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Abstract Results
Antimicrobial resistance (AMR) is a growing global health threat, significantly complicating the 
treatment of infectious diseases. In Ukraine, where ongoing armed conflict has severely disrupted 
healthcare infrastructure and access to essential medications and PPE, AMR was present within 
the country even before armed conflict began. Now, the prevalence of multidrug resistant 
organisms (MDROs) not only persists, but is spreading to countries beyond Ukraine, posing a 
major challenge to both military and civilian health. This study provides an overview of the 
resistance profiles of bacterial isolates circulating in Ukraine to better understand the broader 
implications of MDROs in the context of the ongoing conflict, and where antimicrobial 
interventions should be applied. As previously presented, bacteria contaminating wounds early 
post injury yielded 324 bacterial isolates that were characterized by Whole Genome Sequencing. 
Only two isolates, one ST-147 K. pneumoniae and one ST-2 A. baumannii, were found to be 
concerning MDROs. 

In stark contrast, several hundred MDRO isolates were obtained from hospitals in Kharkiv that 
were almost genetically identical to isolates identified prior to the start of conflict, indicating 
ongoing nosocomial transmission in these facilities. Most ST-147 K. pneumoniae carried at least 
one carbapenemase. ST-23-KL57 isolates co-harbored resistance and virulence markers. ST-268 
hypervirulent isolates were also found. 86% of A. baumannii were carbapenem resistant, with 
concerning lineages ST-2, ST-19, and ST-78 found. 67% of E. coli isolates obtained carried at 
least one carbapenemase. All ST-773 P. aeruginosa isolates carried blaNDM-1 and rmtB4. All P. 
mirabilis isolates identified were also highly related to isolates from previous shipments and 
carried blaNDM-1, blaVEB-6, amrA, or blaCTX-M-15. Our data show that the primary point of concern for 
MDROs is higher roles of care and interventions should be focused there to prevent further 
nosocomial transmission. 

This study underscores the need for urgent action to strengthen surveillance, enhance infection 
control practices, and implement effective antimicrobial stewardship programs across healthcare 
settings, with particular focus on higher roles of care. The findings can inform targeted 
interventions, including the selection of effective first-line antibiotics for the treatment of wounded 
in future conflicts. 

Methods
Swabs were incubated in brain heart infusion (BHI) for 5 days, and subsequently cultured to 
obtain pure isolates. All isolates underwent secondary identification via MALDI-TOF and 
antimicrobial susceptibility testing (AST) at WRAIR-EME using the automated Vitek2 system. 
Isolates will be further genetically characterized by WRAIR Multidrug Resistant Organism 
Repository and Surveillance Network (MRSN).
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Fig. 1 The K. pneumoniae isolates belong to 10 distinct 
lineages, primarily ST-101 (n=25), ST39 (n=22), ST-23-
KL57 (n=14), and ST-395 (n=14). There are also 
clusters of highly genetically related isolates 
representing lineages ST-15, ST-101, ST-23-KL57, ST-
147, ST-307, ST-39, and ST-395 suggesting ongoing 
nosocomial transmission within multiple facilities in 
Kharkiv. 88% (n=88) of isolates carried at least one 
carbapenemase: blaNDM-1, blaOXA-48, blaKPC-2 and/or 
blaKPC-3. 67% (n=67) of isolates carried an Extended-
spectrum beta-lactamase, primarily   blaCTX-M-15. 64% 
(n=64) of isolates carried a 16S methyltransferase, 
primarily armA. 85% (n=85) of isolates carried an 
acquired aerobactin siderophore, iuc.

Fig. 2 The A. baumannii isolates belong to 
nine distinct lineages and novel lineages, 
primarily ST-2 (n=40). These isolates were 
highly genetically related to isolates 
previously identified in Kharkiv, suggesting 
ongoing nosocomial transmission of ST-2, 
ST-19, and a novel lineage across multiple 
facilities. 88% (n=57) of isolates carried at 
least one carbapenemase, primarily blaOXA-

72 and blaOXA-23. 57% (n=37) of isolates 
carried an ESBL, primarily blaPER-7, blaPER-1 
and blaGES11. 31% (n=20) of isolates carried a 
16S methyltransferase, armA.

Fig 3. The P. aeruginosa isolates belong to 8 
distinct lineages, as well as novel lineages. 
Isolates from lineages ST-664, ST-2592, and 
ST-773 were highly genetically related to 
isolates previously identified in Kharkiv, 
suggesting ongoing nosocomial transmission in 
multiple facilities. Isolates belonging to ST-773 
(n=9), ST-2592 (n=2), and novel lineages (n=2) 
all carried blaNDM-1 and 16S methyltransferase 
rmtB4.
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Fig. 7 Bar charts illustrating the shift in bacterial composition (n=280 cultured isolates) along the evacuation chain. Proportion of Gram-positive versus 
Gram-negative isolates (left), and relative abundance of ESKAPE and non-ESKAPE pathogens (right). n indicates the number of isolates.
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Cultures from 100 patients yielded 
324 nonduplicative isolates from 23 
bacterial families.Gram-positive 
bacteria (65% of the isolates) 
included common commensal 
bacteria such as coagulase-negative 
staphylococci, Bacillaceae, and 
Enterococcaceae. Methicillin-
susceptible S. aureus was isolated 
from 3 patients. Vancomycin-
susceptible Enterococcus faecium 
that was unrelated to known 
hospital-associated lineages4 was 
cultured in samples obtained from 
17 patients. Gram-negative bacteria 
were primarily Enterobacteriaceae 
or Pseudomonadaceae. Initially after 
injury, wound microflora is 
dominated by commensal and 
environmental bacteria of low-
virulence potential with few 
antimicrobial-resistance genes. 
More-resistant organisms are 
probably being acquired later in the 
evacuation process, possibly 
through nosocomial transmission at 
definitive care facilities or through 
colonization and subsequent 
infection. The use of broad-spectrum 
antibiotic agents shortly after injury 
warrants reconsideration because it 
may facilitate the emergence of 
resistant strains, complicating 
subsequent treatment. 

 Wound microflora close to POI is mostly commensal and environmental bacteria of low-virulence potential with few AMR genes.
 K. pneumoniae, A. baumannii, and P. aeruginosa isolates obtained from Kharkiv carry significant antibiotic resistance genes.
 The same multidrug-resistant organisms are obtained from Kharkiv over time, indicating active nosocomial transmission.
 The same K. pneumoniae, A. baumannii, and P. aeruginosa MDRO isolates continue to be found across Ukraine. 
 Significantly more MDROs are found at higher roles of care, indicating that ongoing nosocomial transmission is the primary 

source of MDROs in Ukraine. 
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