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Abstract
We report first description of clinical cases of OXA-48 carbapenemase-producing Klebsiella pneumoniae originat-
ing from patients hospitalized in the most important Infectious Diseases Hospital from Romania, between Decem-
ber 2012 and March 2013. All strains were isolated from patients who were previously admitted in surgical wards.
None of the patients had been admitted in a hospital outside of Romania.
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Rezumat
Prezentam patru pacienti internati in Institutul National de Boli Infectioase ,,Matei Bals” de la care s-a izolat
Klebsiella pneumoniae producatoare de carbapenemaza OXA-48. Izolarile bacteriene s-au efectuat in perioada
decembrie 2012-martie 2013. Niciunul dintre pacienti nu fusese spitalizat in afara Romdniei, in schimb toti fusese-
ra anterior spitalizati in diverse sectii cu profil chirurgical.

Cuvinte cheie: Klebsiella pneumoniae; carbapenemaza OXA-48; ESBL, factori de risc pentru rezistentd la
antibiotice.
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Background

The development of resistance to carbap-
enems as the last available therapy line of
antimicrobials represents a special concern issue
in infectious diseases. Carbapenemases - pro-
ducing Enterobacteriaceae (CPE) are sometimes
difficult to detect even with the new breakpoints
of EUCAST and CLSI. It is important to confirm
the presence of carbapenemase genes by PCR
techniques in order to implement interventions
which can avoid potential serious hospital ep-
idemics. There are 3 classes of carbapenemas-
es: class A (KP carbapenemases — KPC), class
B (metallo-betalactamases — MBLs) and class
D oxacillinases (among them OXA-48-like en-
zymes) (1). The presence of OXA-48-like pro-
ducing CPE was initially reported as endemic in
Turkey, Northern Africa and Middle East (2-5)
but more recently several other countries sig-
naled sporadic cases and/or epidemic evolution
in several surveillance studies, especially in the
USA, India and some European countries (6-10).

In October 2011 ECDC initiated a commu-
nication of risk assessment for CPE importation
in Europe related to Libyan patients transferred
to European hospitals (11). Slovenian colleagues
communicated in December 2011 the first case
of OXA-48 K pneumoniae colonization in a hos-
pitalized patient (12). In 2012 several Libyan
patients were transferred to Bucharest hospitals;
being concerned of the difficulty to identify car-
bapenem resistant Enterobacteriaceae (CRE)
testing for antimicrobial susceptibility with pan-
els adapted from the older clinical breakpoints
of CLSI, we initiated a cooperative study with
AGES (Austrian Agency for Public Health and
Food Safety). The work included the character-
ization of K. pneumoniae isolates. Among all
strains of K. pneumoniae isolated in our hos-
pital during the four months period (December
2012- March 2013), we identified by testing with
semi-automated methods (MicroScan or Vitek)

a number of 18 strains having 3™ generation
cephalosporin resistance and a positive modi-
fied Hodge test. In accordance with CLSI 2010
breakpoints (still in use in our hospital in the first
months of 2013), these testing panels indicated
imipenem susceptibility as CMI < 4 mg/L. The
isolates were sent to AGES in order to perform
the detection of ESBL and carbapenemases pro-
duction. Multiplex-PCR amplifications were
carried out for the detection of genes encoding
the extended spectrum betalactamases, including
TEM, SHV, OXA (multiplex assay), CTX-M-1,
-2, -9 (multiplex assay), OXA-48 carbapene-
mase (singleplex assay) and carbapenemase
genes VIM and KPC (multiplex assay) with
primers previously described (13). Plasmid-me-
diated AmpC B-lactamase gene clusters FOX,
ACC, CIT, DHA, MOX, EBC were detected in
a multiplex assay (AmpC) using primers previ-
ously described (14).

All isolates exhibit several beta-lactamases pro-
duction and four isolates were OXA-48 positive.
No KPC-producing isolates were retrieved. (Ta-
ble 1).

We studied the clinical history of these four
patients in order to describe the common find-
ings and to identify patients with increased risk
of OXA-48-producing K.pneumoniae infection
or colonization (Table 2).

The first case

In December 2012 a 76 year-old woman was
admitted in “Matei Bals” National Institute of
Infectious Diseases (MB-NIID) for the treat-
ment of a post-surgery infection presumed to
be produced by methicillin resistant Staphylo-
coccus aureus (MRSA). The patient had been
diagnosed with recto-sigmoid adenocarcinoma
in august 2012 with a single liver metastasis. Af-
ter two weeks, a Hartman’s procedure and also
liver metastasis resection were performed. After
another two weeks, an intraabdominal collection
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Table 1. The associated ESBL’s genes in OXA-48-
carbapenemase-producing K pneumoniae isolates

Patient ESBL-Gene(s) ampC-Gene Carbapenemase
1 TEM, SHV, CTX-M-1 Negative OXA-48
2 TEM, SHV, OXA, CTX-M-1 Negative OXA-48
3 SHV, CTX-M-1 Negative OXA-48
4 SHV, CTX-M-1 Negative 0OXA-48
All strains were negative for KPC and VIM
Table 2. The cases synopsis
Findings Case 1 Case 2 Case 3 Case 4
Age (year-old) 76 92 85 67
Gender Female Female Male Female
Previous hospital- Yes Yes Yes (surgery and  Yes
ization (surgery ward) (urology ward) cardiology wards)  (surgery ward)
Site of KP isola-  Wound Urine Blood Blood
tion Urine
Infection vs colo- Surgical site infec- Colonization Infection (bacter-  Infection (bacte-
nization tion (asymptomatic emia) remia)
bacteriuria)
Antimicrobial Imipenem No therapy for KP  Colistin and TMP/ TMP/SMX
therapy SMX
Outcome Favorable Favorable Favorable Deceased

was found and a second surgical intervention
was performed. Because a persistent purulent
secretion was observed from the surgical wound
she was admitted in our hospital. At the admis-
sion, the patient was afebrile, without systemic
inflammatory response syndrome (SIRS), with
normal vital signs, without pulmonary, cardiac
or intraabdominal signs of infection and with a
purulent secretion from the surgical wound. A
strain of MRSA from the purulent secretion was
isolated in the department of surgery at Fundeni
Hospital and the patient received anti-MRSA
therapy with the persistence of symptoms. In our
hospital, two germs were isolated from wound:
a MRSA strain and also a K pneumoniae strain
with extended spectrum betalactamases (ESBL),

resistant to ertapenem, penicillin plus betalacta-
mases inhibitors (BLI), cephalosporins, fluo-
roquinolones, trimethoprim/sulfamethoxazole
(TMP/SMX) and aminoglycosides. The strain
was characterized as susceptible to imipenem,
meropenem and colistin. The patient received
therapy with imipenem and vancomycin for 14
days with slow favorable outcome and wound
healing.

The second case

In December 2012 a 92 year-old woman was
admitted in MB-NIID for the treatment of a
post-antibiotic Clostridium difficile diarrhea.
The patient had been diagnosed with left ure-
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teral neoplasia in November 2012 and a left
nephro-ureterectomy was performed. After sur-
gery, she received antimicrobial therapy with
cefoperazone-sulbactam and ciprofloxacin in the
urology department and two weeks later she de-
veloped severe diarrhea with dehydration and fe-
ver. The PCR for Clostridium difficile performed
from stool in the infectious diseases department
was positive. At the same time, a strain of K.
pneumoniae ESBL-producing from urine-cul-
ture, without symptoms (asymptomatic bacte-
riuria) was isolated in our hospital. The strain
was resistant to: penicillin-BLI, cephalosporins,
ertapenem, fluoroquinolones and aminoglyco-
sides and it was characterized as susceptible to
imipenem and colistin. The patient received oral
metronidazole for 10 days with a good outcome
of the diarrhea. She did not receive antimicrobial
therapy for this episode of asymptomatic bacte-
riuria.

The third case

In February 2013, an 85 year-old male, known
with type 2 diabetes mellitus treated with insulin,
chronic kidney disease, cardiac insufficiency and
chronic anemia was admitted in our hospital for
fever, chills, disorientation, dyspnea and tachyp-
nea. The patient had received medical services
repeatedly in the past six months (including in
a surgery ward) and urinary catheterization was
performed during the previous hospitalization.
In December 2012, during a coronary ICU hos-
pitalization, he developed two episodes of uri-
nary tract infection: the first with K. pneumoniae
without ESBL (treated with ceftriaxone) and the
second one with Pseudomonas aeruginosa re-
sistant to carbapenems (treated with levofloxa-
cin and colistin).

At the admission in our hospital the patient
had SIRS: fever, tachycardia, tachypnea and
leukocytosis, normal arterial blood pressure,
without evidence of organ insufficiency, with

symptoms of urinary tract infection: dysuria, po-
lakiuria and hypogastric pain. The antimicrobial
therapy was empirically initiated with ceftriax-
one and levofloxacin. After 48 hours, a strain of
K. pneumoniae ESBL-producing was isolated
from blood-culture and urine-culture, suscep-
tible to colistin, imipenem and TMP/SMX and
resistant to third generation cephalosporins, er-
tapenem and penicillin-BLI’s. The antimicrobial
therapy switched to colistin and TMP/SMX with
dosage adapted to creatinine clearance for 12
days with good outcome. The patient was dis-
charged after 15 days.

The fourth case

In March 2013, a 67 year-old female who un-
derwent a hemicolectomy for cecum carcinoma,
developed fever, chills, tachycardia and tachyp-
nea during the ICU postoperative period. A
blood-culture was performed and an ESBL-pro-
ducing strain of K. pneumoniae was isolated.
This strain was resistant to: carbapenems (both
ertapenem and imipenem), penicillin —BLI,
cephalosporins, fluoroquinolones, aminoglyco-
sides and colistin. The strain was sensitive only
to TMP/SMX. The patient received TMP/SMX
with unfavorable outcome and died after 5 days.

Discussion

Organism identification and susceptibility test-
ing were performed for all the strains using sem-
iautomatic methods (VITEK 2,-BioMericux,
Mercy L’Etoile, France and MicroScan, West
Sacramento, CA, USA). The interpretation of
results was made according to CLSI 2010 rules.
E-tests were used for colistin. (Table 3).

Class D betalactamases, named oxacillinases
(OXA), were initially associated with Acineto-
bacter baumannii strains. Although at the begin-
ning Enterobacteriaceae strains were not associ-
ated with this type of carbapenemases, OXA-48
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Table 3. Antimicrobial susceptibility tests for the four OXA-48 producing isolates

Antimicrobials Case 1 Case 2 Case 3 Case 4
CMI Interpre- CMI I CMI 1 CMI 1
(mcg/ml) tation (I)
Ampicillin-sulbactam >16 R >16 R >16 R >32 R
Amoxicillin- clavulanic acid ~ >16 R >16 R >16 R >32 R
Piperacillin tazobactam >64 R >64 R >16 R >128 R
Ceftazidime 8 R >16 R >16 R >64 R
Cefotaxime >32 R >32 R >32 R >64 R
Cefepime >16 R >16 R >16 R >64 R
Cefoxitin <8 S - - - - -
Ertapenem >4 R >4 R >4 R >4 R
Imipenem <4 S <4 S <4 S >8 R
Meropenem <4 S - - - - - -
Amikacin <16 S 32 R <8 S <2 S
Tobramycin >8 R >8 R >8 R - -
Ciprofloxacin >2 R >2 R >2 R >4 R
Levofloxacin >4 R >4 R >4 R - -
Tetracycline >8 R 8 R >8 R 8 R
Trimethoprim sulfamethox- >2 R >2 R <2 S <2 S
azole
Colistin (E-test) .38 S .5 S 2 S 4 R

and related variants emerged in Enterobacteri-
aceae. OXA-48 producing K. pneumoniae is
difficult to detect because these strains weak-
ly hydrolyze carbapenems, some broad-spec-
trum cephalosporins, such as ceftazidime and
cefepime, and aztreonam. (2) All the described
strains were resistant to third and fourth genera-
tion cephalosporins, probably due to associated
production of oxacillinases and ESBL. The MIC
value for carbapenems is also higher in OXA-48
producers when an ESBL production is associ-
ated. (15)

Several articles published in the last years
signaled the presence of OXA-48 K. pneumoni-
ae isolates starting with 2010 in patients admit-
ted in hospitals from different cities in Romania
(16-19). We described the first cases of OXA-48

K. pneumoniae infections diagnosed in our hos-
pital. All cases were admitted in surgical wards
and underwent some surgical procedure. In three
cases, broad spectrum antimicrobial therapy was
necessary. None of the patients had any history
of carbapenem exposure prior to the detection of
OXA-48 KP.

The Hodge modified test could be useful to
detect OXA-48 KP producers. The rectal screen-
ing of all patients for CRE could be negative
even in patients colonized with such-a bacteria.
However, rectal screening for CRE must contin-
ue in all areas where this CPE emergence was
described.

The data presented in this article had some
limitations. First of all this is a case series pres-
entation and we did not perform a study with
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a well-established design. We started with the
identification of OXA-48 K. pneumoniae strains
and then we analyzed the patients. Another limi-
tation was the absence of molecular epidemiolo-
gy analysis of cases filiation.

In conclusion, the emergence of CRE in Ro-
mania after 2010, highlighted the importance of
antimicrobial resistance surveillance especially
in countries with limited resources. The molec-
ular characterization can ensure an early rec-
ognition of CRE. It seems reasonable that first
CRE strains including OXA-48 K. pneumoniae
were imported before 2010 in Romania from
endemic areas: United States, Greece and Israel
for KPCs, Turkey for OXA-48 K. pneumoniae,
India for NDMs and Greece for VIMs. (15, 20).
However, our case reports suggest that in 2012-
2013 already existed a risk for the patients to be
colonized with such strains in Romanian hospi-
tals. It is therefore important to improve both in-
fection control practice and antimicrobial stew-
ardship in order to limit CRE spread in Romania.
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