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Antimicrobial resistance recognised as a major global health problem and it poses 
a significant challenge in conflict zones, such as the Russia-Ukraine war. This case 
study focuses on a 32-year-old soldier who sustained combat-related injuries, 
including extensive wound infections caused by multidrug-resistant and pan-
resistant bacteria and was successfully treated with azithromycin-meropenem 
combination therapy. The emergence of pan-resistant bacteria, particularly a 
pandrug-resistant strain of Pseudomonas aeruginosa, highlights the severity of 
the problem and the limited treatment options available. Additionally, the financial 
burden posed by reserve antibiotics further complicates the management of 
these infections. The case study demonstrates the effectiveness of including 
azithromycin-meropenem combination therapy in the treatment regimen, which 
resulted in improvements in the patient’s condition and the eradication of the 
resistant strains. The findings underscore the need for effective antimicrobial 
stewardship, infection control measures, and alternative treatment strategies to 
combat antimicrobial resistance in conflict zones.
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Introduction

Antimicrobial resistance is one of the most serious global public 
health threats. Wars are often associated with antibiotic resistance 
outbreaks, and, consequently, the conflict in Ukraine has 
significantly impacted the local and global spread of аntimicrobial 
resistance (1–3). Combat-related injuries often present complex and 
challenging medical scenarios that require rapid and comprehensive 
treatment to ensure the best possible outcomes. In the context of 
conflict, such as the Russia-Ukraine war, healthcare systems face 
unique challenges (4–7). Consequently, the Russian war against 
Ukraine dramatically influenced on antibiotic resistance local and 
global spread (8–12).

One of the alarming consequences of the Russia-Ukraine war is 
the emergence of super-resistant bacteria, or superbugs, including 
pandrug-resistant (PDR) strains. Pan-resistant bacteria are resistant 
to all available antibiotics, leaving healthcare providers without 
standard treatment options. This not only possess a significant threat 
to the lives of war-wounded patients but also presents a challenge in 
terms of infection control and public health (12, 13).

Furthermore, the high cost of reserve antibiotics further 
exacerbates the challenges faced by healthcare providers (12, 14). In 
2021, the WHO updated the AWaRe classification of antibiotics; this 
included eight reserve antibiotics for the treatment of multidrug-
resistant pathogens. It contains cefiderocol, ceftazidime + avibactam, 
colistin, fosfomycin, linezolid, meropenem + vaborbactam, 
plazomicin, and polymyxin B (15) (cited July 7, 2023). However, their 
limited availability and high prices hinder their accessibility, 
particularly in resource-constrained conflict settings. This scarcity of 
effective antibiotics adds another layer of complexity to the 
management of combat-related injuries, jeopardizing the already 
precarious health outcomes for patients.

This case report focuses on the treatment of a 32-year-old soldier 
who sustained substantial injuries during battle in Ukraine. By 
examining the patterns of antimicrobial resistance observed in a 
war-wounded patient from Ukraine, this case study aims to shed light 
on the difficulties associated with pan-resistant bacteria in the context 
of conflict and suggests a new therapeutic approach that may 
be applied when PDR Gram-negative infection. Following the CARE 
checklist, this report aims to provide a thorough analysis of the case, 
ensuring transparency and adherence to established reporting 
guidelines (https://www.care-statement.org/, accessed on July 
15, 2023).

Patient information

A 32-year-old male soldier received a penetrating abdominal 
injury after a fight in the Donbas. Initial medical care was provided 
by the advanced surgical group of the reinforcement in Druzkivka; 
following stabilization the patient was transferred to the Dnipro 
Regional Clinical Hospital by I. I. Mechnikov the same day. Upon 
admission, the patient’s condition was critical. He  was under 
medical sedation and had a plaster cast on his left hand. Breathing 
assistance was provided through an endotracheal tube connected to 
a transport ventilator, initially through a Maquet respirator in 
Synchronized Intermittent Mandatory Ventilation (SIMV) mode. 

Hemodynamics were stable with normal blood pressure. Heart 
sounds were muffled. The patient’s abdomen was tense, and no 
peristalsis was audible. Abdominal bandages showed saturation 
with blood. Urinary output was managed through a Foley urinary 
catheter, and central venous catheters had been inserted in the right 
and left subclavian vein.

Clinical findings

The patient presented with a series of significant clinical findings:

 1. Gunshot shrapnel blind penetrating abdominal injury with 
damage to the small and large intestine.

 2. Hemoperitoneum, indicating the presence of blood in the 
peritoneal cavity.

 3. Entrapment of the small intestine, complicating the 
patient’s condition.

 4. Significant soft tissue defect of the anterior abdominal wall.
 5. Gunshot fracture of the 3rd finger at the level of the 

middle phalanx.
 6. Open fracture of the 2nd and 5th fingers at the level of the 

distal phalanx of the left hand with a foreign body.

Timeline

On April 20, 2023, the patient was admitted to the Dnipro 
Regional Clinical Hospital by I. I. Mechnikov. A laparotomy was 
performed, and the damaged small intestine was sutured. The colon 
underwent obstructive resection, and an abdominal tamponade was 
applied as part of damage control surgery. Additionally, the patient 
received primary surgical treatment for the left-hand wound, 
including removal of a foreign body and application of a plaster cast.

The following day, April 21, 2023, a relaparotomy was conducted, 
along with an abdominal cavity revision. The small intestine and 
descending colon were resected, and a side-to-side entero-
enteroanastomosis was performed. An ileostomy was created, and 
abdominal tamponade was implemented.

On April 24, 2023, another relaparotomy was carried out to 
inspect the abdominal cavity. A descending-sigmoid anastomosis was 
performed, and the large cap was resected. Tampons were removed, 
and a necrectomy of the anterior abdominal wall wound was 
performed. A Vacuum-Assisted Closure (VAC) system was installed 
to aid in wound healing.

A lower tracheostomy was performed on April 26, 2023, followed 
by a removal of the VAC system on April 27, 2023. A relaparotomy 
was performed to revise the abdominal cavity, suture the small 
intestine defect, and reinstall the VAC system.

The patient stayed in the Dnipro Regional Clinical Hospital by 
I. I. Mechnikov for eight days before he was transferred to Kyiv City 
Clinical Hospital No 6 in Kyiv. During these eight days, there was no 
microbiological investigation performed with, however, empirical 
antibiotic therapy with ceftazidim (20–23 of April), meropenem 
(23–28 of April), linezolid (20–28 of April), metronidazole (20–28 of 
April), and clindamycin (25–28 of April).
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Diagnostic assessment

Upon arrival at Kyiv City Clinical Hospital No 6 the diagnostic 
assessments performed on the patient included a CT scan of the chest 
and abdominal cavities, a clinical blood count, leukocyte count, and 
measurement of procalcitonin levels. The CT scan revealed multiple 
fragments in the abdominal cavity. The clinical blood count assessed 
various blood cell counts. Procalcitonin levels were measured as a 
biomarker for bacterial infections.

Microbiology analyses were carried out on sputum, wound, urine 
samples and blood catheters regularly to monitor microbial infections. 
The samples underwent laboratory testing to determine the specific 
microorganisms present and assess their susceptibility to a range of 
antibiotics. The antibiotic susceptibility testing was performed using 
the disk-diffusion method in accordance with the guidelines set by the 
European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) (Version 13.0, 2023, for all of the antibiotics except 
tigecycline where Version 8.0, 2018, was used. http://www.eucast.org, 
accessed on July 15, 2023).

The wound samples obtained from the patient revealed the 
presence of multidrug-resistant (MDR) strains of Escherichia coli and 
Klebsiella pneumoniae. Furthermore, extensively drug-resistant (XDR) 
strains of E. coli, K. pneumoniae and Acinetobacter baumannii were 
also isolated from the wound. Notably, a pandrug resistant (PDR) 
strain of P. aeruginosa was identified, indicating resistance to a wide 
range of antimicrobial agents.

Similarly, the sputum samples (due to a ventilation associated 
pneumonia, VAP) collected from the patient exhibited the presence of 
MDR strains of E. coli and A. baumannii. Additionally, a PDR strain 
of P. aeruginosa, as well as XDR strains of K. pneumoniae and 
A. baumannii were isolated from the sputum (Supplementary material).

Therapeutic intervention

The following medications were administered during treatment 
in Kyiv City Clinical Hospital No 6 (Figure 1): sodium colistimethate 
(colistin) was prescribed at a dosage of 2 MO every 8 h IV from the 
1st to the 16th day of treatment. 50 mg tigecycline was given IV 
every 12 h from day 1 to 19 and from day 32 to 31. Azithromycin, a 
macrolide antibiotic, was included in the treatment plan. The patient 
received a dosage of 500 mg of azithromycin every 8 h IV from the 
10th to the 37th day. Meropenem, a carbapenem antibiotic, was 
prescribed at a dosage of 2 g every 8 h IV from the 17th to the 37th 
day of treatment.

Outcomes

The introduction of azithromycin into the treatment regimen on 
day 10 resulted in notable improvements in the patient’s condition. 
Procalcitonin level, which serve as a marker for bacterial infection, 
showed a consistent decline over the course of treatment (Figure 1). 
On day 10, the procalcitonin level was measured at 1.69 ng/mL. Within 
7 days (by day 17) it decreased to 0.8 ng/mL during which the same 
antibiotics were given as since the beginning of the therapy (colistin 
and tigecycline). By day 23 it had decreased to 0.307 ng/mL, and 
further decreased to 0.18 ng/mL by day 36.

The appearance of a PDR P. aeruginosa isolate correlated with the 
increase in WBC and NLR indicating a considerable immunogenicity of 
the P. aeruginosa isolate found the same day in both wound and sputum 
samples. A significant NLR increase occurred three days from the 
moment when PDR P. aeruginosa was detected, and azithromycin 
therapy was started. A considerable dynamic reduction in stabs and PCT 
started on the 7th day when both colistin and tigecycline were replaced 
with meropenem even though all of the detected isolates were resistant 
to this antibiotic. Interestingly, the PDR P. aeruginosa isolate was replaced 
with a non-MDR P. aeruginosa isolate sensitive to five antibiotics which 
were ineffective against the previous P. aeruginosa isolate 
(Supplementary material). The meropenem added on the 7th day since 
the azithromycin therapy started (day 17th of the treatment in Kyiv), 
considerably improved PCT, WBC, stabs dynamics and resulted in a 
complete normalization by day 36. The subsequent monitoring and 
treatment strategy led to the complete eradication of the PDR/non-MDR 
P. aeruginosa strains by day 31. This successful outcome demonstrates 
the effectiveness of the implemented therapeutic interventions in 
targeting and eliminating the PDR P. aeruginosa -associated infection.

Furthermore, encouraging progress was observed in the healing 
of the stoma wound. The wound underwent a process of granulation, 
which involves the formation of new tissue, and exhibited signs of 
healing. This positive development suggests that the combination of 
the prescribed medications and wound care measures facilitated the 
healing process (Figure 2).

Systemic antimicrobial therapy was stopped on the 37th day, when 
the patient was stable, with no recurrence of the sepsis markers and a 
PCT not higher that 0.25 ng/mL for the following two weeks and 
he finally was released from the intensive care unit.

Discussion

Sepsis caused by super-resistant multi-infection was diagnosed in 
the patient. Until transportation to Kyiv City Clinical Hospital No 6 
and within the first 8 days, only MDR gram-negative isolates were 
detected. It is important to emphasize that all these four isolates were 
sensitive to tigecycline, and they hypothetically may be still sensitive 
to colistin, as colistin-resistance is still not so often encountered in 
Ukrainian hospital isolates, as demonstrated before (16) or as 
demonstrated by other authors (17). However, despite this rational 
combined antimicrobial therapy with colistin and tigecycline, the 
condition of the patient decreased: he  had hypothermia, anemia, 
underwent two blood transfusions, his bilirubin level was increased 
and PCT varied from 3.247 to 1.698 ng/mL (Figure  3). All this 
indicated that phenotypic resistance to both colistin and tigecycline 
developed following biofilm formation during infection process 
despite the confirmed genetic sensitivity to one antibiotic and 
expected sensitivity to another. The phenotypic resistance should 
always be  suspected if a recommended rational therapy does not 
improve the condition of a patients within three days.

The newly suggested therapy was focused on anti-biofilm therapy 
and included azithromycin which was effective against gram-negative 
XDR/PDR Ukrainian Hospital Isolates as shown before (16, 18). The 
combination therapy with azithromycin and meropenem was 
suggested based on own previous experimental and clinical data 
which confirmed that both antibiotics demonstrated a strong 
synergistic effect in vivo against diverse gram-negative hospital 
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FIGURE 1

The dynamic correlation of some inflammatory markers as well as WBC and stabs during antibacterial treatment performed in Kyiv City Clinical 
Hospital No 6. WBC-white blood cells; NLR- a neutrophil lymphocyte ratio; PCT – procalcitonin; W-wound; S – sputum; MDR – multidrug-resistant; 
XDR – extensively drug-resistant; PDR – pandrug resistant; EC – E. coli; AB – A. baumannii; KP – K. pneumoniae; PA – P. aeruginosa.

FIGURE 2

The 9-day old (A) and the same wound on day 36 (B).
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isolates. Moreover, this synergism cannot be observed for individual 
isolates in the standard recommended in vitro assays as it is biofilm 
dependent and specific in vivo due to enhanced bactericidal efficacy 
of AZM in a physiologically relevant environment. In other words, 
when the infection is caused by gram-negative bacteria with the XDR/
PDR phenotype, azithromycin-meropenem can be  used without 
additional synergism testing. Indeed, the beginning of the 
azithromycin therapy provoked immunostimulation (quick rise of 
NLR and stabs) but a decrease in PCT (0.8 ng/mL) (Figure 1). Since 
colistin therapy demonstrated nephrotoxicity (BUN increased up to 
18 mmoL/L) (Figure  3) and because our new experimental data 
demonstrates that the adaptation to azithromycin mitigates PDR 
phenotype and restores sensitivity to meropenem in PDR 
K. pneumoniae (Abstract No 03094, Poster No P04461 presented as a 
poster during ECCMID 2023) colistin and tigecycline were replaced 
with meropenem (19). This resulted in fast normalization of PCT 
(from 0.8 to less than 0.25 ng/mL), normalization of WBS, stabs and 
NLR. Interestingly, as predicted in our research, PDR P. aeruginosa 

restores the sensitivity to meropenem, but not only to that. In general, 
PDR P. aeruginosa was replaced with non-MDR P. aeruginosa sensitive 
to five antibiotics on day 12 of azithromycin therapy and following 
5 days of therapy with meropenem (Supplementary material). 
1,500 mg of azithromycin daily was nicely tolerated; the only observed 
side effect was the appearance of individual myelocytes and blast cells 
in peripheral blood which might be explained by the inhibition of 
nuclear factor kappa B (NF-kB) by azithromycin (20) which it turn 
promotes myelogenesis (21). Atypical cells disappeared within three 
days after completion of the azithromycin therapy.

The successful use of azithromycin-meropenem combination 
demonstrates a low-cost approach for combating XDR/PDR in multiple 
gram-negative infections of war wounds in Ukraine. Another approach 
such as cefiderocol is unlikely to be effective in Ukraine due to its high 
price and fast resistance development (12). Berger (12) also suggests to 
use a combination of ceftazidime/avibactam and aztreonam, as this 
would restore the sensitivity to NDM-producing gram-negative hospital 
isolates. The latter are present in up to 99% of the Ukrainian hospital 

FIGURE 3

The dynamic correlation of some biochemical markers during antibacterial treatment performed in Kyiv City Clinical Hospital No 6. BUN-blood urea 
nitrogen; Tbil-total bilirubin; PCT – procalcitonin; W-wound; S – sputum; MDR – multidrug-resistant; XDR – extensively drug-resistant; PDR – 
pandrug resistant; EC – E. coli; AB – A. baumannii; KP – K. pneumoniae; PA – P. aeruginosa.
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isolates (even carbapenem-sensitive, unpublished data), However, this 
may not be effective in Ukraine due to the low quality of the available 
aztreonam (personal observation).
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