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Sequence analysis of the internal transcribed spacer (ITS) region was employed as the gold standard method for yeast identifica-
tion in the China Hospital Invasive Fungal Surveillance Net (CHIF-NET). It has subsequently been found that matrix-assisted
laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS) is potentially a more practical approach for this
purpose. In the present study, the performance of the Vitek MS v2.0 system for the identification of yeast isolates collected from
patients with invasive fungal infections in the 2011 CHIF-NET was evaluated. A total of 1,243 isolates representing 31 yeast spe-
cies were analyzed, and the identification results by the Vitek MS v2.0 system were compared to those obtained by ITS sequence
analysis. By the Vitek MS v2.0 system, 96.7% (n = 1,202) of the isolates were correctly assigned to the species level and 0.2% (n =
2) of the isolates were identified to the genus level, while 2.4% (n = 30) and 0.7% (n = 9) of the isolates were unidentified and
misidentified, respectively. After retesting of the unidentified and misidentified strains, 97.3% (n = 1,209) of the isolates were
correctly identified to the species level. Based on these results, a testing algorithm that combines the use of the Vitek MS system
with selected supplementary ribosomal DNA (rDNA) sequencing was developed and validated for yeast identification purposes.
By employing this algorithm, 99.7% (1,240/1,243) of the study isolates were accurately identified with the exception of two iso-
lates of Candida fermentati and one isolate of Cryptococcus gattii. In conclusion, the proposed identification algorithm could be

practically implemented in strategic programs of fungal infection surveillance.

he global antifungal surveillance programs have provided

important global epidemiology and susceptibility data for in-
vasive yeast infections (1-6). In July 2009, the multicenter nation-
wide China Hospital Invasive Fungal Surveillance Net (CHIF-
NET) study was established, and since then it has provided
important information on the epidemiology of fungal diseases in
China (7). The importance of confirmatory identification in fun-
gal surveillance programs has been highlighted by reports that the
initial identifications by the participating laboratories may be in-
accurate, particularly for isolates that are uncommon or have un-
usual biochemical or phenotypic profiles (7, 8). Currently, se-
quencing-based methods are recognized as the gold standard for
identifying yeast species (9). In the 2010 CHIF-NET surveillance
study, all 814 isolates were confirmed by internal transcribed
spacer (ITS) region sequencing in a central laboratory (7). How-
ever, the subsequent expansion of the CHIF-NET program has led
to a dramatic increase in the numbers of both the participating
laboratories and the referred isolates, precluding the universal ap-
plication of the high-cost and labor-intensive sequence-based
identification methods.

Recently, matrix-assisted laser desorption ionization—time of
flight (MALDI-TOF) mass spectrometry (MS) has emerged as an
alternative for microbial identification (10-13). The Vitek MS sys-
tem (bioMérieux, Marcy I'Etoile, France) is a relatively new com-
mercialized MALDI-TOF-based method and is optimized for
both bacterial and fungal identification utilizing single-spot inoc-
ulations without prior protein extraction (14—19). Several studies
have evaluated the performance of the Vitek MS system with da-
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tabase version 1.0 in yeast identification (20-22). However, there
is only one reported study that evaluated the performance of the
Vitek MS system with database v2.0 (incorporating 755 species,
including 645 bacterial and 110 fungal taxa) for yeast identifica-
tion (23). In addition, there have been no studies that evaluated
the application of the Vitek MS v2.0 system in a large fungal sur-
veillance program such as CHIF-NET where a diverse range of
yeasts are encountered.

Therefore, the aims of the present study were to (i) evaluate the
performance of the Vitek MS v2.0 system for the identification of
yeasts collected in the 2011 CHIF-NET with comparison to ITS
sequence analysis, and (ii) develop a practical yeast identification
strategy for future CHIF-NET and other fungal surveillance pro-
grams.

MATERIALS AND METHODS

Yeast isolates. The 1,243 yeast isolates analyzed in this study were col-
lected from 22 clinical microbiology laboratories situated in 15 provinces
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across China during the 2011 CHIF-NET program from August 2010 to
July 2011. The invasive isolates were cultured from blood, cerebrospinal
fluid, ascitic fluid, peritoneal fluid, or other sterile body fluids. Study
strains were initially inoculated onto Brilliance Candida agar (Oxoid Ltd.,
Hampshire, United Kingdom) and then were subcultured on Sabouraud
dextrose agar. Culture media were incubated for 24 to 48 h at 35°C.

Sequencing-based identification. All isolates were identified by gold
standard DNA sequencing of the fungal internal transcribed spacer (ITS)
region. Primers ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS4
(5"-TCC TCC GCT TAT TGA TAT GC-3') were used to amplify the ITS
region (24). Amplification of the ITS region was carried out under the
following conditions: denaturation at 94°C for 5 min, followed by 30
cycles of denaturation at 94°C for 30 s, annealing at 56°C for 90 s, and
elongation at 72°C for 75 s, with a final extension step of 10 min at 72°C.
Strain species identification was performed as described by Wang et al.
(7).

Vitek MS v2.0 system identification. The Vitek MS analysis was per-
formed according to the manufacturer’s instructions. First, a small por-
tion of a single colony after 24 or 48 h of incubation was smeared onto a
target plate and covered with 0.5 wl formic acid (FA). Immediately after
drying at room temperature, 1 pl a-cyano-4-hydroxycinnamic acid
(CHCA) matrix solution was applied and again allowed to dry prior to
being loaded into the Vitek MS system. The identification control Esche-
richia coli ATCC 8739 strain was inoculated on the central spot of each
acquisition group.

After the acquisition of spectra (mass range of 2 to 20 kDa in the linear
mode), data were transferred from the Vitek MS acquisition station to the
Vitek MS analysis server, which utilized software algorithms to compare
the generated spectrum with the typical spectra within the database. These
results were then exhibited in one of three forms, (i) a single identification
(confidence value of 60.0% to 99.9%), (ii) a split identification for which
a set of possible organisms is displayed, or (iii) no identification when no
match is found.

Data analysis. The Vitek MS result was considered accurate to the
species level if a single identification was given and matched that obtained
by the reference method. The Vitek MS result was considered correct to
the genus level if multiple alternative identifications, all from the same
genus, were reported and matched the genus obtained by the reference
method. The Vitek MS result was considered a misidentification when a
single identification that did not match the result obtained with the refer-
ence method was given, when multiple identifications of different genera
were reported, or when multiple identifications of the same genera that
did match the genus of the reference method were reported (25). In order
to acquire more information, we reanalyzed all the isolates with the pri-
mary results of misidentification or no identification with a single spot.

RESULTS

Overall results. The 1,243 study isolates represented 31 species,
including 21 Candida species (1,137 isolates; 91.5%), 3 Cryptococ-
cus species (87 isolates; 7.0%), and 7 other yeast species (19 iso-
lates; 1.5%). The Vitek MS v2.0 system included reference spectra
for only 22 of the 31 species encountered during the study period
(Table 1). Among the 1,243 isolates analyzed by the Vitek MS v2.0
system, 1,202 (96.7%) isolates were correctly identified to the spe-
cies level, with confidence values of 99.9% for 1,162 isolates and
<99.9% for 40 isolates. Two isolates (0.2%) were correctly iden-
tified only to the genus level. Misidentification and no identifica-
tion results were obtained for 0.7% and 2.4% of the isolates,
respectively (Table 1). The confidence values for all the misiden-
tified isolates were <99.9% with the exception of two Candida
fermentati isolates misidentified as Candida guilliermondii and
one Cryptococcus gattii isolate misidentified as Cryptococcus neo-
formans (Table 2). The results for the misidentified isolates after
retesting are shown in Table 2. When isolates of species included
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in the v2.0 database that previously tested as no identification were
retested, only a single isolate each of Candida parapsilosis sensu
stricto and Trichosporon asahii remained unidentified. In total,
97.3% (n = 1,209) isolates were correctly identified to the species
level after retesting of misidentified and unidentified strains.

The Vitek MS system performed well in identifying common
Candida species (the species of isolates accounting for >1.0% of
the overall isolates), including Candida albicans (99.8%), Candida
tropicalis (98.1%), Candida parapsilosis sensu stricto (99.4%), Can-
dida glabrata sensu stricto (99.1%), Candida krusei (100%), and
Candida guilliermondii (93.7%) (Table 1). A total of 161 (87.5%)
of 184 C. parapsilosis complex isolates were identified on sequenc-
ing as C. parapsilosis sensu stricto, and 160 (99.4%) isolates were
correctly identified to the species level by the Vitek MS v2.0 sys-
tem. The misidentifications of the less commonly encountered
Candida species, including Candida metapsilosis, Candida orthop-
silosis, and C. fermentati, are summarized in Table 2.

Development of a yeast identification algorithm using Vitek
MS and rDNA sequence analysis. A testing algorithm for yeast
was developed based on the analysis of the Vitek MS system and
ribosomal DNA (rDNA) sequencing results from the present
study (Fig. 1). Under this proposal, strains with identification
confidence values of <99.9% are initially retested by the Vitek MS
system. Isolates with confidence values of <99.9% on retesting
should be confirmed by molecular methods. Uncommon species
(species accounting for <<1% of total yeast isolates as determined
by existing epidemiological data) are confirmed by molecular
identification, even if the confidence value is 99.9% (Fig. 1). When
the initial Vitek MS analysis reports multiple identifications or
when no identification is provided, strains should be initially re-
tested by the Vitek MS system. If this repeat analysis fails to pro-
vide a high confidence score, these isolates should be identified by
molecular methods (Fig. 1).

Applying the proposed testing algorithm in the 2011 CHIF-
NET, we found that 73 isolates required reanalysis by the Vitek MS
system (40 isolates with confidence values of <99.9%, 3 isolates
with multiple identifications, and 30 isolates with no identifica-
tion), and only 65 isolates met the criteria for molecular confir-
mation. Of the 1,243 study isolates, a total of 1,240 (99.7%) iso-
lates could be accurately identified when we employed the
proposed algorithm, with the three errors relating to two isolates
of C. fermentati, which are indistinguishable from those of C. guil-
liermondii by phenotypic methods, including the Vitek MS sys-
tem, and one isolate of C. gattii, which was indistinguishable from
C. neoformans using the Vitek MS system.

The yeast identification methods utilizing only rDNA sequenc-
ing, only the Vitek MS system, and a combination of these meth-
ods are compared by the proposed algorithm in Table 3. Molecu-
lar identification of all 1,243 2011 CHIF-NET isolates took two
technicians nearly 30 weeks with a consumable cost of US$6,215.
Utilizing the Vitek MS system alone, two technicians could com-
plete identification of the same isolates within 4 weeks with a con-
sumable cost of approximately $4,100. When the proposed testing
algorithm was applied to the study isolates, 1,170 (94.1%) of the
isolates were identified by initial Vitek MS analysis, 73 (5.9%)
isolates needed reanalysis by Vitek MS, and 65 required further
confirmation by rDNA sequencing. Overall, the algorithm led to
the accurate identification of 99.7% isolates. Two technicians were
able to complete the task in 6 weeks with an approximate cost of
$4,668.
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TABLE 1 Performance of the Vitek MS v2.0 system for the identifications of 1,243 yeast isolates from CHIF-NET 2011

No. (%) of isolates with Vitek MS results of:

Correct
identification to Correct identification Misidentification
No. (%) of species level to genus level (single/multiple
Reference identification isolates (single result)” (multiple results)” results)® No identification
Candida species 1,137 (91.5) 1,101 (96.8) 2(0.2) 8 (0.7) 26 (2.3)
C. albicans 556 (44.7) 555 (99.8) 0 (0) 0 (0) 1(0.2)
C. tropicalis 218 (17.5) 214 (98.1) 1(0.5) 0(0) 3(1.4)
C. parapsilosis species complex
C. parapsilosis sensu stricto 161 (13.0) 160 (99.4) 0(0) 0 (0) 1(0.6)
C. metapsilosis” 14 (1.1) 0(0) 0(0) 3(21.4) 11 (78.6)
C. orthopsilosis® 7 (0.6) 0(0) 0(0) 2 (28.6) 5(71.4)
Lodderomyces elongisporus® 2(0.2) 0(0) 0(0) 0(0) 2 (100)
C. glabrata sensu stricto 115 (9.3) 114 (99.1) 0(0) 0(0) 1(0.9)
C. krusei 16 (1.3) 16 (100) 0(0) 0 (0) 0(0)
C. guilliermondii 16 (1.3) 15 (93.7) 0(0) 1(6.3) 0(0)
C. pelliculosa 10 (0.8) 10 (100) 0(0) 0(0) 0(0)
C. lusitaniae 4(0.3) 4 (100) 0(0) 0 (0) 0(0)
C. haemulonii 3(0.2) 3 (100) 0(0) 0(0) 0(0)
C. intermedia 3(0.2) 2 (66.7) 1(33.3) 0(0) 0(0)
C. lipolytica 3(0.2) 3 (100) 0(0) 0 (0) 0(0)
C. inconspicua 2(0.2) 2 (100) 0(0) 0(0) 0(0)
C. catenulata 1(0.1) 1(100) 0(0) 0(0) 0(0)
C. fermentati‘ 2(0.2) 0(0) 0(0) 2 (100) 0(0)
C. freyschussii 1(0.1) 1(100) 0(0) 0(0) 0(0)
C. opuntiae® 1(0.1) 0(0) 0(0) 0(0) 1 (100)
C. quercitrusa® 1(0.1) 0(0) 0(0) 0 (0) 1 (100)
C. rugosa 1(0.1) 1(100) 0(0) 0(0) 0(0)
Cryptococcus species 87 (7.0) 85 (97.8) 0(0) 1(1.1) 1(1.1)
C. neoformans
C. neoformans var. grubii 83 (6.7) 83 (100) 0(0) 0 (0) 0(0)
C. neoformans var. neoformans 2(0.2) 2 (100) 0(0) 0 (0) 0(0)
C. gattii® 1(0.1) 0 (0) 0 (0) 1 (100) 0(0)

C. laurentii 1(0.1) 0(0) 0(0) 0(0) 1 (100)
Other yeast species 19 (1.5) 16 (84.2) 0(0) 0(0) 3(15.8)
Kodamaea ohmeri 4(0.3) 4 (100) 0(0) 0(0) 0(0)

Pseudozyma species” 1(0.1) 0(0) 0(0) 0(0) 1 (100)
Rhodotorula mucilaginosa 1(0.1) 1 (100) 0(0) 0(0) 0(0)
Saccharomyces cerevisiae 1(0.1) 1 (100) 0(0) 0(0) 0(0)
Sporobolomyces species? 1(0.1) 0(0) 0(0) 0(0) 1 (100)
Trichosporon asahii 10 (0.8) 9 (90) 0(0) 0(0) 1(10)
Trichosporon asteroides 1(0.1) 1 (100) 0(0) 0(0) 0(0)
Total 1,243 (100) 1,202 (96.7) 2(0.2) 9(0.7) 30 (2.4)

“ The result was a single identification that matched the reference method to the species level.
b The result was multiple possible identifications, all within the same genus, which matched (at the genus level) the identification obtained by the reference method.
¢ The result was either a single identification that did not match the identification obtained by the reference method or multiple possible identifications that included more than one

genus.
4 Nine species were not included in the Vitek MS v2.0 database.

DISCUSSION

Accurate identification of strains in surveillance programs is es-
sential for providing reliable epidemiological data (8). In the first
year of study in the 2010 CHIF-NET, a total of 814 isolates were
confirmed in a central laboratory by ITS sequence analysis, pro-
viding clinically useful data on yeast infections in China (7). With
the rapid expansion of the CHIF-NET program, more laborato-
ries (~100) will participate, and more isolates will be collected.
DNA sequence-based analysis is impractical for identification on
such a scale.
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Many previous studies have evaluated the performance of the
Bruker Biotyper system (Bruker Daltonics, Germany) for identi-
fication of bacteria or fungi. However, there have been limited
reports relating to the Vitek MS system, especially for the identi-
fication of fungi (20-23). Iriart et al. showed that the Vitek MS
v1.0 system performed well for the identification of yeasts and
Aspergillus fungi (93.2% of correct identifications) (20). Mancini
et al. compared the performance of the Vitek MS v1.0 system to
that of the Bruker Biotyper. While the Vitek MS system proved to
be as accurate as the Bruker Biotyper for the identification of the
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TABLE 2 Results of the misidentified isolates reanalyzed by the Vitek
MS v2.0 system

Vitek MS identification results (confidence value

[%])
Reference Sample
identification no. Initial Reanalyzed
C. guilliermondii® 11H4034 C. guilliermondii (93.6), C. guilliermondii (99.9)
Debaryomyces
polymorphus (82.9)
C. fermentati 10TJ113 C. guilliermondii (99.9) C. guilliermondii (98)
C. fermentati 10TJ114 C. guilliermondii (99.9) C. guilliermondii (98.4)
C. metapsilosis 11GH037 C. laurentii (94.6) Unidentified
C. metapsilosis 1151007 C. laurentii (99.3) Unidentified
C. metapsilosis 10GZ105 C. parapsilosis (74.5) Unidentified
C. orthopsilosis 11RJ039 C. parapsilosis (92.1) Unidentified
C. orthopsilosis 11TJ188 C. parapsilosis (93.5) C. parapsilosis (97.3)
C. gattii 11GZ074 C. neoformans (99.9) C. neoformans (99.9)

@ C. guilliermondii is included in the v2.0 database.

most common medically important yeasts, it yielded a lower rate
of correct identification for rarer Candida and non-Candida spe-
cies. This difference may be partially attributed to its nonexpand-
able database (22). The present study is the first to evaluate the
performance of the Vitek MS v2.0 system for the identification of
invasive yeast isolates in China and only the second reported study
of the Vitek MS v2.0 system for yeast identification. Our results are

Vitek MS Plus rDNA Sequencing in Yeast Surveillance

comparable to findings from the previous single Vitek MS v2.0
system study, where >96% of the 852 isolates were correctly iden-
tified to the species level, 2.8% were not identified, and 0.6% were
misidentified (23).

In the present study, 22 isolates representing seven species not
included in the Vitek MS v2.0 database obtained results of no
identification, highlighting the specificity of the Vitek MS system.
Of the eight isolates unidentified by the Vitek MS v2.0 system
despite being included in the database, six (75%) were correctly
identified when a second Vitek MS analysis was performed. There-
fore, laboratories should consider routinely repeating testing of all
isolates initially identified as no identification. C. parapsilosis sensu
stricto could be identified, while C. orthopsilosis and C. metapsilosis
species could not be identified by the Vitek MS v2.0 system, a
result attributable to the absence of reference spectra in the v2.0
database. Given that the Bruker Biotyper can identify C. orthopsi-
losis and C. metapsilosis, enhancements to the current Vitek MS
v2.0 database may be warranted (26). Some closely related species
that are difficult to identify by conventional methods, such as C.
dubliniensis, which is closely related to C. albicans, were not in-
cluded in this study. However, the Vitek MS system has been suc-
cessful in separating these species when encountered in a previous
study (23).

Our study has demonstrated that the Vitek MS system per-

Yeast colonies growing on
blood/ sabourand/ chromogenic agar

Vitek MS identification
Smear the fresh colony onto the plate
Add 0.5 pl formic acid
Add 1 pl CHCA
Loaded into the Vitek MS

‘ Identification results analysis |

v ¥ v
I Single identification | | Multiple identifications® | | No identification® |
[
; ! | |
Confidence value of Confidence value of v
99.9% <99.9%b | Reanalyzed by Vitek MS |
' !
Reanalyzed by Vitek MS | | If still multiple identifications/

no identification

<99.9%

If confidence value still of

I

)

| Molecular identification |

Final identification

FIG 1 An identification testing algorithm for yeast based on the Vitek MS system and selective molecular identification in a large surveillance program. ¥,
Identification results of the uncommon yeast species should be confirmed by the molecular identification; °, the strain identification results with confidence
values of <99.9% should be reanalyzed by the Vitek MS system; , The strains with multiple identifications or no identification should be reanalyzed by the Vitek

MS system.
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TABLE 3 Comparison of the three methods for yeast identification in CHIF-NET 2011

Item rDNA sequencing Vitek MS Vitek MS plus rDNA sequencing

No. of analyzed isolates 1,243 1,243 1,243 (Vitek MS), 73 (reanalyzed),
65 (rDNA sequencing)

Total time (wk) for 2 technicians 30 4 6

Total cost (US$)* 6,215 4,100 4668

Accuracy (%) 100 96.7 99.7

Results analysis BLAST with GenBank/CBS database

Identification results could be read directly

“ The expenses of the equipment and technicians were not included.

forms well for the routine laboratory identification of the com-
monly encountered yeast species. However, when identification of
rarer species is considered critical for clinical or epidemiological
studies, the gold standard for identification is a molecular
method. Our proposed algorithm offers a clear and structured
approach for yeast identification that can be applied to large epi-
demiological studies, including future CHIF-NET reports. The
benefits of the algorithm include the high degree of accurate iden-
tification (99.7%) as well as the significant reduction in labor and
material costs associated with the lower number of isolates requir-
ing molecular identification. However, due to the inability of the
Vitek MS database to distinguish species with high phenotypic
homogeneity, two isolates of C. fermentati were indistinguishable
from C. guilliermondii, and a single C. gattii isolate was indistin-
guishable from C. neoformans when the testing algorithm was ap-
plied (27). We envisage that with future revisions of the Vitek MS
reference spectra database, closely related species may be able to be
separated.

This study has several strengths. First, the 1,243 yeast strains
were isolated from patients with invasive fungal infections in
laboratories of 22 hospitals across China, with wide geographic
representation and strain heterogeneity. Second, the isolates rep-
resented 31 species, including both common and rarely encoun-
tered yeast species, nine of which were not included in the v2.0
database. The large number of well-characterized strains collected
across China constitutes a valuable resource for enhancement of
the Vitek MS comprehensive database. In addition, all isolates
were analyzed by the Vitek MS v2.0 system and ITS sequence
analysis, which is the first time that the performance of the Vitek
MS v2.0 system has been evaluated using molecular identification
as a reference method in a developing country. Finally, this is the
first time that Vitek MS v2.0 evaluation has been performed on
yeast isolates collected from a large national surveillance program,
providing valuable insights for formulating a strategy for yeast
identification in similar surveillance programs.

In summary, the present evaluation involving 1,243 yeast iso-
lates from the 2011 CHIF-NET demonstrated that the Vitek MS
system is a valuable method for yeast identification. The imple-
mentation of this technology in clinical microbiology laboratories
in China will improve the diagnostic accuracy of fungal infection.
More importantly, a practical and cost-effective algorithm for
yeast identification incorporating the Vitek MS system with rDNA
sequencing has been proposed for large surveillance programs
such as the CHIF-NET. This algorithm will be an important foun-
dation for the establishment of protocols for laboratory diagnosis
of fungal infections in developing countries. With further en-
hancements to the Vitek MS system, the testing algorithm and
subsequently laboratory workflow will improve and lead to fur-
ther efficiencies.
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