains were more 
susceptible to eradication.

In the majority of children who remained cul-
ture positive after treatment there was no delay 
between the end of treatment and the recurrence 
of positive cultures. In 22 of the 34 children, cul-
tures were positive at the first study visit after 
completing treatment. Six children were positive 
by their second visit and 4 were positive by their 
third study visit after completing treatment. In 
one child each it did take 5 and 7 visits before 
they reappeared as culture positive. Notably, it 
was in these latter two children, along with one 
child experiencing a 3 month delay, who were re-
infected with a different strain type. The remain-
ing children were persistent carriers of the same 
strain of T. tonsurans observed before treatment 
was initiated.

Fourteen children went on to receive a second 
course of therapy. One was a child that reverted 
to culture negative after the first course of thera-

py but remained symptomatic. Of the remaining 
13 for whom there were strain type data prior to 
the second course of treatment, an equal number 
reverted to negative (n=6) or remained positive 
(n = 7). As was observed after the first course of 
therapy, the time of follow up did not appear to 
influence the classification of these children. The 
duration of follow-up in children who became 
culture negative (208 ± 133 days) did not differ 
significantly from the children who remained 
culture positive (115 ± 63 days, p = 0.437). Of 
the 7 children that remained culture positive, 3 
received a third course of therapy, one of whom 
received an additional fourth course of therapy. 
All of these children remained persistently cul-
ture positive despite treatment. 

 
DISCUSSION 

Clinical trials that evaluate the therapeutic 
efficacy of anti-infective agents typically offer 
a single point estimate of the fraction of indi-
viduals administered that drug that are either 
successfully treated or fail to respond. For many 
drugs these data are wholly adequate; however, 
the interpretation of results from trials of oral 
antifungal agents used in the management of 
chronic dermatophytoses are met with addi-
tional challenges. Estimates of clinical cure can 
be skewed by clinical indicators of infection that 
may persist long after eradication of the pathogen 
(e.g., hyperkeratosis, onycholysis, alopecia) while 
estimates of mycological response often fail to 
provide information on long-term clearance of 
the pathogen. Unfortunately, when longitudinal 
analyses are integrated into treatment trials, the 
evaluation of serial isolates is often restricted to 
characterization at the species level, limiting the 
ability to distinguish relapse from re-infection.

Genetic strain typing, which drills down be-
yond the species level, affords the opportunity to 
track the persistence of unique pathogen strains 
within a patient or a population.21 For pathogens 
which cause chronic infections that are relatively 
recalcitrant to treatment (e.g. the dermatophytes 
responsible for tinea capitis and onychomycosis), 
strain typing of serial samples is currently the 
best way to discriminate whether recurrent infec-
tions represent the acquisition of a new strain or 
recrudescence of an infection that has not been 
adequately treated.22-24 We previously followed a 
group of 446 children over 2 years to gain insight 
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into the natural course of dermatophyte acqui-
sition and transmission in the preschool-aged 
population.20 By means of genetic strain typing 
we identified that the majority of children did 
not transiently acquire and lose random strains 
of T. tonsurans. Once a child in this urban day-
care environment acquired the pathogen they 
retained the strain on their scalp for a period of 
time exceeding that of the study.20 

In the current investigation we detail a subset 
of those children (n = 44) that were followed 
an average of 17.6 months through 331 discrete 
infection events. Carriage was confirmed by 
the presence of serial isolates (in the absence of 
clinical indicators of disease) that displayed the 
same genetic strain type as the isolate recovered 
when the child manifested symptoms prompting 
treatment. Pursuant to treatment, griseofulvin 
eradicated carriage in fewer than 30% of children 
when those that became culture negative were 
considered together with those that acquired a 
different strain of T. tonsurans. The cumulative 
percent of children who became culture negative 
approached 43% after two courses of therapy. No 
additional increase in the fraction of children re-
verting to a culture negative status was conferred 
by 3 or 4 courses of therapy; however, there was 
an insufficient number of children to accurately 
assess the impact of additional treatment courses 
on T. tonsurans carriage.

We attempted to minimize the uncertainty in 
our estimates of carrier state eradication by re-
stricting evaluation to those children for whom 
a prescription was dispensed. However, we were 
unable to assess medication adherence in this 
retrospective investigation. As such, the data at 
best offer a reflection of the anticipated change 
in infection status that might be expected in a 
practice setting. Notably, there were children 
that appeared to receive doses below those that 
are routinely used for the management of tinea 
capitis,25 although the recipients were no more 
likely to retain the pathogen than children who 
successfully cleared the organism.

Our findings are supported by a single case 
report and are surprisingly consistent with 2 
small-scale investigations that similarly applied 
strain typing to serial dermatophyte isolates. 
Cordeiro and colleagues were able to recover 
the same genetic strain type of T. rubrum from 
their patient on nine separate occasions over the 
course of 2-years, despite multiple courses of oral 

antifungal therapy.22 In 2 additional studies, serial 
isolates derived from infected toenails prior and 
subsequent to treatment were subjected to genet-
ic strain typing. In these studies, approximately 
two-thirds of the participants demonstrated per-
sistence of the same strain type before and after 
treatment with sampling durations that spanned 
2-20 months.23,24 In contrast to our investigation, 
none of the aforementioned reports established 
the presence of the infecting isolate prior to the 
appearance of symptoms, nor did their patients 
appear to resolve the symptoms of infection over 
the course of the study. Consequently, they were 
able to establish the failure of oral antimycotics 
to clear the infecting strain type but were unable 
draw any conclusions as to the impact of treat-
ment on carrier status. 

It is important to emphasize that strain typ-
ing is not universally informative.26 Typing 
strategies with low discriminatory power may 
attribute the presence of a single strain type to 
persistent carriage, when in fact the assay is not 
sufficiently sensitive to detect minor variations 
between strains.26 Moreover, typing strategies 
that have not been validated for use in longitu-
dinal studies (e.g. those that have not verified the 
stability of the loci under investigation or those 
that incorporate rapidly mutable markers) may 
incorrectly attribute observed changes in genetic 
strain type to the acquisition of a new strain. 
These techniques are also of limited utility when 
there does not exist a significant degree of genetic 
heterogeneity for the organism in a given geo-
graphic region. As above, one may erroneously 
attribute recovery of the same genetic strain type 
to pathogen persistence when, in fact, this cannot 
be distinguished from re-infection. By extension, 
these data are difficult to interpret in populations 
and/or geographic regions where the baseline 
degree of variability is unknown. 

We had extensive knowledge of the baseline 
rate of genetic variation within North Ameri-
can isolates of T. tonsurans through studies 
undertaken prior to conducting the prospective 
epidemiologic study that served as the basis 
for this investigation.27,28 Moreover, we verified 
that the sequence variations incorporated into 
the typing scheme were stable on serial passage 
of the organisms for a period of time exceeding 
the duration of the longitudinal investigation. 
As such, we are reasonably confident that these 
observations accurately represent pathogen per-
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sistence within the population. 
When cure rates experienced in clinical prac-

tice fall short of those observed in clinical tri-
als, attempts to explain the disparate findings 
include questionable medication adherence, 
inter-individual pharmacokinetic variability and 
changing susceptibility profiles.29 Rarely do we 
consider the environmental or host specific fac-
tors that influence long-term persistence of the 
pathogen within a population. The data from 
this investigation demonstrate that children can 
establish a relationship with their infecting der-
matophyte strain long before symptoms appear 
and suggest that the typical course of griseofulvin 
can disrupt this relationship in only a minority of 
cases. We would be remiss not to point out that 
the drug regimens typically employed in clinical 
practice (as evidenced in this investigation) are 
often smaller and shorter than those evaluated 
in clinical trials wherein higher efficacy rates are 
established.30 However, the majority of clinical 
trials do not establish the nature of infection prior 
to enrollment (i.e. acute infection vs. persistent 
carriage) and they often fail to follow children 
for protracted durations after trial completion. 

Gaining insight into the biological bases un-
derlying dermatophyte persistence in children 
will be necessary to guide the development of 
management strategies that offer the best chance 
of eradicating infection.
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