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Background: Antibiotic resistance is a serious public health challenge exacerbated by the widespread use 
of β-lactam and glycopeptide antibiotics. The identification of resistances is crucial, and CHROMID ESBL 
medium has been developed to detect enterobacteria with extended-spectrum β-lactamases (ESBL). The 
objective of this study was to evaluate the potential of this medium to detect other types of resistant bacteria.
Methods: Vancomycin, cefoxitin, imipenem, and cefepime disks were used to measure growth on 
CHROMID ESBL medium of β-lactam-resistant Gram-negative (83 with ESBL, 57 with carbapenemases, 
35 with AmpC and 3 Stenotrophomonas maltophilia) and Gram-positive [37 vancomycin-susceptible (vancoS) 
microorganisms and 21 vancomycin-resistant (vancoR) Enterococcus faecium] clinical isolates (retrospective 
study) and colonization by the aforementioned bacteria (prospective study), using 649 rectal swabs, 314 
pharyngeal swabs, and 44 swabs from other localizations.
Results: Retrospective study: species grown on the medium exhibited different colors. Growth on the 
medium was observed for: all ESBL enterobacteria, which were susceptible to imipenem and cefoxitin; 95% 
of isolates with carbapenemases, mostly resistant to imipenem; 80% of those with AmpC; 86% of vancoR 
E. faecium isolates; and 42% of vancoS E. faecalis isolates, with large growth inhibition halos around the 
vancomycin disk. Prospective study: vancoR E. faecium, ESBL Klebsiella, Pseudomonas with carbapenemases, 
A. baumannii (mostly from rectal swabs), S. maltophilia, Achromobacter xylosoxidans, and Burkholderia cenocepacia 
(mostly from pharyngeal swabs) were isolated from the 246 positive samples.
Conclusions: CHROMID ESBL medium permitted the differential growth of Gram-negative bacteria, 
many with ESBL and carbapenemases. ESBL enterobacteria were susceptible to imipenem, carbapenemase-
producing microorganisms grew around the imipenem disk, and vancoR E. faecium was isolated on the 
medium. Results of the prospective study demonstrate the potential clinical relevance of this medium. S. 
maltophilia was more frequently detected with pharyngeal swabs and ESBL Klebsiella, A. baumannii, and 
Pseudomonas with rectal swabs.
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Introduction
 

Numerous clinical isolates develop resistance to β-lactam 
and glycopeptide antibiotics. According to the World 
Health Organization (WHO), bacteria currently posing a 
worldwide global threat include: carbapenemase-producing 
Acinetobacter baumannii, Pseudomonas aeruginosa (CPP), 
and Enterobacteriaceae (CPE) as well as extended-spectrum 
β-lactamases (ESBLs), methicillin-resistant (metiR) 
Staphylococcus aureus, and vancomycin-resistant (vancoR) 
Enterococcus faecium (1). A. baumannii is an opportunistic 
pathogen that can cause pneumonia, bacteremia, meningitis, 
urinary tract infections, and peritonitis, among other 
infections. A. baumannii has been prioritized by the WHO 
for developing novel antibiotic therapies because of the 
increasing prevalence of resistant strains (2-4). P. aeruginosa 
is a highly ubiquitous bacteria and an opportunistic 
pathogen responsible for bacteremias, urinary tract 
infections, and pneumonia, among other infections, and it is 
the main cause of morbidity and mortality in patients with 
cystic fibrosis (5-7). The Enterobacteriaceae family is part of 
normal human microbiota, but Klebsiella, Escherichia, and 
Enterobacter genera can cause pneumonia and bloodstream 
and urinary tract infections, among other severe diseases. 
It has become necessary to use carbapenems against ESBL 
enterobacteria, favoring the development of carbapenem-
resistant carbapenemase-producing bacteria (8-10). 
Finally, E. faecium and E. faecalis can produce opportunistic 
infections. VancoR isolates have largely been recorded in 
developing countries, although increasing globalization is 
spreading this phenomenon worldwide (11,12). After the 
diagnosis of infection by these pathogens, it is crucial to 
explore their presence in the digestive tract of patients and 
their contacts using inexpensive, simple, comprehensive, 
rapid, and effective methods (13-15). Techniques developed 
to detect ESBL enterobacteria, frequently encountered in 
the hospital setting, include utilization of the transparent 
medium CHROMID ESBL (bioMérieux, France). It 
contains cefpodoxime, allowing the detection of ESBL 
enterobacteria colonies (16-18), along with substances that 
inhibit Gram-positive bacteria growth, and chromogenic 
substrates that are used to presumptively identify different 
genera and species by their color, as follows: pink/burgundy 
for Escherichia coli; blue/green for Klebsiella, Enterobacter, 
Serratia, or Citrobacter; and light to dark brown for Proteae 
(16-19). Other chromogenic media are also available to 
detect vancoR enterococci, presumptively differentiating 

vancoR E. faecium from E. faecalis (20,21). 
The incorporation of cefoxitin (FOX), cefepime (FEP), 

and imipenem (IMP) disks on a solid culture medium may 
reveal microorganisms resistant to these antibiotics, which 
all have well-documented antibiotic activity. In this way, 
CHROMID ESBL medium, designed to recover only 
ESBL-producing enterobacteria from rectal swabs, may 
hypothetically detect β-lactam-resistant Gram-negative 
and vancoR Gram-positive bacteria through the addition 
of standard antibiotic disks. To our best knowledge, this is 
the first published study on the possible clinical usefulness 
of CHROMID medium to detect resistant non-ESLB-
producing bacteria. 

The objective of this study was to measure the growth 
of Gram-negative bacteria with different types of β-lactam-
resistance on CHROMID ESBL culture plates and to 
determine the selection of Gram-positive bacteria on these 
media.

Methods

A retrospective study was conducted on the growth of 
β-lactam-resistant Gram-negative clinical isolates and 
vancoR Gram-positive clinical isolates on CHROMID 
ESBL medium with different antibiotic disks. In addition, a 
prospective study was performed to detect colonization by 
the same bacteria. 

Retrospective study

Clinical isolates
The study included 178 strains of Gram-negative bacteria 
with different resistance mechanisms (CLSI 2018 criteria) 
isolated from clinical samples in the Microbiology 
Department of our hospital in Granada, Spain: 83 with 
ESBL (43 K. pneumonie, 38 E. coli, 2 Proteus mirabilis); 57 
with carbapenemases: Klebsiella pneumoniae carbapenemases 
(KPC) (8 K. pneumoniae), carbapenemase type IMP 
(IMPase) (16 CPP, 1 K. pneumoniae), Verona integron-
encoded metallo-beta-lactamase (VIM) (4 Enterobacter 
cloacae, 3 K. pneumonie, 3 Klebsiella oxytoca, 1 P. aeruginosa, 
1 E. coli), and oxacillinases (OXA) (15 A. baumannii, 4 K. 
pneumonie, 1 K. oxytoca); 35 with AmpC and FOX-resistance 
(16 E. cloacae, 7 E. coli, 2 Citrobacter freundii, 2 Klebsiella 
aerogenes, 2 P. mirabilis, 2 K. pneumonie, 1 K. oxytoca, 1 
Raoutella ornithinolytica, 1 Serratia marcescens, 1 Citrobacter 
amalonaticus); and 3 Stenotrophomonas maltophilia. The study 
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also included 58 Gram-positive isolates: 37 vancomycin-
susceptible (vancoS) [12 E. faecalis, 9 metiR Staphylococcus 
haemolitycus, 9 S. aureus (6 metiR), 6 E. faecium, and 1 
metiR Staphylococcus epidermidis], and 21 vancoR E. faecium. 
Isolates were identified with the MicroScan system 
(Beckman Coulter, USA) and mass spectrometry (Maldi-
Tof®, Bruker Daltonik GmbH, Germany). Resistance was 
characterized using the MicroScan system with subsequent 
carbapenemase determination, if applicable, by means of the 
Rapidec® Carba NP colorimetric test (BioMerieux, France), 
immunochromatography (NG-Test Carba, NG Biotech, 
France; and OXA-23 K-Set, CorisBioConcept, Belgium), 
or the E-test for vancomycin (VA) resistance (MIC Strip, 
Liofilchem). Carbapenemase production and resistance 
to VA were confirmed by the Andalusian Molecular 
Typing Laboratory of the Spanish PIRASOA Program 
using appropriate molecular biology techniques. AmpC 
production was defined by resistance to FOX and synergy 
with cloxacillin. Carbapenemase production was ruled out 
with the Rapidec® Carba NPcolorimetric test (BioMerieux, 
France).

Investigation of bacteria growth on CHROMID ESBL 
medium
An 0.5 McFarland suspension of each isolate was prepared 
from colonies grown on lamb blood agar (Becton 
Dikinson, USA). Next, a sterilized swab was soaked with 
the homogenized suspension, excess liquid was eliminated, 
and it was seeded in a uniform manner on half of the 
plate, streaking the bacterial load on the other half with a 
calibrated inoculation loop. FEP (30 µg, Becton Dickinson), 
FOX (30 µg, Becton Dickinson), and IMP (10 µg, Becton 
Dickinson) disks were then placed equidistantly on the 
seeded area. For Gram-positive bacteria, a VA disk (30 µg, 
Becton Dickinson) was also added at a distance from the 
IMP disk. The medium was then incubated for 48 h at 37 
℃, with readings at 24 and 48 h. The isolate was considered 
susceptible if the inhibition halo was ≥1.5 cm at 24 h and 
resistant if it was <1.5 cm. 

Prospective study 

Clinical samples
These were samples from individuals aged >14 years studied 
by the Microbiology Department of Virgen de las Nieves 
University Hospital of Granada, which covers a population 

of around 440,000 inhabitants. Between November 1 
2018 and April 30 2019, 1,007 samples from 441 patients 
(some with multiple episodes) were studied for suspicion of 
colonization by metiR S. aureus and ESBL Klebsiella; they 
comprised 649 rectal swabs, 314 pharyngeal swabs, and 44 
swabs from other sites. Samples were seeded on MRSAII 
(BIORAD, France), selective for metiR S. aureus, and on 
CHROMID ESBL. The presence of vancoR enterococcus, 
CPE, carbapenemase-producing Pseudomonas (CPP), A. 
baumannii, and other non-glucose-fermenting Gram-
negative bacilli was also studied on CHROMID ESBL. 

Microorganism growth on CHROMID ESBL medium 
The sample was inoculated on the medium by spreading 
the swab content on one half of the plate and streaking the 
bacterial load on the other half with a calibrated inoculation 
loop. Next, FEP, FOX, and IMP disks were placed for 
growth/inhibition measurement. All plates were incubated 
for 48 h at 37 ℃ and were read at 24 and 48 h. The result 
was then reported as: (I) absence of bacterial growth at 48 h 
of incubation; (II) growth of one or more morphotypes at 
24 h but with insufficient bacterial load for reading halos; 
in this case, each colony morphotype of clinical interest was 
tested on the medium with the three antibiotic disks, again 
incubating the plates at 37 ℃ for 24 h for halo reading; or 
(III) growth with sufficient bacterial load for analysis after 
24 h of incubation. The morphology, coloring, and disk 
halo results were recorded. The plate was re-incubated, 
acting as in the previous step when necessary, and isolates 
were identified by mass spectrometry (Maldi-Tof®, Bruker 
Daltonik GmbH, Germany). Susceptibility studies were 
conducted using the MicroScan system, with subsequent 
carbapenemase determination, when applicable, by means 
of the Rapidec® Carba NP colorimetric test (BioMerieux), 
immunochromatography (NG-Test Carba, NG Biotech; 
and OXA-23 K-Set, CorisBioConcept), or the E-test for 
VA resistance (MIC Strip, Liofilchem). Carbapenemase 
production results were confirmed by the Andalusian 
Molecular Typing Laboratory of the Spanish PIRASOA 
Program using the appropriate molecular biology tests. 

Microorganism growth on MRSAII medium (BIORAD) 
Plates were inoculated as described above; with incubation 
for 48 h at 37 ℃ and readings at 24 and 48 h. Colonies 
suspected of being metiR S. aureus (red color) were 
examined by mass spectrometry (Maldi-Tof®). 
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Microsoft Excel 2010 was used to conduct a descriptive 
analysis of the data, calculating absolute and relative 
frequencies for categorical variables. 

Results

Retrospective study

Behavior of Gram-negative isolates on CHROMID 
ESBL culture medium
Plate readings were similar between 24 and 48 h in all 
cases. Colors varied among the different species (Figure 1).  
E. coli strains grown on CHROMID ESBL medium 
appeared pink/burgundy in color, Klebsiella, Enterobacter, 
Serratia, and Citrobacter genera appeared blue/green, and 
Proteus, Providencia, and Morganella appeared light to dark 
brown, consistent with the manufacturer’s indications. 
The manufacturer’s list of bacteria that grow with specific 
colors does not include Pseudomonas or Acinetobacter, which 
were whitish/transparent, or Stenotrophomonas, which were 
light brown/green, similar to the color of K. oxytoca but less 
intense and closer to light brown/yellow.

Table 1 lists the results for growth on the medium, which 
was observed in all ESBL-producing K. pneumoniae, E. coli, 
and P. mirabilis isolates. Among the 57 carbapenemase-

producing isolates, no growth was observed in 1 (6.3%) out 
of 16 CPP with IMPase, 1 (33.3%) out of 3 K. pneumoniae 
with VIM, or in the sole K. oxytoca isolate with OXA. 

With regard to the isolates with AmpC, no growth was 
observed for R. ornithinolytica or S. marcescens, whereas a 
recovery of 50.0% was observed for C. freundii, 57.1% 
for E. coli, and 50.0% for P. mirabilis. For the remaining 
microorganisms, 100.0% of isolates were recovered.

Table 2 reports the presence or absence of halos ≥1.5 cm 
around IMP, FEP, and FOX disks. All ESBL enterobacteria 
were susceptible to IMP and FOX, while the susceptibility 
to FEP was variable. 

Behavior of Gram-positive isolates on CHROMID 
ESBL culture medium
Among enterococci, growth was observed as bluish 
punctiform colonies (Figure 1) and was recorded in 18 (86%) 
of vancoR E. faecium isolates close to the VA disk and in 5 
(42%) of vancoS E. faecalis isolates with halos ≥1.5 cm. No 
staphylococci grew on the medium. 

Prospective study

No microorganisms were isolated in 761 (75.6%) of 
the 1,007 samples. Table 3 exhibits the distribution of 

Figure 1 Coloring of the different species studied on the CHROMID ESBL plate. (A) K. pneumoniae; (B) K. oxytoca; (C) P. mirabilis; (D) 
Citrobacter spp.; (E) E. coli; (F,G) P. aeruginosa; (H) S. maltophilia; (I,J) E. cloacae; (K) A. baumannii; (L) vancoR E. faecium.

A E I

B F J

C G K

D H L
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microorganisms in the remaining 246 samples by sample 
type. The only bacterium showing a similar detection rate 
between pharyngeal and rectal samples was S. maltophilia. 
Among the 40 episodes in which both samples were studied, 
the same bacterium was detected in both swabs in 16 cases, 
in rectal swab alone in 13 cases, and in pharyngeal swab 
alone in 11 cases. Isolates are listed in Table 4. The only 
cases of B. cenocepacia and A. xylosoxidans were detected in 

pharyngeal swabs.

Discussion

Retrospective study

Behavior on the culture medium with disks of Gram-
negative isolates
This color system offers a simple technique to detect the 

Table 1 Number of isolates grown on CHROMID ESBL medium, percentage by microorganism, and mean percentage by type of resistance

Resistance mechanisms Microorganisms No. isolates Positive growth (%) Mean % growth

ESBL Klebsiella pneumoniae 43 43 (100.0) 100.0

Proteus mirabilis 2 2 (100.0)

Escherichia coli 38 38 (100.0)

Carbapenemases 94.7

KPC Klebsiella pneumoniae 8 8 (100.0) 100.0

IMPase Pseudomonas aeruginosa 16 15 (93.8) 94.1

Klebsiella pneumoniae 1 1 (100.0)

VIM Enterobacter cloacae 4 4 (100.0) 91.7

Klebsiella pneumoniae 3 2 (66.7)

Klebsiella oxytoca 3 3 (100.0)

Pseudomonas aeruginosa 1 1 (100.0)

Escherichia coli 1 1 (100.0)

OXA Acinetobacter baumannii 15 15 (100.0) 95.0

Klebsiella pneumoniae 4 4 (100.0)

Klebsiella oxytoca 1 0 (0)

AmpC Citrobacter freundii 2 1 (50.0) 80.0

Citrobacter amalonaticus 1 1 (100.0)

Escherichia coli 7 4 (57.1)

Enterobacter cloacae 16 16 (100.0)

Klebsiella aerogenes 2 2 (100.0)

Proteus mirabilis 2 1 (50.0)

Klebsiella pneumoniae 2 2 (100.0)

Klebsiella oxytoca 1 1 (100.0)

Raoutella ornithinolytica 1 0 (0)

Serratia marcescens 1 0 (0)

Other mechanisms Stenotrophomonas maltophilia 3 3 (100.0) 100.0

ESBL, extended-spectrum β-lactamases; KPC, Klebsiella pneumoniae carbapenemases; IMPase, carbapenemases type IMP; VIM, Verona 
integron-encoded metallo-beta-lactamase; OXA, oxacillinases.
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growth of different microorganisms and their presumptive 
species or genus, although the color is not always easy to 
distinguish, hampering the discrimination of species. For 
this reason, the presumptive identification of bacteria on the 
manufacturer’s list (22) should be confirmed with another 
technique such as mass spectrometry. Clear morphological 
differences were observed between non-fermenting Gram-
negative enterobacteria and bacilli.

K. pneumoniae, E. coli, and P. mirabilis, acknowledged as 
potential ESBL producers (23), all grew on the medium and 
were all susceptible to IMP and FOX. ESBL production is 

known to generate resistance against extended-spectrum 
cephalosporins but not against cephamycins (e.g., FOX) 
or carbapenems (e.g., IMP). The growth of seven K. 
pneumoniae was not affected by FEP. ESBL development 
can confer resistance against 3rd and 4th generation 
cephalosporins but this is much less frequent, as reflected 
in the markedly lower number of FEP-resistant than FEP-
susceptible strains that grew on the medium. Although 
resistance to FEP is less common, it is not recommended as 
monotherapy against infection by ESBL enterobacteria to 
avoid spreading resistance, and it should only ever be used 

Table 2 Number of isolates showing halos ≥1.5 cm (susceptibility, S) or not (resistance, R) around cefoxitin (FOX), cefepime (FEP), and 
imipenem (IMP) disks according to the type of resistance

Mechanisms Microorganisms
IMP/FEP/FOX

Total
S/S/S S/R/S R/R/R S/S/R R/S/R S/R/R

Other mechanisms S. maltophilia – – – – 3 – 3

AmpC K. oxytoca 1 – – – – – 1

K. pneumoniae 2 – – – – – 2

P. mirabilis – – 1 – – – 1

K. aerogenes – – – 2 – – 2

E. cloacae 2 1 – 12 – 1 16

E. coli 4 – – – – – 4

C. amalonaticus 1 – – – – – 1

C. freundii 1 – – – – – 1

CBP

OXA K. pneumoniae – – – – – – 4

A. baumannii – – 1 14 – – 15

VIM E. coli 1 – – – – – 1

P. aeruginosa – – 1 – – – 1

K. oxytoca 2 – – 1 – – 3

K. pneumoniae – – – 2 – – 2

E. cloacae 1 – – 3 – – 4

IMPase K. pneumoniae – – – 1 – – 1

P. aeruginosa – – 5 – 10 – 15

KPC K. pneumoniae 4 – 3 1 – – 8

ESBL P. mirabilis 2 – – – – – 2

E. coli 38 – – – – – 38

K. pneumoniae 36 7 – – – – 43

CBP, carbapenemases; ESBL, extended spectrum β-lactamases; KPC, Klebsiella pneumoniae carbapenemases; IMPase, carbapenemases 
type IMP; VIM, Verona integron-encoded metallo-beta-lactamase; OXA, oxacillinases. 
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in combination with aminoglycosides or fluoroquinolones 
(24-26).

Three of the carbapenemase-producing isolates (5.3% of 
the total with carbapenemases) did not grow on CHROMID 
ESBL medium, despite previously demonstrating resistance 
to carbapenems. The strains were revived and inoculated 
on both blood plates and CHROMID ESBL medium to 
rule out inoculation error or death of the strain. Their 
lack of growth may be attributable to the presence of 
multiple antibiotics on the medium, i.e., IMP or FEP with 
cefpodoxime on CHROMID ESBL, a combination that 
has proven to be active against resistant bacteria (27-30). It 
may also be related to the theory of development by loss of 
unnecessary genes, given that thawed isolates were seeded 
on blood agar plates before their study, with the potential 
loss of resistance genes not required in this medium, which 
does not select for this characteristic (31). Finally, errors in 

the placing of samples on the medium cannot be ruled out. 
One study limitation is that genetic analysis was not carried 
out to elucidate the reasons for non-growth.

With regard to the isolates that showed growth, CPP 
with IMPase and VIM were resistant, as expected, because 
IMPase and VIM are metallo-β-lactamases, which confer 
resistance to almost all β-lactams, IMP, and FOX, with 
variable susceptibility to FEP (32,33). Three of the 
eight KPC-producing isolates were resistant to all three 
antibiotics, consistent with the known resistance of KPC 
to carbapenems and cephalosporins, with occasional 
susceptibility to some 3rd- and 4th-generation cephalosporins 
(32,34), while five of the remaining isolates were susceptible 
to FEP and IMP, with variable resistance to FOX. As noted 
above, the absence of resistance to IMP may be due to the 
loss of resistance genes, such as those that produce KPC. In 
vitro studies have observed an IMP-susceptible phenotype 

Table 3 Number of positive episodes of each bacterium by type of sample 

Microorganisms
Positive samples (%)

Total Rectal swabs Pharyngeal swabs Other Isolate description

A. baumanii 55 45 (81.8) 6 (10.9) 4 (7.3) 6 OXA-23

VancoR enterococci 20 20 (100.0) 0 (0) 0 (0) 15 E. faecium; 4 E. faecalis; 1 E. casseliflavus 

ESBL K. oxytoca 5 5 (100.0) 0 (0) 0 (0) –

ESBL K. pneumoniae 68 63 (92.6) 3 (4.4) 2 (2.9) –

P. aeruginosa 23 21 (91.3) 1 (4.3) 1 (4.3) 22 IMPase; 1 VIM

P. putida 2 2 (100.0) 0 (0) 0 (0) 2 VIM

MetiR S. aureus 48 12 (25.0) 36 (75.0) 0 (0) –

S. maltophilia 23 12 (52.2) 11 (47.8) 0 (0) –

A. xylosoxidans 1 0 (0) 1 (100.0) 0 (0) –

B. cenocepacia 1 0 (0) 1 (100.0) 0 (0) –

OXA, oxacillinases; VancoR, vancomycin-resistant; ESBL, extended-spectrum β-lactamases; IMPase, carbapenemases type IMP; VIM, 
Verona integron-encoded metallo-beta-lactamase; MetiR, methicillin-resistant.

Table 4 Comparison of episodes in which both types of sample were available

Rectal swabs

Pharyngeal swabs

MetiR S. aureus S. maltophilia ESBL K. pneumoniae A. baumannii VancoR Enterococci P. aeruginosa

Yes No Yes No Yes No Yes No Yes No Yes No

Yes 0 0 5 1 5 3 6 3 0 1 0 5

No 2 0 6 0 0 0 0 0 0 0 1 0

MetiR, methicillin-resistant; ESBL, extended-spectrum β-lactamases; VancoR, vancomycin-resistant.
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among KPC-producing strains (35,36). The remaining 
IMPase- and VIM-producing isolates that grew on the 
medium also exhibited phenotypes of susceptibility to FEP 
and IMP with variable resistance to FOX. Although these 
findings do not agree with reported data on metallo-β-
lactamase enzymes, account should be taken of a possible 
synergic effect between the disk and antibiotic on the 
medium (37). The degree of resistance of isolates with VIM 
and IMPase has been found to vary, and these resistance 
genes are generally observed in plasmid integrons, favoring 
their loss (37,38). Finally, only one of the OXA-producing 
A. baumannii isolates showed the expected phenotypical 
resistance to IMP (and to FEP and FOX). In contrast, the 
14 other cases of A. baumannii were resistant to FOX and 
susceptible to FEP and IMP. Various authors have proposed 
that OXA has a low hydrolytic activity against carbapenems 
(39,40), which may explain the observation of IMP 
susceptibility halos on the medium and the susceptibility of 
OXA-producing K. pneumoniae isolates.

The lowest growth rates were observed in AmpC-
producing isolates (80%), which may be explained by the 
inability of Gram-negative bacteria to grow on CHROMID 
ESBL medium. However, the genes encoding AmpC 
resistance to bacteria are often integrated within the 
bacterial chromosome, reducing the likelihood of their loss, 
although there have been reports of plasmid-determined 
AmpC-type β-lactamases that are more readily lost by the 
bacterium (41). The lack of genetic analysis to explore 
this issue is a study limitation, as acknowledged above. 
It should also be taken into account that AmpC is less 
effective against 3rd and 4th generation cephalosporins, and 
the cefpodoxime on the medium may have inhibited their 
growth. Nevertheless, this lack of growth is useful in clinical 
practice because it signifies that these microorganisms are, 
in principle, not relevant for the diagnosis. E. cloacae and 
K. aerogenes were resistant to FOX and susceptible to both 
FEP and IMP, in line with previous studies (32,42-45). 
Some isolates grown on the medium exhibited susceptibility 
to FOX and IMP with variable resistance to FEP, a similar 
phenotype to that of microorganisms with ESBL resistance, 
which may also have been present. One isolate of E. cloacae 
was resistant to FOX and FEP but susceptible to IMP, 
indicating a mixture of AmpC- and ESBL-type resistance, 
which are not mutually exclusive. The phenotype of 
Citrobater genus was similar to that of ESBL-producing 
isolates, possibly due to the loss of expression of genes 
encoding AmpC resistance through the freezing and 
thawing of isolates on blood agar. Escherichia presented the 

same phenotype, which may also be due to very low ampC 
expression levels, without showing resistance (46). The absence 
of AmpC-related resistance in K. pneumoniae and K. oxytoca 
isolates may be attributable to the localization of the gene in 
plasmids in this genus, facilitating its loss (41). The sole isolate 
of P. mirabilis was resistant to FOX, FEP, and IMP, which 
is not characteristic of AmpC-type resistance and is more 
similar to a combination of ESBL and AmpC production, 
given that IMP resistance is not related to carbapenemases 
in this species. S. maltophilia was resistant to FOX and 
IMP, indicating a different resistance mechanism, such as a 
reduced number of porins (32,41,47).

In general, despite the possible effect of thawing strains 
on a non-selective medium, the results show a pattern for 
each resistance type (ESBL, carbapenemase, and AmpC) on 
CHROMID ESBL medium. Most strains with ESBL and 
carbapenemases exhibited growth, strains with ESBL were 
susceptible to IMP and FOX when the three antibiotic disks 
were added, while strains with carbapenemases were not 
susceptible to FOX. The lack of resistance to IMP may be 
due to the handling of the strain or may point to the need 
for a higher halo cutoff point than 1.5 cm. Growth was less 
frequent in isolates with AmpC, while the growth of three 
strains of K. pneumoniae and K. oxytoca with susceptibility 
to the three disks also suggests that the halo cutoff point 
should be >1.5 cm.

Behavior on culture medium with disks of Gram-
positive isolates 
VancoR enterococci colonies grown on CHROMID ESBL 
acquired a bluish color similar to the blue-green color 
produced by K. pneumoniae or K. aerogenes, although the two 
genera are readily differentiated by the morphology of their 
colonies (small and punctiform in the case of enterococci). 
Given that the manufacturer of CHROMID ESBL only 
describes characteristic colorings for Gram-negative 
bacteria, there is no reference for the Gram-positive 
bacteria and non-fermenting bacilli obtained in this study.

None of the isolates of the Staphylococcus genus grew on 
CHROMID ESBL medium in the presence of VA, because 
they all had a phenotype susceptible to this antibiotic. 
They also showed no growth beyond the range of VA disks, 
although Staphylococcus possesses a high degree of resistance 
to β-lactam antibiotics due to the presence of β-lactamases, 
which would favor the development of these isolates on the 
medium (48). It can therefore be deduced that the medium 
also contains another type of substrate not reported by 
the manufacturer that does not permit the development 
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of vancoS isolates. The study included both VA-resistant 
and VA-susceptible strains of the Enterococcus genus. There 
has been a major increase in the resistance of this genus to 
VA over the past few years, mainly in E. faecium (49-51), 
enabling the growth of the majority of the present vancoR 
isolates on the medium. The vancoR E. faecium isolates 
grew with and without VA disks. In contrast, the vancoS 
E. faecium isolates showed no growth, as in the case of the 
Staphylococcus genus. Seven isolates of E. faecalis did not 
grow on the medium, being vancoS isolates, although five 
vancoS isolates showed growth beyond the range of VA 
activity, which may indicate their resistance to a possible 
factor in the medium that usually inhibits vancoS isolates. 

The data obtained in this study indicate that the 
CHROMID ESBL medium can be used to detect Gram-
negative bacteria and may also detect vancoR enterococci, 
even without the utilization of VA disks.

Prospective study

All vancoR enterococci isolates were obtained from rectal 
swabs, as expected, given that this type of bacteria colonizes 
the gastrointestinal tract (52-54). Klebsiella genus isolates 
were mainly obtained from rectal swabs, because the 
Enterobacteriaceae family is characterized by colonizing the 
digestive tract (55,56), although cases of K. pneumoniae were 
also found in pharyngeal samples. Authors have recently 
studied the colonization of this species in respiratory 
tract areas (57). Likewise, A. baumannii was much more 
frequently detected in rectal swabs than in pharyngeal 
swabs, because it usually colonizes the gastrointestinal tract, 
although respiratory tract isolates have occasionally been 
reported (58,59). The situation for Pseudomonas genus is 
similar except that it initially colonizes the respiratory tract 
and is implicated in respiratory infections (60-62). This 
does not agree with the data obtained in the prospective 
study, although there was a higher likelihood of obtaining 
isolates from rectal swabs because of their larger number 
(n=649) in comparison to pharyngeal samples (n=314). In 
contrast, all A. xylosoxidans and B. cenocepacia isolates were 
from swabs of the pharynx, the site usually colonized by 
these species (63,64), and most metiR S. aureus grew from 
pharyngeal swabs for the same reason (65-67), although a 
small proportion was found in swabs of the rectum, which 
can also be colonized by this species (68). Finally, almost 
the same number of S. maltophilia isolates was found in 
each type of swab, although S. maltophilia more frequently 
colonizes the respiratory tract (69,70). The larger number of 

rectal swabs should again be taken into account. The results 
obtained for Pseudomonas may be explained by the long-
term treatment of these patients with extended-spectrum 
respiratory antibiotics, with the intestine becoming a 
reservoir for this pathogen.

Clinical implications
This study makes a timely methodological contribution, 
given the increasing number of patients colonized by 
bacteria that are resistant to β-lactam antibiotics via 
different genetic mechanisms and that must be detected. 
The application of molecular biology tests for these patients 
would carry elevated hospital costs, because they are highly 
sensitive and detect all possible resistant microorganisms 
and resistances, generating uncertainty in the interpretation 
of results and leading to the unnecessary isolation of 
patients within the hospital.

Novel findings
Utilization of the CHROMID ESBL medium as in the 
present study allows the detection of resistant and viable 
(living) microorganisms and provides simple, rapid, 
economic, and approximate information on the resistance 
mechanisms of the bacteria colonizing the patient. Further 
studies should explore the utilization of other antibiotic 
disks and/or different halo cutoff points to improve the 
sensitivity and specificity of results.

In summary, the CHROMID ESBL medium permitted 
the differential growth of Gram-negative bacteria with 
different types of β-lactam resistance, and the inhibition 
halos around FOX, IMP, and FEP disks revealed a pattern 
in which most isolates with ESBL and carbapenemases grew 
on the medium and ESBL enterobacteria were susceptible 
to IMP. The opposite was observed for carbapenemase 
producers, which were resistant to IMP. With regard to 
Gram-positive bacteria, the medium detected VA-resistant 
E. faecium with no need for the addition of a VA disk. 
However, despite this advantage, the application of other 
techniques to precisely determine resistances should not be 
ruled out. The prospective study demonstrated the potential 
clinical relevance of this technique, allowing the detection 
of colonization by Gram-negative bacteria designated by 
the WHO as the most important multiresistant pathogens. 
Finally, the combined utilization of CHROMID ESBL 
and MRSAII media revealed a more frequent detection of 
metiR S. aureus and S. maltophilia in pharyngeal swabs and 
of ESBL K. pneumoniae, A. baumannii, and CPP in rectal 
swabs, although these observations should be tested in 
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larger patient series.
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