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Background: We evaluated the coincidence rate between Vitek MS system (bioMérieux,
France) and Vitek 2 in identifying uropathogens directly from urine specimens.

Methods: Urine specimens submitted to our microbiology laboratory between July and
September 2013 for Gram staining and bacterial culture were analyzed. Bacterial identifi-
cation was performed by using the conventional method. Urine specimens showing a sin-
gle morphotype by Gram staining were processed by culturing and matrix-assisted laser
desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). Of 2,370 urine
specimens, 251 showed a single morphotype on Gram staining, and among them, 202
were available for MALDI-TOF MS.

Results: In these 202 specimens, colony growth was observed in 189 specimens, and
145 specimens had significant growth of single-colony morphotype in culture. One hun-
dred and ten (75.9%) of them had colony counts of >10° colony-forming units (CFU)/mL
and included 71 enteric gram-negative bacteria (GNB), 5 glucose-non-fermenting GNB, 9
gram-positive cocci (GPC), and 25 yeasts. Furthermore, 70 (98.6%), 3 (60.0%), 4
(44.4%), and 5 (20.0%), respectively, of these were correctly identified by Vitek MS.
Thirty-one specimens (21.4%; 11 GNB, 7 GPC, 12 yeasts, and 1 gram-positive bacillus)
had colony counts of 10*-10° CFU/mL. Four specimens (2.8%) yielded colony counts of
10%-10* CFU/mL.

Conclusions: Vitek MS showed high rate of accuracy for the identification of GNB in urine
specimens (>10° CFU/mL). This could become a rapid and accurate diagnostic method
for urinary tract infection caused by GNB. However, for the identification of GPC and
yeasts, further studies on appropriate pre-treatment are warranted.
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INTRODUCTION

Urinary tract infection (UTI) is the most commonly encountered
nosocomial infection, and the major risk factor is urinary cathe-
terization [1]. Although Escherichia coli is the most common
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uropathogen for UTI, other gram-negative bacteria (GNB; en-
terobacteria other than E. coli, Pseudomonas spp., and Acineto-
bacter spp.), gram-positive cocci (GPC), and Candida spp. are
common uropathogens. In patients positive for the same micro-
organism in both urine and blood culture, the five leading micro-
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organisms found in blood cultures are E. coli, Candida spp.,
Klebsiella spp., Acinetobacter spp., and Staphylococcus aureus
[2]. Therefore, early identification of uropathogens is necessary,
especially in nosocomial UTI, and it could help select appropri-
ate antibiotics for treatment. However, urine culture (quantitative
culture of urine specimens on solid medium followed by bio-
chemical characterization of isolates), which is the gold standard
for diagnosis, takes 24-72 hr before results are available [3].

Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) becomes a reliable tool for the
identification of bacteria and yeast [4, 5]. The Vitek MS system
(bioMérieux, Marcy I'Etoile, France) got US Food and Drug Ad-
ministration (FDA) clearance on August 2013 for the identifica-
tion of bacteria (except Mycobacterium) and yeasts grown on
solid media. It was recently reported that MALDI-TOF MS could
directly provide rapid and accurate bacterial identification for
the majority of urine specimens with a bacterial colony count of
>10° colony-forming units (CFU)/mL, where an automated de-
vice based on flow cytometry was used for the screening test [6,
71. However, in most clinical laboratories, such an automated
device is not used for screening UTls. For urine specimens with
>10* CFU/mL of a single uropathogen, the identification and
susceptibility test for the uropathogen is recommended because
colony counts of <10° CFU/mL in voided specimens in the
presence of dysuria and symptoms of UTI should not be ignored
[8]. In this study, we evaluated the coincidence rate between Vi-
tek MS system (bioMérieux, France) and Vitek 2 in identifying
urinary tract pathogens directly from urine specimens with >10°
CFU/mL, as well as those with 10*-10° CFU/mL.

METHODS

1. Study specimens

Of the urine specimens submitted to our microbiology laboratory
between July and September 2013 for Gram staining and bac-
terial culture, specimens showing a single morphotype by Gram
staining were processed both by conventional culture and
MALDI-TOF MS. Leukocyte numbers were examined at a low-
power field (LPF) and were graded as negative, 1+:< 1/LPF, 2+:
1-9/LPF, 3+:10-25/LPF, or 4+:>25/LPF. Bacteria were counted
per oil immersion field (OIF) and graded as negative, 1+:<1/
OIF, 2+:1-5/0IF, 3+:6-30/0IF, or 4+:>30/0IF [8].

2. Urine culture and conventional identification
Bacterial identification was performed by the conventional
method using the Vitek 2 system. For the conventional culture,
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1 pL of well-mixed urine was inoculated and spread onto blood
agar plates and MacConkey agar plates using a sterile plastic
disposable loop (SPL Lifesciences, Pocheon, Korea). Plates
were incubated in an aerobic atmosphere at 37°C for 18-24 hr.
When bacterial growth was observed, the colonies on blood agar
were counted, and colonies from both types of plates were iden-
tified by using the Vitek 2 system.

3. MALDI-TOF MS identification

For MALDI-TOF MS analysis, the preparation method was an
adaptation of the protocol described by Ferreira et al. [7] and
Lavergne et al. [9]. Briefly, urine (3 mL) was centrifuged at
2,000 g for 30 sec to remove leukocytes. The supernatant was
centrifuged at 14,100 g for 10 min to collect bacteria. The pellet
was washed once with de-ionized water (DW). To the pellet, 1.5
mL of basic solution of sodium dodecy! sulfate (SDS 0.1%,
NaHCOs 0.015M) was added and incubated at 37°C for 10
min. After further centrifugation at 14,100 g for 10 min and
washing with DW, the supernatant was removed. The pellet it-
self (8-10 pL) was applied to the MALDI plate in duplicate and
was dried on a slide warmer (56°C) for 10 min. Then, 1 pL of
matrix solution (3.1% [w/v] a-cyano-4-hydroxycinnamic acid,
product no. 411071; bioMérieux) was added to each well. For
yeasts, 1 pL of formic acid (product no. 411072, bioMérieux)
was applied before the addition of matrix solution. No repeat
testing was performed.

Following preparation, specimens were analyzed with the Vi-
tek MS in linear, positive-ion mode at a laser frequency of 200
Hz, across the mass-to-charge (m/z) ratio of 2,000 to 20,000
Da. External mass calibration was performed by using a TOF
mix (bioMérieux). Target plates were calibrated and quality con-
trolled using E. coli ATCC8739. After the acquisition of spectra,
data were transferred from the Vitek MS acquisition station to
the Vitek MS analysis server, and identification results were dis-
played by using Myla v3.2 middleware. The Vitek MS identifica-
tion system is based on comparison of the characteristics of the
obtained spectra with those of the Vitek MS v2.0 database. This
database was built by using spectra of known strains for each
claimed species. On the basis of this representative data collec-
tion, a weight is assigned to each peak for each species accord-
ing to its specificity.

A confidence value of >60 with the unique spectrum of a sin-
gle organism indicated good species-level identification. If no
unigue identification pattern was found, a list of possible organ-
isms was given as “low discrimination” (confidence value of
<60%) or the strain was determined to be outside the scope of
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the database (“no ID”) [4]. If one of the duplicates showed a
confidence value of >60%, it was considered an acceptable
identification. No identification result was given when the dupli-
cate had poor confidence levels or did not have the same spe-
cies-level identification. The warning messages “bad spectrum”
or “insufficient peak” appeared in case of a human error or a
poor-quality deposit.

4. Statistical analysis

Statistical analyses were performed by using the SPSS statistical
analysis package version 13.0 (SPSS Inc., Chicago, IL, USA).
Comparisons of proportions were tested by using chi-square
analysis and Fisher’s exact test, as appropriate, and the criterion
for statistical significance was set at P<0.05.

RESULTS

1. Urine culture results of specimens available for MALDI-
TOF MS

Of the 202 urine specimens, the growth of colonies was ob-
served in 189 specimens: 145 specimens with single-colony
morphology, 22 specimens with two-colony morphology, and
the remaining 22 specimens with morphologies of more than
two colonies. Thirteen specimens did not grow in culture, and
Vitek MS did not identify any significant protein profile in any of
these cases (Table 1).

2. Comparison of the results between the conventional
method and MALDI-TOF

Of the 145 specimens with significant growth of single-colony
morphology on agar, 110 (75.9%) of them had colony counts of
>10° CFU/mL. They included 71 enteric GNB, five glucose-

Table 1. Urine culture results of 202 specimens available for MAL-
DI-TOF MS

Urine culture N of case
Growth of colonies (N=189)
1-colony morphology 145
>10° CFU/mL 110
10*-10° CFU/mL 31
10%-10* CFU/mL 4
2-colony morphology 22
3-colony morphology 22

No growth (N=13)

Abbreviations: MALDI-TOF MS, matrix-assisted laser desorption ionization
time-of-flight mass spectrometry; CFU, colony-forming unit.
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non-fermenting GNB, nine GPC, and 25 yeasts. Vitek MS cor-
rectly identified 70 (98.6%) enteric GNB, three (60.0%) glu-
cose-non-fermenting GNB, four (44.4%) GPC, and five (20.0%)
yeast isolates (Table 2). Overall, among the 110 specimens with
colony counts of >10°% CFU/mL, microorganism identification
coincided at the species level in 79 cases (71.8%) and at the
genus level in 84 cases (76.4%). In 26 cases, Vitek MS did not
give a reliable identification. We found no major discrepancies
at the genus level.

Thirty-one specimens (31/145, 21.4%) showed growth of
bacterial colonies between 10* and 10° CFU/mL, and they were
11 GNB, seven GPC, 12 yeasts, and one gram-positive bacillus
(GPB) (Table 3). Among them, seven (63.6%) GNB, one
(14.3%) GPC, and one (8.3%) yeast were correctly identified by
Vitek MS. Overall, the accuracy of identification at the genus
level was 29.0% (9/31). The correct identification rate was sig-
nificantly higher in urine specimens with >10° CFU/mL than in
those with 10*-10° CFU/mL (P=0.000).

Four specimens (2.8%) yielded colony counts between 10°
and 10* CFU/mL, and none of them were correctly identified.

According to Gram staining of the microorganisms isolated
from the above 141 specimens from which more than 10* CFU/
mL of an microorganism was isolated, 87 were GNB, 16 were
GPC, 37 were yeasts, and one was GPB. Of the 87 GNB cases,
E. coli was isolated in 58 (66.7%), Klebsiella spp. in 15
(17.2%), chromosomal AmpC-producing Enterobacteriaceae
(Enterobacter spp., Citrobacter spp., Serratia spp., Morganella
spp.) in seven (8.0%), glucose non-fermenting isolates in five
(5.7%), and Proteus spp. in two cases. Overall, the coincidence
rate between Vitek 2 and Vitek MS was 92.0% (80/87) for GNB
(54/58 E. coli, 15/15 Klebsiella spp., 7/7 chromosomal AmpC-
producing Enterobacteriaceae, 3/5 glucose non-fermenting
GNB, and 1/2 Proteus spp.), 31.3% (5/16) for GPC (3/6 Entero-
coccus faecalis, 1/4 Enterococcus faecium, 1/3 Streptococcus
agalactiae, 0/1 Staphylococcus aureus, O/1 Streptococcus angi-
nosus group, 0/1 coagulase-negative Staphylococcus), 16.2%
(6/37) for yeasts, and 0% for GPB (0/1 Bacillus spp.). Among
the 50 specimens not identified by Vitek MS, eight had “insuffi-
cient peaks” caused by poor quality of the microbial film on the
plate, and five of them were yeasts. The number of specimens
with high or moderate leukocytes were 28 among the 91 cases
correctly identified by Vitek MS, and six among the 50 cases not
identified by Vitek MS (chi-square test, P=0.003).

For 22 specimens with significant (>10* CFU/mL) growth of
two-colony morphology in culture, Vitek MS correctly identified
one of the mixed microorganisms in seven cases (two E. coli,
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Table 2. Comparison of the results between the conventional method and MALDI-TOF in 110 specimens with colony counts of >10° CFU/mL

Conventional identification

Coincidence (%)

MALDI-TOF MS identification

(N of isolates) Species level Genus level (N of isolates)
Escherichia coli (53) 98.1 98.1 Escherichia coli (52)
No reliable identification (1)
Klebsiella pneumoniae (11) 100 100 Klebsiella pneumoniae (11)
Klebsiella oxytoca (1) 100 100 Klebsiella oxytoca (1)
Enterobacter cloacae (2) 0 100 Enterobacter cloacae/asburiae (2)
Enterobacter aerogenes (1) 100 100 Enterobacter aerogenes (1)
Citrobacter koseri (1) 100 100 Citrobacter koseri (1)
Proteus vulgaris (1) 0 100 Proteus vulgaris/penneri (1)
Serratia marcescens (1) 100 100 Serratia marcescens (1)
Pseudomonas aeruginosa (4) 75.0 75.0 Pseudomonas aeruginosa (3)
No reliable identification (1)
Stenotrophomonas maltophilia (1) 0 0 Insufficient peak (1)
Total gram-negative bacteria (76) 92.1 96.1
Enterococcus faecalis (5) 60.0 60.0 Enteracoccus faecalis (3)
No reliable identification (2)
Enterococcus faecium (2) 0 0 No reliable identification (2)
Streptococcus agalactiae (2) 50.0 50.0 Streptococcus agalactiae (1)
Insufficient peak (1)
Total gram-positive cocci (9) 44.4 444
Candida albicans (4) 50.0 50.0 Candida albicans (2)
No reliable identification (1)
Insufficient peak (1)
Candida glabrata (8) 25.0 25.0 Candida glabrata (2)
No reliable identification (4)
Insufficient peak (2)
Candida haemulonii (1) 0 0 No reliable identification (1)
Candida tropicalis (7) 14.3 57.1 Candida tropicalis (1)
Candida glabrata (1)
Candida lusitaniae (1)
Cryptococcus albidus(1)
No reliable identification (3)
Trichosporon asahii (1) 0 0 No reliable identification (1)
Others (4) 0 0 No reliable identification (4)
Total yeast (25) 20.0 32.0
Total (110) 71.8 76.4

Abbreviations: MALDI-TOF MS, matrix-assisted laser desorption ionization time-of-flight mass spectrometry; CFU, colony-forming unit.

two Acinetobacter baumannii complex, one Klebsiella pneu-
moniae, one Morganella morganii, and one Streptococcus aga-
lactiae).

DISCUSSION

Previous studies have shown excellent correlation between Vitek
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MS identification and conventional microbiological identification
in clinical bacterial and yeast isolates. In these studies, when
there were discrepancies between Vitek MS and conventional
identification, sequencing results frequently corresponded with
the Vitek MS [4, 5, 10]. However, few studies on direct identifi-
cation of urinary tract pathogens from urine specimens using
MALDI-TOF MS have been performed [6, 71, and to our knowl-
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Table 3. Comparison of the results between the conventional method and MALDI-TOF in 31 specimens with colony counts of 10*-10° CFU/

mL

Conventional identification

Coincidence (%)

MALDI-TOF MS identification

(N of isolates) Species level Genus level (N of isolates)
Escherichia coli (5) 40.0 40.0 Escherichia coli (2)
No reliable identification (2)
Insufficient peak (1)
Klebsiella pneumoniae (2) 100 100 Klebsiella pneumoniae (2)
Klebsiella oxytoca (1) 100 100 Klebsiella oxytoca (1)
Enterobacter aerogenes (1) 100 100 Enterobacter aerogenes (1)
Morganella morganii (1) 100 100 Morganella morganii (1)
Proteus mirabilis (1) 0 0 No reliable identification (1)
Total gram-negative bacteria (11) 54.5 54.5
Enterococcus faecalis (1) 0 0 No reliable identification (1)
Enterococcus faecium (2) 50.0 50.0 Enterococcus faecium (1)
No reliable identification (1)
Staphylococcus aureus (1) 0 0 No reliable identification (1)
Streptococcus agalactiae (1) 0 0 Insufficient peak (1)
Streptococcus anginosus (1) 0 0 No reliable identification (1)
Coagulase-negative staphylococci (1) 0 0 No reliable identification (1)
Total gram-positive cocci (7) 143 14.3
Bacillus spp.(1) 0 0 No reliable identification (1)
Candida albicans (5) 0 0 No reliable identification (4)
Insufficient peak (1)
Candida glabrata (4) 25.0 25.0 Candida glabrata (1)
No reliable identification (3)
Candida tropicalis (3) 0 0 No reliable identification (2)
Insufficient peak (1)
Total yeast (12) 8.3 8.3
Total (31) 29.0 29.0

Abbreviations: MALDI-TOF MS, matrix-assisted laser desorption ionization time-of-flight mass spectrometry; CFU, colony-forming unit.

edge, this is the first such study that used Vitek MS and in-
cluded specimens with yeasts.

Among urine specimens containing >10* CFU/mL, GNB
accounted for 61.7% of the uropathogens, and yeast was the
second most common (26.2%). Moreover, among the GNB, E.
coli comprised only about two thirds, which is in line with a pre-
vious study from China where E. coli was found to comprise
43.5% of the uropathogens. Considering this diversity of uro-
pathogens, early identification of uropathogens is necessary for
appropriate therapy [6].

Based on our results, the overall identification rate of Vitek
MS was much higher (76.4%) in urine specimens containing
>10° CFU/mL than that in the specimens containing 10*-10°
CFU/mL (29.0%). For GPC and yeasts, the identification rate in
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specimens with a lower microbial burden was too low (14.3%
and 8.3%, respectively). However, for GNB, the identification
rate was 63.6% even for specimens with 10* or 10° CFU/mL of
bacteria, which is much higher than that reported in an earlier
study where only one of the five GNB were correctly identified
[71. For urine specimens containing bacteria of less than 10*
CFU/mL, Vitek MS could not identify bacteria. This indicates
that sufficient bacterial count is essential for identification by
MALDI-TOF MS and supports the previous report where bacte-
rial count needed for a good discrimination score by MALDI-
TOF MS was higher for GPC (2.5-5x 10° CFU/mL) than for GNB
(about 6x 10* CFU/mL) [6]. Therefore, additional studies are
needed to improve the collection quantity and purity of collected
bacteria.
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For urine specimens with >10° CFU/mL, the identification
rate differed according to the microorganisms involved. For en-
teric GNB, Vitek MS demonstrated excellent identification
(98.6%), and this finding is in line with previous studies [6, 71.
For GPC, however, Vitek MS yielded correct identification only in
a small portion (44.4%) of urine specimens with GPC. For E.
faecalis, which is the most common uropathogenic GPC, al-
though the number of specimens was small, the detection rate
was 60%, which corresponds with a study where the coinci-
dence with conventional culture method was lower (66.7%) in E.
faecalis than in E. coli (97.6%) [71. However, in the study from
China, the coincidence was very high in Enterococcus spp.
(81.5-90.0%) [6]. This difference might be attributed to the dif-
ference in specimen preparation, because those authors used
an extraction procedure using formic acid and acetonitrile [6],
while we did not (to avoid the use of a fume hood). Perhaps the
formic acid and acetonitrile extraction procedure would have a
positive effect on the identification of GPC by MALDI-TOF MS.
For specimens containing yeasts, only five (20%) out of the 25
specimens were correctly identified. As Vitek MS showed supe-
rior ability of identification of yeasts grown on agar (86.7-96.6%)
using the simple formic acid pre-treatment [5, 8, 11, 12], the
low identification rate for yeast in this study can be ascribed to
the matrix effect of urine. A better pre-treatment step that will
allow for high identification rate for yeasts directly from urine
specimens needs to be developed.

We also compared leukocyte counts between specimens that
were identified or not identified by Vitek MS, because in a previ-
ous study [6], a large number of leukocytes in urine specimens
was frequently observed in specimens not reliably identified by
MALDI-TOF MS. However, the proportion of urine specimens
containing a large number of leukocytes was much higher
among the specimens correctly identified by Vitek MS, suggest-
ing that a high leukocyte count does not interfere with bacterial
protein peaks. High concentrates of many endogenous sub-
stances such as a-defensins in urine, which can suppress or en-
hance the ionization of certain protein spectra of microorgan-
isms, might result in incorrect or no identification [13, 14].

In our study, the identification of bacteria by MALDI-TOF MS
took about 1 hr, which is similar to that reported in several stud-
ies [15, 16]. Identifying bacterial species will help clinicians
choose appropriate antibiotics for empiric therapy. In addition,
when the bacterial species is known, the antimicrobial suscepti-
bility test can be performed as soon as the colony is formed on
the agar, using the appropriate Vitek card (AST-N224 for Entero-
bacteriaceae vs. AST-N225 for glucose non-fermenters, AST-
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P600 for Enterococcus spp.).

In conclusion, with a simple pre-treatment using SDS, Vitek
MS showed high rate of accuracy for the identification of GNB
in urine specimens with >10* CFU/mL, without any major error.
This could become a rapid and accurate diagnostic method
useful in the diagnosis of UTI caused by a single GNB. How-
ever, for the identification of GPC and yeasts, further studies are
required to improve pre-treatment steps. In addition, Vitek MS
could not identify bacterial species in urine specimens with
mixed bacterial infections; therefore, for improvements in the
Vitek MS software, this shortcoming should be considered and
rectified.
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