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ABSTRACT Antifungal susceptibility testing is an essential tool for guiding therapy,
although EUCAST and CLSI reference methods are often available only in specialized
centers. We studied the performance of an agar-based screening method for the de-
tection of azole resistance in Aspergillus fumigatus cultures. The VIPcheck consists of
four wells containing voriconazole, itraconazole, posaconazole, or a growth control.
Ninety-six A. fumigatus isolates were used. Thirty-three isolates harbored a known re-
sistance mechanism: TR34/L98H (11 isolates), TR46/Y121F/T289A (6 isolates), TR53 (2
isolates), and 14 isolates with other cyp51A gene point mutations. Eighteen resistant
isolates had no cyp51A-mediated azole resistance. Forty-five isolates had a wild-type
(WT) azole phenotype. Four technicians and two inexperienced interns, blinded to
the genotype/phenotype, read the plates visually after 24 h and 48 h and docu-
mented minimal growth, uninhibited growth, and no growth. The performance was
compared to the EUCAST method. After 24 h of incubation, the mean sensitivity and
specificity were 0.54 and 1.00, respectively, with uninhibited growth as the thresh-
old. After 48 h of incubation, the performance mean sensitivity and specificity were
0.98 and 0.93, respectively, with minimal growth. The performance was not affected
by observer experience in mycology. The interclass correlation coefficient was 0.87
after 24 h and 0.85 after 48 h. VIPcheck enabled the selection of azole-resistant A.
fumigatus colonies, with a mean sensitivity and specificity of 0.98 and 0.93, re-
spectively. Uninhibited growth on any azole-containing well after 24 h and mini-
mal growth after 48 h were indicative of resistance. These results indicate that
the VIPcheck is an easy-to-use tool for azole resistance screening and the selec-
tion of colonies that require MIC testing.
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Azole resistance is an emerging problem in Aspergillus fumigatus (1), with increasing
evidence that patients with azole-resistant aspergillosis fail azole therapy (2–5).

Two routes of resistance selection have been signified, through patient therapy and
through the exposure of A. fumigatus to azole fungicides in the environment. There are
important differences between these routes of resistance selection, including patient
risk factors and fungal resistance mechanisms. Resistance mechanisms that are asso-
ciated with the environmental route include TR34/L98H and TR46/Y121F/T289A (6–8).
Surveillance studies in The Netherlands show that of the clinical isolates that are azole
resistant, between 83% and 95% harbor mutations associated with the environmental
route, while approximately 15% exhibit an azole-resistant phenotype without known
resistance mutations (9). As patients inhale these airborne azole-resistant spores, a
resistant infection may occur in any Aspergillus disease and in patients who have never
been treated with medical triazoles (3, 7, 10, 11). In one study, two-thirds of patients
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with azole-resistant A. fumigatus had not previously received azole therapy (4). Fur-
thermore, azole-susceptible and azole-resistant A. fumigatus colonies may be concom-
itantly present in clinical cultures (12), and patients with invasive aspergillosis have
been reported due to both azole-susceptible and azole-resistant colonies (13).

These observations pose a challenge for the diagnosis of azole resistance, as
multiple colonies will need to be tested in culture-positive patients. This was also
recommended by a group of experts who advocated testing of up to five colonies in
patients who are to receive antifungal therapy in geographic regions with azole
resistance (14). Two reference methods of antifungal susceptibility testing are available,
broth microdilution based on EUCAST and CLSI standards (15, 16), but these assays are
not widely available, and referral to a mycology reference center would cause a
significant delay before results are available. We developed an agar-based method
aimed to help identify A. fumigatus colonies that are resistant to itraconazole, vori-
conazole, and posaconazole. Any growth on the azole-containing agar is suggestive of
azole resistance, and the isolate could then be selected for in vitro susceptibility testing.
This would provide an easy-to-use screening method that can be used in any clinical
microbiology laboratory.

The principle of agar-based detection of azole resistance in A. fumigatus has been
extensively used in surveillance studies (4, 17). After further improvements to the
format regarding the antifungal concentration and inoculation procedure (using a drop
of suspension instead of a nose or sterile swab), the assay is now being commercialized
(VIPcheck, Nijmegen, the Netherlands) and is currently available for research use only.

We investigated the performance of the VIPcheck as a diagnostic tool in the clinical
microbiology laboratory. The performance of the VIPcheck was determined using a
collection of well-characterized A. fumigatus isolates, with various known and with
unknown resistance mechanisms, and the plates were read by both experienced and
inexperienced observers.

(These data have previously been published at the 26th European Congress of
Clinical Microbiology and Infectious Diseases, Amsterdam, The Netherlands, 9 to 12
April 2016, abstract no. P1618 [18].)

RESULTS
Isolates. Thirty-three isolates harbored a known resistance mechanism: TR34/L98H

(11 isolates); TR46/Y121F/T289A (6 isolates); TR53 (2 isolates); a substitution at codon
G54 (G54W [3 isolates], G54E [2 isolates], and G54R [1 isolate]), M220 (M220V [1 isolate],
M220R [1 isolate], M220I [1 isolate], and M220K [1 isolate]), G448 (G448S [2 isolates]),
P216 (P216L [1 isolate]), and G138 (G138C [1 isolate]) (4, 19–26). For 18 isolates, no
cyp51A-mediated azole resistance mechanism was found, indicating a yet-unknown
mechanism causing resistance. The susceptibility data of the resistant isolates without
cyp51A mutations can be found at Table S1 in the supplemental material. The pheno-
typically wild-type (WT) isolates did not harbor cyp51A resistance mechanisms.

Performance of the VIPcheck. All isolated showed uninhibited (��) growth after
24 h in the control well without azoles (Fig. 1). Growth on any of the wells supple-
mented with azoles indicates azole resistance against the specific azole indicated. After
24 h of incubation, the mean sensitivity for all observers with minimal (�) growth as the
threshold was 0.81, while the specificity was 0.91. With uninhibited growth as the
threshold, the sensitivity decreased to 0.54, but no false positives were observed. At
the 48-h/minimal growth endpoint, the mean sensitivity was 0.98 for all observers,
while the mean specificity was 0.93 (Table 1).

The sensitivity and specificity for the individual observers for reading after 24 h with
uninhibited growth as the threshold are shown in Table 2 and for minimal growth at
24 h in Table 3. Overall, the sensitivity was higher among observers without experience
in mycology, due to a lower threshold of minimal growth. As a consequence, a lower
specificity was observed in observers without experience in mycology. In contrast, the
specificity was 1.00 for the experienced observers. With uninhibited growth as the
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threshold for resistance, a lower sensitivity was seen, but specificity was near 100%
(mean sensitivity/specificity for all observers, 0.92/0.99, respectively).

For individual drugs, the mean sensitivity/specificity for all observers and the
duplicates together were 0.90/0.96 for itraconazole, 0.95/0.90 for voriconazole, and
0.69/0.90 for posaconazole with minimal growth as the threshold. The performances for

FIG 1 Pictures of VIPcheck plates. Well 1, 4 mg/liter ITC; well 2, 2 mg/liter VRC; well 3, 0.5 mg/liter POS; well 4,
growth control. (A) Front and back of a susceptible isolate after 48 h of incubation. (B) Front and back of a resistant
isolate with uninhibited (��) growth after 48 h of incubation. (C) Front and back of a resistant isolate with minimal
(�) growth after 48 h of incubation.
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the individual drugs for the two duplicates separately can be found in Table 4.
Subgroup analysis revealed a mean sensitivity of 0.96 with uninhibited growth as the
threshold and 0.99 with minimal growth as the threshold for the 33 isolates with known
resistance mechanisms. The mean sensitivity of the isolates with environmental muta-
tions was 1.00 with uninhibited growth as the threshold.

The agreement between observers was assessed with the interclass correlation
coefficient (ICC). The ICC estimated for all observers was 0.87 (P � 0.001) with
uninhibited growth as the threshold after 24 h. For 48 h with minimal growth as the
threshold, the ICC was 0.85 (P � 0.001). The ICC for the microbiology technicians
(observers 1 to 4) was higher, with 0.90 and 0.93 for readings at 24 h and 48 h,
respectively. The reproducibility between the series incubated by the inexperienced
observer and the experienced observer was assessed. Kappa’s agreement values be-
tween series 1 and 2 were 0.85 and 0.87 (P � 0.001) for all observers and 0.86 and 0.86
(P � 0.001) for the technicians with uninhibited growth at 24 h and with minimal
growth as the threshold at 48 h, respectively.

DISCUSSION

We evaluated a new strategy that could enable the early detection of azole
resistance in A. fumigatus. As azole-susceptible and azole-resistant A. fumigatus colonies
may be concomitantly present in clinical cultures, MIC testing of multiple colonies
would be required to detect or rule out azole resistance. This is, however, laborious,
costly, and not broadly applicable, as many clinical microbiology laboratories have
limited experience with MIC testing of molds. Sending isolates to reference mycology

TABLE 1 Performance of the VIPcheck after 24 h and 48 h of incubationa

Growth condition Sensitivity Specificity

Minimal growth
24 h 0.81 0.91
48 h 0.98 0.93

Uninhibited growth
24 h 0.54 1.00
48 h 0.92 0.99

aThe mean of 6 observers is displayed for 2 endpoints: minimal (�) growth and uninhibited (��) growth.
The performance of the VIPcheck was compared to the EUCAST reference method.

TABLE 2 Performance of VIPcheck after 24 h of incubation with uninhibited (��) growth
as the thresholda

Observer or
mean Series Sensitivity (95% CI) Specificity (95% CI)

1 1 0.55 (0.40–0.69) 1.00 (0.92–1.00)
2 0.43 (0.30–0.58) 1.00 (0.92–1.00)

2 1 0.53 (0.38–0.67) 1.00 (0.92–1.00)
2 0.53 (0.38–0.67) 1.00 (0.92–1.00)

3 1 0.55 (0.40–0.69) 1.00 (0.92–1.00)
2 0.57 (0.42–0.70) 1.00 (0.92–1.00)

4 1 0.55 (0.40–0.69) 1.00 (0.92–1.00)
2 0.57 (0.42–0.71) 1.00 (0.92–1.00)

5 1 0.51 (0.37–0.65) 1.00 (0.92–1.00)
2 0.61 (0.46–0.74) 1.00 (0.92–1.00)

6 1 0.65 (0.50–0.78) 1.00 (0.92–1.00)
2 0.55 (0.40–0.69) 1.00 (0.92–1.00)

Mean all 0.54 1.00
Mean technicians 0.53 1.00
aPerformance of the VIPcheck after 24-h incubations for 96 Aspergillus fumigatus isolates: 45 azole
susceptible and 51 azole resistant in two replicates. Performance is reported for each observer and series
individually. “Mean all” is the mean of all sensitivities and specificities. “Mean technicians” is the mean
performance for observers 1 to 4. Observers 1 and 2 were highly experienced mycology technicians,
observers 3 and 4 were bacterial technicians without experience in mycology, and observers 5 and 6 were
inexperienced interns.
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centers causes a delay, which might compromise patient outcome. An approach that
uses agar-based screening of A. fumigatus colonies might enable the selection of A.
fumigatus isolates that have a high probability of azole resistance and require MIC
testing. An important condition for such an approach is the reliability and reproduc-
ibility of agar-based screening.

Our study showed a sensitivity and specificity of agar-based screening using VIPcheck
ranging between 0.92 and 1.00 and 0.67 and 1.00, respectively, and the test was easy
to read by both experienced and inexperienced technicians. Furthermore, the high
agreement between series 1 and 2 indicated that a lack of experience in inoculation of
the plates does not influence the performance of the VIPcheck.

At 24 h, uninhibited growth was easy to recognize, and using this endpoint resulted
in a specificity of 1.00 for all observers. However, only half of the resistant isolates
showed uninhibited growth after 24 h of incubation (mean sensitivity for all observers,
0.55). However, most observers could not discriminate minimal growth and no growth,
which resulted in many false positive-results when minimal growth was used as the
endpoint. Therefore, after 24 h of incubation, the VIPcheck plate should be checked for
uninhibited growth as an indication for resistance.

At 48 h, the difference between minimal and no growth was easier to recognize (Fig.
1b), regardless of the observers’ background. This was demonstrated by an ICC of
above 0.80, which indicates good reproducibility between observers, and a sensitivity
of 0.92 with a threshold of uninhibited growth. However, four resistant isolates did not
show uninhibited growth in the antifungal wells after 48 h for one of the two
duplicates. Small white dots that could be distinguished from the medium gave clues
to its resistance to azoles, as is seen in Fig. 1c. Observers 3 to 6 documented these as

TABLE 3 Performance of VIPcheck after 48 h of incubation with minimal (�) growth as
the thresholda

Observer or
mean Series Sensitivity (95% CI) Specificity (95% CI)

1 1 0.94 (0.84–0.99) 1.00 (0.92–1.00)
2 0.98 (0.90– 1.00) 1.00 (0.92–1.00)

2 1 0.92 (0.81–0.98) 1.00 (0.92–1.00)
2 0.96 (0.87–1.00) 1.00 (0.92–1.00)

3 1 1.00 (0.93–1.00) 0.96 (0.85–0.99)
2 0.98 (0.90–1.00) 0.98 (0.88–1.00)

4 1 1.00 (0.93–1.00) 0.91 (0.79–0.98)
2 1.00 (0.93–1.00) 0.98 (0.96–0.99)

5 1 1.00 (0.93–1.00) 0.98 (0.88–1.00)
2 0.98 (0.90–1.00) 0.98 (0.88–1.00)

6 1 1.00 (0.93–1.00) 0.76 (0.60–0.87)
2 1.00 (0.93–1.00) 0.67 (0.51–0.80)

Mean all 0.98 0.93
Mean technicians 0.97 0.98
aPerformance of the VIPcheck after 48-h incubations for 96 A. fumigatus isolates: 45 azole susceptible and 51
azole resistant in two replicates. Performance is reported for each observer and series individually. “Mean
all” is the mean of all sensitivities and specificities. “Mean technicians” is the mean performance for
observers 1 to 4. Observers 1 and 2 were highly experienced mycology technicians, observers 3 and 4 were
bacterial technicians without experience in mycology, and observers 5 and 6 were inexperienced interns.

TABLE 4 Performance of VIPcheck after 48 h of incubation for the individual drugsa

Drug Series Sensitivity Specificity

Voriconzole 1 0.96 0.97
2 0.94 0.96

Itraconazole 1 0.89 0.92
2 0.92 0.89

Posaconazole 1 0.69 0.92
2 0.69 0.88

aPerformance of the VIPcheck after 48-h incubations for 96 A. fumigatus isolates: 45 azole susceptible and 51
azole resistant in two replicates. Performance is reported for the mean of all 6 observers for each drug
individually.
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minimal growth, but observers 1 and 2 did not. One of the four isolates that was missed
by some observers had a known resistance mechanism (M220K, isolate ID V059-27); for
the other three isolates, no known cyp51A mutations were found (Table 5). Isolates with
non-cyp51A-mediated resistance might develop through patient therapy and conse-
quently may exhibit a fitness cost, such as reduced growth rate. These isolates might
be more difficult to detect with the VIPcheck than those that harbor environmental
resistance mutations. The group with environmental resistance mutations appears not
to have a fitness cost, as they otherwise would not survive in the environment in
competition with WT A. fumigatus isolates. Therefore, it is important to further analyze
any growth on the azole-containing agar, as this might indicate resistance. The pro-
portion of patient-derived resistance and environmental resistance will differ between
hospitals depending on the patient population, although in many regions, environ-
mental resistance mutations appear to dominate.

The experienced observers 1 and 2 had worked with the VIPcheck before, and their
previous experience using the agar-based resistance detection for azole resistance
surveillance was that all isolates showed uninhibited growth at 48 h. Therefore, they
were less aware that some resistant isolates with rare mutations may show only
minimal growth after 48 h. The high specificity of 1.00 and lower sensitivity for these
observers indicate that their personal threshold for minimal growth was higher than for
the inexperienced observers.

The performance of individual wells as an indicator for specific drug resistance is
lower, especially for posaconazole. The plates are developed to distinguish between
azole-susceptible and (multi)azole-resistant phenotypes. Based on these results, theo-
retically, isolates that are monoresistant to posaconazole have higher chance to be
missed by the VIPcheck. However, such a phenotype has not been described in the
literature, and virtually all isolates resistant to posaconazole or voriconazole are cross-
resistant to itraconazole (27). Furthermore, isavuconazole was not added to the plates.
Isavuconazole resistance is highly correlated with voriconazole resistance, and monore-
sistance to isavuconazole alone has not been documented; thus, resistance to isavu-
conazole is unlikely to be missed (28).

There are some limitations of this study. The performance of the VIPcheck was
evaluated in a single center using stored isolates from our database. This gave us the
chance to include a substantial number of resistant isolates with diverse resistance
genotypes, and it made it possible to perform reliability and reproducibility tests. The
percentage of uncommon resistance mechanisms in this collection was higher than
that observed in clinical practice; thus, the isolates used in this study do not resemble
a real-life situation. The results should thus be confirmed in a prospective setting and
in a multicenter setting.

The VIPcheck provides an easy-to-use, sensitive, and specific screening method for
discrimination between azole-susceptible and -resistant isolates of A. fumigatus. Unin-

TABLE 5 Characteristics of resistant A. fumigatus strains missed with VIPchecka

Strain cyp51

MIC 1 (mg/liter) MIC 2 (mg/liter)
No. missed by
VIPcheck/total no.

Strain characteristicsITC VOR POS ITC VOR POS Series 1 Series 2

V059-27 M220K �16 2 0.25 �16 �16 2 2/6 0/6 Only minimal growth in EUCAST 96-well plate;
discrepancy in MIC between measurements
1 and 2

V130-18 �16 4 0.5 4 4 0.5 2/6 2/6 Only very minimal growth after 48 h on
VIPcheck plates and growth plate; isolated
from a patient with long-term azole
treatment; discrepant MIC results

V156-11 �16 4 2 �16 4 0.5 0/6 3/6 No specific growth characteristics
V159-73 �16 2 2 �16 2 0.5 1/6 0/6 No specific growth characteristics
aStrain and patient characteristics were added when available. There were discrepancies in the MIC results between measurements 1 and 2 for isolates V059-27 and
V130-18. Strain characteristics were added for the 4 missed strains.
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hibited growth after 24 h can be used as an indicator for azole resistance. At 48 h,
minimal growth should be used as the threshold for azole resistance. The assay can be
used in nonexpert laboratories to screen A. fumigatus cultures for triazole resistance
and select isolates that subsequently need MIC testing. The assay provides a reliable
indication of resistance and thus may guide the choice of antifungal therapy while
awaiting the results of MIC testing. Such an approach would reduce the delay of
appropriate antifungal therapy, although further studies are needed to explore this
strategy. As the time to administration of effective antifungal therapy is an important
factor for a successful clinical response, this might help improve patient survival.

MATERIALS AND METHODS
Isolates. Ninety-six A. fumigatus isolates collected between 1994 and 2014 were used for the

validation of the VIPcheck plates. Isolates were selected from the fungal culture collection of the
Radboud University Medical Center, Nijmegen, The Netherlands. All but three isolates were cultured from
patient specimens. Forty-five isolates were azole susceptible based on EUCAST broth microdilution
reference method and clinical breakpoints. Fifty-one isolates showed an azole-resistant phenotype to
one or more of the mold-active triazoles itraconazole, posaconazole, and/or voriconazole (29). For all
isolates, the full cyp51A gene and promoter region had been sequenced (4). Isolates were stored in
glycerol broth at �80°C and subcultured twice on Sabouraud dextrose agar to produce fresh conidia. The
in vitro activities of voriconazole, itraconazole, and posaconazole were tested in accordance with
the EUCAST broth microdilution reference method (15). The same culture was then used to inoculate the
VIPcheck.

Quality control. Candida parapsilosis ATCC 22019 and Candida krusei ATCC 6258 were used as
quality controls for EUCAST susceptibility testing. The quality control routine for a batch of VIPcheck
plates consists of the inoculation of five A. fumigatus isolates with known phenotype: two azole-
susceptible isolates; one isolate resistant for itraconazole and posaconazole and intermediate for
voriconazole resulting in minimal growth in the well supplemented with voriconazole; one isolate
resistant for both itraconazole, posaconazole, and voriconazole; and one isolate with intermediate
susceptibility for voriconazole resulting in minimal growth. The MICs and genotype of the quality control
(QC) strains can be found at Table 6. All EUCAST susceptibility results and VIPcheck results were conform
to the quality control requirements.

Inoculation of VIPcheck. Briefly, a wet sterile swab was used to collect conidia from an A. fumigatus
colony to make a 0.5 to 2 McFarland suspension visually in 1 ml of sterile water. A disposable pipette was
used to add one drop of the suspension (25 �l) to each of the four wells. The wells contain either 4
mg/liter itraconazole (ITC), 2 mg/liter voriconazole (VRC), or 0.5 mg/liter posaconazole (POS). The fourth
well is the growth control. The lid was put on the VIPcheck, and the plates were incubated for 48 h at
37°C. The presence of growth was determined after 1 day and 2 days of incubation.

Performance of the VIPcheck. In this study, 96 isolates were tested in duplicate (series 1 and 2) to
assess the reproducibility and reliability. Series 1 was inoculated by an inexperienced researcher
(observer 5) who had not worked with the VIPcheck before. The second series was inoculated by an
experienced mycology technician (observer 1). All plates from both series were read by six observers who
were blinded for the genotype and phenotype of the different isolates to assess the interobserver
correlation. Observers 1 and 2 were experienced mycology technicians. Observers 3 and 4 were
experienced bacteriological technicians without experience in mycology. Observers 5 and 6 were not
trained in microbiology: observer 5 was a medical doctor, and observer 6 was a first year intern.
Observers were instructed to read the plates and document (i) (close to) uninhibited (��) growth, (ii)
minimal (�) growth, or (iii) no growth for each individual well at both 24 h and 48 h.

Statistics. Pilot testing indicated sensitivity close to 1.00 after 48 h for the VIPcheck. To achieve a 0.99
sensitivity with a 95% confidence interval (CI) of above 0.88, the sample size of the resistant isolates was
calculated to be 51 (30). All calculations were performed using SPSS (version 22) and GraphPad Prism
(version 5). Using the EUCAST MICs as the golden standard, the performance of the VIPcheck was
evaluated using a 2 by 2 cross table. The outcomes reported are sensitivity and specificity, with
concomitant 95% CI calculated using GraphPad Prism with the two-tailed Fisher’s exact test. Means were
calculated using SPSS, and no CI were reported.

TABLE 6 Characteristics of quality control strains

Strain cyp51A genotype

MIC (mg/liter) VIPcheck resultsa

ITC VOR POS ITC 4 mg/liter VOR 2 mg/liter POS 0.5 mg/liter

V013-02 TR34/L98H �16 2 1 �� � ��
V013-16 WT 0.125 0.5 0.063 � � �
V045-05 WT 0.25 1/0.5 0.063 � � �
V045-07 TR34/L98H �16 8 1 �� �� ��
V061-32 WT 0.25 2 0.063 � � �

a�, minimal growth; �� uninhibited growth; �, no growth.
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The interclass correlation coefficient (ICC) was calculated with SPSS using a mixed model, and the
single measurement value is reported as the result. To assess the reproducibility among the duplicates,
agreement between series 1 and series 2 was calculated as the Cohen’s kappa with SPSS, which corrects
for chance.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.01250-17.

SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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