
190 BJID 2004; 8 (June)

www.bjid.com.br

Use of Selective Media for Detection of
Cephalothin-Resistant Bacteria in Surgical Patients
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Bacterial colonization in hospitalized patients is an important step in nosocomial infections.
Frequent employment of antimicrobials can modify patients’ normal microbiota, favoring
colonization and infection by antimicrobial-resistant microorganisms. First-generation
cephalosporins are frequently used as prophylactic antibiotics in surgery. Intestinal, oropharyngeal
and skin colonization by cephalothin-resistant microorganisms were studied in 60 pre-operative
patients at the Hospital Universitário Pedro Ernesto. Feces were cultured in Eosin-methylene
blue medium containing 32 µµµµµg/mL of cephalothin. Swabs obtained from the oropharynx and from
skin were inoculated in cistein-lactose electrolytes-deficient medium containing 32 µµµµµg/mL of
cephalothin. Isolated strains were identified and tested for susceptibility to antimicrobials by disk
diffusion. Cephalothin-resistant strains were isolated from the feces of 59 patients (98%), from
the oropharynx of 13 patients (22%) and from skin in 10 patients (17%). Enterobacter cloacae
was predominant in feces (68% of the patients) and oropharynx (13%). Acinetobacter spp. was
the most frequent microorganism isolated from the skin (10%). Antimicrobial multiresistant
strains were isolated from at least one of the sites in 38 patients (63%). The employment of
selective medium containing antimicrobials is a relatively simple and efficient method, being
useful to evaluate microorganisms from hospitalized patients’ microbiota that are relevant as
potential pathogens in nosocomial infections.
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Bacterial colonization of hospitalized patients is an
important step for the occurrence of endogenous
nosocomial infections [1-5]. Many studies show that
intestinal, oropharyngeal and skin microbiota are
important reservoirs of microorganisms potentially able
to cause infections in other sites [1,2,4,6,7].

Along the last decades, there has been a significant
increase in bacterial antimicrobial resistance, especially

in nosocomial environments [8,9]. Due to great selective
pressure, abusive employment of antimicrobials may
cause changes in patients’ microbiota and lead to
consequent colonization by antimicrobial-resistant
microorganisms [2,9,10]. Antimicrobial multiresistance
can be observed in bacterial strains that are associated
with hospital environments, both colonizing [11,12] and
causing infections in hospitalized patients [1,9]. These
situations emphasize the importance of studying
antimicrobial resistance patterns in bacteria that are part
of the microbiota in different anatomic sites.

Several authors suggest periodical bacteriological
cultures to monitor hospitalized patients, establishing
predictive conditions for endogenous infections
[1,4,5,13]. Surveillance of antimicrobial susceptibility
focalized in specific units (such as those which maintain
critically ill patients and consequently employ wide
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spectrum antimicrobial agents) could be more useful
for evaluating antimicrobial resistance patterns than
general hospital data, leading to prompt identification
of changes in resistance patterns, allowing faster control
measures [10,14,15].

Employment of selective medium may be useful for
studying nosocomial infections. Selden et al. [4] utilized
MacConkey agar with 10 µg/mL of cloranphenicol and
40 µg/mL of ampicillin for establishing the role of
colonization in endogenous infections. Hamilton et al.
[1] employed a selective medium containing
sulphametoxazol-trimethoprim for demonstrating that
colonization of the gastrointestinal tract by multiresistant
microorganisms preceded bacteremia in 94% of the
patients.

Etiological agents of surgical infections frequently
arise from the patients’ own microbiota (mainly in
digestive tract surgeries), from contact with surgical staff
or from the hospital environment. The majority of
surgical infections are caused by components of the
microbiota from surgical sites or adjacent areas, with a
smaller proportion of exogenous microbiota [7]. In
addition, distant sites’ microbiota may be a source of
surgical infections [16]. Urinary, skin, and respiratory
infections are very commonly associated with an
increase in surgical infection rates [7]. During the last
decade, there have been important changes in bacterial
susceptibility related to surgical infections [8,17].
Moreover, there has been a strong increase in surgical
infections caused by vancomycin-resistant enterococci
[17].

Selection of prophylactic antimicrobials must be
established mainly based on their efficacy against
exogenous and endogenous microorganisms most often
isolated from infections in each clinical situation
[6,7,18]. The main risks of antimicrobial prophylaxis
are selective pressure exercised by chosen drug and
modifications in normal microbiota, with consequent
development of resistant microorganisms. According
to Blech [19], antimicrobial prophylaxis could favor
quantitative and qualitative changes in the hospital ward
ecosystem and in hospital microbiota. Archer [20]
observed that Staphylococcus spp. isolated from
patients’ skin after cardiac surgery were more

antimicrobial-resistant than those isolated from the same
sites during the pre-operative period, suggesting
selection of resistant strains or their acquisition from a
nosocomial environment.

Various authors defend pre-operative screening by
microbiological surveillance methods to better study
antimicrobial prophylaxis outcomes in patients’
microbiota, thus to diminish the risks of surgical
infections [5,6].

We examine microbial frequency and diversity in
intestinal, oropharyngeal and skin colonization of pre-
operative hospitalized patients by bacteria that are
resistant to cephalothin, employing two selective media
containing cephalothin. This antimicrobial is used
worldwide (including in our hospital) as part of a
protocol for surgical prophylaxis, due mainly to its wide
spectrum activity against the most frequent causative
agents of surgical infections [21]. Moreover, we
evaluated cephalothin as a marker to detect resistant
and multiresistant strains that are able to colonize
hospitalized patients and, eventually, could be etiological
agents of surgical infections.

Materials and Methods

Patient selection and sample acquisition

Sixty pre-operative adult patients (31 female, 29
male) hospitalized at HUPE (a urban general tertiary-
care hospital, with 600 beds) were studied from
January to May 1997. Twenty-three patients were in
the General Surgery Ward, 13 in the Thoracic Surgery
Ward, 15 patients were from the Cardiology Ward,
and 9 patients were hospitalized in other wards. The
patients were selected randomly by sending feces
samples from surgical wards as a pre-operative routine
procedure. Patients were localized in the surgical wards
and skin and oropharynx samples were obtained.
Oropharynx specimens were collected with sterile
swabs. Skin specimens were collected with sterile
swabs, moistened in sterile 0.85% saline, rubbed on
the anterior surface of the arm and the forearm.

Selective Media and Colonization
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Epidemiological data on the patients, such as age,
period of hospitalization, eventual previous
hospitalization, prior antimicrobial use, underlying
disease and occurrence of surgical or other infections
were obtained from medical files, bacteriology
laboratory records and interviews.

Sample culture

Eosin-methylene blue (EMB) medium (Difco –
Becton Dickinson and Company. Sparks, MD, USA)
containing 32 µg/mL of cephalothin (EMB-cephalothin
medium) was employed as a selective medium for
culturing feces specimens. For skin and oropharynx
specimens, CLED (Cistein-Lactose Electrolytes-
Deficient) medium (Difco) containing 32 µg/mL of
cephalothin (CLED-cephalothin medium) was also
used as a selective medium. That concentration
corresponds to the lower level of minimal inhibitory
concentration to bacterial strains ranked as cephalothin-
resistant [22]. Selective medium were tested by
culturing standard strains. Pseudomonas aeruginosa
ATCC 27853 and Klebsiella pneumoniae T401F10
(a strain isolated from feces in a previous study [11],
which carries a antimicrobial multiresistance plasmid)
are resistant to the cephalothin concentration that we
employed. Staphylococcus aureus ATCC 25923 and
E. coli K12R23 (a laboratorial strain without a
resistance plasmid, employed in a previous study [11])
showed susceptibility to the cephalothin concentration
that was employed (32 µg/mL).

Results were observed after 24, 48 and 72 hours
of incubation. After this period, specimens with no
bacterial growth were considered as negative. Bacterial
colonies grown in EMB-cephalothin and CLED-
cephalothin media were selected by their morphological
features, including all observed bacterial variety. Every
morphological type was submitted to Gram’s method
for the definition of biochemical tests employed to
identify bacterial species (or genera).

Catalase-positive Gram-positive cocci were
identified according to Kloos and Bannerman [23].
Catalase-negative cocci were submitted to identification
tests according to Facklam and Sahm [24].

Enterobacteriaceae were identified according to
Edwards and Ewing [25], Suassuna and Suassuna [26]
and Farmer III [27]. Non-fermentative Gram-negative
bacilli were submitted to identification tests according
to Gilligan [28] and von Graevenitz [29]. When
bacterial identification was not conclusive, employing
only conventional biochemical tests, an automated
system was used (VITEK; BioMériux Inc. Hazelwood,
Missouri, USA).

We employed the disk diffusion method [30] for
characterizing resistance patterns of the strains isolated
from selective media. Amikacin (30 µg/mL), ampicillin
(10 µg/mL), cephalothin (30 µg/mL), cefoxitin (30 µg/
mL), ceftazidime (30 µg/mL), chloramphenicol (30 µg/
mL), gentamicin (10 µg/mL), perfloxacin (5 µg/mL),
tetracycline (30 µg/mL) and trimethoprim-
sulfamethoxazole (1.25/23.75 µg/mL) (Difco) were
tested for Gram-negative bacilli. Additionally,
vancomycin (30 µg/mL ) and oxacillin (1 µg/mL) (Difco)
were tested for staphylococci, and vancomycin for
enterococci. Antimicrobial disks were tested with E.
coli ATCC 25922, Pseudomonas aeruginosa ATCC
27583 and Staphylococcus aureus ATCC 25923.
Results were interpreted according to Ferraro et al.
[30]. When strains isolated from selective media were
cephalothin-sensitive by the disk diffusion method, they
were excluded from this study. We considered as
multiresistant to antimicrobials those strains showing
resistance markers for more than two antimicrobials
from different classes.

Results

A total of 143 bacterial strains were isolated from
colonization of the 60 pre-operative patients: 114
strains were isolated from feces (80%), 16 (11%) were
isolated from the oropharynx and 13 strains (9%) were
isolated from skin. Cephalothin-resistant strains were
isolated from feces of 59 patients (98%), from the
oropharynx of 13 patients (22%) and from skin of 10
patients (17%). Patients’ ages varied from 24 to 87
years (median= 54; average= 53.7). Gallbladder
lithiasis was the main motive for surgery (14 cases).

Selective Media and Colonization



BJID 2004; 8 (June) 193

www.bjid.com.br

The hospitalization period varied from 1 to 72 days
(median= 7 days and average= 10.2 days). Thirteen
patients had been hospitalized previously and 9 patients
were submitted to antimicrobials in the 6 months before
sample collection. There were post-operative infections
in 5 patients (3 surgical infections, 1 urinary infection
and 1 bacteremia).

Enterobacter cloacae was the most frequent
microorganism isolated from feces (41 patients, 68%)
and from the oropharynx (8 patients, 13%). In the skin,
Acinetobacter spp. were predominant, occurring in 6
patients (10%).

In four cases, strains of the same species showing
similar resistance patterns were detected at different
anatomic sites in the same patient. Moreover, one
patient had a surgical infection caused by Morganella
morganii, with resistance patterns similar to a strain of
the same species isolated from fecal colonization (data
obtained from medical files).

Table 1 shows the frequencies of pre-operative
patients colonized in feces, the oropharynx and skin
by cephalothin-resistant categories of bacteria,
exclusively or in association with other bacteria.

Antimicrobial multiresistant strains were isolated
from at least one of the sites in 38 patients (63.3%).
Table 2 shows the most frequently observed
multiresistance patterns more frequently observed in
colonization from feces, oropharynx and skin of pre-
operative patients.

Discussion

CLED medium was employed because it allows
growth of various taxonomic groups of bacteria that
are important in the colonization of hospitalized patients
and in the origin of nosocomial infections, including
Enterobacteriaceae, and non glucose fermenting
Gram-negative bacilii, and Gram-positive cocci, such
as Staphylococcus and Enterococcus. EMB medium
was employed due to its selectivity for Gram-negative
bacilii, which are a considerable fraction of the
components of intestinal microbiota [31], and are
important agents of extra-intestinal nosocomial

infections [4,32]. EMB also allowed the isolation of
Enterococcus spp., despite the reduced size of the
colonies. However, other media could be useful for
this kind of analysis, such as Blood Agar, a selective
media for Gram-positive bacteria (Mannitol-oxacillin
agar for Staphylococcus spp., for example), or other
media for Gram-negative bacteria, such as MacConkey
agar.

For characterization of the resistance patterns of
strains isolated in selective media, antimicrobials were
selected so as to include different chemical groups,
facilitating analysis about the multiresistance patterns
of bacterial strains. The finding of 63% of patients
colonized by multiresistant strains that are relevant as
potential agents of surgical infections in at least one of
the analyzed sites suggests that cephalothin is useful
for the detection of multiresistant strains.

Occurrence of strains of the same species showing
similar resistance patterns at different anatomic sites in
the same patient could be due to a common source
and/or to bacterial translocation [16]. Moreover, we
found fecal colonization and surgical infection by strains
of the same bacterial species showing similar resistance
patterns, in the same patient. These findings suggest
progressive establishment of several potential sources
for surgical infections, possibly favored by prolonged
hospitalization and/or by antimicrobial selective
processes [7,10,33,34].

Lorian [35] indicated that there was inadequate
accessibility of data about bacterial antimicrobial
susceptibility, emphasizing the almost inexistence of
national and international data concerning this topic.
We believe in the necessity of periodic surveys, focusing
on antimicrobial resistance of the microorganisms most
frequently implicated in colonization and infection in
hospitalized patients, leading to a more suitable choice
of antimicrobials for therapeutic and prophylactic use.
In our study, cephalothin-resistant bacterial species and
genera isolated from intestinal, oropharyngeal and skin
colonization in pre-operative patients corresponded,
in part, to those bacterial species and genera isolated
from cases of infection in surgical patients in our hospital
(Staphylococcus aureus, Escherichia coli,
Enterococcus sp). We can not affirm that those strains

Selective Media and Colonization
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Table 1. Number of patients (out of 60) from which cephalothin-resistant bacteria were isolated from feces,
oropharynx and skin in surgical patients in HUPE-UERJ in 1997.

Table 2. Multiresistance patterns most frequently observed in cephalothin-resistant bacteria isolated from fecal,
oropharyngeal and skin colonization in 60 pre-operative patients at HUPE(1997).

Resistance patterns Species Number of patients

Feces Oropharynx Skin

Ami-Amp-Cef-Cfo- Staphylococcus spp. 1 -* 1
Caz-Gen-Oxa-Pef-Sul

Amp-Cef-Cfo-Caz- Staphylococcus spp. - - 1
Clo-Gen-Oxa-Sul-Tet Staphylococcus aureus - - 1

Ami-Amp-Cef-Cfo-Caz- Enterococcus spp. 4 - -
Clo-Gen-Oxa-Pef-Sul Staphylococcus spp. - 1 -

Ami-Amp-Cef-Cfo-Caz- Pseudomonas mendocina 1 - -
Clo-Gen-Pef-Sul-Tet Enterococcus spp. 3 - -

Acinetobacter spp. - 1 -

Ami-amikacin; Amp- ampicilin; Cef- cephalothin; Cfo-cefoxitin; Caz- ceftazidime; Clo-chloranphenicol; Gen-
gentamicin; Oxa- oxacilin; Pef- pefloxacin; Sul- trimethoprim-sulfametoxazole; Tet- tetracycline. * = not detected.

Microorganism category Feces Oropharynx Skin

Enterobacteriaceae 33 8 1
Enterococci 4 0 0
Non-fermenters GNB* 2 3 3
Staphylococci** 0 1 5

Enterobacteriaceae and non-fermenters GNB*† 8 1 1
Enterobacteriaceae and enterococci† 8 0 0
Enterococci and non-fermenters GNB*† 2 0 0
Enterobactericeae, enterococci and
non-fermenters GNB*† 1 0 0
Enterobacteriaceae, staphylococci** and
non-fermenters GNB*† 1 0 0
Negative 1 47 50

*Non-fermenters: glucose non-fermenters; GNB: Gram-negative bacilli (Pseudomonas mendocina,
Pseudomonas aeruginosa, Pseudomonas alcaligenes, Acinetobacter spp., and Stenotrophomonas
maltophilia).
** Coagulase-negative Staphylococcus and Staphylococcus aureus.
† Two or more groups of microorganisms colonizing the same patient.
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are the same strains involved in surgical infections. Such
a possibility could only be investigated by molecular
techniques.

Despite worldwide employment of cephalothin in
pre-operative prophylaxis, due to its efficacy on the
main agents of surgical infections, such as
Staphylococcus aureus and E. coli [7,21], some
potential etiological agents have natural or acquired
cephalothin-resistance, such as Enterobacter spp. and
Enterococcus spp. [36] and/or are multiresistant. This
fact could compromise cephalothin’s use. However,
the frequencies of these causative agents are probably
small. Also, part of the surgical infections in these
patients could be from exogenous sources [18,21].
Moreover, a portion of surgical infectious agents is
cephalothin-susceptible, and not all cephalothin-
resistant bacteria are relevant as etiological agents of
surgical infections [8,21].

It is our point of view that bacterial colonization in
hospitalized patients must be monitored during their
internment, examining which microorganisms colonize
particular sites, their resistance patterns, and how this
resistance could interfere in therapeutic and prophylactic
procedures. This surveillance should preferably be
executed in specific units, since the spectrum of
microorganisms and bacterial resistance can vary from
unit to unit.

We think that the evaluation of nosocomial
colonization employing selective media containing
antimicrobials is a relatively simple and efficient method,
which could be useful for knowledge on microorganisms
that are part of hospitalized patients’ microbiota, and
which are relevant as potential pathogens in nosocomial
infections. The selective media that we employed
allowed us to detect some potential surgical infectious
agents (endogenous, cephalothin-resistant or
multiresistant, and relevant surgical infectious agents).
Consequently, we suggest the employment of selective
media containing antimicrobials (especially, those used
in the prophylaxis of surgical infection) as laboratory
routine for helping choose antimicrobials employed in
therapeutic and prophylactic regimens (especially for
some groups, such as extremely aged, transplanted and
neoplastic patients) and for aiding in studies about
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outbreaks (such as ESBL and VRE outbreaks), under
Nosocomial Infections Control Committee’s
supervision.

In addition, the importance of measures looking for
preventing cross colonization in hospitalized patients,
especially by antimicrobial multiresistant microorganisms,
must be emphasized. Reduction of hospital stay,
inclusively in pre-operative periods, careful hand-washing
and use of barriers, such as gloves and masks, by hospital
staff, and isolation of patients colonized and/or infected
with multiresistant bacteria are indispensable measures
to attain nosocomial infections control.
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