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Abstract
Spread of carbapenemase-producing bacteria has been described all

over the world. This phenomenon may be accelerated by many

factors, including wars and natural disasters. In this report, we

described an NDM-1-producing Klebsiella pneumonia ST11

recovered from a patient injured during the Maidan revolution in

Ukraine. To our knowledge, this is the first report of a

carbapenemase-producing Enterobacteriaceae in Ukraine and one

of several reports describing wound colonization/infection of

humans injured during war.
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Global spread of antibiotic resistance can be accelerated by
many factors, including travelling and repatriation of patients.

Additionally, antibiotic resistance can be spread by contami-
nated food as well as wild animals. Few studies describing spread
of multiresistant bacteria after natural disasters (e.g. tsunami,

earthquake) and repatriation of injured patients (soldiers, civil-
ians) during war have been reported [1–4]. Here we report a

case of transmission of NDM-1-producing Klebsiella pneumoniae
sequence type 11 (ST11) recovered from a Ukrainian patient

injured during the Maidan revolution, also known as the Euro-
maidan (Kiev, Ukraine).

From February until March 2014, 27 Ukrainian patients
injured in Maidan Nezalezhnosti square (Independence Square)
during Euromaidan have been transferred to Czech hospitals.

The patients were admitted to General University Hospital
(Prague), Motol University Hospital (Prague) and Central Military

Hospital (Prague). On the basis of the Czech National Guidelines
for Control of Cases of Colonisation/Infection by

Carbapenemase-Producing Enterobacteria (http://www.mzcr.cz/
Legislativa/dokumenty/vestnik-c8/2012_6865_2510_11.html),

preemptive isolation of the patients and active screening using a
rectal swab were performed. Enterobacteriaceae isolates recov-

ered from various screeningmaterials (e.g. sputum, blood, swabs)
from patients hospitalized in intensive care units were also sub-
jected to susceptibility testing and detection of carbapenemases

according to screening cutoffs [5]. All suspected isolates were
sent for a confirmation of carbapenemase-production to the

National Reference Laboratory of Antibiotics (National Institute
of Public Health, Prague, Czech Republic) and Department of

Microbiology, Faculty of Medicine, in Plzen (Charles University in
Prague, Plzen, Czech Republic). In that period, all of the hospitals

also participated on European Survey on Carbapenemase-
Producing Enterobacteriaceae (EuSCAPE) [6,7].

At Motol University Hospital, a K. pneumoniae isolate with

reduced susceptibility to carbapenems was recovered from a
wound of a 51-year-old Ukrainian man on 24 March 2014. The

patient was directly transferred from a hospital in Kiev. Using
multilocus sequence typing [8], MALDI-TOF (matrix-assisted

laser desorption/ionization time-of-flight mass spectrometry)
hydrolysis assay [9] and PCR detection of carbapenemase genes

followed by amplicon sequencing [5], the isolate was identified
as an NDM-1 producer that was classified into ST11, which

belongs to clonal complex 258. Minimum inhibitory concen-
trations (MICs) of the isolate were determined by the disk
diffusion test and by Etest (bioMérieux, Prague, Czech Republic)

and interpreted using European Committee on Antimicrobial
Susceptibility Testing criteria (http://www.eucast.org). The

isolate was nonsusceptible/resistant to ertapenem (MIC 12 mg/
L), meropenem (MIC 24 mg/L) and imipenem (MIC 3 mg/L),
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amikacin, amoxicillin/clavulanic acid, ampicillin cefotaxime, cef-

tazidime, cefepime, ciprofloxacin, gentamicin, piperacillin/tazo-
bactam, tobramycin and trimethoprim/sulfamethoxazole and

was susceptible to aztreonam, colistin and tigecycline. No
extended-spectrum β-lactamase was detected on the basis of

the double-disk synergy test between aztreonam and amoxi-
cillin/clavulanic acid [10].

Simultaneously, a carbapenem-hydrolyzing class D β-lacta-

mase (CHDL)-producing Acinetobacter baumannii and a
methicillin-resistant Staphylococcus aureus were isolated from

the same clinical material. No other carbapenemase-producing
Enterobacteriaceae was isolated from the rest of the 26 patients.

As previously described by other groups, emergence of
multidrug-resistant bacteria has been frequently observed

among injured soldiers hospitalized in army medical centers
[11–13]. Calhoun et al. [12] hypothesized that overuse of
broad-spectrum antibiotics in military hospitals during war may

play an important role in selection and spread of resistant
bacteria. Interestingly, Acinetobacter baumannii has been recog-

nized as the second most frequent bacterium causing blood-
stream infection in U.S. soldiers with extremity wounds during

the Vietnam War [14,15]. Spread of A. baumannii complex is
probably caused by the presence of this bacterium in the

hospital environment and hospital-acquired colonization of
wounds. Primary colonization of the wound during injury does

not probably play an important role [12].
In accordance with the hypotheses described above, isola-

tion of a CHDL-producing isolate from the same clinical ma-

terial may indicate nosocomial origin of the NDM-1 producer.
To our knowledge, neither epidemiologic studies nor case re-

ports describing multiresistant Gram-negative bacteria have
been previously reported from Ukraine. However, a previous

report from our group described the first NDM-1-producing
K. pneumoniae (ST11) in the Czech Republic, which was

probably imported from Slovakia [15]. Previously, we also re-
ported an isolate of NDM-1-producing A. baumannii recovered
from a patient repatriated from Egypt [16] and NDM-4-

producing Enterobacter cloacae isolated from a patient previ-
ously hospitalized in Sri Lanka [17]. Such findings may indicate a

hidden source of clinically important resistance determinants,
such as blaNDM-1, in the specific geographical area. Further

studies are needed to uncover the current epidemiologic situ-
ation in carbapenemase-producing Enterobacteriaceae in

Ukraine and surrounding regions.
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