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Abstract. Besides the importance of Enterobacter cloacae species complex as a no-
socomial pathogen, little is known about the frequency of each species/genotype. Here, we 
describe a strain of E. hormaechei subsp. hormaechei isolated from a bronchial secretion of 
a patient, in the Intensive Care Unit at the General Hospital of Cumaná, Venezuela, who died 
due to complications of his infection. The molecular identification was done by sequencing the 
16S rRNA gene and comparing it to sequences from the GenBank. This strain showed resistan-
ce to multiple families of antibiotics (MDR), and the genes blaKPC and blaVIM were detected 
by PCR. This is the first time E. hormaechei has been identified in Venezuela. 
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Resumen. A pesar de la importancia de las especies del complejo Enterobacter cloacae 
como patógeno nosocomial, poco se conoce sobre la frecuencia de cada especie/genotipo. Aquí 
se describe una cepa de E. hormaechei subsp. hormaechei aislada de una secreción bronquial 
de un paciente internado en la Unidad de Cuidados Intensivos del Hospital General de Cumaná, 
Venezuela, quien murió producto de complicaciones de su infección. La identificación mo-
lecular fue hecha por secuenciación del gen ARNr 16S y porcomparación con las secuencias 
del GenBank. Esta cepa mostró resistencia a múltiples familias de antibióticos (MDR) y se 
detectaron los genes blaKPCyblaVIMpor PCR. Este es el primer reporte de E. hormaechei en 
Venezuela.
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INTRODUCTION         

The species of the Enterobacter cloacae 
complex are considered as emerging pathogens, 
show genomic heterogeneity and comprise six 
species: E. cloacae, E. hormaechei, E. asburiae, 
E. kobei, E. ludwigii and E. nimipressuralis, out 
of which, the first two are the most frequently 
isolated from clinical samples (1). Phenotypic 
identification of all species belonging to this ta-
xon is usually difficult and not always reliable; 
therefore, molecular methods are often used, 
and despite the importance of the species com-
plex as a nosocomial pathogen, little is known 
in the contribution of each species/genotype as 
an infectious agent (2).

E. hormaechei consists of three different 
subspecies: E. hormaechei subsp. oharae,          
E. hormaechei subsp. hormaechei and E. hor-
maechei subsp. steigerwaltii, and their differen-
tiation could be based on their particular pro-
perties and biochemical tests (3). Most studies 
on antimicrobial susceptibility are focused on E. 

cloacae, E. hormaechei and E. asburiae; these 
studies reported small variations between the 
species (2). The most important resistance me-
chanism against β-lactam drugs is the produc-
tion of carbapenemases in E. hormaechei (4).

Clinical history 
A strain of Enterobacter sp. was isolated 

from a bronchial secretion of a 52 years-old male 
patient at the Intensive Care Unit of the Gene-
ral Hospital of Cumaná, Venezuela. This patient 
was admitted to the Surgery Unit Specialized 
in Soft Tissue after an exploratory laparotomy 
to perform an appendectomy. After complica-
tions due to an infection, he was transferred to 
the Intensive Care Unit, and died after28 days 
of hospitalization. The autopsy showed as cause 
of death, abdominal sepsis, necrohemorrhagic 
pancreatitis, lower respiratory tract infection 
and urinary infection. No species identification 
was possible by biochemical tests at the time of 
the diagnosis.

Laboratory results 
Biochemical tests showed that the strain 

grew on media supplemented with sucrose, lac-
tose, sorbitol, maltose, mannitol and malonate, 
but did not grew on media supplemented with 
inositol. It did not produce indole, H2S, nor 
showed the presence of urease, ornithine or ly-
sine decarboxylase. It did show the presence of 
citrate and arginine decarboxylase (although it 
showed a weak reaction), and showed motili-
ty in SIM-agar at 37°C. The biochemical tests 
agreed with the identification of E. hormaechei, 
but it had an aninfrequent result for urease, as 
83% of the strains have been reported to show 
positive results (3).The Enterobacter sp. strain 
showed resistance to the following: ampicillin 
(AMP), amoxicillin-clavulanate (AMC), cefa-
lotin (CF), piperacillin (PIP), piperacillin-ta-
zobactam (TZP), cefuroxime (CXM), cefoxitin 
(FOX), cefotaxime (CTX), ceftriaxone (CRO), 
aztreonam (ATM), ceftazidime (CAZ), cefepime 
(FEP), imipenem (IPM), meropenem (MEM), 
ertapenem (ETP), trimethoprim-sulphame-
thoxazole (SXT), amikacin (AK), tobramycin 
(NN), netilmicin (NET), ampicillin-sulbactam 
(SAM), ciprofloxacin (CIP), chloramphenicol 
(C). But the strain was sensitive to gentamicin 
(GM), tigecycline (TGC) and colistin (CL) (5). 
The combined test with IPM, MEM and EDTA/
SMA discs (0.5 M/300 μg/mL), as well as with 
IPM, MEM and phenylboronic acid (300 μg), 
were positive, which implied the presence of 
both metallo-beta-lactamase (MBL) and seri-
ne-carbapenemase (KPC) enzymes (6,7). 

Total DNA was extracted from the stra-
in isolated after incubation in LB broth for 20 
hours at 37 ºC, using the Wizard Genomic DNA 
kit (Promega).The polymerase chain reaction 
(PCR) of the blaVIM, and blaKPC genes was 
carried out using previously published primers 
(8), following the established protocols (9). The 
strain showed the amplification of the genes 
blaVIM and blaKPC (Fig. 1). Since the presen-

ce of MBL- and KPC-producing Enterobacter 
strains has high clinical and epidemiological 
importance, we investigated in further detail 
the identification of this strain. For this, the 
16S ribosomal RNA gene (rRNA) was ampli-
fied using the primers fD2: 5´-AGAGTTTGAT-
CATGGCTCAG-3´ and rPl: 5´-ACGGTTACC-
TTGTTACGACTT-3´ (10). The amplification 
was done as follows: an initial denaturation at 
94ºC (5 min) was followed by 30 cycles of de-
naturation at 94ºC (2 min), annealing at 42°C 
(30 s), extension at 72°C (4 min), and a final 
extension at 72ºC (10 min). The amplified pro-
ducts were visualized electrophoretically on 2% 
agarose gel containing GelRed Nucleic Acid 
Stain (Biotium) and run in a 1X TBE buffer. 
The amplified fragment was sequenced directly, 
using both primers, in an automated sequencer 
ABI 3130X2, by the BigDye terminator method 
(Life Technologies), at the Centro de Secuen-
ciación y Procesamiento de Ácidos Nucléicos 
(CeSAAN) of the Instituto Venezolano de In-
vestigaciones Científicas (IVIC), Caracas, Ve-
nezuela. The sequences obtained were aligned 
with theClustalX program included in Mega 6.0 
(11), and the consensus sequence was used to 
search homologous sequences at the GenBank. 
A phylogenetic analysis was carried out, to infer 
the relationships of the identified Enterobacter 
sp. strain with the published sequences with hi-
ghest homologies, using the UPGMA method 
in MEGA6.0 (11), calculating the percentage 
of replicate trees, in which the associated taxa 
clustered together in the bootstrap test using 
1000 replicates. The evolutionary distances 
were computed using the Maximum Composi-
te Likelihood method and the number of base 
substitutions per site was used as the units of the 
tree. All positions containing gaps and missing 
data were eliminated. According to this phylo-
genetic analysis, the strain of Enterobacter sp. 
can be classified as E. hormaechei subsp. hor-
maechei (Fig. 2).
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Ethical approval 
The treatment of the patients, analysis of 

the isolates and information generated was con-
ducted according to the bioethical and biosafety 
guidelines as stated by the Bioethics and Bios-
afety Commission of the IIBCAUDO (CoBio-

Bios). We obtained a written consent from the 
patient’s relatives for publication of this case.

DISCUSSION

The presence of MDR E. hormaechei subsp. 
hormaechei in the Cumaná hospital, carrying 
blaVIM and blaKPC genes, is of great relevance, 
both clinically and epidemiologically. The gene 
blaVIMhas been reported before in this hospi-
tal in three strains of Enterobacter and blaKPC 
in one strain of E. cloacae (9,12). They repor-
ted an unclassified strain of Enterobacter which 
resulted to have asimilar pattern of resistance. 
Metallo-β-lactamases (MBLs) have emerged 
among several Gram-negative pathogens, na-
mely, species of the Enterobacteriaceae, as well 
as Pseudomonas aeruginosa and Acinetobacter 
baumannii (13). VIM types are the most fre-
quently acquired MBLs and in some regions are 
widespread (14). 

MBL- and KPC-producing E. cloacae are 
unusual causes of severe infections in compro-
mised hosts, and empiric therapy with carbape-
nems may be inappropriate; therefore, colistin, 
although nephrotoxic, alone or in combination 
with other antibiotics (cephalosporins, quino-
lones, aminoglycosides or carbapenems), may 
represent the only effective therapeutic option 
against MDR Enterobacter spp (2). Until recent-
ly, these genes have been reported in Venezue-
la, but only in strains of Klebsiella pneumoniae 
(both genes) and Pseudomonas aeruginosa (bla-
VIM only) (15-17).

In 2001 alone, species of  E. cloacae com-
plex caused 7% of nosocomial infections in in-
tensive care units in the USA (18). Therefore, 
the E. cloacae complex can be considered as an 
emerging pathogen, of which E. hormaechei is 
the most commonly isolated nosocomial patho-
gen (1). E. hormaechei has been shown to be 
of clinical significance by the report of several 
outbreaks of sepsis in neonatal intensive care 

units in Brazil and the USA (19,20). In addition, 
sepsis and meningitis have been more recently 
associated with Enterobacter spp (21). 

When sequencing rRNA genes from strains 
of Cronobacter (Enterobacter) sakazakii causing 
nosocomial infections, 10 strains of E. hormae-
chei were identified from different origins (21), 
which points out an important misidentification 
of this species. In surveillance studies, Entero-
bacter species are often not further classified 
beyond the genus level probably because identi-
fication is difficult (1). Their clinical significan-

ce, especially over the last 15 years, have been 
reported in many publications, demonstrating 
their remarkable ability to upregulate or acquire 
resistance determinants, and making them some 
of the most worrisome microorganisms of the 
current antibiotic era (2). 

The biochemical tests agreed with the iden-
tification of  E. hormaechei subsp. hormaechei, 
although in the test for sorbitol, only 17% of the 
strains have been reported showing positive re-
sults (3). The identification of the species within 
the E. cloacae complex in clinical specimens is 
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Detection of VIM type metallo-beta-lactamases 
and KPC type serin-carbapenemase by PCR in 
the strain of E. hormaechei subsp. hormaechei. 
Amplification of both fragments of 390 bp and 
798 bp, typical of blaVIM and blaKPC can be 
seen in the studied isolate. M: molecular weight 
marker of 100 bp, VC+: positive control for bla-
VIM gene (E. cloacae amplified only with pri-
mers for blaVIM) (11), KC+: positive control 
for blaKPC gene (E. cloacae amplified only with 
primers for blaKPC) (11), S: studied isolate of 
E. hormaechei subsp. hormaechei, C-: negative 
control (water).

Fig.1. 

The phylogenetic relationships of the studied isolate of E. hormaechei subsp. hormaechei with the sequences 
of E. cloacae complex published in the GenBank, inferred using the UPGMA method. The bootstrap test 
values are shown next to the branches only when they are above 50%. The tree is drawn to scale, with branch 
lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree.

Fig.2. 



important because it gives more information on 
their clinical relevance that otherwise could re-
main underestimated (2). Most clinical labora-
tories in developed countries routinely identify 
Enterobacter spp. by phenotypic methods em-
ploying commercially available kits or semi-au-
tomated systems that are limited to E. cloacae 
and E. asburiae, while for further identification 
and discrimination of the other species in this 
genus, biochemical tests or molecular methods 
such as 16S rRNA, rpoB and hsp60 gene se-
quencing should be used.

This study demonstrates the usefulness of 
molecular techniques for a more accurate iden-
tification of the Enterobacter species implicated 
in the clinical case of patients, as well as for the 
detection of resistance genes carried by this stra-
in of  E. hormaechei subsp. hormaechei, which 
is critical for more precise control measures of 
nosocomial infections caused by the species.
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