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Abstract

Objective To establish a domestic database of Enterobacteria cloacae (E. cloacae), and improve the
identification efficiency using peptide mass fingerprinting.

Methods Peptide mass fingerprinting was used for the identification and subtyping of E. cloacae.
Eighty-seven strains, identified based on hsp60 genotyping, were used to construct and evaluate a new
reference database.

Results Compared with the original reference database, the identification efficiency and accuracy of
the new reference database was greatly improved at the species level. The first super reference
database for E. cloacae identification was also constructed and evaluated. Based on the super reference
database and the main spectra projection dendrogram, E. cloacae strains were divided into two clades.

Conclusion Peptide mass fingerprinting is a powerful method to identify and subtype E. cloacae, and
the use of this method will allow us to obtain more information to understand the heterogeneous
organism E. cloacae.
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INTRODUCTION also part of the commensal enteric flora of the

human gastrointestinal tract. In recent decades, E.

nterobacter cloacae (E. cloacae) is a cloacae has emerged as a nosocomial pathogen with
Efacultatively anaerobic  gram-negative clinical significance in hospitals“'G]. In previous work,
bacillus belonging to the sequencing of the heat shock protein 60 gene (hsp60)

Enterobacteriaceae family. This microorganism can
be widely found in nature and in saprophytic
environments (e.g., soil and sewage); this microbe is

has been helpful for the phylogenetic analysis of
Enterobacter. Using hsp60 genotyping, E. cloacae
was divided into 12 genetic clusters (cluster I-XIl) and
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an unstable sequence cluster (cluster XIII)m. It is
reported that different genetic clusters of E. cloacae
result in different pathological outcomes® 3.
However, there is no fast and effective method to
identify the genetic clusters of E. cloacae from
clinical specimens. The BioMerieux biochemical
identification system usually confuses E. cloacae with
Klebsiella (pneumoniae/oxytoca) or other species from
clinical environments. 16S rDNA sequencing could only
identify E. cloacae at the species level and is very time
consuming and expensive.

Peptide mass fingerprinting (PMF) based on
Matrix-Assisted Laser Desorption/lonization
Time-of-Flight Mass Spectrometry (MALDI-TOF MS)
is very useful for the identification of a variety of
microorganisms[”'”]. Beginning with whole cells, cell
lysates, or crude bacterial extracts, the acquired
fingerprint spectrum (including signal intensity and
mass-to-charge  ratio) shows  species-specific
patterns in cultures grown for a wide range of times
using a variety of growth conditions. Through
comparison of the acquired spectra with a
corresponding reference library, the bacteria can be
identified within minutes by analysing the data using
various algorithms. With accuracy and automation,
high-throughput methods make PMF superior to
conventional identification techniques that are
based on genome-based identification schemes and
biochemical methods™. This study aimed to assess
the performance of PMF in the identification and
subtyping of E. cloacae. PMF data from 86 defined
strains were analysed using Biotyper 2.0 software. A
new reference database (NRD) and a super
reference database (SRD) (including the common
characteristics of NRD) were constructed and

evaluated. Based on the peptide-mass fingerprints,
we created a main spectra projection (MSP)
dendrogram and analysed the dendrogram for
specific peaks that could be wused for the
identification and subtyping of E. cloacae.

MATERIALS AND METHODS

Bacterial Strains

Eighty-six isolates belonging to 10 genetic
clusters of E. cloacae, which were isolated from
patients in different hospitals, were used in the
study (Table 1). Each genetic cluster contained 2 to
16 isolates. A reference strain (ATCC 13047) was also
included. All isolates were characterized for clonality
using pulsed-field gel electrophoresis and subtyped
using hsp60 genotyping[7’19’2°]. Because no strain
from clusters VII, X, and Xll was isolated from the
clinical samples, our study did not contain these
three genetic clusters.

In this study, all strains were isolated from
human patients for routine diagnostic purposes. All
participants gave written informed consent. This
study was approved by the ethics committee of the
National Institute for Communicable Disease Control
and Prevention, China CDC, according to the medical
research regulations of the Ministry of Health, China
[Approval No. ICDC-2014003].

MALDI-TOF MS Sample Preparation and Data
Acquisition

Each strain was selected from brain-heart agar
plates. After culturing at 37 °C for 12 h, two samples
were prepared from each strain. The extraction method

Table 1. Enterobacter cloacae Strains Isolated from China

Cluster No. of strains Source Province Year
| 10 SP(9), Ur (1) HB, HU 2011, 2012, 2013
I 7 SP(3), Ur (1), SC (1), BI(2) HB, HLUJ, SX 2010, 2011, 2012, 2013
1] 14 SP (7), Ur (1), SC(5), BL (1) HB, HU 2011, 2012
v 5 SP(3), BI(1), OT (1) HB, HU 2011, 2012, 2013
\% 6 SP (3),SC(2), BI (1) HB, HU 2011, 2012, 2013
Vi 15 SP (8), Ur (2), SC(3), OT (2) HB, HLJ, BJ 2011, 2012, 2013
Vil 16 SP (9), SC (4), BL(1),ST(2) HB, HU 2011, 2012
IX 5 SP (4), BL(1) HB, HU 2010, 2011, 2012
XI 2 SP (2) HB 2011, 2012
X 6 SP(3), BI(1), BL(1), ST (1) HB, HLJ, SX, GZ 2011, 2012, 2013
Total 86

Note. Sources: SP (sputum), UR (urine), SC (secretion), Bl (bile), BL (blood culture), ST (stool), OT (others)
Regions: BJ (Beijing), GZ (Guizhou), HB (Hebei), HLJ (Heilongjiang), HN (Henan), QH (Qinghai), SX (Shanxi).
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for sample preparation and data acquisition was in
accordance with our previously described
methods™*"". A colony was suspended in 300 pL of
molecular-grade water and vortexed, and 900 pL of
anhydrous ethanol was added. The samples were
vortexed and centrifuged (13,000 x g) for 2 min. The
supernatant was discarded and 50 pL of 70% formic
acid was added and mixed. Finally, 50 pL of
acetonitrile was added, and the solution was
carefully mixed. After centrifuging (13,000 x g) for 2
min, the supernatant was the prepared sample. A
Microflex LT (Bruker Daltonics) mass spectrometer
was used for data acquisition. Escherichia coli strain
ATCC 8739 was used for mass calibration and
instrument parameter optimization. A Microflex LT
instrument was equipped with an N2 laser (A = 377
nm). The software program used for the data
acquisition was FlexControl (version 3.0, Bruker
Daltonics). The parameters used were as follows:
mass range, 2,000-20,000 Da; ion source 1, 20 kV;
ion source 2, 18.5 kV; lens, 8.45 kV; pulsed ion
extraction, 330 ns; and laser frequency, 20.0 Hz.
Each spectrum was obtained by using 100 shots, and
the spectra obtained after 500 shots were
superimposed to generate the total spectrum.

Construction and Evaluation of the NRD

In brief, only 17 E. cloacae reference strains
were present in the original reference database
(ORD) of the Biotyper system. Thus, an NRD was
constructed using the automated Biotyper (version
2.0) software packagem]. Thirty-four  strains
belonging to 10 genetic clusters of E. cloacae were
added to the NRD. The parameters used were as
follows: desired mass error for main spectra
projection, 200; desired peak frequency minimum,
25%; max, desired peak number for the MSP: 70. For
each database entry, 20 individually measured mass
spectra were imported into the MSP, which perform
normalization, smoothing, baseline correction and
peak picking to generate a list of the most significant
peaks. The program then calculates a primary
spectrum containing average peak mass, peak
intensity and frequency. Based on the results of the
genetic cluster analysis, strains with common
features were included in the SRD using the MSP
function of Biotyper.

Fifty-three E. cloacae strains were used to
evaluate the ORD, NRD, and SRD. For the ORD and
NRD, score values > 2.300 were considered the highest
recognition at the species level; score values > 2.000
were considered identified at the species level; score

values of 1.700-1.999 were considered identified at
the genus level; and score values < 1.700 were
considered unidentified. For the SRD, score values >
1.700 were considered correctly classified™.

MSP Dendrogram and Specific Peak Analysis

To visualize the relationships among E. cloacae
strains, an MSP dendrogram was created using the
external MATLAB software tool in Biotyper 2.0. The
creation of the dendrogram was based on the
parameter settings of the standard MSP dendrogram
creation method and the general dendrogram settings.

According to the results of the cluster analysis
and the super reference spectra, peaks with
frequencies greater than 95% were extracted using
the Biotyper MSP Peak List Editor (version 2.0.57.0).

RESULTS

New Reference Database Construction

Individually measured mass spectra of the E.
cloacae strains were imported into MSP, which
performs  normalization, smoothing, baseline
correction, and peak picking and generates a list of
the most significant peaks. Then, a primary spectrum
that contains the average peak mass, the peak
intensity and frequency was calculated using the
program. Thirty-four reference spectra of 10 genetic
clusters were added to the original 17 reference
spectra in the ORD; thus, there are 51 reference
spectra in the NRD (Table 2). Based on the results of
the clustering analysis, 14 strains from clusters lll, VI,
and VIII were closely related and constituted clade 1,
and 20 strains of the other seven clusters were
closely related and constituted clade 2. Thus, the
strains of clade 1 and clade 2 were compiled as two
super reference spectra in the SRD.

Evaluation of the PMF Reference Database

Fifty-three strains were used to evaluate the
ORD and NRD. By searching the ORD, thirteen strains
with high scores (= 2.000) were identified as E.
asburiae. The other 40 strains were identified as E.
cloacae, but the score values of eight of these strains
were lower than 2.000 (Figure 1).

By searching the NRD, all isolates with high
score values (100%, > 2.000) were identified as E.
cloacae. Only the spectrum for strain CN13EC0078,
with a score value of 2.199, matched a previous
spectrum; the remaining strains were the first to be
matched to the Chinese reference spectrum in the
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NRD. While the strains of clusters I, IV, IX, XI, and Xl
were correctly identified to the genetic cluster level,
misidentifications were identified in strains of
clusters I, V, Ill, VI, and VIII, although these strains
had high scores (Figure 1). Strains CN12EC0101
(cluster 1) and CN14EC0021 (cluster V) were
misidentified as belonging to cluster IV, which
suggested that strain CN14EC0017 may be atypical
as a reference for cluster IV.

In addition, we constructed and evaluated an
SRD for E. cloacae identification. Searching the SRD,
30 strains of clusters lll, VI, and VIII were identified in
clade 1, and twenty-two isolates of seven other
genetic clusters were identified in clade 2 (Figure 1).

One strain of cluster Il (CN12EC0021) was not
reliably identified (score value of 1.642) (Table 2).

MSP Dendrogram and Specific Peaks

A score-oriented MSP dendrogram was
generated using the default settings in Biotyper 2.0
(Figure 2). The 87 strains were categorized into two
distinct clades with a distance level of 600. Strains of
clusters Ill, VI, and VIII were categorized as clade 1.
Most strains of clade 1 were clustered at the genetic
cluster level, with some exceptions. Strains of clade
2 consisted of seven other genetic clusters of
E. cloacae. The strains clustered at distance levels
of 650, 500, 450, 400, 350, 300, and 250 were also

ORD NRD SRD
Strains _1P60-
genotype Species Score Species Score Clade  Score
CH14EC0089 E.cloacae 13159 2.066 E.cloacae VIIl CN12EC0014 2.164 clade 1 2321
CN11EC0013 E.cloacae MB11506 2.220 E.cloacae VIl CN12EC0014 2483 cadel 2634
CN12EC0045 E.cloacae MB11506 2148 E.cloacae VIll CN12EC0014 2532 cladel  2.485
CN12EC0014
CN11EC0024
CN12EC0033 E.cloacae MB_5277 2.300 E.cloacae IIl CN12EC0018 2333 cladel 2463
CN12EC0009 E.cloacae MB_8879 2106 E.cloacae VI CN12EC0031 285 cladel 2284
N11EC0025
CN14EC0057 it E.cloacae MB11506 2.230 E.cloacae VIl CN11EC0024 2384 clade 1 1.954
CN14EC0091
CN11EC0010 E.cloacae MB_8879 1.961 E.cloacae VIll CN11EC0025 2163 cladel 2267
CN12EC0043 E.cloacae MB11506 2.061 E.cloacae VIIl CN12EC0014 2.511 clade 1 2.500
CN12EC0047 E.cloacae MB_8879 2172 E.cloacae VIll CN11EC0025 2403 cladel 2309
CN11EC0008 E.cloacae MB_8879 1831 E.cloacae VI CN11EC0010 2290 cadel 21154
CN12EC0050 E.cloacae MB_8879 2.249 E.cloacae VIl CN11EC0025 2.470 cadel 2554
CN12EC0034 E.cloacae MB_8879 1.851 E.cloacae VIIl CN11EC0025 2.098 clade 1 1.792
CN13EC0010
CN12EC0085 E.cloacae MB11506 2.348 E.cloacae VI CN12EC0040 2576 cladel 2566
CN12EC0046
CN11EC0006 E.cloacae 13159 2.265 E.cloacae VI CN12EC0040 2608 clade1l 2579
CN12EC0031
CN11EC0021 E.cloacae MB11506 2.240 E.cloacae Ill CN12EC0002 2386 clade1l 2351
CN12EC0008 E.cloacae MB11506 2308 E.cloacae VI CN12EC0040 2602 cadel 2437
CN11EC0007 vi E.cloacae DSM 30060 1.909 E.cloacae VI CN12EC0031 2364 clade 1 1.994
E.cloacae MB11506 2355 E.cloacae VIll CN11EC0024 2433 cladel 2158
CN12EC0054 E.cloacae DSM 30060 1875 E.cloacae VI CN11EC0007 2.492 cladel  2.068
CH12EC0057 E.cloacae 13159 2.264 E.cloacae VI CN12EC0046 25598 cade1l 2477
CN14EC0044 E.cloacae MB11506 2.409 E.cloacae VIl CN11EC0024 2.477 clade 1 2221
CN12EC0094 E.cloacae MB11506 2.089 E.cloacae VI CN12EC0046 2.440 cade1l 2370
CN12EC0006
CN12EC0070
CN12EC0100
CN14EC0088 X E.cloacae DSM 3264 2.059 E.cloacae IX CN14EC0094 2585 clade2 2378
CN12EC0050 E.cloacae MB_5277 1.982 E.cloacae IX CN14EC0094 2573 cade2  2.457
CN14EC0094
3EC
CN14EC0074 E.cloacae 20105 2.249 E.cloacae IV CN14EC0017 2074 clade 2 1.994
CN14EC0021 E.cloacae 20105 2333 E.cloacae V CN12EC0099 2192 cade2  2.082
CN12EC0032 v E.cloacae 20105 2253 E.cloacae V CN12EC0099 2572 cade2 2255
CN12EC0099
CN14EC0058 E.cloacae 20105 2.357 E.cloacae V CN12EC0099 2432 cade2 2327
CN12EC0052
CN12EC0060 E.cloacae DSM 17506T 2073 E.cloacae IV CN12EC0052 2658 clade2 2363
CN14EC0017 W
CN14EC0087 E.cloacae 20105 2,071 E.cloacae IV CN14EC0082 2.405 cade2  2.443
CN14EC0082
CN12EC0016 E.cloacae DSM 30060 1.966 E.cloacae Ill CN12EC0021 2246 no reliable  1.642
CN12EC0021 identification
CN12EC0026
CN14EC0085 E.cloacae 13159 2.199 E.cloacae 13159 2.199 clade 1 1.904
CN13EC0078 E.cloacae MB11506 2482 E.cloacae VI CN12EC0006 2386 cadel 2146
CN12EC0024 E.cloacae 13159 2336 E.cloacae Ill CN12EC0002 2343 cadel  2.106
CN12EC0023 "

1 4 E.cloacae 13159 2274 E.cloacae VI CN12EC0021 2300 cadel 2115
CN12EC0020 E.cloacae 13159 2,083 E.cloacae IIl CN12EC0002 2281 cadel 2207
CN12EC0018
CN12EC0015 E.cloacae DSM 30060 1816 E.cloacae Il CN12EC0021 2.460 clade1l  1.868
CN12EC0002
CN11EC0009 E.cloacae MB11506 2183 E.cloacae Ill CN12EC0002 2277 cade1l 2174
CN12EC0027 E.cloacae 13159 2349 E.cloacae Ill CN13EC0018 2385 cadel 2225
CN14EC0018 E.asburiae CCM 4032 2013 E.cloacae Il CN14EC0016 2664 cade2 2605
CN14EC0063
CN14EC0016
CN14EC0020 " E.asburiae DSM 17506T 2,003 E.cloacae Il CN14EC0063 2465 clade2 2398
CN14EC0100
CN14EC0111 E.asburiae DSM 17506T 2.248 E.cloacae Il CN14EC0016 2645 cade2 2172
CN11EC0014
CN14EC0006 E.asburioe CCM 4032 2292 E.cloacae | CN12EC0013 2433 clade2 2638
CN14EC0041 E.asburige DSM 17506T 2169 E.cloacae | CN12EC0013 2356 clade2 2556
CN12EC0055
CN12EC0044 E.asburige CCM 4032 2112 E.cloacae | CN12EC0055 2522 clade2 2351
CN12EC0007 E.asburioe CCM 4032 1.962 E.cloacae | CN12EC0013 2485 clade 2 1.989
CN12eC0088 [ E.asburige DSM 17506T 2104 E.cloacae IV CN14EC0017 2295 clade2 2468
CN11EC0017 E.asburiae DSM 17506T 2,053 E.cloacae | CN12EC0013 2.494 clade2 2349
EN12EC0001 E.asburioe RV412_A1_2010  2.204 E.cloacae | CN12EC0013 2491 clade2 2355

N12E 1
CN12EC0005 E.cloacae DSM 30054T 2.301 E.cloacae X| ATCC13047 2442 clade2  2.039
CN11EC0015 XI
ATCC 13047
CN14EC0078 E.asburiae DSM 17506T 2.051 E.cloacae VIl CN13EC0005 2.074 clade 2 2217
— CN14EC0109 E.asburiae DSM 17506T 2158 E.cloacae VIll CN13EC0005 2368 cade2 2117
L CN14EC0011 il E.cloacae DSM 3264 2302 E.cloacae VIl CN13EC0005 2329 cade2 2248
CN12EC0102
{ — CN13ECo005
CN12EC0022

Figure 1. Comparison of the ORD, NRD, and SRD. The phylogenetic tree based on the hsp60 gene
illustrates the relationship of the 10 clusters of E. cloacae. Thirty-four strains were added to the NRD,
and another 53 strains were used to evaluate the NRD and SRD. The search results with score values are

shown.
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Table 2. Evaluation of Different Reference Databases

ORD NRD SRD
U i o OIS o G Mssetes e e Wt o

(n/%) (n/%) (n/%) (n/%) (n/%) (n/%) (n/%) (n/%) (n/%)
| 3 7 7/100 7/100 6/86 7/100 7/100
I 4 3 3/100 3/100 3/100 3/100 3/100
n 5 9 9/100 9/100 6/68 1/11 8/89 8/89
v 3 2 1/50 1/50 2/100 2/100 2/100 2/100
v 2 4 4/100 4/100 3/75 4/100 4/100
Vi 5 10 10/100 10/100 7/70 10/100 10/100
il 4 12 12/100 12/100 9/75 12/100 12/100
X 3 2 2/100 2/100 2/100 2/100 2/100
X 2 1 1/100 1/100 1/100 1/100 1/100
Xill 3 3 2/67 1/33 3/100 3/100 3/100 3/100
Total 34 53 13/25 40/75 53/100 42/79 1/2 52/98 52/98

Note. ORD, original reference database; NRD, new reference database; SRD, super reference database.
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Figure 2. Cluster analysis of E. cloacae based on the entire protein spectrum (2,000 to 20,000 Da).
Strains of clusters Ill, VI, and VIII were categorized as clade 1, and strains of the seven remaining genetic
clusters were clustered as clade 2. Strains that were non-clustered based on their hsp60 genotypes are
labelled with asterisks.



Applying peptide mass fingerprinting to Enterobacter cloacae 53

classified to the genetic cluster level (Figure 2).
Because cluster Xlll was a sequence crowd, the high
number of branches suggested that there may be
many genotypes in this cluster.

From the MSP of Biotyper, fifteen specific peaks
with spectra frequencies > 97% were analysed and
extracted from 44 strains of clade 1 (Figure 3A).
Eighteen specific peaks with spectra frequencies
> 97% were acquired from 43 strains of clade 2
(Figure 3B).

DISCUSSION

E. cloacae consists of 13 genetic clusters; the
clinical importance and genetic heterogeneity of E.
cloacae are well known™**%%!  This pathogen
usually causes nosocomial wound infections, urinary
tract infections, pneumonia, and sepsis in intensive
care units. Therefore, a high-throughput diagnostic
method would be preferred to the current methods,

A

which are cumbersome. In this study, we constructed
and evaluated a new PMF database with hsp60-
genotype E. cloacae strains; most of the strains were
isolated from hospitals in China. The system
identified different hsp60 genotypes and clustered E.
cloacae strains to the genetic cluster level. To the
best of our knowledge, this is the first report on the
study of E. cloacae that was based on a combination
of PMF and genetic clustering of E. cloacae.

Because of its genetic heterogeneity, E. cloacae
could be clustered into 13 genetic clusters. In the
ORD, there were 17 reference spectra from E.
cloacae strains; no strain among them was clearly
described to the genetic cluster level. In the NRD and
SRD, all the added reference strains were typed with
the corresponding genetic cluster. Therefore, the
NRD and the SRD were more reliable and accurate
than the ORD. By including 34 new reference spectra
of 10 hsp60-genotype strains, the ability to identify
E. cloacae strains at the species level improved from
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75% to 100%, and at that at the genetic cluster level
improved from 0 to 79% (Table 2). In previous
reports, some of the genetic clusters have been
named: E. asburiae (1), E. kobei (1), E. ludwigii (V), E.
hormaechei subsp. oharae (V1), E. hormaechei subsp.
hormaechei (VIl), E. hormaechei subsp. steigerwaltii
(VIN), E. nimipressuralis (X), E. cloacae subsp. cloacae
(X1), and E. cloacae subsp. dissolvens (XIlI); the
three remaining clusters are referred to as E. cloacae
Ill, E. cloacae IV and E. cloacae X", Score values >
2.000 are considered to indicate species level
identification for most bacteria[w]; however, this
method is poorly suited to E. cloacae identification.
Therefore, enriching the capacity of the database
and improving the efficiency of recognition are both
very important for accurate identification of E.
cloacae. Hence, we constructed and evaluated the
first version of an SRD for E. cloacae identification.
Searching the SRD, 98% of the E. cloacae strains
were matched to clade 1 or clade 2. In this study, the
identification capabilities of the NRD and SRD for E.
cloacae at the species level were roughly the same.
However, 42 strains (79%) could be identified at the
cluster level by searching the NRD, and 52 strains
(98%) could be identified at the clade level by
searching the SRD. The normal reference database
was constructed using 20 spectra of one strain. The
super reference database was constructed using the
spectra of all the strains that had common
characteristics. In theory, the accuracy of SRD is
higher than that of NRD. However, the NRD
searching was better for the identification of E.
cloacae at the species level, which demonstrated the
heterogeneity of E. cloacae.

Based on comparative genomic hybridization, E.
cloacae was divided into two clades that are
genetically distinct™. In our study, the MSP
dendrogram clearly shows that clinical isolates can
be divided into two distinct clades at the protein
level, which is in agreement with the two genetic
clades mentioned above. Strains of clusters (lll, VI,
and VIII) were clustered into clade 1, and the
remaining strains were clustered into clade 2. Clade
1 contained the common clinical isolates and was
usually isolated from hospital environments with
high specific pressures (e.g., antibiotic use). In our
previous study, we demonstrated that clusters (llI, VI,
and VIIl) were the most prevalent representatives of
E. cloacae in hospital settings (data not shown).
Clade 2 contained a relatively large group of species
that are associated with the environment or are
plant pathogensm]. Specific peaks were analysed

using PMF, which enables discrimination between
the two clades. Seven peaks (m/z 3644, 4568, 4753,
5380, 8368, 9137, and 9506) were common in clade
1 and clade 2 (94.8%, 98.9%, 97.9%, 98.9%, 94.8%,
94.8%, and 94.8%, respectively) and considered
specific peaks for E. cloacae. Eight peaks (m/z 3133,
4163, 4183, 5149, 5642, 5669, 8294, and 8327) were
specific for the identification of clade 1. Eleven peaks
(m/z 3125, 3620, 4361, 4443, 5404, 6255, 6282,
6330, 7244, 7812, and 8893) were specific for the
identification of clade 2. Therefore, further study of
the different protein sequences between the two
clades may help explain why clusters Ill, VI, and VIl
are prevalent in hospitals. Strains from clade 2 were
clustered at different distance levels, thus, the
specific peaks corresponding to different genetic
clusters warrant further study.

In recent years, many studies have used
biochemical and molecular methods to focus on
rapid identification and subtypingug’m. Comparative
genomic hybridization (CGH), multi-locus sequence
analysis (MLSA), multi-locus sequence typing (MLST),
and hsp60 and rpoB genotyping are better methods
for the identification and subtyping of E. cloacae
species; however, these methods are expensive and
labour intensive. Peptide mass fingerprinting is an
emerging technique for the rapid identification of
microorganisms[27'29]. Our study shows that PMF is a
powerful method for studying E. cloacae. Using PMF,
the proteins could be tested immediately after the
strains were cultured and isolated. The entire process,
from protein extraction to reference database
searching (NRD and SRD), could be performed within
10 min. Based on the PMF data, the MSP den- drogram
can be used for identification and subtyping of E.
cloacae. This method is high throughput and low cost.
Therefore, we believe that the PMF method is
equivalent or superior to traditional diagnostic
methods for E. cloacae. Thus, the PMF method is a
novel and powerful method to study genetic cluster
assignments within E. cloacae and is able to detect
specific genetic clusters that threaten hospital popula-
tions. In combination with other genotyping methods,
this method could be used to analyse the relationships
among the genetic clusters of E. cloacae, greatly
improving identification and molecular subtyping.
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