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Pheno- and genotyping of E. cloacae

Phenotyping and genotyping
methods applied to investigate
the relatedness of Brazilian isolates
of Enterobacter cloacae
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Abstract

In order to evaluate the resolving power of several typing methods to
identify relatedness among Brazilian strains of Enterobacter cloacae,
we selected twenty isolates from different patients on three wards of a
University Hospital (Orthopedics, Nephrology, and Hematology).
Traditional phenotyping methods applied to isolates included biotyping,
antibiotic sensitivity, phage-typing, and O-serotyping. Plasmid profile
analysis, ribotyping, and macrorestriction analysis by pulsed-field gel
electrophoresis (PFGE) were used as genotyping methods. Sero- and
phage-typing were not useful since the majority of isolates could not
be subtyped by these methods. Biotyping, antibiogram and plasmid
profile permitted us to classify the samples into different groups
depending on the method used, and consequently were not reliable.
Ribotyping and PFGE were significantly correlated with the clinical
epidemiological analysis. PFGE did not type strains containing non-
specific DNase. Ribotyping was the most discriminative method for
typing Brazilian isolates of E. cloacae.
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In recent years, Enterobacter cloacae has
been increasingly recognized as a significant
cause of infection in hospitalized patients
with serious underlying disease (1). Although
outbreaks due to nosocomial acquisition of
E. cloacae have been reported by a number
of investigators (2,3), it has also been re-
ported that endogenous E. cloacae may be
the source of infection, even during long-
term hospitalization (4). Accordingly, there
is a need for persistent surveillance of noso-
comial infections caused by E. cloacae in

order to distinguish among isolates involved
in outbreaks, person-to-person transmission,
and endogenous flora.

In this study, we compared the discrimi-
natory power of phenotypic and genotypic
typing methods applied to Brazilian E. cloa-
cae strains. The isolates were cultured from
17 patients admitted to three different wards,
who were suspected of having acquired E.
cloacae at the University Hospital of Ribeirão
Preto. These patients had contact with each
other on each ward (Orthopedics (ORTH),
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Table 1 - Phenotypic and genotypic characteristics of E. cloacae isolates.

ORTH, Orthopedics unit; NEPH, Nephrologic unit; HEM, Hematology unit; NT, non-typable.

Isolate Date of Patient Source/ Biotype Antibio- Sero- Phage- Plasmid Ribo- PFGE
no. isolation unit type type type profile type

1 May 8 RC Wound/ORTH 7730317-III a NT NT P1 S1 N1

2 May 14 DS Wound/ORTH 7730317-III b 19 EMQ P1 S1 NT

4 May 15 EF Wound/ORTH 7730317-III c 07 NT P2 S2 N2

5 May 15 JC Wound/ORTH 7730337-IV a NT NT - S3 N3

6 Jun 11 AF Wound/ORTH 7710337-II a V (h) P1 S4 N4

7 Jul 15 RI Abscess/ORTH 7730337-IV a 13 (b)CF(g)J P1 S5 N5

8 Sept 11 IG Wound/ORTH 7730337-IV a AA AbE(f)(g)I - S6 N6

10 May 18 JF Urine/NEPH 7710317-I d III NT P3 S3 N3

11 Jun 16 SF Urine/NEPH 7510337-VII g 23 (I) P4 S8 NT

12 Jun 16 JP Urine/NEPH 7710317-I d NT NT P3 S3 N3

14 Jun 17 WV Catheter/NEPH 7310317-V h 04 (l) P1 S9 NT

18 Oct 23 NS Urine/NEPH 7710337-II i PA M P5 S10 NT

19 Nov 3 NA Wound/NEPH 7710337-II e NT NT P4 S11 N11

20 Aug 12 AB Urine/NEPH 7710317-I j PA NT P1 S11 N11

30 Jun 8 MR Urine/NEPH 7710317-I e NT NT P1 S4 N4

31 Jul 15 MP Urine/HEM 771037-II e IV NT P1 S5 N5

32 Jul 23 AT Sputum/HEM 7750237-VI f NT (g) P4 S6 N6

34 Aug 5 ML Catheter/HEM 7710317-I e NT NT P1 S6 N6

37 Sept 25 GB Catheter/HEM 7510337-VII i 19 NT P7 S15 NT

38 Nov 3 ER Oropharynx/HEM 7610337-VIII e NT NT P1 S15 NT

Nephrology (NEPH), and Hematology
(HEM)) from May to November 1992. The
diagnosis of nosocomial infection was based
on Center for Disease Control guidelines.
One patient on each ward, who was not
implicated in hospital-borne infection, was
selected as control.

Identification of bacteria (Neg Combo
Panel Type 1), biotyping, and susceptibility
to antibiotics were performed using the
MicroScan System (Baxter Diagnostics, Inc.,
Deerfield, IL, USA), following the manu-
facturer�s instructions. The biotype was a 7-
digit number (bionumber) assigned to each
isolate according to its response to 21 bio-
chemical tests. The antibiogram type (desig-
nated by a lower case letter) was determined
by the growth response of isolates to 18
antimicrobial agents. Phage-typing was per-
formed as previously described by Gaston
(5) with a panel of 25 phage. After incuba-

tion at 32oC for 18 h phage reactions were
scored as follows: strong reaction (>50
plaques), shown in capital letters; intermedi-
ate reaction (£50 plaques), shown in lower
case letters; or weak reaction, shown in pa-
rentheses. O-serotyping was performed ac-
cording to the method described by Gaston
et al. (6), using six pools of �O� specific
monovalent sera.

Genotype-based methods included plas-
mid profile, pulsed-field gel electrophoresis
(PFGE), and ribotyping. Plasmids were
extracted by a boiling method (7) and sepa-
rated on a 0.8% agarose gel in TBE buffer
(89 mM Tris, 89 mM boric acid, 2 mM
EDTA, pH 8.3). PFGE was carried out in a
Gene Navigator apparatus (Pharmacia
Biotech, Uppsala, Sweden), on 1.5% aga-
rose gels. Genomic DNA was prepared in
agarose plugs as described by Haertl and
Bandlow (8). First, the blocks were submit-
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ted to a pre-run at 100 V for 60 min at 7oC,
with pulse time of 0.2 s (interpolate) before
restriction digestion. Thereupon, the blocks
were digested with NotI and submitted to
PFGE as follows: phase I, 25 s for 20 h;
phase II, 5 s for 4 h; phase III, 0.5 s for 1 h.
Chromosomal DNA for ribotyping was
extracted according to the method described
by Mekalanos (9). DNA was cleaved by the
restriction enzyme SmaI. A digoxigenin-la-
beled plasmid (pKK3535) was used as a
probe (10). Labeling and detection followed
the recommendations of Boehringer-
Mannheim, Mannheim, Germany. Table 1
summarizes the results of all typing meth-
ods. All isolates were typed three times in
order to assess reproducibility.

Eight different biovar patterns were iden-
tified among the 20 isolates. Biovar number
I, the most common bio-type, was found
almost exclusively in patients on the NEPH
ward, but also in one patient on the HEM
unit. Patterns III and IV were only observed
in patients on the ORTH ward. The cluster-
ing of specific biotyping on one unit sug-
gests cross-contamination. Biovar number II
was identified in patients from the three
wards. This result disagrees with clinical
epidemiological data, since patients from
different units had never shared staff or de-
vices, and had never been in contact.

The isolates were classified into 10 groups
according to the profile of resistance. Anti-
biotype a, one of the most prevalent (5 cases),
was found exclusively in isolates from pa-
tients on the ORTH ward. On the other hand,
antibiotype e, also found in 5 cases, was
detected in samples from NEPH and HEM
units.

The results of biotyping and antibiogram
grouped the isolates differently, raising
doubts over which method should be consid-
ered for the purpose of an epidemiological
investigation. The unsuitable character of
biotyping alone in discriminating strains has
been described (11). Antibiotic susceptibil-
ity profiles also have some significant limi-

tations (12). The main drawback of the
method is an inherent four-fold variation in
the range of minimal inhibitory concentra-
tion results, which can misclassify the or-
ganism (13).

Phage- and serotyping were of lesser value
since they failed to classify 12 and 11 iso-
lates, respectively.

The plasmid content of the bacteria
showed 7 different plasmid profiles. How-
ever, a 72-kb element was detected in almost
every sample. This large plasmid could be
described as a highly promiscuous element,
useless for discriminating strains. The plas-
mid profile called P3 (isolates 10 and 12)
showed correlation with the resistance pro-
file (antibiotype d). Isolates 5 and 8 did not
have plasmids. It is noteworthy that extra-
chromosomal elements can be easily acquired
or lost, depending on the antibiotic pressure.
Alternatively, a plasmid can integrate into
the chromosomal DNA, being undetectable
by the usual extraction techniques (14).

Ribotyping after digestion of chromo-
somal DNA with SmaI yielded approximately
10 bands per lane, and distinguished 15
strains (Figure 1). The data suggested cross-
contamination between patients who had
been admitted to the same wards: patients 1
and 2 on the ORTH unit, patients 10 and 12
on the NEPH unit, patients 19 and 20, also
on the NEPH unit, patients 32, 34, 37 and 38
on the HEM unit. Ribotyping discriminated

Figure 1 - SmaI ribotypes of E.
cloacae strains. 1, EC1; 2, EC2;
3, EC4; 4, EC5; 5, EC6; 6, EC7;
7, EC8; 8, EC10; 9, EC11; 10,
EC12; 11, EC14; 12, EC18; 13,
EC30; 14, EC19; 15, EC20; 16,
EC31; 17, EC32; 18, EC34; 19,
EC37; 20, EC38; 21, molecular
weight marker, l HindIII.
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the E. cloacae isolate of the control patient
on each ward (6, 30, and 31). Other patients
(4, 5, 7, 8, 11, 14, and 18), who also had
nosocomial infection by E. cloacae, showed
different ribotypes. These results suggest that
even if these patients had acquired the bacte-
ria at the hospital, they were not involved in
a cross-contamination event. The ribotyping
patterns obtained were reproducible in three
independent experiments. In order to achieve
a better discriminatory power, we also used
EcoRI, which further confirmed the results
with SmaI. The use of EcoRI, BamHI, HindIII,
and PvuII, independently, has been found to
be very useful for discriminating among
strains of E. cloacae by ribotyping (15,16).

Although the band patterns achieved af-
ter NotI digestion of chromosomal DNA were
complex for visual analysis, PFGE grouped
the samples into 11 classes. The results agreed
with those obtained with ribotyping. Six iso-
lates (numbers 2, 11, 14, 18, 37, and 38)
could not be typed by PFGE because of
DNase contamination. We were not success-
ful in trying to avoid the action of DNase by
using different growth and running condi-
tions. Similar problems were also reported
by other researchers who suggested the activ-
ity of a nonspecific nuclease produced by
some strains to be responsible for this effect
(17).

There is no consensus about interpreting
DNA restriction patterns generated by ribo-
typing or PFGE. Nevertheless, Tenover et al.
(18) suggested some guidelines for inter-
preting chromosomal DNA restriction pat-
terns produced by PFGE that could also be
used for ribotyping. They observed that point
mutations, insertions or deletions could re-
sult in the creation or loss of a restriction
site, or a difference in the size of a fragment,
resulting in altered patterns. Moreover, care
should be taken concerning bands created by
partial digestion, and the amount of DNA
loaded per lane, which could slightly shift
band position. In general, when each and
every band in one lane matches the bands in

another, the strains are considered to be
identical. Strains can be judged to be closely
related when they share most bands. Dice�s
coefficient of similarity could be used for
this purpose, since it takes into account the
number of shared bands and the total num-
ber of fragments obtained with the restric-
tion enzyme (18).

The results obtained with any strain typ-
ing method must always be evaluated within
the context of the available clinical and epi-
demiological data. In general, phenotypic
methods discriminated poorly and often pro-
duced inconsistent results. Accordingly,
changes in lipopolysaccharide, which func-
tions as a bacteriophage receptor, may affect
the sensitivity of strains to phages. O-sero-
typing showed spontaneous agglutination in
saline and subtle alterations of antigen epi-
topes, leading to nonspecific reactions to
different sera. Thus, sero- and phage-typing
are frequently inadequate for the recognition
of clonal groups. Genetic heterogeneity
within the same serotype has been described
(19). The combination of two or more phe-
notypic typing methods has been proposed
as an essential requirement for discriminat-
ing between strains of E. cloacae (4). Al-
though we tried different combinations of
phenotype-based methods, the results
grouped isolates that did not have obvious
connections and subdivided others that were
linked on the basis of epidemiological data.
This observation was also reported by others
(20). Traits that could have their expression
regulated or have unstable features, like phe-
notypic characteristics or plasmid profile,
respectively, do not always associate with
known epidemiological facts.

Among the genotype-based methods,
PFGE could not be used to type all samples
of E. cloacae because of DNase contamina-
tion. However, this technique has been widely
used as a tool for epidemiologic surveillance
of different bacterial genera, including E.
cloacae (8,18). In Brazil, PFGE has been
successfully applied to analyze the spread of
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Acinetobacter baumannii among three hos-
pitals located in São Paulo (21). Ribotyping
has also been extensively used to discrimi-
nate among unrelated and epidemiologically
related isolates in Brazil (22) and abroad
(14-16). In this work, ribotyping was the
most helpful method for the investigation of
cross-contamination with E. cloacae. The
information obtained with this technique
agreed with our epidemiological data and
the method was relatively simple to perform,
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