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CLINICAL RESEARCH

ABSTRACT
Carbapenemase-producing Enterobacteriaceae have the potential to rapid dissemination in healthcare set-
tings, becoming a major infection control and public health concern. PCR remains the reference method 
for identifying these strains, but is still expensive. We evaluated the performance of four phenotypic tests 
for identifying OXA-48-producing (Oxacillinase-48) Enterobacteriaceae. These were modified Hodge test 
(MHT), a combination disk test with meropenem alone or in combination with various inhibitors and temocillin, 
an enzymatic test and an immunochromatographic test. The tests were performed and interpreted according 
to guidelines or manufacturer’s recommendations. The most frequent microorganism included in the study 
was Klebsiella pneumoniae. All the tests had 100% specificity, except MHT (87,5%). Sensitivity was 91,25% 
for MHT, 90% for the combination disk test, 95% for the enzymatic test and 82,50% for the immunochroma-
tographic test.
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INTRODUCTION

The resistance to carbapenems may be 
achieved by impermeability plus hiperproduc-
tion of AmpC or by producing carbapenemase, 
an enzyme that hydrolases the carbapenem. 
There are 3 classes of carbapenemase of great 
clinical importance: A, B and D according to the 
Ambler molecular classification system. The D 
class consists of OXA-48-type beta-lactamases 
(oxacillinase) and they are plasmid-encoded, 
which increases the risk of spread amongst mi-
croorganisms and in healthcare facilities (1). 

Since the first isolation of OXA-48-carbapen-
emase in Turkey in 2001, in a Klebsiella pneumo-
niae isolate (2), this type of carbapenemase was 

spread throughout Europe (3-7), Middle East 
(8-10) and North America (11). 

The aim of our study was to evaluate four phe-
notypic tests for the detection of OXA-48 carbap-
enemase in Enterobacteriaceae. PCR remains 
the reference method for identifying carbapen-
emase-producing bacterial strains, but it is still 
expensive and requires well-trained personnel. 

MATERIAL AND METHODS

Between October 2013 and July 2015, there 
were isolated Enterobacteriaceae strains with 
decreased susceptibility to one or more carbap-
enems according to EUCAST (European Com-
mittee on Antimicrobial Susceptibility Testing) 
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guidelines from patients and carriers admitted 
to the National Institute for Infectious Diseases 
“Prof. Dr. Matei Bals”. Identification and antibi-
otic susceptibility testing were performed using 
Gram negative Combo 56 panels on MicroScan 
Walk Away system (Siemens, USA). In our study, 
there were selected 112 non-duplicate Entero-
bacteriaceae strains, well characterized by mo-
lecular tests (PCR): 80 strains were positive for 
blaOXA-48 gene and 32 were non-carbapenemase 
producers. 

The studied phenotypic tests were MHT (rec-
ommended by CLSI – Clinical and Laboratory 
Standards Institute), KPC (Klebsiella pneumo-
niae carbapenemase), MBL (Metallo-beta-lacta-
mase) and OXA-48 Confirm kit (Rosco Diagnos-
tica, Denmark), Rapidec® Carba NP (bioMerieux, 
France) (both recommended by EUCAST) and 
OXA-48 K-SeT (Coris BioConcept, Belgium). 

MHT 

Modified Hodge test was performed and in-
terpreted according to CLSI guideline using 
Klebsiella pneumoniae ATCC BAA 1705 as posi-
tive control (12). A suspension of 1/10 from 0,5 
McFarland E. coli ATCC 25922 was inoculated 
on Mueller Hinton E agar (MHE, bioMerieux, 
France). There was used a 10 μg of ertapenem 
disk and bacterial strains were inoculated in 
straight line from antibiotic disk to the edge of 
the plate. The apearance of the cover leaf after 
incubation at 35°C for 18-20 hours indicates the 
of carbapenemase production. 

KPC, MBL and OXA-48 Confirm kit

This kit contains tablets of meropenem (10 
μg) alone or plus inhibitors for various types of 
beta-lactamase: meropenem (10 μg) plus Phe-
nylboronic Acid (KPC and AmpC), meropenem 
(10 μg) plus Dipicolinic Acid (MBL), meropenem 
(10 μg) plus Cloxacillin (AmpC) and Temocillin 
(30 μg). The test was performed and interpreted 
according to manufacturers’ recommendations. 
The 0,5 McFarland of bacterial strain to be 

tested was inoculated on MHE agar and the tab-
lets were placed at equal distance one from the 
other. The plates were incubated at 35°C for 18-
20 hours and read by measuring the diameter of 
the inhibition zone (in mm) around each tablet. 
No inhibition zone around temocillin indicates 
the of OXA-48-type carbapenemase-producing. 

Rapidec® Carba NP

This is an enzymatic approach to identify 
the carbapenemase-producers. The kit contains 
imipenem (carbapenemase substrate), phenol 
red (as pH indicator) and zinc (for the detec-
tion of MBL-producing strains). Fresh bacterial 
strains from COLS (Columbia agar plus sheep 
blood, Oxoid, UK) or MHE were used to perform 
the test as recommended by the manufacturer. 
The results were red after 30 minutes and/or 
another 1 hour and 30 minutes of incubation 
at 37°C. Changing the colour from red (negative 
control) to yellow, orange-yellow or orange-red 
in the test was an indicator of a carbapenemase-
producing process. 

OXA-48 K-SeT

This test was released on the market in 2015 
and it is based on a membrane technology with 
colloidal gold nanoparticles conjugated with 
a monoclonal antibody directed against one 
epitope of the OXA-48 carbapenemase and an-
other monoclonal antibody directed against 
another epitope of OXA-48 carbapenemase at-
tached on a nitrocellulose membrane. 

It can detect OXA-48-like carbapenemases 
from a single colony of Enterobacteriaceae iso-
lated on agar plate. The test consist of lysing 
buffer and cassetts. After inoculating the bacte-
rial colony in the buffer, add 3 full drops of mix-
ture into the sample well of a cassette and read 
after 15 minutes. 

The performance of the phenotypic tests for 
the detection of carbapenemase-producers was 
determined using the genotypic method as gold 
standard. Sensitivity was calculated from the 
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number of true-positive isolates and specificity 
from the number of true-negative isolates. 

RESULTS

The bacterial strains included in this study 
were almost equally isolated from women 
(n=53) and men (n=59). Most of the strains 
(78,57%) were isolated from patients aged 51 
years old. 

The isolates were from patients and carri-
ers (Table 1). Among the strains isolated from 
patients, 75% were carbapenemase-producers, 
while from carriers were 55%. All the strains iso-
lated from the lower respiratory tract infections 
were blaOXA-48 positive and 5 out of 6 from blood. 
A percent of 74,6 of the strains isolated from 
urine were producing OXA-48 carbapenemase. 

TABLE 1. The isolates
Clinical 
specimens

Carba positive Carba 
negative

Total

Urine 47 16 63
Sputum 9 0 9
Pleural fluid 1 0 1
Wound 7 5 12
Blood 5 1 6
Sonication 
fluid

0 1 1

Rectal swab 11 9 20

TABLE 2. The sensitivity and specificity of phenotypic tests
Test

Result

PCR 
blaOXA-48

MHT KPC, MBL 
and 
OXA-48

Rapidec 
CarbaNP

OXA-48 
K-SeT

Positive (no.) 80 73 72 76 66
Negative (no.) 32 28 32 32 32
Sensitivity (%) 91.25 90 95 82.5
Specificity (%) 87.5 100 100 100

The isolated bacterial strains were as follows: 
Klebsiella pneumoniae (n=95), E. coli (n=6), En-
terobacter cloacae (n=5), Enterobacter aero-
genes (n=1), (n=4) and Morganella morgannii 
(n=1). Among Klebsiella pneumoniae strains, 
74,73% were OXA-48-positive and no Entero-
bacter cloacae and Morganella morgannii were 
found. Five out of 6 E. coli and 3 out of 4 Serra-
tia marcescens were carbapenemase-producers. 
The Enterobacter aerogenes strain was also pos-
itive for OXA-48. 

After performing MHT, 7 out of 80 strains 
were false negative and 4 out of 32 were false 
positive carbapenemase-producers. The com-
bination disk test (Rosco Diagnostica) missed 
to identify 8 out of 80 positive OXA-48, but 

identified all non-carbapenemase-producers. 
The enzymatic test had 4 false negative results 
and the immunochromatographic test had 14 
false negative results, both tests correctly iden-
tified non-carbapenemase-producers. 

The sensitivity and specificity of each pheno-
typic test is summarized in Table 2. 

DISCUSSIONS

As from literature, carbapenem non-suscep-
tible strains were isolated from old patients who 
most probably had antimicrobial treatment in 
the past. More than three quarters were more 
than 50 years old. 

Most of the strains with decreased suscep-
tibility to carbapenems and carbapenemase-
producers were Klebsiella pneumoniae in our 
study, in accordance with data from the litera-
ture (13,14).

Among the phenotypic tests studied, MHT is 
not recommended by EUCAST guidelines, due 
to low sensitivity and specificity. We found the 
lowest specificity amongst the phenotypic tests 
studied and a good sensitivity (91.25%) in de-
tecting OXA-48-producers, close to the results 
from literature: 100% sensitivity by Girlich D et 
al (15), 94% by Bartolini A et al (14) and 93% by 
Doyle D et al (16). 

The KPC, MBL and OXA-48 Confirm kit had 
100% specificity and 90% sensitivity in detect-
ing OXA-48 producers in our study. The specific-
ity of the test was the same as in the study of van 
Dijk et al (100%), but with less sensitivity (90% 
versus 100%) (17).

Rapidec CarbaNP had in our study 100% 
specificity, like in Dortet L. et al study, but less 
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sensitivity (95% versus 99%) (18). In a study 
by Kabir MH et al, the sensitivity was 97,8% and 
specificity 98,56% (19). 

The newest phenotypic test introduced on 
the market for the detection of OXA-48-type car-
bapenemase in Enterobacteriaceae is OXA-48 K-
SeT. Despite the results found in the literature of 
being 100% sensitive and specific (20, 21), our 
results showed less sensitivity (82,5%), maybe 
because of the detection limit (0,125 ng/ml), 
the OXA-48-producing strains being known to 
be weak carbapenemase-producers. 

CONCLUSIONS

Among the phenotypic tests with 100% 
specificity, Rapidec CarbaNP had the highest 
sensitivity for the detection of OXA-48 carbap-
enemase producers. It is also a test which gives 
the results in 2-4 hours, being very useful in the 

rapid identification of such strains and trigger-
ing immediately the infection control policies in 
order to minimize the spread in healthcare fa-
cilities.

KPC, MBL and OXA-48 Confirm kit has a good 
sensitivity for OXA-48 producers, but the result 
is available after 18-20 hours.

Despite its low specificity, MHT remains use-
ful due to the technical availability and good 
sensitivity for the detection of OXA-48 carbap-
enemase producing strains.

OXA-48 K-SeT is a rapid and highly specific 
test, but showed low sensitivity on our strains.
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