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Ana Herrero-Hernández,2 José Manuel González-Buitrago,1,4‡ and Juan Luis Muñoz-Bellido2,5‡*

Unidad de Investigación, Hospital Universitario de Salamanca, Salamanca, Spain1; Departamento de Microbiología, Hospital Universitario de
Salamanca, Salamanca, Spain2; Servicio de Análisis Clínicos, Hospital Universitario de Salamanca, Spain3; Departamento de

Bioquímica y Biología Molecular, Universidad de Salamanca, Spain4; and Departamento de Medicina Preventiva,
Salud Pública y Microbiología Médica, Universidad de Salamanca, Salamanca, Spain5

Received 12 November 2009/Returned for modification 30 December 2009/Accepted 6 April 2010

Matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) has been
suggested as a reliable method for bacterial identification from cultures. Direct analysis of clinical samples
might increase the usefulness of this method, shortening the time for microorganism identification. We
compared conventional methods for the diagnosis of urinary tract infections (UTIs) and identification of the
urinary tract pathogens (automated screening, plate cultures, and identification based on biochemical char-
acteristics) and a fast method based on conventional screening and MALDI-TOF MS. For this latter method,
4 ml of urine was centrifuged at a low-revolution setting (2,000 � g) to remove leukocytes and then at high
revolutions (15,500 � g) to collect bacteria. The pellet was washed and then applied directly to the MALDI-TOF MS
plate. Two hundred sixty urine samples, detected as positive by the screening device (UF-1000i), were processed by
culture and MALDI-TOF MS. Twenty samples were positive in the screening device but negative in culture, and all
of them were also negative by MALDI-TOF MS. Two-hundred thirty-five samples displayed significant growth of a
single morphological type in culture. Two-hundred twenty of them showed bacterial growth of >105 CFU/ml.
Microorganism identifications in this group were coincident at the species level in 202 cases (91.8%) and at the
genus level in 204 cases (92.7%). The most frequent microorganism was Escherichia coli (173 isolates). MALDI-TOF
MS identified this microorganism directly from the urine sample in 163 cases (94.2%). Our results show that
MALDI-TOF MS allows bacterial identification directly from infected urine in a short time, with high accuracy, and
especially when Gram-negative bacteria with high bacterial counts are involved.

Urinary tract infections (UTIs) are among the most common
human bacterial infections. More than 80% of uncomplicated
UTIs are caused by Escherichia coli (9). Other common uro-
pathogens include Staphylococcus saprophyticus in uncompli-
cated UTIs and Gram-negative rods (enterobacteria other
than E. coli or Pseudomonas aeruginosa) and Gram-positive
cocci in complicated UTIs (9). UTIs affect an estimated 1 out
of 3 women before the age of 24 (7). Up to 40 to 50% of the
female population will develop a symptomatic UTI at some
time during their life, and about 33% of women with acute
uncomplicated UTIs have frequent recurrences (7).

Several tests are available for screening patients for UTIs,
including urine dipstick testing, urinalysis, Gram staining, and
urine culture. Urine culture is the “gold standard” for defining
the diagnosis of UTIs, because it allows the quantification and
identification of the uropathogenic species. However, this
method is time-consuming and expensive. Up to 70% of urine
cultures are negative, with high costs for unnecessary testing

(4). Thus, automated analyzers for UTI screening to rapidly
identify negative samples that can be reported promptly to
clinicians are now widely used. Samples positive in this screen-
ing are cultured to count colonies and identify the microor-
ganism.

Matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF MS) has been suggested as
a fast and reliable method for bacterial identification (14),
based on the characteristic protein profiles for each microor-
ganism. Databases have been developed that include the main
pathogenic microorganisms, thus allowing the use of this
method in routine bacterial identification from plate cultures.

Direct analysis of clinical samples may further increase the
usefulness of this method, since it can significantly shorten the
time required for the identification of microorganisms. Here we
compared the conventional methods for UTI diagnosis and iden-
tification of urinary tract pathogens in microbiology laboratories
(automated screening and plate culture) and a fast method based
on conventional screening plus MALDI-TOF MS.

MATERIALS AND METHODS

Processing of urine samples and biochemical identification. We analyzed 260
urine samples submitted to the Microbiology Laboratory from outpatients and
inpatients with symptoms suggestive of UTIs and reported as positive by the
automated screening device. The samples were processed using an automated
screening device based on flow cytometry (UF-1000i; bioMérieux, Marcy l’Étoile,
France). The samples judged negative by the screening device were discarded
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and reported as negative without culture. For samples reported as positive, 10 �l
was cultured on blood agar plates and MacConkey’s agar plates. Plates were
incubated in an aerobic atmosphere at 37°C for 18 h. Negative plates were
incubated for a further 24 h and, if they remained negative, were discarded.
When there was bacterial growth, colonies on blood agar were counted, and
colonies from blood agar or MacConkey’s agar plates were identified by con-
ventional methods (WIDER MIC/ID Gram positives; manufactured for Fran-
cisco Soria Melguizo SA, Madrid, Spain, by MicroScan, Sacramento, CA; and
Vitek-2 GNB, from bioMérieux, Marci l’Étoile, France), except when more than
two colony morphologies were found, in which case the urine sample was re-
jected.

MALDI-TOF mass spectrometry. Samples were first studied by MALDI-TOF
MS directly, without extraction. When no reliable identification was obtained,
samples were extracted and then studied again.

(i) Sample preparation for MALDI-TOF MS. Urine (4 ml) was centrifuged at
2,000 � g for 30 s to remove leukocytes. The supernatant was centrifuged at
15,500 � g for 5 min to collect bacteria. The pellet was washed once with
deionized water. A small amount of bacteria was applied to the MALDI plate in
a thin film as a direct method.

Furthermore, an ethanol-formic acid extraction procedure was applied when
the direct method did not yield reliable identification. First, a small amount of
bacteria was resuspended in 300 �l of water. Then, 900 �l of absolute ethanol
was added, the mixture was centrifuged at 15,500 � g for 2 min, and the
supernatant was discarded. Subsequently, 50 �l of formic acid (70% [vol/vol])
was added to the pellet and mixed thoroughly by pipetting before the addition of
50 �l acetonitrile to the mixture. The mixture was centrifuged again at 15,500 �
g for 2 min. One microliter of the supernatant was placed onto a spot of the steel
target and air dried at room temperature.

Both the microbial film and the supernatant were overlaid with 1 �l of matrix
solution (saturated solution of HCCA [�-cyano-4-hydroxy cinnamic acid] in
organic solvent [50% acetonitrile and 2.5% trifluoroacetic acid]) and air dried.

(ii) MALDI-TOF mass spectrometry. Measurements were performed on an
Autoflex III MALDI-TOF/TOF mass spectrometer (Bruker Daltonics, Leipzig,
Germany) equipped with a 200-Hz Smartbeam laser. Spectra were recorded in
the linear, positive mode at a laser frequency of 200 Hz within a mass range from
2,000 to 20,000 Da. The IS1 voltage was 20 kV, the IS2 voltage was maintained
at 18.6 kV, the lens voltage was 6 kV, and the extraction delay time was 40 ns.

For each spectrum, 500 laser shots were collected and analyzed (10 � 50 laser
shots from different positions of the target spot). The spectra were calibrated
externally using the standard calibrant mixture (Escherichia coli extracts includ-
ing the additional proteins RNase A and myoglobin; Bruker Daltonics). The
calibration masses were as follows: RL36, 4,364.3 Da; RS22, 5,095.8 Da; RL34,
5,380.4 Da; RL33meth, 6,254.4 Da; RL32, 6,315 Da; RL29, 7,273.5 Da; RS19,
10,299.1 Da; RNase A, 13,682.2 Da; and myoglobin, 16,952.5 Da.

(iii) Data analysis. For automated data analysis, raw spectra were processed
using the MALDI Biotyper 2.0 software (Bruker Daltonics, Leipzig, Germany) at
default settings. The software performs normalization, smoothing, baseline sub-
traction, and peak picking, creating a list of the most significant peaks of the
spectrum (m/z values with a given intensity, with the threshold set to a minimum
of 1% of the highest peak and a maximum of 100 peaks). To identify unknown
bacteria, each peak list generated was matched directly against reference librar-
ies (3,290 species) using the integrated pattern-matching algorithm of the Bio-
typer 2.0 software (Bruker Daltonics, GmbH, Germany). The unknown spectra
were compared with a library of reference spectra based on a pattern recognition
algorithm using peak position, peak intensity distributions, and peak frequencies.
A comparison between a urine sample positive for E. coli and an E. coli profile
included in the Biotyper database for comparison purposes is shown in Fig. 1A.
Once a spectrum has been generated and captured by the software, the whole
identification process is performed automatically, without any user intervention.

(iv) Result scoring. MALDI-TOF MS identifications were classified using
modified score values proposed by the manufacturer: a score of �2 indicates
species identification; a score between 1.7 and 1.9 indicates genus identification,
and a score of �1.7 indicates no identification.

MALDI-TOF MS detection limits. In order to determine the minimal bacterial
concentration allowing reliable MALDI-TOF MS identifications, we inoculated
50-ml aliquots of sterile water with one strain of Escherichia coli, one strain of
Enterococcus faecalis, or one strain of Pseudomonas aeruginosa at a bacterial
count of 2.5 � 108 CFU/ml. We performed sequential dilutions in order to
achieve aliquots of each microorganism at the following bacterial counts: 5 �
105, 2 � 105, 1.5 � 105, 1.2 � 105, 1 � 105, 8 � 104, 6 � 104, 2.5 � 104, 3 � 104,
and 1.2 � 104 CFU/ml. When necessary, aliquots were furthermore diluted
before spreading on plates to obtained a countable number of colonies (50 to 500
colonies) when plated. Three 100-�l aliquots of each dilution were plated onto

blood agar plates. These plates were incubated at 37°C in an aerobic atmosphere,
and colonies were counted manually. The mean of three aliquots of each dilution
was considered to be the final count for that aliquot. Four-milliliter samples of
each dilution were taken for MALDI-TOF MS, which was performed according
the method previously described.

RESULTS

Two-hundred sixty urine samples reported as positive by the
screening device were processed both by plate culture and
MALDI-TOF MS. The results are shown in Tables 1 and 2.
The screening device reported as positive 20 samples that were
negative in culture. MALDI-TOF MS did not find any signif-
icant protein profile in any of these cases. Five samples positive
in the screening led to significant growth of two colony mor-
phologies in the culture. In these samples, MALDI-TOF MS
reported an unreliable identification in 2 cases but reported a
microorganism identification in 3 cases.

Two-hundred thirty-five samples led to significant growth of
one colony morphology in culture, 220 of them (93.6%) with
colony counts �105 CFU/ml; 7 (3.0%) with colony counts
between 5 � 104 and 105 CFU/ml, and 8 (3.4%) with colony
counts lower than 5 � 104 CFU/ml. Among the 220 samples
with colony counts of �105 CFU/ml, microorganism identifi-
cations coincided at the species level in 202 cases (91.8%), and at
the genus level in 204 cases (92.7%). In 14 cases (6.4%), MALDI-
TOF MS did not afford a reliable identification. We found major
discrepancies (discrepancies at the genus level) in only 2 cases:
Raoultella planticola (conventional identification) versus E. coli
(MALDI-TOF MS) and Raoultella ornithinolytica (conventional
identification) versus Citrobacter freundii (MALDI-TOF MS).

For 7 samples in which the bacterial count was between 5 �
104 and 9 � 104 CFU/ml (2 samples of E. coli and 1 each of P.
aeruginosa, Pseudomonas putida, Acinetobacter lwoffii, Staphy-
lococcus aureus, and E. faecalis), MALDI-TOF MS reported a
reliable identification in one sample (P. putida), and for 8
samples where the bacterial count was between 5 � 103 and
4 � 104 CFU/ml (4 samples of E. coli and 1 sample each of P.
aeruginosa, P. putida, Staphylococcus aureus, and E. faecalis),
MALDI-TOF MS did not report a reliable identification in any
of the samples.

Experimental studies of scores provided by different bacte-
rial counts (Table 3) support these results. MALDI-TOF MS
seems to require high bacterial counts to be able to provide
reliable scores. Experimental inocula with at least 8 � 104

CFU/ml were required to obtain reliable scores for E. coli, and
the required inocula were even higher for P. aeruginosa (1.2 �
105 CFU/ml) and E. faecalis (1.5 � 105 CFU/ml) (Table 3).
This result agrees with the results for the clinical samples, since
only one out of seven samples with bacterial counts between
5 � 104 and 9 � 104 CFU/ml (P. putida, 6 � 104 CFU/ml) and
none of eight samples with bacterial counts of �5 � 104

CFU/ml (range, 5 � 103 to 4 � 104 CFU/ml) provided reliable
MALDI-TOF profiles.

Figure 1B shows a comparison between the MALDI spectra
of colonies grown on agar plates and those of urine samples.
The profiles from agar plate culture and urine samples with
high bacterial counts are similar. Most peaks in the profile
seem to correspond to bacterial peptides, since they appear in
both positive urine samples and in E. coli cultures, and only
some peaks around or under 3,500 Da seem to correspond to
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FIG. 1. (A) Mirror view of the best match of urine sample against the Biotyper database (Db). Green indicates good matching peaks, yellow indicates
a moderate match, and red indicates no match. (B) Mass spectra (size, 2,000 to 11,000 Da) of Escherichia coli cells grown under different conditions.
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urinary proteins, since they do not appear in E. coli cultures
and do appear in negative urine samples.

The extraction protocol did not improve the identification of
microorganisms in samples with a negative culture, samples in
which two colony morphologies grew, and samples with low
bacterial counts. Twenty out of 220 samples with high bacterial
counts and growing in the form of a single bacterial morphol-
ogy on agar plates were not correctly identified by the direct
method. In six cases, the extraction procedure led to a reliable
bacterial identification in these samples. Thus, the extraction
method improved the results of identification by 2.3%.

The most frequent microorganism isolated was Escherichia
coli (173 isolates). MALDI-TOF MS identified the microor-
ganism directly from the urine sample in 163 cases (94.2%).
Failures mainly appeared when the bacterial counts were �105

CFU/ml. When the colony count was �105 CFU/ml, the cor-
rect identification rate was as high as 97.6%.

Overall, MALDI-TOF MS identified correctly the microor-
ganisms involved in UTIs, directly from the urine sample, once
it had been reported as positive by the screening system, in
79.2% of cases at the species level and 80% of cases at the
genus level. Of these 260 samples, 206 samples (of which 202
samples had bacterial counts of �105 CFU/ml, 1 sample had a
bacterial count of �105 CFU/ml, and 3 samples contained
more than one colony morphology) resulted in bacterial spe-
cies identification directly from centrifuged cells or after ex-
traction. Two samples allowed identification only to the genus
level. Twenty samples did not result in microbial identification,
but these were also negative in culture (7.7%). Two samples in
the MALDI-TOF MS identification were not in accordance
with conventional identification (0.77%). Thirty samples
(11.5%) did not result in any reliable identification either with
the direct method or with extraction. Of these, 14 samples had
bacterial counts of �105 CFU/ml, 6 samples had bacterial
counts between 5 � 104 and 9 � 104 CFU/ml, 8 samples had
bacterial counts between 5 � 103 and 4 � 104 CFU/ml, and 2
samples contained more than one colony morphology. As hap-
pened with E. coli, these failures mainly appeared with lower
bacterial counts.

In 7.3% of the urine samples with bacterial counts of �105

CFU/ml and only one colony morphology type (14 samples),
the MALDI-TOF MS result was considered a failure, either

because the protein peaks were too faint to obtain a suitable
profile (6 cases) or because the peak profiles generated did not
match any profile stored in the database (8 cases).

MALDI-TOF MS seems to identify Gram-negative bacteria
more reliably. Among the samples with bacterial counts of
�105 CFU/ml, the coincidence rate of conventional identifica-
tion and MALDI-TOF MS for Gram negatives was 93.7% at
the species level and 94.6% at the genus level. The coincidence
rate was lower for Gram-positive microorganisms (10/15 sam-
ples), although the number of samples was low, and a higher
number of samples should be studied to corroborate these
results.

DISCUSSION

Previous studies have shown that MALDI-TOF MS might
be a useful resource for bacterial identification from culture,
especially when a good protein profile database allows a com-
parison of the profiles obtained with a large number of bacte-
rial species and strains (2, 14). Other studies have described an
excellent correlation between MALDI-TOF MS identification

TABLE 1. Correlation between conventional identification and
MALDI-TOF MS in 260 urine samples positive in the

screening for UTIs

Conventional identification
(no. of cases)

MALDI-TOF MS identification
(no. of cases)

Negative (20) ..................................Negative (20)

Positive, 2 morphology
colony types (5)..........................Not reliable identification (2)

Microorganism identification (3)a

Positive, 1 morphology
colony type (235) .......................Positive with same identification (205)b

Positive with different identification (2)
Negative or not reliable identification (28)c

a Two E. coli cases and one Enterobacter aerogenes case.
b A total of 203 correct identifications at the species level and 2 correct

identifications at the genus level.
c Fourteen of these 28 cases were cultures with �105 CFU/ml.

TABLE 2. Identification by MALDI-TOF MS and conventional
identification of 220 microorganism causing UTIs with

bacterial counts of �100,000 CFU/ml

Conventional identification
(no. of isolates)

Correlation
(%) at: MALDI-TOF MS

identification
(no. of isolates)Species

level
Genus
level

Escherichia coli (167) 97.6 97.6 Escherichia coli (163)
No reliable identification (4)

Klebsiella pneumoniae (7) 100 100 Klebsiella pneumoniae (7)

Klebsiella oxytoca (9) 77.8 77.8 Klebsiella oxytoca (7)
No reliable identification (2)

Citrobacter freundii (1) 100 100 Citrobacter freundii (1)

Citrobacter koseri (1) 100 100 Citrobacter koseri (1)

Enterobacter cloacae (6) 83.3 83.3 Enterobacter cloacae (5)
No reliable identification (1)

Enterobacter asburiae (1) 0 100 Enterobacter sp. (1)

Serratia marcescens (2) 100 100 Serratia marcescens (2)

Proteus mirabilis (5) 80 80 Proteus mirabilis (4)
No reliable identification (1)

Morganella morganii (1) 100 100 Morganella morganii (1)

Pseudomonas aeruginosa (2) 50 50 Pseudomonas aeruginosa (1)
No reliable identification (1)

Raoultella planticola (2) 0 50 Raoultella ornithinolytica (1)
Escherichia coli (1)

Raoultella ornithinolytica (1) 0 0 Citrobacter sp. (1)

Enterococcus faecalis (12) 66.7 66.7 Enterococcus faecalis (8)
No reliable identification (4)

Staphylococcus aureus (2) 100 100 Staphylococcus aureus (2)

Streptococcus agalactiae (1) 0 0 No reliable identification (1)

Total (220) 91.8 92.7
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and conventional microbiological identification in clinical bac-
terial and fungal isolates (1, 3, 5, 6, 8, 10, 12). In some cases,
when there are discrepancies between MALDI-TOF MS and
conventional identification, as sometimes happens for nonfer-
menting Gram-negative bacilli, 16S rRNA sequencing fre-
quently agrees with MALDI-TOF MS identification (11).

Direct analysis of clinical samples may further increase the
usefulness of MALDI-TOF MS, because it allows clinically
useful results to be obtained some minutes after sample recep-
tion in the laboratory. The use of screening devices has in-
creased steadily in the diagnosis of UTIs, since at least 60 to
70% of urine samples sent for UTI investigation are usually
negative, and such devices are now a typical resource for di-
agnosis at UTI laboratories. The specificity of these devices is
usually low, so that very high sensitivity can be obtained. When
samples reported as positive by the screening device used (UF-
1000i) were studied by conventional methods and with
MALDI-TOF MS, all of the false-positive samples reported
were discarded by both methods.

There is scant information available about the use of
MALDI-TOF devices for the direct identification of microor-
ganisms growing in positive samples. A report at the 48th
ICAAC involving 37 urine samples (13) revealed that MALDI-
TOF MS correctly identified the etiological microorganism in
33 cases (17 E. coli cases, 4 E. faecalis cases, 6 K. pneumoniae
cases, 2 P. aeruginosa cases, 1 S. anginosus case, and 3 S.
agalactiae cases), and failed in only 4 cases, all of which led to
a mixed culture on conventional culture plates. The present
results of MALDI-TOF MS for bacterial identification directly
from urine samples, without culture, are excellent. MALDI-
TOF MS provided no identification in two mixed cultures but
reported identification in 3 mixed cultures. The results of
MALDI-TOF MS in mixed cultures probably depend on the
proportion between both populations.

The best results are obtained when there is a high bacterial
count (�105 CFU/ml) and the microorganism involved is
Gram negative. In this respect, the failure rate was only 5.4%.
The whole study of 220 positive urine samples with high bac-
terial counts showed a 91.8% correlation at the species level
and 92.7% correlation at the species or genus level.

The bacterial count seems to be a critical issue in obtaining
good results with MALDI-TOF MS directly from clinical sam-
ples. The results obtained with clinical samples, when the bac-
terial count was �105 CFU/ml, were poorer than those ob-
tained with high bacterial counts, and in vitro studies on E. coli,
E. faecalis, and P. aeruginosa different inocula strengthen this
impression. The bacterial count and MALDI-TOF MS show
that reliable protein profiles and identifications are obtained
only when the bacterial counts reach at least 8 � 104 CFU/ml.
This is the diagnostic threshold for most UTIs, although some

UTIs such as cystitis may emerge with quite lower bacterial
counts (102 to 103 CFU/ml). Identification failures at bacterial
counts of �105 CFU/ml should therefore be considered real
failures only in some cases, since a number of conventional
cultures with these low bacterial counts would be also reported
as negative, depending on the clinical characteristics of the
patient. Clearly, our results are associated with the method
used, in which 4 ml of urine was centrifuged and processed by
MALDI-TOF MS. Further modifications to the methodology
would probably increase its sensitivity. Nevertheless, while
urine samples with bacterial counts of �105 CFU/ml are al-
most always clinically relevant, urine samples with lower bac-
terial counts may be relevant or not. Thus, they should prob-
ably remain to be studied by conventional methods that allow
one to know this bacterial count and manage the patient by
taking this finding into account.

MALDI-TOF MS allows the identification of the etiological
agent, but antibiotic susceptibility should be studied by con-
ventional methods. Thus, culture is still necessary, since bac-
terial growth is still needed for susceptibility studies. This sug-
gests that the benefits obtained from fast identification of
pathogens by MALDI-TOF MS would be modest, since it does
not allow other procedures to be discontinued. Nevertheless, in
our opinion this would be a mistaken impression. The evolu-
tion of the susceptibility to antibiotics of some of the usual
urinary tract pathogens (such as fluoroquinolone resistance in
E. coli, spread of extended-spectrum �-lactamases [ESBLs]
in E. coli and Klebsiella, and increasing resistance to tri-
methoprim-sulfamethoxazole [SXT] in some countries) has
significantly reduced the number of antibiotics that can be used
empirically with a high probability of success. MALDI-TOF
MS allows the diagnosis of a UTI and its etiology in minutes,
thus affording the opportunity of guiding empirical treatment
much more efficaciously. Using the threshold proposed here (4
ml of urine, associated with MALDI-TOF MS positivity when
the CFU count is �105 CFU/ml) almost guarantees that iden-
tification will correlate with the UTI, and according to our
results allows the etiology of �90% of UTIs to be diagnosed in
just a few minutes.

In conclusion, the data gathered in the present study dem-
onstrate that MALDI-TOF MS is a quick and reliable method
for the identification of bacteria from infected urine, whose
shortened analysis time enables an earlier and more accurate
selection of antibiotics for patient treatment.
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