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Enterobacter cloacae is an opportunistic pathogen of horses. Thirty isolates obtained
from horses and their environments and identified as Enterobacter cloacae by biochemical
methods were reidentified by taxonomic identification based on multilocus sequence

analysis (MLSA) and by a commercial identification system based on matrix-assisted laser
desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS). MLSA identified
the 30 equine isolates as E. ludwigii (9/30), E. asburiae (1/30), or E. cloacae (1/30); 19
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isolates were not identified. The MALDI-TOF MS system could not clearly distinguish
isolates to the species level, and the limited numbers of reference spectra for Enterobacter

species might have contributed to the poor identification.
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Bacteria of the genus Enterobacter are Gram-negative
facultative anaerobes found in the intestines of humans and
animals and in environments such as sewage and soil [4].
They are often isolated as pathogens in horses [19], in which
they can cause synovial sepsis or urinary tract infections [5,
21]. They are also often isolated as a cause of pneumonia
[20].

Accurate identification of Enterobacter species has long
been regarded as problematic. Biochemical identification
methods have traditionally been used. Among them, the API
20E test is the most frequently used [15], but it can give
conflicting results because its reference database has less
discriminatory power than the 16S rRNA gene sequence
database [12]. Although 16S rRNA gene sequencing is one
of the gold standards for bacterial identification [3], it often
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cannot clearly identify Enterobacter species because its
results do not correlate well with taxonomic classification
at the species level despite good identification at the genus
level [3, 8]. Taxonomic evaluation based on multilocus
sequence analysis (MLSA) is based on the sequencing of
partial housekeeping-protein—encoding genes and is able
to identify Enterobacter isolates to the species level with
strong support by MLSA grouping [1].

Matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS) has been used for
identifying bacterial species through analysis of the molec-
ular spectra obtained from bacterial cells tested and then
collating the spectra in a commercially provided database
that includes several thousand spectra. MALDI-TOF MS is
recognized as a useful tool for the identification of bacterial
isolates from animals [16], and further research would help
reinforce it as a valid tool in veterinary medicine.

Enterobacter species are opportunistic pathogens in
horses. Enterobacter cloacae is known among Enterobacter
species for its heterogeneity in biochemical and molecular
studies [13], and it is important in veterinary medicine to
identify Enterobacter species accurately. Previous studies
have reported some problems in using MALDI-TOF MS
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to identify Enterobacter species isolated from humans and
the environment [9, 17]; however, it is not clear whether
this also applies to identification of Enterobacter species
from horses.

In this study, we used MLSA to re-identify E. cloacae
isolates from horses and their environments that had origi-
nally been identified by commercial biochemical methods.
Based on the MLSA identification results, we then evaluated
the accuracy and applicability of a commercial MALDI-
TOF MS system for the identification of Enterobacter
organisms isolated from horses and their environments.

We tested 30 isolates from equine patients and unknown
sources probably associated with equine patients or their
environments obtained between 1983 and 2016 and stored
at —80°C (Table 1). All were preliminarily tested with a
biochemical test kit that is known to have varying levels
of reliability (API 20E Test System, bioMérieux, Durham,
NC, U.S.A.). Based on their biochemical characteristics,
they were identified as matching Enterobacter cloacae in
the APIWEB database (bioM¢érieux), which included 7

Table 1. List of 30 isolates identified as Enterobacter cloacae by
API 20E from horses and their environments
Isolate Year of isolation Source

E.cloacae-1 1983 Unknown
E.cloacae-4 1983 Unknown
E.cloacae-5 1983 Unknown
E.cloacae-6 1983 Unknown
E.cloacae-7 1983 Unknown
E.cloacae-8 1983 Unknown
E.cloacae-9 1983 Unknown
E.cloacae-10 1983 Unknown
E.cloacae-12 1983 Unknown
E.cloacae-14 1983 Unknown
E.cloacae-15 1983 Unknown
E.cloacae-16 1985 Unknown
E.cloacae-17 1985 Unknown
E.cloacae-18 1988 Diarrhea
E.cloacae-20 1991 Metritis
E.cloacae-21 1991 Metritis
E.coli-160 1992 Sepsis
E.cloacae-22 1995 Guttural pouch infection
Entero-3 1999 Pneumonia
Entero-15 2000 Pneumonia
Entero-17 2000 Guttural pouch infection
Entero-19 2000 Pneumonia
Enter-41 2004 Pneumonia
Entero-89 2010 Pneumonia
Entero-92 2011 Pneumonia
Entero-157 2015 Surgical site infection
Entero-181 2016 Abscess
Entero-190 2016 Pleural effusion
Entero-191 2016 Surgical site infection
Entero-194 2016 Cellulitis

Enterobacter species (E. aerogenes, E. amnigenus 1, E.
amnigenus 2, E. asburiae, E. cancerogenus, E. cloacae,
and E. gergoviae).

Genomic DNA from the 30 isolates was extracted with
a commercial DNA extraction kit (InstaGene Matrix,
Bio-Rad Laboratories, Hercules, CA, U.S.A.) in accor-
dance with the manufacturer’s instructions. Partial DNA
fragments of gyrB, rpoB, infB, and atpD were amplified
by PCR as described for MLSA analysis for evaluating
Enterobacter species [1] (which we call “Enterobacter
MLSA” in this study). The products were purified with a
purification kit (QIAquick PCR Purification Kit, Qiagen,
Venlo, the Netherlands). DNA sequencing was outsourced
to a commercial service (Greiner Bio-One, Tokyo, Japan).
Obtained sequences of the 30 isolates and published
sequences of type or reference strains (GenBank acces-
sion numbers JX424847-JX424873, 1X424882-424888,
1X424977-JX425003, JX425012-425018, JX425106—
JX425132, 1X425141-JX425147, JX425236-1X425262,
and JX425271-JX425277) were aligned with ClustalW, and
a phylogenetic tree was constructed by the neighbor-joining
method with a maximum composite likelihood model using
the MEGA 7.0 software [10]. It is reported that reference
strains and type strains of Enterobacter species form
clusters in MLSA trees [1], and we identified the isolates
according to the MLSA phylogenetic tree for Enterobacter
species; isolates included in the same cluster as a type strain
were identified as that species. In this study, identification
with Enterobacter MLSA was regarded as the gold standard.

For identification using a commercial MALDI-TOF
MS system (MALDI Biotyper CA System, Bruker Japan,
Yokohama, Japan), isolates were plated on Columbia agar
supplemented with 5% horse blood and incubated at 37°C
for 24 hr. Each colony was spotted onto a target plate and
overlaid with 1 x4/ of 70% formic acid and 1 u!/ of a-cyano-4
hydroxycinnamic acid (HCCA) matrix solution. Mass
spectra were obtained using the MALDI-TOF MS apparatus
and were analyzed with the commercial database v. 8.0.0 of
the MALDI Biotyper CA System, which holds the following
spectra of Enterobacter species: 6 of E. amnigenus, 1 of E.
cancerogenus, 3 of E. asburiae, 14 of E. cloacae, 1 of E.
hormaechei, 1 of E. cowanii, 11 of E. gergoviae, 1 of E.
helveticus, 1 of E. kobei, 1 of E. ludwigii, 3 of E. pulveris,
2 of E. pyrinus, 1 of E. radicincitans, and 1 of E. turicensis.
Spectral data were obtained from two independent assays.
The identification system proposes two candidate species
for the tested organism—a best-match species and a second-
best-match species—with scores indicating the identification
probability. In accordance with the manufacturer’s instruc-
tions, these probability scores can be interpreted as follows:
>2.00, high-confidence identification (reliable identification
at the species level); >1.70 to <2.00, low-confidence identi-
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fication (identification at the genus level); <1.70, no known
organism (unidentifiable). According to the manufacturer’s
instructions, the consistency of identification is also to be
considered. The consistency of identification was evaluated
as “high”, “low,” or “not applicable” based on the scores of
the best-match and second-best-match species, as shown
in Table 2.

From the phylogenetic tree constructed on the basis
of MLSA, 9 of the 30 isolates (E.cloacae-1, E.cloacae-4,
E.cloacae-6, E.cloacae-7, E.cloacae-8, E.cloacae-9,
E.cloacae-12, E.cloacae-14, and Entero-89) fell into the
cluster with the type strain of E. [udwigii (strain LMG
23768T) and were thus identified as E. ludwigii (Fig. 1).
Enter-41 was identified as E. cloacae because it fell into the
cluster including the type strain of E. cloacae (strain LMG
2783T), and E.cloacae-15 was identified as E. asburiae
because it fell into the cluster including the type strain of
E. asburiae (strain DSM 175067). Among Enterobacter
species, E. cloacae, E. asburiae, E. hormaechei, E. kobei,
and E. ludwigii are known as the “FEnterobacter cloacae
complex” [13]. They share a major part of their DNA with E.
cloacae [6], and they are thus difficult to distinguish by 16S
rRNA sequencing alone and require other types of genetic
investigation, such as MLSA. Enterobacter MLSA, which
evaluates 4 protein-encoding genes, can address these taxo-
nomic issues in the genus Enterobacter [1] and can delineate
species into well-defined clades, helping to identify strains
to the species level. MLSA is expected to become an
effective method for identifying Enterobacter species and

may also be useful for identifying related isolates [7, 11].
In fact, E.cloacae-15, which was identified as E. asburiae
with Enterobacter MLSA, was identified as E. cloacae with
the biochemical test, even though the biochemical test kit
used in this study is capable of identifying E. asburiae.
The phenotypic characteristics of E. asburiae are similar
to those of E. cloacae, and some E. asburiae isolates have
been misidentified as E. cloacae with biochemical tests [ 14].
Furthermore, according to the manufacturer’s instructions
for the biochemical test kit, E. cloacae and E. asburiae do
not have biochemical characteristics by which they can
be distinguished from each other; therefore, E.cloacae-15
might have been misidentified as E. cloacae in this study.
Nineteen isolates were not able to be identified with
Enterobacter MLSA, and 15 of those fell into 4 clades in
the phylogenetic tree (Fig. 1). Two isolates (E.cloacae-5
and E.cloacae-17) were included in clade 1, and 3 isolates
(E.cloacae-22, Entero-15, and Entero-92) were included
in clade 4. Isolates in clade 1 and clade 4 were classified
into branches separate from the clusters including type
strains of E. cloacae and E. asburiae with high bootstrap
values, respectively, even though the strains and the clusters
shared the same root, which suggests that these groups were
closely related to each species, and they were considered
E. cloacae—related strains and E. asburiae—related strains,
respectiverly, in the Enterobacter MLSA. Ten isolates
(E.cloacae-21, E.coli-160, Entero-17, Entero-19, Entero-
157, Entero-191, E. cloacae-18, E.cloacae-20, Entero-3,
and Entero-194) were included in a branch that could be

Table 2. Conditions and examples for evaluating the consistency of identification

) Examples
Consis- .\ . . . - -
tency Conditions of identification results Best-match species ~ Second-best-match species
(Score) (Score)
High The best match was a high-confidence identification, and the Genus (A) species (a) Genus (A) species (a)
second-best-match was a high-confidence identification in which the (=2.00) (=2.00)
species was identical to the best match.
The best match was a high-confidence identification, and the Genus (A) species (a) Genus (A) species (a)
second-best-match was a low-confidence identification in which the (>2.00) (>1.70 to <2.00)
species or genus was identical to the best match.
The best match was a high-confidence identification, and the Genus (A) species (a) -k
second-best-match was no known organism. (>2.00) (<1.70)
Low The best and second-best-match results were high-confidence Genus (A) species (a) Genus (A) species (b)
identifications with unidentical species but the identical genus. (>2.00) (>2.00)
The best and second-best-match results were low-confidence Genus (A) species (a)  Genus (A) species (a, b...)
identifications with the identical genus. (>1.70 to <2.00) (>1.70 to <2.00)
The best match result was a low-confidence identification, and the Genus (A) species (a) -
second-best-match result was no known organism. (>1.70 to <2.00) (<1.70)
NA* Both the best-match and second-best-match results were high- or Genus (A) species (a) Genus (B) species (b)

low-confidence identifications with different genera.

The best-match result was no known organism.

(<1.70) (<1.70)

*Consistency was not applied. **No known organism.
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Fig. 1. A maximum likelihood tree of 20 type or reference strains of Enterobacter species, 8 strains of related genera, and the 30 isolates
shown in Table 1 was constructed on the basis of gyrB, rpoB, atpD, and infB sequencing. Bootstrap values of 1,000 replicates are
expressed as percentages.
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separated into clade 2 and clade 3 with a comparatively long
branch length (0.135). Isolates in clade 2 and clade 3 were
suggested to be closely related to E. hormaechei because
they were classified into branches separate from the cluster
including the type strain of E. hormaechei (strain CCUG
271267T), and isolates in clade 2 and clade 3 were called
E. hormaechei—related strain 1 and E. hormaechei—related
strain 2 in this study. The 4 isolates named as E. hormae-
chei-related strain 2 had a deletion of 5 bps in the middle of
the rpoB gene, which might make the 4 isolates genetically
separate from E. hormaechei—related strain 1.
E.cloacae-10 was classified as a branch separate from
the clade including E. ludwigii with a high bootstrap
value and had a comparatively long branch length (0.159).
E.cloacae-10 had 2 deletions and 2 insertions in the infB
gene. E.cloacae-16 and Entero-181 were not assigned to
any clades including type strains of Enterobacter species.
Entero-190 was assigned to the node including the type

strain of E. hormaechei but was not included in clade 2 or
clade 3, which suggests that Entero-190 might be a species
related to E. hormaechei. The above results indicate that
further taxonomic studies are required on the 19 strains not
able to be identified by Enterobacter MLSA.

Thirty isolates were evaluated by the MALDI Biotyper
CA System (Table 3). Of those, only 12 were identified as
E. cloacae with high consistency, whereas the remaining 18
could not be identified because of low consistency. More-
over, only one (Enter-41) of those 12 isolates was identified
by Enterobacter MLSA as E. cloacae, and the remaining
11 isolates were not identified by Enterobacter MLSA. We
suggest two possible explanations for this poor identifica-
tion by the MALDI Biotyper CA System. First, the genetic
closeness of Enterobacter species would make them difficult
to distinguish by MALDI-TOF MS. Enterobacter species
are known to be close phylogenetically [1]; in particular,
clusters including E. ludwigii and E. cloacae share the same

Table 3. Identification results of 30 isolates by the matrix-assisted laser desorption ionization (MALDI) Biotyper CA System
MALDI Biotyper CA System
Isolate Enterobacter MLSA Best match Second-best match .
- - Consistency
Species Score Species Score
E.cloacae-1 Enterobacter ludwigii E. ludwigii 2.340 E. cloacae 2.280 Low
E.cloacae-4 E. ludwigii E. cloacae 2.345 E. ludwigii 2.285 Low
E.cloacae-6 E. ludwigii E. cloacae 2.440 E. ludwigii 2.295 Low
E.cloacae-7 E. ludwigii E. ludwigii 2.375 E. cloacae 2.375 Low
E.cloacae-8 E. ludwigii E. cloacae 2.380 E. ludwigii 2.375 Low
E.cloacae-9 E. ludwigii E. ludwigii 2.295 E. cloacae 2.220 Low
E.cloacae-12 E. ludwigii E. cloacae 2.380 E. ludwigii 2.335 Low
E.cloacae-14 E. ludwigii E. ludwigii 2.385 E. cloacae 2.320 Low
Entero-89 E. ludwigii E. ludwigii 2.360 E. cloacae 2.325 Low
Enter-41 E. cloacae E. cloacae 2.265 E. cloacae 2.195 High
E.cloacae-15 E. asburiae E. asburiae 2.290 E. cloacae 2.125 Low
E.cloacae-5 Clade 1 E. cloacae 2.265 E. asburiae 2.390 Low
E.cloacae-17 Clade 1 E. asburiae 2.225 E. kobei 2.115 Low
E.cloacae-21 Clade 2 E. cloacae 2.330 E. cloacae 2.215 High
E.coli-160 Clade 2 E. cloacae 2.315 E. cloacae 2.290 High
Entero-17 Clade 2 E. cloacae 2.320 E. cloacae 2.295 High
Entero-19 Clade 2 E. cloacae 2.310 E. cloacae 2.270 High
Entero-157 Clade 2 E. cloacae 2.380 E. cloacae 2.255 High
Entero-191 Clade 2 E. cloacae 2.335 E. cloacae 2.300 High
E.cloacae-18 Clade 3 E. cloacae 2.335 E. cloacae 2.200 High
E.cloacae-20 Clade 3 E. cloacae 2.385 E. cloacae 2.290 High
Entero-3 Clade 3 E. cloacae 2.285 E. cloacae 2.250 High
Entero-194 Clade 3 E. cloacae 2.335 E. cloacae 2.315 High
E.cloacae-22 Clade 4 E. asburiae 2.340 E. cloacae 2310 Low
Entero-15 Clade 4 E. asburiae 2.345 E. cloacae 2.195 Low
Entero-92 Clade 4 E. asburiae 2.300 E. cloacae 2.085 Low
E.cloacae-10 Other isolates E. ludwigii 2.350 E. cloacae 2.340 Low
E.cloacae-16 Other isolates E. asburiae 2.220 E. cloacae 2.160 Low
Entero-181 Other isolates E. kobei 2.190 E. asburiae 2.170 Low
Entero-190 Other isolates E. cloacae 2.420 E. cloacae 2.335 High

MLSA, multilocus sequence analysis.
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root in the MLSA phylogenetic tree (Fig. 1), which probably
confirms their closeness. With Enterobacter species that are
genetically close, the molecules targeted in MALDI-TOF
MS would have protein structures similar to each other.
Indeed, the molecular spectra of E. asburiae, E. cloacae,
E. hormaechei, E. kobei, and E. ludwigii in the commercial
database were in fact similar to each other (data not shown).
Therefore, they might not be correctly distinguished from
each other with the MALDI Biotyper CA System. Second,
the reference library holds only one spectrum each for E.
cancerogenus, E. hormaechei, E. cowanii, E. helveticus, E.
kobei, E. ludwigii, E. radicincitans, and E. turicensis. The
overall accuracy of identifying species by MALDI-TOF MS
might depend on the number of species in the database used
for identification, and a library with multiple patterns of
a given species would enable MALDI-TOF MS to better
distinguish species that are genetically similar [18]. Poor
database composition and depth could lead to unreliable
identification by MALDI-TOF MS [9]. An enriched data-
base that contains multiple patterns of each species may
recognize minor spectral differences between strains and
thus result in more accurate identification. A previous study
suggested that enriching the database used for identification
enhanced the accuracy and rapidity of identification of yeast
by MALDI-TOF MS [2]; therefore, complementing the
reference database with the MLSA results of Enterobacter
species might render the MALDI Biotyper CA System a
more reliable identification tool.

References

1. Brady, C., Cleenwerck, ., Venter, S., Coutinho, T., and De
Vos, P. 2013. Taxonomic evaluation of the genus Entero-
bacter based on multilocus sequence analysis (MLSA):
proposal to reclassity E. nimipressuralis and E. amnigenus
into Lelliottia gen. nov. as Lelliottia nimipressuralis comb.
nov. and Lelliottia amnigena comb. nov., respectively, E.
gergoviae and E. pyrinus into Pluralibacter gen. nov. as
Pluralibacter gergoviae comb. nov. and Pluralibacter pyri-
nus comb. nov., respectively, E. cowanii, E. radicincitans,
E. oryzae and E. arachidis into Kosakonia gen. nov. as
Kosakonia cowanii comb. nov., Kosakonia radicincitans
comb. nov., Kosakonia oryzae comb. nov. and Kosakonia
arachidis comb. nov., respectively, and E. turicensis, E.
helveticus and E. pulveris into Cronobacter as Cronobacter
zurichensis nom. nov., Cronobacter helveticus comb.
nov. and Cronobacter pulveris comb. nov., respectively,
and emended description of the genera Enterobacter and
Cronobacter. Syst. Appl. Microbiol. 36: 309-319. [Med-
line] [CrossRef]

2. De Carolis, E., Vella, A., Vaccaro, L., Torelli, R., Posteraro,
P, Ricciardi, W., Sanguinetti, M., and Posteraro, B. 2014.
Development and validation of an in-house database for

10.

11.

12.

matrix-assisted laser desorption ionization-time of flight
mass spectrometry-based yeast identification using a
fast protein extraction procedure. J. Clin. Microbiol. 52:
1453-1458. [Medline] [CrossRef]

Clarridge, J.E. 3rd. 2004. Impact of 16S rRNA gene se-
quence analysis for identification of bacteria on clinical
microbiology and infectious diseases. Clin. Microbiol.
Rev. 17: 840-862. [Medline] [CrossRef]

Farmer, J.J. 1999. Enterobacteriaceae: introduction and
identification. pp. 442—458. In: Manual of Clinical Micro-
biology (Murray, P.R., Baron, E.J., Pfaller, M.A., Tenover,
F.C., and Yolken, R.H., eds.), American Society of Micro-
biology, Washington, D.C.

Getman, L., Sutter, W.W., and Bertone, A.L. 2013. Infec-
tions of muscle, joint, and bone. pp. 60-70. /n: Equine
Infectious Diseases, 2nd ed. (Sellon, D.C., and Long, M.T.,
eds.), Saunders, St. Louis.

Hoffmann, H., Stindl, S., Ludwig, W., Stumpf, A., Mehlen,
A., Heesemann, J., Monget, D., Schleifer, K.H., and
Roggenkamp, A. 2005. Reassignment of enterobacter
dissolvens to Enterobacter cloacae as E. cloacae subspe-
cies dissolvens comb. nov. and emended description of
Enterobacter asburiae and Enterobacter kobei. Syst. Appl!.
Microbiol. 28: 196-205. [Medline] [CrossRef]

liyama, K., Morishita, M., Lee, J.M., Mon, H., Kusakabe,
T., Tashiro, K., Akasaka, T., Yasunaga-Aoki, C., and
Miyamoto, K. 2017. A reconsideration of the taxonomic
position of two bacterial strains isolated from flacherie-
diseased silkworms in 1965. J. Insect Biotechnol. Sericol-
ogy 86: 35-41.

Janda, J.M., and Abbott, S.L. 2007. 16S rRNA gene
sequencing for bacterial identification in the diagnostic
laboratory: pluses, perils, and pitfalls. J. Clin. Microbiol.
45: 2761-2764. [Medline] [CrossRef]

Khot, P.D., Couturier, M.R., Wilson, A., Croft, A., and
Fisher, M.A. 2012. Optimization of matrix-assisted laser
desorption ionization-time of flight mass spectrometry
analysis for bacterial identification. J. Clin. Microbiol. 50:
3845-3852. [Medline] [CrossRef]

Kumar, S., Stecher, G., and Tamura, K. 2016. MEGA?7:
molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Mol. Biol. Evol. 33: 1870-1874. [Medline]
[CrossRef]

Liu, S., Tang, Y., Wang, D., Lin, N. and Zhou, J. 2016.
Identification and characterization of a new Enterobacter
onion bulb decay caused by Lelliottia amnigena in China.
Appl. Microbiol. open access 2: 2.

Mehnaz, S., Baig, D.N., and Lazarovits, G. 2010. Genetic
and phenotypic diversity of plant growth promoting rhizo-
bacteria isolated from sugarcane plants growing in paki-
stan. J. Microbiol. Biotechnol. 20: 1614—-1623. [Medline]
[CrossRef]

. Mezzatesta, M.L., Gona, F., and Stefani, S. 2012. Entero-

bacter cloacae complex: clinical impact and emerging


http://www.ncbi.nlm.nih.gov/pubmed/23632228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23632228?dopt=Abstract
http://dx.doi.org/10.1016/j.syapm.2013.03.005
http://www.ncbi.nlm.nih.gov/pubmed/24554755?dopt=Abstract
http://dx.doi.org/10.1128/JCM.03355-13
http://www.ncbi.nlm.nih.gov/pubmed/15489351?dopt=Abstract
http://dx.doi.org/10.1128/CMR.17.4.840-862.2004
http://www.ncbi.nlm.nih.gov/pubmed/15900966?dopt=Abstract
http://dx.doi.org/10.1016/j.syapm.2004.12.010
http://www.ncbi.nlm.nih.gov/pubmed/17626177?dopt=Abstract
http://dx.doi.org/10.1128/JCM.01228-07
http://www.ncbi.nlm.nih.gov/pubmed/22993178?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00626-12
http://www.ncbi.nlm.nih.gov/pubmed/27004904?dopt=Abstract
http://dx.doi.org/10.1093/molbev/msw054
http://www.ncbi.nlm.nih.gov/pubmed/21193815?dopt=Abstract
http://dx.doi.org/10.4014/jmb.1005.05014

14.

15.

16.

17.

ANALYSIS OF EQUINE ENTEROBACTER 55

antibiotic resistance. Future Microbiol. 7: 887-902. [Med-
line] [CrossRef]

Miki, K., Yoshizaki, E., Tamura, K., and Sakazaki, R.
1988. [Enterobacter asburiae isolated from clinical speci-
mens). Kansenshogaku Zasshi 62: 708-711 (in Japanese).
[Medline] [CrossRef]

O’hara, C.M. 2005. Manual and automated instrumenta-
tion for identification of Enterobacteriaceac and other
aerobic gram-negative bacilli. Clin. Microbiol. Rev. 18:
147-162. [Medline] [CrossRef]

Pavlovic, M., Wudy, C., Zeller-Peronnet, V., Maggipinto,
M., Zimmermann, P., Straubinger, A., Iwobi, A., Martl-
bauer, E., Busch, U., and Huber, 1. 2015. Identification of
bacteria isolated from veterinary clinical specimens using
MALDI-TOF MS. Berl. Munch. Tierarztl. Wochenschr.
128: 24-30. [Medline]

Rodrigues, N.M., Bronzato, G.F., Santiago, G.S., Botelho,
L.A., Moreira, B.M., Coelho, 1.D., Souza, M.M., and
Coelho, S.M. 2017. The Matrix-Assisted Laser Desorption
Ionization-Time of Flight Mass Spectrometry (MALDI-

18.

19.

20.

21.

TOF MS) identification versus biochemical tests: a study
with enterobacteria from a dairy cattle environment. Braz.
J. Microbiol. 48: 132—-138. [Medline] [CrossRef]

van Prehn, J., van Veen, S.Q., Schelfaut, J.J.G., and
Wessels, E. 2016. MALDI-TOF mass spectrometry for
differentiation between Streptococcus pneumoniae and
Streptococcus pseudopneumoniae. Diagn. Microbiol.
Infect. Dis. 85: 9—11. [Medline] [CrossRef]

van Spijk, J.N., Schmitt, S., Fiirst, A., and Schoster, A.
2016. A retrospective study of bacterial pathogens in an
equine hospital (1988-2014). Schweiz. Arch. Tierheilkd.
158: 423-431. [CrossRef]

Sweeney, C.R., Holcombe, S.J., Barningham, S.C., and
Beech, J. 1991. Aerobic and anaerobic bacterial isolates
from horses with pneumonia or pleuropneumonia and
antimicrobial susceptibility patterns of the aerobes. J. Am.
Vet. Med. Assoc. 198: 839-842. [Medline]

Zimmel, D.N. 2013. Urinary tract infections. pp. 107-109.
In: Equine Infectious Diseases, 2nd ed. (Sellon, D.C., and
Long, M.T., eds.), Saunders, St. Louis.


http://www.ncbi.nlm.nih.gov/pubmed/22827309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22827309?dopt=Abstract
http://dx.doi.org/10.2217/fmb.12.61
http://www.ncbi.nlm.nih.gov/pubmed/3150411?dopt=Abstract
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.62.708
http://www.ncbi.nlm.nih.gov/pubmed/15653824?dopt=Abstract
http://dx.doi.org/10.1128/CMR.18.1.147-162.2005
http://www.ncbi.nlm.nih.gov/pubmed/25876281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/27818092?dopt=Abstract
http://dx.doi.org/10.1016/j.bjm.2016.07.025
http://www.ncbi.nlm.nih.gov/pubmed/26971637?dopt=Abstract
http://dx.doi.org/10.1016/j.diagmicrobio.2016.01.012
http://dx.doi.org/10.17236/sat00068
http://www.ncbi.nlm.nih.gov/pubmed/2026535?dopt=Abstract

