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ABSTRACT 
Objective: Wound infections represent a major concern among earthquake survivors. 
Antibacterial prophylaxis is standard care for this population. However, there is no clear 
consensus guidelines regarding the choice of prophylactic agents. This study aimed to ex-
amine whether the spectrum of antibacterial prophylaxis affects wound infection rates in 
hospitalized survivors of the February 2023 earthquake in south-eastern Türkiye who were 
transferred to a tertiary care center outside the disaster zone.

Materials and Methods: This retrospective study included patients with uninfected wounds 
upon hospital admission. Clinical characteristics, prophylaxis regimens, and microbiological 
data were analyzed to identify factors associated with subsequent infection.

Results: The study included 83 patients. Post-admission wound infections developed in 13 
patients (15.6%). These patients were more likely to require intensive care unit (ICU) ad-
mission, hemodialysis, and recurrent surgeries than those without infections. Notably, in-
fected patients had received broader-spectrum prophylaxis (84.6% vs. 31.4%, p < 0.001), yet 
wound contamination with soil or debris was not significantly different between groups. 
Multivariable analysis identified ICU requirement as an independent risk factor for infection 
(adjusted odds ratio [aOR] 44.81; 95% confidence interval [CI] 6.55–306.51; p < 0.001), while 
prior antibiotic exposure before admission was associated with a lower risk of infection (aOR 
0.10; 95% CI 0.01–0.69; p = 0.019). Among isolated bacteria, 76.5% were either extensively 
drug-resistant or multidrug-resistant, with Acinetobacter baumannii and Klebsiella pneumoniae 
being the predominant pathogens. 

Conclusion: The findings suggest that broad-spectrum prophylaxis alone is insufficient to 
prevent infections caused by highly resistant pathogens in disaster settings. The study high-
lights the critical need for strict adherence to infection prevention and control (IPC) meas-
ures. Overwhelming patient burden can diminish compliance with IPC practices and lead to 
prophylaxis failure. To manage difficult-to-treat infections, it is vital to implement addition-
al protocols that ensure IPC integrity even under extreme workload conditions.
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INTRODUCTION

Earthquakes are natural disasters that impact 
thousands of individuals. The mass destruc-
tion caused by earthquakes leads to a surge 

in admissions to healthcare facilities. In addition 
to direct structural damage, earthquake-related 
secondary disasters such as floods, landslides, and 
fires significantly increase the demand for health-
care services. In large-scale earthquakes, when 
local health centers are often overwhelmed, earth-
quake victims are typically transferred to tertiary 
healthcare centers after initial stabilization (1,2). 

Following the 1999 Marmara earthquake, trauma 
was identified as the primary reason for hospital 
admissions. As the duration of hospitalization for 
earthquake victims increases, the risk of developing 
various systemic infections also rises. Deep surgi-
cal site infections, bacteremia, pneumonia, urinary 

tract infections, and sepsis are among the most 
frequently observed complications (3). Similarly, 
during the 2008 Wenchuan earthquake in China, 
pneumonia, bacteremia, surgical site infections, 
and polymicrobial infections were reported (4).

The February 2023 earthquakes in south-eastern 
Türkiye, with magnitudes of 7.7 and 7.6 Mw, consti-
tuted one of the most devastating disasters in the 
country’s history, resulting in over 50,000 deaths 
and approximately 200,000 injuries. Such disasters 
lead to complex trauma, including head, chest, and 
extremity injuries and extensive soft tissue dam-
age, which are highly susceptible to environmen-
tal contamination. Historically, wound infections 
among earthquake survivors have shifted from 
common skin flora to environmental and hospi-
tal-acquired multidrug-resistant (MDR) patho-
gens. Factors such as prolonged entrapment under 
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rubble, delayed surgical debridement, and the 
need for intensive care unit (ICU) support further 
elevate the risk of healthcare-associated infections 
(HAIs), particularly those caused by Gram-negative 
bacilli (1,2,5).

The February 2023 earthquake severely damaged 
local healthcare infrastructure, necessitating large-
scale patient transfers to unaffected hospitals (2). 
As a tertiary referral center, Hacettepe Univer-
sity Hospital received critically injured survivors 
requiring specialized care (6). Given the high risk of 
Gram-negative bacterial wound infections among 
earthquake survivors extricated from rubble, anti-
bacterial prophylaxis is commonly recommended 
for these trauma patients (1). However, there is no 
clear consensus regarding the optimal prophylac-
tic antibiotic regimen for earthquake-related inju-
ries (7,8). This study aimed to examine whether 
the spectrum of antibacterial prophylaxis affects 
wound infection rates in hospitalized survivors of 
the February 2023 earthquake in south-eastern Tür-
kiye transferred to a tertiary care center outside the 
disaster zone.

MATERIALS AND METHODS
Study Design and Setting
A retrospective study was conducted at a 1100-bed 
tertiary care university hospital in Ankara, Türkiye. 
The demographic and clinical characteristics of 
earthquake survivors transferred to Hacettepe Uni-
versity Hospital between February 6, 2023, and May 
1, 2023, were retrospectively analyzed from elec-
tronic medical records.

The intensive care unit team urgently developed 
a standardized clinical guideline for the manage-
ment of earthquake survivors to optimize their 
definitive care. The infectious diseases team con-
tributed to this guideline by developing tailored 
antibiotic prophylaxis recommendations based on 
injury characteristics. For wounds contaminated 
with soil or debris, we recommended ciprofloxacin 
combined with clindamycin (with cefepime or cef-
tazidime substituted for patients with QT interval 
(QTc) intervals >450 ms). Patients with tissue loss or 
requiring fasciotomy but without soil contamina-
tion received clindamycin monotherapy. Both regi-
mens were limited to a maximum duration of seven 

days. For lower-risk injuries without soil contami-
nation, tissue loss, or a requirement for fasciotomy, 
a single preoperative dose of either cefazolin or 
clindamycin was advised. Only the initial wound 
culture obtained at diagnosis was included in the 
study, whereas subsequent cultures from recurrent 
infections were excluded. Tetanus vaccination (with 
or without immunoglobulin, based on wound char-
acteristics and vaccination status) was routinely 
administered during initial wound management.

Definitions
Wound infections were defined according to 
the Centers for Disease Control and Prevention 
National Healthcare Safety Network (NHSN) Skin 
and Soft Tissue Infection (SSTI) criteria, requiring 
either purulent drainage, pustules, or vesicles at 
the affected site, or at least two local signs (pain, 
swelling, erythema, or heat) supported by a posi-
tive wound culture, histopathological evidence, 
or a diagnostic rise in antibody titers (9). Health-
care-associated infections were defined according 
to CDC/NHSN criteria using the 3-calendar-day 
rule, whereby an infection was classified as health-
care-associated if the date of event occurred on 
or after hospital day 3 (10). Broad-spectrum anti-
bacterial prophylaxis was defined as the use of 
ciprofloxacin- or ceftriaxone-based regimens or 

HIGHLIGHTS

•	 Broad-spectrum prophylaxis was used more fre-
quently in patients who developed wound infec-
tions (84.6% vs. 31.4%).

•	 Patients who developed wound infections were 
more likely to require ICU admission, hemodial-
ysis, and recurrent surgeries.

•	 ICU requirement at admission was the strongest 
independent risk factor for wound infection (aOR 
44.81; p < 0.001).

•	 Most wound isolates were XDR/MDR Gram-nega-
tive bacteria, predominantly A. baumannii and K. 
pneumoniae.

•	 Broad-spectrum prophylaxis alone was insuffi-
cient to prevent infections caused by XDR patho-
gens, highlighting the importance of strict infec-
tion adherence to infection prevention and con-
trol measures in disaster settings.
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amoxicillin-clavulanic acid, whereas cefazolin and 
clindamycin were classified as narrow-spectrum 
prophylaxis. 

Antimicrobial susceptibility categories were defined 
according to the international consensus criteria 
proposed by Magiorakos et al. (11). Specifically, 
MDR was defined as non-susceptibility to at least 
one agent in three or more antimicrobial categories. 
Furthermore, isolates were classified as extensively 
drug-resistant (XDR) if they exhibited non-suscep-
tibility to at least one agent in all but two or fewer 
antimicrobial categories, meaning that the isolate 
remained susceptible to only one or two categories. 
Difficult-to-treat resistance (DTR) was defined in 
accordance with the criteria proposed by Kadri et 
al. (12) as non-susceptibility to all first-line, high-ef-
ficacy, and low-toxicity antimicrobial categories, 
specifically including all β-lactams (cephalosporins 
and carbapenems) and fluoroquinolones (e.g., cip-
rofloxacin and levofloxacin).

Microbiological Evaluation
Wound cultures were obtained according to the 
indications specified by the consulting physician. 
The laboratory conducted routine Gram staining 
of wound cultures to differentiate contamination 
from infection. Species identification was per-
formed by matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry (MALDI-TOF 
MS; Bruker Daltonics, Bremen, Germany). Antimi-
crobial susceptibility testing was performed using 
the Phoenix automated system (Becton Dickinson 
Diagnostic Systems, Sparks, MD, USA), and the stan-
dard Kirby-Bauer disk diffusion method was used 
for Acinetobacter spp. Susceptibility results were 
interpreted according to the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
Version 13.0 (13).

Statistical Analysis
Statistical analysis was performed using IBM SPSS 
Version 26.0 (IBM Corp., Armonk, NY, USA). The nor-
mality of continuous variables was assessed using 
the Kolmogorov-Smirnov test, visual inspection of 
histograms and detrended Q-Q plots, and analysis 
of the coefficient of variation, skewness, and kur-
tosis values. Descriptive data were presented as 
mean ± standard deviation for normally distributed 

continuous variables and as median (interquartile 
range [IQR]) for non-normally distributed data. Cat-
egorical variables were expressed as frequencies 
and percentages. For group comparisons, the χ² test 
or Fisher’s exact test was used for categorical vari-
ables, and the Student’s t-test or the Mann-Whit-
ney U test was used for continuous variables, as 
appropriate. 

Univariable logistic regression analysis was per-
formed to identify candidate risk factors for wound 
infection. Variables with a p-value < 0.20 in the 
univariable analysis, as well as variables consid-
ered clinically relevant regardless of their statisti-
cal significance, were included in the multivariable 
model. Multicollinearity among independent vari-
ables was assessed using the Phi coefficient, with 
a correlation coefficient (r) > 0.60 considered indic-
ative of significant multicollinearity. Multivariable 
logistic regression was then conducted using the 
backward elimination (Likelihood Ratio) method to 
identify independent risk factors. The results were 
reported as odds ratios (ORs) with 95% confidence 
intervals (CIs), with multivariable results expressed 
as adjusted ORs (aORs). Statistical significance was 
defined as p < 0.05. 

Ethics approval and consent to participate
This study was conducted in compliance with the 
ethical principles outlined in the Declaration of 
Helsinki and received approval from the Health 
Sciences Research Ethics Committee of Hacettepe 
University (SBA 2023/01-16). Informed consent was 
waived due to the retrospective nature of the study.

RESULTS

Of the 274 patients transferred to the emergency 
department, 113 with wounds were included in the 
study. Thirty patients diagnosed with wound infec-
tions at admission were excluded. The final cohort 
consisted of 66 patients who had received anti-
bacterial prophylaxis and 17 who had not. Among 
those who received prophylaxis, 12 (18.2%) devel-
oped wound infections after hospital admission. 
Of these, 10 infections were diagnosed while the 
patients were still receiving prophylaxis, whereas 
two were diagnosed four days after its discon-
tinuation. Among patients who did not receive 
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prophylaxis, only one patient (5.9%) developed a 
wound infection.

Patients who developed wound infections after 
hospital admission were significantly more likely 
to require ICU admission at presentation (84.6% vs. 
20%, p < 0.01), undergo recurrent surgeries (69.2% 
vs. 22.8%, p = 0.002), and require hemodialysis 
(38.5% vs. 12.9%, p = 0.04). Additionally, infected 
patients had a higher median number of recurrent 
surgeries (5 vs. 2.5, p = 0.019) and a trend toward a 
higher frequency of acute renal failure (46.2% vs. 
20%, p = 0.07). While wound contamination with 
soil or debris was more common in infected cases 
(69.2% vs. 51.4%), this difference was not statisti-
cally significant (p = 0.24). No significant differences 
were found in age, sex, comorbidities, or mortal-
ity, though infected patients had lower rates of 
prior antibiotic exposure (23.1% vs. 41.4%, p = 0.21) 
(Table 1).

The results of the univariable and multivariable 
logistic regression analyses for risk factors asso-
ciated with wound infection are summarized in 
Table  2. In the univariable analysis, ICU require-
ment (p  < 0.001) and hemodialysis requirement 
(p = 0.032) were significantly associated with an 
increased risk of infection. Although not statisti-
cally significant, acute renal failure at admission 
showed a borderline association (p = 0.051). After 
adjusting for potential confounders in the mul-
tivariable model using the backward elimination 
method, ICU requirement remained an indepen-
dent risk factor (aOR 44.81; 95% CI 6.55–306.51; p < 
0.001). Notably, antibiotic exposure prior to admis-
sion was identified as a significant protective factor 
(aOR 0.10; 95% CI 0.01–0.69; p = 0.019). Furthermore, 
wounds contaminated with soil or debris showed a 
trend toward an increased infection risk in the final 
model (aOR 5.33; 95% CI 0.87–32.56; p = 0.07).

Broad-spectrum antibiotic prophylaxis was admin-
istered to 22 of the 70 patients who did not develop 
wound infections (31.4%), with the most common 
regimen being ciprofloxacin + clindamycin (n = 
14). Other regimens included ciprofloxacin mono-
therapy (n = 1), ceftriaxone (n = 4), ceftriaxone + 
clindamycin (n=1), ciprofloxacin + ceftriaxone (n = 
1), and amoxicillin-clavulanate (n = 1). In contrast, 

11 out of 13 patients (84.6%) who developed wound 
infections had received broad-spectrum antibiot-
ics, primarily ciprofloxacin + clindamycin (n = 8), 
followed by ciprofloxacin (n = 1), ceftriaxone (n = 
1), and ceftriaxone + clindamycin (n = 1). The rate 
of broad-spectrum prophylaxis was significantly 
higher in patients who developed infections (84.6% 
vs. 31.4%, p < 0.001).

Among patients without infections, 32 (45.7%) 
received narrow-spectrum prophylaxis, including 
clindamycin (n = 9), cefazolin (n = 8), and cefazolin 
+ clindamycin (n = 15). Only one patient (7.7%) in 
the infected group received narrow-spectrum pro-
phylaxis (cefazolin). 

Eighteen bacterial isolates were identified from 
13 patients with wound infections, consisting of 
four XDR Acinetobacter baumannii, five XDR Klebsi-
ella pneumoniae, three XDR Escherichia coli, one MDR 
Pseudomonas aeruginosa, one MDR Proteus species, 
and one MDR Enterococcus faecium. Notably, three 
isolates (P. aeruginosa, Enterobacter cloacae, and E. fae-
cium) remained susceptible to all tested antibiotics. 
The predominance of XDR Gram-negative patho-
gens, particularly A. baumannii and K. pneumoniae, 
accounted for the majority (71%) of cultured iso-
lates in these wound infections.

Demographic and clinical characteristics of patients 
who received prophylaxis versus those who did not 
are shown in Table 3. Patients who did not receive 
prophylaxis were more likely to have been hospital-
ized at another institution for more than 72 hours 
before admission (64.7% vs. 30.3%, p = 0.009) and to 
have required ICU care before admission (35.3% vs. 
3%, p = 0.001). They also had higher rates of acute 
renal failure (52.9% vs. 16.7%, p = 0.004). Surgical 
intervention at our hospital was significantly more 
common among patients who received prophylaxis 
(74.2% vs. 17.6%, p < 0.001).

DISCUSSION

In this retrospective analysis, 84.6% of patients 
who developed wound infections had received 
broad-spectrum antibacterial prophylaxis. However, 
the predominant causative pathogens were XDR 
Gram-negative bacteria, most notably A. baumannii 
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Demographic and clinical characteristics, n (%) Patients without wound 
infection (n=70)

Patients with wound 
infection (n=13) p

Sex (Female) 42 (60.0) 5 (38.5) 0.15

Age, years (median, IQR) 42 (27–60) 49 (32–57) 0.93a

Entrapment under the rubble 53 (75.7) 11 (84.6) 0.72

Hospitalization before transfer 45 (64.3) 9 (69.2) 1

Hospitalization at another hospital for >72 hours before 
admission 28 (40.0) 3 (23.1) 0.35

ICU stay before admission 7 (10) 1 (7.7) 1

Surgical intervention before admission 17 (24.3) 5 (38.5) 0.31

Type of surgery before admission

Fasciotomy 8 (11.4) 2 (15.4)

-

Amputation 3 (4.3) 2 (15.4)

External fixation 3 (4.3) 1 (7.7)

Open reduction 1 (1.4) 0 (0.0)

Closed reduction 0 (0) 0 (0.0)

Posterior instrumentation 2 (2.9) 0 (0.0)

Antibiotic exposure before admission 29 (41.4) 3 (23.1) 0.21

Wound contaminated with soil or debris 36 (51.4) 9 (69.2) 0.24

Antibacterial prophylaxis at our center 54 (77.1) 12 (92.3) 0.28

Duration of antibacterial prophylaxis, days, median (IQR) 7 (4–12) 7 (2.5–8.5) 0.52b

ICU requirement at admission 14 (20) 11 (84.6) <0.01

Duration of ICU stay, days, median (IQR) 4.5 (3–8) 6 (5–10) 0.98b

Surgical intervention at our center 42 (60) 10 (76.9) 0.35

  Fasciotomy 2 (2.9) 2 (15.4) -

  Amputation 1 (1.4) 2 (15.4) -

  Debridement 11 (15.7) 7 (53.8) -

  Flap reconstruction 6 (8.6) 0 (0.0) -

  Open reduction 10 (14.3) 2 (15.4) -

  Posterior instrumentation 11 (15.7) 3 (23.1) -

  Muscle/nerve repair 5 (7.1) 0 (0.0) -

Requirement of recurrent surgery (n = 52) 16 (22.8) 9 (69.2) 0.002

Number of recurrent surgeries (n = 25; median, IQR) 2.5 (2–3.75) 5 (3–11.5) 0.019b

Acute renal failure at admission 14 (20) 6 (46.2) 0.07

Hemodialysis requirement at admission 9 (12.9) 5 (38.5) 0.04

Table 1. Demographic and clinical characteristics of patients according to the development of wound infection after 
admission.

Cont.
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Demographic and clinical characteristics, n (%) Patients without wound 
infection (n=70)

Patients with wound 
infection (n=13) p

At least one comorbidity 22 (31.4) 4 (30.8) 1

  Diabetes mellitus 11 (15.7) 2 (15.4) 1

  Hypertension 11 (15.7) 2 (15.4) 1

  Coronary arterial disease 1 (1.4) 1 (7.7) 0.3

  Congestive heart failure 3 (4.3) 1 (7.7) 0.5

  Malignancy 3 (4.3) 0 (0.0) 1

  Chronic renal failure 2 (2.9) 1 (7.7) 0.4

  Collagen tissue disease 2 (2.9) 0 (0.0) 1

  Asthma 6 (8.6) 1 (7.7) 1

30-day mortality after admission 2 (2.9) 1 (7.7) 0.4

Table 1. Continued

ICU: Intensive care unit, IQR: Interquartile range.
a Student's t-test.
b Mann–Whitney U test.

All other comparisons were performed using the χ² test or Fisher's exact test, as appropriate.

Bold p-values indicate statistical significance (p < 0.05).

Risk Factors
Univariable Multivariable

OR (95% CI) p aOR (95% CI) p

Demographics

Female gender 2.40 (0.71–8.09) 0.158 - -

Clinical status at admission

ICU requirement at admission 22.00 (4.37–110.78) <0.001 44.81 (6.55–306.51) <0.001

Hemodialysis requirement at admission 4.24 (1.13–15.83) 0.032 - -

Acute renal failure at admission 3.43 (0.99–11.82) 0.051 - -

Interventions and wound characteristics

Wound contaminated with soil or debris 2.13 (0.60–7.55) 0.244 5.33 (0.87–32.56) 0.07

Antibiotic exposure before admission 0.42 (0.11–1.68) 0.222 0.10 (0.01–0.69) 0.019

Antibacterial prophylaxis at our center 3.56 (0.43–29.47) 0.24 - -

Surgical intervention at our center 2.22 (0.56–8.80) 0.255 - -

Table 2. Univariable and multivariable logistic regression analysis of risk factors for wound infection.

aOR: Adjusted odds ratio, CI: Confidence interval, ICU: Intensive care unit, OR: Odds ratio.

Multivariable logistic regression analysis was performed using the backward elimination (Likelihood Ratio) method, and the results from the final 
model are presented. The final model was statistically significant (Omnibus test: χ² = 29.062, df = 3, p < 0.001) and demonstrated good calibration 
(Hosmer-Lemeshow goodness-of-fit test, p = 0.955). The Nagelkerke R² was 0.509.

Bold p values indicate statistical significance (p < 0.05).
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and K. pneumoniae, which are inherently resistant to 
the administered prophylactic coverage. Our find-
ings align with emerging literature regarding the 

microbiological landscape following the February 
2023 Türkiye earthquakes. Törüyenler-Coşkunpınar 
et al. (14) reported that MDR microorganisms were 

Demographic and clinical characteristics, n (%) Not received antibacterial 
prophylaxis (n = 17)

Received antibacterial 
prophylaxis (n = 66) p

Sex (Female) 9 (52.9) 38 (57.6) 0.73

Age, years (mean ± SD) 47.5 ± 21.7 43.2 ± 17.5 0.39a

Entrapment under rubble 14 (82.4) 50 (75.8) 0.75

Hospitalization before transfer 12 (70.6) 42 (63.6) 0.59

Hospitalization at another hospital for >72 hours before 
admission 11 (64.7) 20 (30.3) 0.009

ICU stay before transfer 6 (35.3) 2 (3) 0.001

Surgery before admission 3 (17.6) 20 (30.3) 0.375

Antibiotic exposure before admission 10 (58.8) 22 (33.3) 0.054

Wound contaminated with soil or debris 8 (47.1) 37 (56.1) 0.51

ICU requirement at admission 6 (35.3) 19 (28.8) 0.6

Duration of ICU stay, days, median (IQR) 5 (3–5) 6 (4–9) 0.353b

Surgical intervention at our center 3 (17.6) 49 (74.2) <0.001

Requirement of recurrent surgery (n = 52) 1 (33.3) 24 (49) 1

Number of recurrent surgeries (n = 25; median, IQR) 3 (3–3) 3 (2–5.5) 0.94b

Acute renal failure at admission 9 (52.9) 11 (16.7) 0.004

Hemodialysis requirement at admission 5 (29.4) 9 (13.6) 0.149

At least one comorbidity 7 (41.2) 19 (28.8) 0.326

  Diabetes mellitus 5 (29.4) 8 (12.1) 0.128

  Hypertension 3 (17.6) 10 (15.2) 0.724

  Coronary arterial disease 1 (5.9) 1 (1.5) 0.37

  Congestive heart failure 2 (11.8) 2 (3) 0.184

  Malignancy 1 (5.9) 2 (3) 0.5

  Chronic renal failure 1 (5.9) 2 (3) 0.5

  Collagen tissue disease 0 (0) 2 (3) 1

  Asthma 2 (11.8) 5 (7.6) 0.628

30-day mortality after admission 1 (5.9) 2 (3) 0.5

Wound infection after admission 1 (5.9) 12 (18.2) 0.286

Table 3. Demographic and clinical characteristics of patients according to antibacterial prophylaxis after admission.

ICU: Intensive care unit, IQR: Interquartile range, SD: Standard deviation.
a Student's t-test.
b Mann–Whitney U test.

All other comparisons were performed using the χ² test or Fisher's exact test, as appropriate.

Bold p values indicate statistical significance (p < 0.05).
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detected in 57.4% of cases, with A. baumannii being 
identified as the primary pathogen (53.6%). Simi-
larly, Hasanoglu et al. (15) highlighted a high prev-
alence of MDR pathogens, identifying A. baumannii 
in 49.4% of cultures and noting that 76% of wound 
isolates were MDR. The trend of high-level resis-
tance is further supported by Gülen et al. (16), who 
reported carbapenem resistance rates of 83.3% for 
K. pneumoniae and 100% for A. baumannii. Further-
more, Gök et al. (17) identified Acinetobacter spp. as 
the most frequent isolate (26.3%), with a notable 
86.5% carbapenem resistance rate. This microbio-
logical shift is not a new phenomenon. In a review 
encompassing 10 major earthquakes—dating back 
to the 1999 Marmara earthquake—it was shown 
that Gram-negative bacteria consistently domi-
nated wound infections, accounting for 68–83% 
of cases, with A. baumannii identified as the most 
prevalent pathogen (18). Collectively, these data 
suggest that extensive environmental contami-
nation and healthcare-associated acquisition of 
XDR pathogens likely render standard or even 
broad-spectrum prophylactic regimens ineffective 
during large-scale seismic disasters. Although cur-
rent trauma guidelines recommend narrow-spec-
trum, short-course prophylaxis for trauma patients 
(7,8), we adopted broader-spectrum and longer-du-
ration regimens due to earthquake-specific risks. 
Despite this approach, wound infections continued 
to be predominantly caused by XDR Gram-negative 
pathogens.

In addition to traditional risk factors such as ICU 
care and hemodialysis (2,5,16,19), our data showed 
that repeated surgical interventions were asso-
ciated with wound infections (Table 1). Although 
fasciotomy is essential in the management of 
compartment syndrome, it is associated with an 
increased risk of infection and sepsis, potentially 
leading to severe complications such as amputa-
tion (17). While early surgical debridement remains 
the cornerstone of treatment to reduce microbial 
load and prevent necrosis, repeated procedures 
may increase exposure to nosocomial pathogens. 
This is further reflected in our multivariable anal-
ysis, in which ICU requirement emerged as an 
independent risk factor for infection, likely reflect-
ing the combined impact of clinical severity and 
prolonged exposure to the hospital environment. 

Conversely, the protective effect of antibiotic expo-
sure prior to admission suggests that early antimi-
crobial intervention may be beneficial in reducing 
the risk of infection (Table 2). Furthermore, meticu-
lous wound care and rigorous hygiene practices are 
vital to prevent the spread of MDR pathogens, as 
disruptions in sterile protocols—often due to high 
patient volumes—can facilitate healthcare-associ-
ated outbreaks (16,20). 

This risk of healthcare-associated acquisition is 
further exemplified by a retrospective case–control 
study conducted at Kayseri City Hospital, which 
included 106 earthquake victims who received 
orthopedic surgical care. In that study, prolonged 
entrapment under rubble and the requirement for 
hemodialysis were identified as significant risk fac-
tors for XDR A. baumannii infection. Importantly, 
following an observed surge in A. baumannii-asso-
ciated wound infections, environmental sampling 
identified the organism on dressing trolleys and 
scissors used in clinical settings (19). Similarly, the 
high rates of XDR infections in our cohort may have 
been influenced by environmental contamination 
and cross-transmission under the demanding con-
ditions of a large-scale disaster response.

Non-compliance with hand hygiene protocols and 
contact isolation measures, coupled with contami-
nated medical equipment, can facilitate rapid nos-
ocomial transmission of XDR A. baumannii during 
public health emergencies (19,21,22). In our hos-
pital, the incidence of hospital-acquired A. bau-
mannii infections increased significantly from 3.05 
(95% CI 2.32–3.92) to 6.34 (95% CI 5.25–7.58) per 
10,000 patient-days when comparing the 3-month 
pre-earthquake period with the 3-month period fol-
lowing the admission of earthquake victims. This 
trend was observed across all hospital units, with 
infection rates doubling in both ICUs (from 4.87 
[95% CI 3.42–6.71] to 9.34 [95% CI 7.31–11.76] per 
1000 patient-days) and general wards (from 0.52 
[95% CI 0.32–0.82] to 1.05 [95% CI 0.75–1.45] per 
1000 patient-days). 

Regarding XDR K. pneumoniae, a clinical upward 
trend was observed across the hospital following 
the earthquake, although it did not reach statis-
tical significance. The overall incidence rose from 
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50.2 (95% CI 43.4–57.7) to 59.7 (95% CI 52.5–67.8) 
per 10,000 patient-days. This increase was also 
reflected in general wards, where rates rose from 
2.5 (95% CI 2.0–3.1) to 3.2 (95% CI 2.6–3.8) per 1000 
patient-days. In contrast, the incidence in ICUs 
remained relatively stable, increasing only slightly 
from 21.2 (95% CI 17.7–25.1) to 22.2 (95% CI 18.2–
26.7) per 1000 patient-days. These data suggest that 
while the epidemic surge was most prominent for 
A. baumannii, XDR K. pneumoniae maintained a per-
sistent and slightly increasing presence, contribut-
ing significantly to the burden of DTR infections in 
the post-earthquake period.

This study has several limitations. First, its retro-
spective design and single-center nature limit the 
generalizability of our findings. Second, while a 
multivariable analysis was performed, the small 
number of infection events (n = 13) resulted in wide 
confidence intervals and introduced a potential 
risk of overfitting, necessitating a cautious inter-
pretation of these findings. Third, although we used 
temporal criteria and resistance profiles to distin-
guish healthcare-associated from community-ac-
quired infections, we cannot completely rule out 
the possibility that some infections were caused 
by soil-related inoculation of XDR pathogens at the 

time of injury. Finally, our institutional prophylaxis 
protocol was developed ad hoc during the disas-
ter response; therefore, our findings may not be 
directly applicable to settings with different anti-
biotic resistance patterns or treatment protocols. 
Despite these limitations, our study provides valu-
able real-world data on the challenges of prevent-
ing wound infections in earthquake victims.

In conclusion, our findings demonstrate that while 
antibacterial prophylaxis remains essential, partic-
ularly for contaminated wounds, strict adherence 
to infection prevention and control (IPC) mea-
sures is paramount. Major disasters often bring an 
overwhelming patient burden that can diminish 
compliance with IPC practices, leading to a rise in 
XDR infections. Under these circumstances, even 
appropriate prophylactic regimens may fail to pre-
vent DTR infections. To maintain adequate hygiene 
standards, it is vital to implement additional proto-
cols and proactive awareness mechanisms during 
disaster responses. Ultimately, successful manage-
ment depends on combining appropriate antimi-
crobial use with rigorous environmental infection 
control measures, ensuring IPC integrity even 
under extreme workload conditions. 
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