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A rapid emergence of azole resistance has been observed in Aspergillus fumigatus in The Netherlands over the past decade. The
dominant resistance mechanism appears to be of environmental origin and involves the TR34/L98H mutations in cyp51A. This
resistance mechanism is now also increasingly being found in other countries. Therefore, genetic markers were used to gain
more insights into the origin and spread of this genotype. Studies of 142 European isolates revealed that those with the TR34/
L98H resistance mechanism showed less genetic variation than azole-susceptible isolates or those with a different genetic basis of
resistance and were assigned to only four CSP (putative cell surface protein) types. Sexual crossing experiments demonstrated
that TR34/L98H isolates could outcross with azole-susceptible isolates of different genetic backgrounds, suggesting that TR34/
L98H isolates can undergo the sexual cycle in nature. Overall, our findings suggest a common ancestor of the TR34/L98H mecha-
nism and subsequent migration of isolates harboring TR34/L98H across Europe.

Aspergillus fumigatus is a saprophytic fungus that is capable of
causing a wide range of diseases in various hosts. Invasive

aspergillosis is the most severe manifestation of Aspergillus infec-
tion in humans, and this disease is associated with substantial
mortality and morbidity. Medical triazoles, such as itraconazole,
voriconazole, and posaconazole, play an important role in the
management of Aspergillus diseases. However, azole resistance is
an emerging problem in A. fumigatus and has been shown to be
associated with increased probability of treatment failure (10, 11,
19, 20, 30, 35, 37, 39, 41).

Azole resistance is commonly due to mutations in the cyp51A
gene, which encodes 14-�-demethylase in the ergosterol biosyn-
thesis pathway. In azole-resistant clinical A. fumigatus isolates, a
wide variety of cyp51A mutations, such as substitutions at codons
G54, G138, P216, F219, M220, and G448, have been found (5, 11,
29). This is in contrast with a different pattern of resistance ob-
served in isolates from The Netherlands. Here, a resistance mech-
anism consisting of the L98H substitution together with a 34-bp
tandem repeat (TR34) in the promoter region of this gene (TR34/
L98H) was found to be present in over 90% of itraconazole-resis-
tant isolates, which also showed reduced susceptibility to vori-
conazole and posaconazole (30, 36). TR34/L98H isolates were
recovered primarily from azole-naïve patients and were also re-
covered from the environment (28, 36). These observations sug-
gest that azole-resistant Aspergillus is acquired by patients from an
environmental source rather than arising through azole therapy.
Recently, we provided evidence that exposure of A. fumigatus to
14-�-demethylase inhibitor (DMI) fungicides might provide a se-
lective pressure leading to the emergence of TR34/L98H resistant
isolates in the environment (27). On the basis of in vitro cross-
resistance, molecule alignment studies, and docking simulations,
five triazole fungicides that were highly similar to antifungal tria-
zoles used in medicine were identified (27). The TR34/L98H resis-
tance mechanism has been shown to be endemic in The Nether-
lands (36) and is also increasingly being reported in other
European countries (11, 22, 24, 30, 34). Furthermore, the TR34/

L98H genotype was recently reported outside Europe, in China
and India (7, 18).

At present, it is unknown if the high frequency of the TR34/
L98H genotype in azole-resistant isolates is due to migration from
a common ancestral lineage or repeated independent develop-
ment in genetically unrelated strains. Preliminary genotyping
studies in TR34/L98H isolates using microsatellites showed shorter
genetic distances between TR34/L98H isolates than those between
wild-type controls (30), and another study showed that TR34/
L98H isolates nest within a single population and have not spread
across A. fumigatus populations (16). To gain more insights into
the origin and spread of the TR34/L98H resistance mechanism, we
studied the genetic relatedness of European A. fumigatus isolates
containing the TR34/L98H mutations by analyzing several genetic
markers. We also assessed the possible involvement of the recently
described sexual cycle of A. fumigatus (25) in generating novel
genetic diversity among isolates bearing the TR34/L98H genotype.

MATERIALS AND METHODS
Selection of TR34/L98H and control isolates. A. fumigatus isolates con-
taining the TR34/L98H resistance mechanism and originating between
1998 (the year in which the first TR34/L98H isolates were recovered in The
Netherlands) (30) and 2007 were selected from the fungal culture collec-
tion of the Radboud University Medical Centre. Dutch TR34/L98H iso-
lates, including isolates of clinical and environmental origin, were ran-
domly selected. As controls, for each TR34/L98H isolate, an isolate with a
susceptible phenotype, which was matched by year of isolation to the
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TR34/L98H isolate, was randomly selected. The controls also included
both clinical and environmental isolates. To compare the TR34/L98H re-
sistance mechanism with other resistance mechanisms, the culture collec-
tion was also searched for isolates with an azole-resistant phenotype that
was not due to the TR34/L98H mechanism. Finally, TR34/L98H A. fumiga-
tus isolates that originated from other European countries were included
(see Table S1 in the supplemental material).

In vitro susceptibility testing. In vitro activity of itraconazole, vori-
conazole, and posaconazole was tested according to the EUCAST broth
microdilution reference method (31). The MIC was determined by the
lowest antifungal concentration with a complete inhibition of growth
after 48 h. MICs were interpreted based on recently proposed breakpoints
(38).

DNA extraction and cyp51A sequencing. DNA was isolated, and the
full coding sequence of the cyp51A gene, as well as the promoter region, was
determined by amplification and subsequent sequencing as previously de-
scribed (5). Sequences were compared to a wild-type A. fumigatus cyp51A
gene sequence (GenBank, National Center for Biotechnology Information
[http://www.ncbi.nlm.nih.gov/], accession number AF338659) to detect mu-
tations.

CSP typing, microsatellite analysis, and mating type determination.
CSP (putative cell surface protein) types were determined by PCR ampli-
fication and subsequent sequencing by following established protocols
(13, 14). CSP types were assigned according to the CSP typing nomencla-
ture described by Klaassen et al. (15).

Six microsatellite loci (STRAf 3A, 3B, 3C, 4A, 4B, and 4C) were ana-
lyzed as described previously (8, 28). The obtained genotypes were im-
ported into BioNumerics v6.0 (Applied Maths, Sint-Martens-Latem, Bel-
gium). A minimum spanning tree (MST) was constructed based on
categorical treatment of the data, i.e., alleles were scored as either identical
or nonidentical and the difference in numbers of repetitions at each locus
between different genotypes was not taken into account.

Mating types were determined by a multiplex PCR-based mating type
test, as described previously (26). The null hypothesis of a 1:1 ratio of the
two mating types was tested using the �2 test, with a P value of �0.05
considered significant (25).

Sexual reproduction. To investigate the segregation of genetic mark-
ers and the TR34/L98H resistance mechanism following sexual reproduc-
tion, the wild-type isolate AfIR974 (25) was crossed with the clinical iso-
late v23-66, which harbored the TR34/L98H resistance mechanism.
Mating experiments were performed on oatmeal agar plates (Difco oat-
meal agar), and inoculations were performed as described previously (25).
Plates were sealed with Parafilm and incubated at 30°C in the dark.
Crosses were examined weekly, and when cleistothecia developed, asco-
spore suspensions were obtained as described previously (25). Ascospore
suspensions were plated onto Sabouraud agar plates, and germinating
ascospores were transferred to Sabouraud agar slants. Fifteen progeny
were selected for further analysis, including in vitro susceptibility testing
and mating type determination. In addition, the progeny were screened
for the presence of the TR34/L98H resistance mechanism using the follow-
ing PCR-based assays. The presence of the TR was investigated by ampli-
fying part of the promoter region of the cyp51A gene using appropriate
primers (5=-TGAGTTAGGGTGTATGGTATGCTGGA-3= and 5=-AGCA
AGGGAGAAGGAAAGAAGCACT-3=). For the L98H substitution, two
PCRs were performed: an L98-specific PCR (primers 5=-CCTCTTCCGC
ATTGACATCCTGGA-3= and 5=-TGACGGCAATCTTGCTCAATGTTG
TTTA-3=) and an L98H-specific PCR (primers 5=-ACGAGTTTATTCTC
AACGGCAAGGA-3= and 5=-TTCGGTGAATCGCGCAGATAGTCC-
3=). The cycling program consisted of a 2-min denaturation step at 94°C,
followed by 35 cycles of 30 s at 94°C, 45 s at 60°C, and 45 s at 72°C and a
final elongation step of 5 min at 72°C. Products of the TR detection PCR
were separated on a 2% agarose gel together with a size marker. Amplicons
of 188 bp in size do not contain a TR, while the presence of a TR will lead
to amplicons of 222 bp (188 bp plus an extra 34-bp repeat). Amplification
products of the L98- and L98H-specific PCRs were mixed and run on a 2%

agarose gel with a size marker. The L98-specific product is 341 bp in size,
while the L98H-specific product is 223 bp in size.

After the first sexual cross with a TR34/L98H isolate succeeded, addi-
tional TR34/L98H isolates were subjected to sexual crossing. For that,
AfIR957 (MAT1-1) (25) and AfIR928 (MAT1-2) (25, 32) were crossed
with various clinical isolates of the opposite mating type that contained
the TR34/L98H resistance mechanism. The progeny of each cross were
assessed both for the presence of the TR34/L98H mutations (by the PCR-
based assays as described above) and for their CSP type.

RESULTS
TR34/L98H and control isolates. The distribution of isolates over
time is shown in Table 1. In total, 55 azole-resistant TR34/L98H
isolates and 55 azole-susceptible wild-type controls that had been
cultured between 1998 and 2007 in The Netherlands were se-
lected. Of these, 86 were clinical isolates which originated from
patients admitted to the Radboud University Nijmegen Medical
Centre (71 isolates) or other Dutch hospitals (15 isolates). The
remaining 24 isolates were of environmental origin and were re-
covered from soil, seeds, compost, leaves, water filter samples, and
air samples (see Table S1 in the supplemental material).

The fungal culture collection comprising over 2,000 isolates of
A. fumigatus contained seven resistant isolates without the TR34/
L98H resistance mechanism that were cultured between 1998 and
2007 in The Netherlands (Table 1). Three isolates were of clinical
origin and harbored a point mutation in the cyp51A gene, leading
to the M220K, M220I, or M220V substitution. These mutations
are known to be correlated with azole resistance (6, 9, 21). The
other four azole-resistant isolates were obtained from the envi-
ronment and did not have any mutation in the cyp51A gene.

In vitro susceptibility testing. Results of in vitro susceptibility
testing of the Dutch isolates are shown in Table 2. According to the
proposed breakpoints (38), all of the 55 TR34/L98H isolates were
resistant to itraconazole and all except two showed resistance or
intermediate susceptibility to voriconazole. Ten isolates were sus-
ceptible to posaconazole, while the other 45 showed intermediate
susceptibility or resistance to this drug. Of the seven non-TR34/
L98H resistant isolates exhibiting resistance to azoles, five were
itraconazole resistant, and of these, four isolates also showed in-
termediate or resistant phenotypes for voriconazole and/or po-
saconazole. The remaining two isolates were resistant to voricona-

TABLE 1 Distribution of azole-resistant and azole-susceptible wild-type
Dutch A. fumigatus isolates examined in this study according to the year
of isolation

Yr of
isolation

No. of isolates with each phenotype and resistance
mechanism

Wild type
Resistant
TR34/L98H

Resistant
non-TR34/L98H

1998 2 2
2000 2 2
2001 2 2
2002 7 7 1
2003 4 4
2004 7 7 1
2005 6 6
2006 7 7
2007 18 18 5

Total 55 55 7
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zole, with a MIC of 4 mg/liter, while being susceptible to both
itraconazole and posaconazole.

CSP genotyping and mating type. CSP typing showed that the
azole-susceptible wild-type control isolates were spread across 11
CSP types (Table 3). The seven Dutch azole-resistant non-TR34/
L98H isolates were distributed over CSP types t01, t02, t03, and
t04A. In contrast, the 55 Dutch isolates with the TR34/L98H resis-
tance mechanism grouped in only three CSP types: t02, t04B, and
t11. Remarkably, CSP types t04B and t11 consisted exclusively of
TR34/L98H isolates, while t02 types contained azole-susceptible
and TR34/L98H and non-TR34/L98H resistant isolates. CSP types
t02, t04B, and t11 all contained clinical as well as environmental
TR34/L98H isolates. The distribution of CSP types over time
within the group of TR34/L98H isolates is shown in Fig. 1. The first
Dutch TR34/L98H isolates that were recovered from a patient in
1998 were of CSP type t11. TR34/L98H isolates of a second and
third CSP type were then found in 2000 and 2002 (t04B and t02,
respectively). From 2002 until 2007, no further new CSP types
were observed among the Dutch TR34/L98H isolates.

The multiplex PCR showed isolates of complementary
MAT1-1 and MAT1-2 mating types to be present in all isolate
groups; within the 55 wild-type isolates, a distribution ratio of
36% to 64% was found for MAT1-1/MAT1-2, while in the 55
TR34/L98H isolates, a ratio of 55% to 45% was detected, and in the
final 7 non-TR34/L98H resistant isolates, a ratio of 57% to 43% for
MAT1-1/MAT1-2 was found. There was no significant deviation
from a 1:1 ratio in any of these groups according to a �2 statistical
analysis. With regard to CSP types, TR34/L98H isolates of both
MAT1-1 and MAT1-2 mating types were present within all three
CSP types (t02, t04B, and t11) (data not shown).

Other European TR34/L98H isolates. The Radboud fungus
culture collection contained 25 TR34/L98H isolates from seven
other European countries (Austria, Belgium, Denmark, France,
Italy, Norway, and United Kingdom) (see Table S1 in the supple-
mental material). Only the isolate from Norway was of environ-
mental origin; the other 24 isolates were of clinical origin. CSP
typing of these TR34/L98H isolates showed that they grouped to
the same CSP types as the TR34/L98H isolates originating from
The Netherlands (i.e., t02, t04B, and t11). There was only one
exception: one of the five TR34/L98H isolates originating from
Italy was of CSP type t05 (Table 3).

Microsatellite typing of Dutch and European isolates. A min-
imum spanning tree (MST) was constructed based on the six
STRAf microsatellite loci, with the majority of isolates having a
unique genotype (Fig. 2). The Dutch TR34/L98H isolates formed a
cluster that was almost entirely separate from the azole-suscepti-
ble wild-type isolates. In three cases, a clinical and an environmen-
tal TR34/L98H isolate had identical microsatellite genotypes.

The TR34/L98H isolates from other European countries also
clustered with the Dutch TR34/L98H isolates. TR34/L98H isolates
of two particular microsatellite genotypes were found in both The
Netherlands and other European countries (see the dual-colored
dots in Fig. 2). In addition, isolates from Belgium and Italy also
shared the same genotype. The non-TR34/L98H resistant isolates
did not cluster together and instead were more distributed
throughout the tree.

Sexual crosses with TR34/L98H isolates. In order to gain in-
sight into the impact of sexual reproduction on the genetic mark-
ers, the wild-type isolate AfIR974 (MAT1-1, CSP type t02) was
crossed with the clinical isolate v23-66, containing the TR34/L98H
resistance mechanism (MAT1-2, CSP type t04B). After approxi-
mately 2 months of incubation, cleistothecia were formed and
ascospores were isolated. As shown in Table 4, 15 progeny, of
which eight (53%) harbored the TR34/L98H resistance mecha-
nism and seven did not, were analyzed. The presence of TR34/
L98H always corresponded with an azole-resistant phenotype.
The presence of new combinations of both mating and CSP types
in the progeny and the generation of new microsatellite genotypes
provided evidence for recombination during the heterothallic sex-
ual cycle (25). The combination of all genotypic markers (pres-
ence of TR34/L98H, six STRAf microsatellites, CSP and mating
type) resulted in unique genotypes for 80% of the progeny. Sur-
prisingly, in two of the progeny (AfIR974-v23-66-10 and
AfIR974-v23-66-14), the number of repeats in the STRAf 3A
marker increased from 80 to 82, a result which is suggestive of
microvariation (1, 2).

In addition, six TR34/L98H isolates were subjected to sexual
crossing to determine whether they could outcross with isolates
from a different CSP type that was not observed among the Dutch
TR34/L98H resistant isolates. Clinical TR34/L98H isolates of CSP
types t02, t04B, and t11 and of each mating type were crossed to
the environmental isolates AfIR957 (MAT1-1, CSP type t05) and
AfIR928 (MAT1-2, CSP type t03). Four out of six crosses were
fertile (see Table S2 in the supplemental material). Analysis of the
progeny from each successful cross revealed the presence of iso-
lates that were of the TR34/L98H genotype and of CSP types t03
and t05 (see Table S2 in the supplemental material). This demon-

TABLE 2 Results of in vitro susceptibility testing of Dutch A. fumigatus
isolates

Resistance
mechanism (no.
of isolates)

MIC geometric mean (range) (mg/liter)a

ITZ VOR POS

Wild type (55) 0.19 (0.031–1) 0.5 (0.25–2) 0.06 (0.016–0.5)
TR34/L98H (55) 26.82 (4–32) 4.42 (1–32) 0.49 (0.25–1)
Non-TR34/L98H (7) 8.83 (0.5–32) 2.20 (0.5–4) 0.67 (0.25–32)
a For the purpose of the analysis, all values �16 mg/liter were indicated as 32 mg/liter.
ITZ, itraconazole; VOR, voriconazole; POS, posaconazole.

TABLE 3 Distribution of CSP types in the Dutch and European A.
fumigatus isolates

CSP
type

No. (frequency [%]) of isolates from each group (n)

Dutch
wild type
(55)

Dutch resistant
non-TR34/
L98H (7)

Dutch resistant
TR34/L98H
(55)

Other European
TR34/L98H (25)

t01 15 (27.3) 4 (57.1)
t02 4 (7.3) 1 (14.3) 12 (21.8) 12 (48)
t03 7 (12.7) 1 (14.3)
t04A 16 (29.1) 1 (14.3)
t04B 20 (36.4) 8 (32)
t05 2 (3.6) 1 (4)
t08 5 (9.1)
t09 1 (1.8)
t10 1 (1.8)
t11 23 (41.8) 4(16)
t13 2 (3.6)
t14 1 (1.8)
t18 1 (1.8)
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strated that the presence of the TR34/L98H mechanism is not nec-
essarily restricted to CSP types t02, t04B, and t11.

DISCUSSION

There are an increasing number of studies reporting the TR34/
L98H mutations as a key underlying resistance mechanism in az-
ole-resistant A. fumigatus isolates. The TR34/L98H mechanism
was found to be widespread in The Netherlands and is also found
in other European and Asian countries (4, 7, 11, 12, 18, 22, 24, 30,
34). TR34/L98H isolates have been recovered from the environ-
ment in The Netherlands, Denmark, and Norway (24, 28, 30), and
there is increasing evidence that this resistance mechanism has
developed through a fungicide-driven route of resistance develop-
ment (27). The present study was undertaken to gain insights into
the origin and spread of this resistance genotype.

The first key finding was that isolates with the TR34/L98H azole
resistance mechanism originating from The Netherlands and
seven other European countries are genetically less diverse than
azole-susceptible wild-type isolates and isolates bearing other
forms of azole resistance (for the latter two groups, only isolates
originating from The Netherlands were tested). The two genotyp-
ing methods used, CSP and microsatellites, gave different levels of
discrimination. CSP typing has a lower discriminatory power than
microsatellite analysis and has been suggested to be more suitable
for typing at the subpopulation level (15). This typing method
revealed the significant result that Dutch isolates with the TR34/
L98H genotype were found only in three CSP types, namely, t02,
t04B, and t11. This contrasted with the distribution of CSP types
in the azole-susceptible wild-type control group from The Neth-
erlands, where isolates were found in 11 different CSP groups,
similar to previously published results (14, 15). Importantly, two
CSP types (t04B and t11) were observed to comprise exclusively
TR34/L98H isolates, with no non-TR34/L98H resistant or azole-
susceptible isolates found within these groups. This is consistent
with a previous report in which isolates from Australia (where
TR34/L98H-mediated resistance has not been described to date)
were analyzed which also failed to detect isolates of these two CSP
types (14). However, the absence of azole-susceptible isolates in
these CSP types may simply be due to a very low frequency of
occurrence. Meanwhile, 24 out of 25 TR34/L98H isolates (96%) of
European origin other than The Netherlands grouped to the same

three CSP types, indicating a close genetic relationship despite the
geographic distances involved. Results of the microsatellite anal-
ysis were consistent with the CSP typing, demonstrating a cluster-
ing of all TR34/L98H isolates, distinct from most wild-type, azole-
susceptible isolates. This was also shown in collections of Dutch
isolates (28, 30). Another study concluded that resistant clinical
isolates were more distributed among susceptible isolates, al-
though most TR34/L98H isolates clustered within the same clade
of the phylogenetic tree (23). From the data presented here, a close
genetic relationship between all European TR34/L98H isolates can
be inferred. However, it should be cautioned that as no azole-
susceptible isolates from European countries other than The
Netherlands were included in the analysis, we can conclude only
that the TR34/L98H grouping is distinct specifically from the
Dutch azole-susceptible isolates.

Considering the CSP typing and microsatellite results as a
whole, it is possible to speculate about the evolutionary origin and
spread of the TR34/L98H azole resistance genotype within Europe.
The relatively close genetic relationships and limited CSP type
diversity of the TR34/L98H isolates, compared to those of the az-
ole-susceptible wild-type isolates, indicates that the independent
and repeated emergence of the TR34/L98H mechanism seems un-
likely. An alternative explanation is that the TR34/L98H isolates
developed from a common ancestor or restricted set of genetically
related isolates. A common origin of the TR34/L98H mechanism
was previously suggested based on the microsatellite typing of 144
Dutch TR34/L98H isolates, from which it was calculated that the
first TR34/L98H isolate would have emerged in the Netherlands in
1997 (27). The appearance and spread of the TR34/L98H mutation
from an apparent common source is in marked contrast to the
evolution of the non-TR34/L98H resistant isolates detected in the
present study. These were distributed throughout the total set of
isolates (Fig. 2), consistent with the hypothesis that mutations,
such as at codon M220 in cyp51A, can be induced in isolates
through prolonged patient exposure to medical triazoles (40).
One TR34/L98H isolate from Italy was of CSP type t05, but it still
grouped with the other TR34/L98H isolates in the microsatellite
analysis. Further work is required to determine if CSP type t05
azole-resistant isolates are widespread in Italy and/or have spread
to other countries.

A second key finding of the present study was that sexual re-

FIG 1 Distribution of CSP types of 55 TR34/L98H A. fumigatus isolates isolated between 1998 and 2007 in The Netherlands.
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production, recently discovered in A. fumigatus (25), can occur
between isolates of different CSP types and TR34/L98H genotypes
to give rise to isolates with novel combinations of the TR34/L98H
resistance mechanism in other CSP types. The finding that TR34/
L98H isolates are sexually fertile provides a possible explanation
for their genetic diversity. It is hypothesized that very few sexual
cycles in the field would give rise to progeny exhibiting the degree
of CSP variation observed in this study. Indeed, this is supported
by the presence of both MAT1-1 and MAT1-2 isolates in the t02,
t04B, and t11 CSP types. The accessory role of sexual reproduction
was also suggested by a recent report which found that the TR34/
L98H genotype was nested within a single, predominantly asexual
population (16). Figure 1 suggests that sexual reproduction played
a role in the early stages of development of azole resistance, as all
three CSP types were already present in TR34/L98H isolates in The
Netherlands by the year 2002. Moreover, the Norwegian isolate
from 2000, not included in the analysis of Dutch isolates, grouped
to CSP type t02, indicating that all three CSP types were already

present in the initial years of TR34/L98H emergence. After sexual
reproduction, subsequent asexual reproduction would most
probably lead to persistence of these isolates and CSP types, given
that after 100 (in vitro) asexual generations, no variations in CSP
type were found (C. H. W. Klaassen, unpublished data). In the
meantime, the number of repeats in microsatellite markers might
undergo subtle changes during asexual reproduction (C. H. W.
Klaassen, unpublished data), leading to the observed diversity in
microsatellite markers.

Overall, our findings suggest a common origin of the TR34/
L98H mechanism and the subsequent migration of TR34/L98H
isolates across Europe. A similar spread of fungicide resistance has
been shown before in plant pathogens: in the wheat pathogen
Mycosphaerella graminicola, mutations causing resistance arose
locally and were then spread across Europe through wind-dis-
persed ascospores (3, 33), and in the grape pathogen Botrytis ci-
nerea, resistant isolates probably migrated from French to Ger-
man wine-growing regions (17). More research into the genesis of

FIG 2 Minimum spanning tree showing the genotypic relationship between the azole-resistant and azole-susceptible A. fumigatus isolates. Each circle corre-
sponds to a unique genotype, and the size of the circle corresponds to the number of isolates with that genotype (1, 2, or 3 isolates). Connecting lines correspond
to the number of different microsatellite loci between the genotypes. Short bold line, 1 difference; black line, 2 differences; long gray line, 3 differences; dotted line,
4 or more differences. Red, azole-resistant TR34/L98H, The Netherlands (n � 55); yellow, azole-susceptible wild type, The Netherlands (n � 55); blue,
azole-resistant non-TR34/L98H, The Netherlands (n � 7); pink, azole-resistant TR34/L98H, other European countries (n � 25).
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the TR34/L98H mechanism is needed in order to understand the
conditions that facilitate azole resistance development in the en-
vironment so that measures can be implemented to prevent the
emergence of new resistance mechanisms.
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