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Abstract 

Background Scarce evidence is available on the epidemiology of microbiologically proven clinical infections 
in patients admitted to the intensive care unit (ICU) after a great earthquake. The main aim of this study was to assess 
clinical infections and microbiological features in patients admitted to the ICU following the 2023 earthquake 
in the southeastern region of Türkiye with a focus on the timing of culture positivity during their ICU stay. The second-
ary objectives included determining antibiotic susceptibility patterns, identifying the types of antibiotics administered 
upon ICU admission, evaluating the appropriateness of antibiotic usage, assessing patient outcomes, and identifying 
factors that influence microbiologically confirmed clinical infections.

Methods A retrospective, multicenter, observational study was conducted on adult earthquake victims admitted 
to the ICU after the 2023 earthquake in southeastern Türkiye. Patients were categorized into four groups on the basis 
of culture positivity timing at the 72-hour breakpoint and clinical characteristics were compared among these groups. 
Factors influencing microbiologically proven clinical infections were also analysed.

Results A total of 107 earthquake-affected adults (58 females and 49 males, median [IQR] age: 37 [27–57] years) were 
analysed. Infection was present in 50.5% of the patients, predominantly with multidrug-resistant pathogens. Amputa-
tion (OR 5.30) and intermittent hemodialysis (OR 2.98) before ICU admission were independent predictors of infection.

Conclusions This study demonstrated that half of the patients admitted to the ICU with earthquake-related injuries 
had microbiologically proven clinical infections, highlighting the early presence of multidrug-resistant pathogens.
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Background
Earthquakes are natural disasters associated with pro-
found and multifaceted effects on human health. On 
the 6th of February 2023, two devastating earthquakes 
(7.7 and 7.6 on the Richter scale) at the Kahramanmaras 
epicenter hit the southeast of Türkiye and Syria which 
occurred 9 h apart. The effects shatter and represent the 
strongest earthquake recorded in the last century of Tür-
kiye. More than 50,000 people passed away and more 
than 100,000 people were injured. In addition, approxi-
mately half a million buildings were damaged because 
these earthquakes hit 11 provinces [1].

After an earthquake, a considerable number of deaths 
occur due to direct trauma to major organs. Crush syn-
drome and acute kidney injury (AKI) are significant 
causes of morbidity and mortality. However, among res-
cued earthquake victims, infections especially those com-
plicated with sepsis appear to be important reasons for 
morbidity and mortality [2]. Bacteria tend to aggregate 
within necrotic muscle tissues through open wounds, 
subsequent fasciotomy procedures, or inadequate wound 
debridement, thereby increasing the risk of wound infec-
tion [3]. Additionally, catheter utilization, especially if 
inserted as emergency procedures, disrupts the usual 
anatomical barriers contributing to infection. After the 
earthquake, rescue operations were hindered by several 
factors, including a high volume of patients, transporta-
tion infrastructure damage, disrupted communication 
networks, and a shortage of healthcare personnel. As a 
result, the healthcare service infrastructure deteriorated, 
and emergency healthcare services were provided under 
suboptimal conditions, which increased the susceptibility 
of earthquake victims to healthcare-associated infections 
[4, 5]. In addition, immunological changes following 
multi-trauma, also known as ‘immune depression’ and 
‘immuno-paralysis,’ may increase the risk of infection in 
these patients. Several mechanisms contribute to this 
phenomenon, including the release of stress hormones, 
auto-oxidative receptor injury, the activation of inflam-
matory pathways, an imbalance between inflammatory 
and anti-inflammatory responses, and immune cell dys-
function, as well as changes in natural killer cell activity 
[6].

Owing to the nature and location of disasters, a wide 
variety of infectious complications have caused various 
healthcare problems following previous earthquakes, and 
managing community and healthcare-acquired infec-
tions from different sources is critical and poses seri-
ous challenges [7–10]. Moreover, infections caused by 
multi-drug-resistant microorganisms are of concern; 
however, little is known regarding their importance in 
these patient groups [11]. Such devastating and powerful 
earthquakes are rare and can occur in different parts of 

the world, creating a research gap in studies that include 
only critically ill patients from different parts of the 
world. In addition, previous studies have identified dif-
ferent predominant microbiological agents in this patient 
population [7, 11].

The primary aim of this study was to determine the 
clinical infections and microbiological characteristics 
of patients admitted to the ICU after the earthquake in 
the southeastern part of Türkiye in 2023 concerning 
the timing of culture positivity during the ICU stay. The 
secondary aims were to determine, antibiotic suscepti-
bility patterns, types of antibiotics administered at ICU 
admission, appropriateness of antibiotic use, and patient 
outcomes, and to identify factors influencing microbio-
logically proven clinical infections.

Methods
Study design and patients
This is a retrospective, multi-center, observational study 
conducted between February 6th and March 1st, 2023, 
in six ICUs of three tertiary referral hospitals that admit-
ted earthquake victims. All adult earthquake victims 
(> 18 years old) who admitted to these ICUs from the 
emergency department, wards, or transferred from other 
hospitals were enrolled in the study. Patients admitted to 
ICUs for reasons other than earthquake-related injuries 
and those under 18 years of age were excluded from the 
study. Ethical approval was obtained with reference num-
ber AEŞH-EKI-2023-396 on 26 July 2023. Owing to the 
retrospective observational study design, informed con-
sent from the patients was waived.

Patients were stratified into four groups based on the 
timing of culture positivity: no culture positivity, cul-
ture positivity only within the first 72 h, only after 72 h, 
and both within and after 72 h of ICU admission (Fig. 1). 
Patients in Groups 2, 3, and 4 were considered to have 
microbiologically proven clinical infections.

Variables
A standardized data collection process was implemented 
using an Excel form. Demographic data, comorbidities, 
injury types, microbiological culture results, antibiotic 
susceptibility results, antibiotic usage, and patient out-
comes were all entered by the responsible investigators 
for each hospital. After data entry, all information was 
anonymized and compiled for analysis. Variables were 
collected from the hospitals’ electronic health record 
systems and patient charts. The collected variables and 
microbiological sample collection procedures for culture 
analysis are outlined in the Supplementary File.

Microbiologically proven clinical infections were 
reported as (i) culture positivity within the first 72 h of 
ICU admission, and (ii) only the first microorganism 
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isolated from the first infection episode for each distinct 
source after the first 72 h of ICU admission, antibiotic 
susceptibility results of isolated microorganisms within 
the first 72 h of ICU admission, the presence of antibi-
otic use before ICU admission, and the choice of the first 
antibiotic (initiated within the first 72 h) in the ICU were 
recorded.

Definitions
Crush syndrome was diagnosed when crush injuries and 
edema were accompanied by AKI and/or multiple organ 
failure involving organs other than the kidney [12, 13].

Compartment syndrome was diagnosed through clini-
cal examination. AKI was assessed by the Kidney Disease 
Improving Global Outcomes (KDIGO) criteria [14].

Sepsis and septic shock were diagnosed according to 
the Third International Consensus Definitions for Sepsis 
and Septic Shock (Sepsis-3) [15].

Microbiologically proven clinical infections were 
defined as cases in which a patient exhibited symptoms 
such as fever or signs of sepsis, along with elevated 
inflammatory markers (e.g., CRP, procalcitonin) or radi-
ological findings suggestive of an infectious condition. 
These findings were further supported by microbiologi-
cal evidence (e.g., culture positivity), as assessed and con-
firmed by the consulting physician. Definitions of specific 
infections are given in the Supplementary File.

ICU-acquired infections were defined according to 
the European Center for Disease Prevention and Con-
trol (ECDC) criteria [16] and were considered when 
they occurred 72 h after admission to the ICU and were 
not present or in the incubation phase at the time of 

admission. Microbiologically proven clinical infections 
within the first 72 h of ICU admission were defined as 
early-onset infections.

Polymicrobial growth was defined as the isolation of 
more than one different species of pathogenic microor-
ganism in a single sample.

Multidrug-resistance (MDR) was defined as non-sus-
ceptibility to at least one agent in three or more antimi-
crobial categories, extensively drug-resistance (XDR) was 
defined as non-susceptibility to at least one agent in all 
but two or fewer antimicrobial categories (i.e. bacterial 
isolates remained susceptible to only one or two catego-
ries) and, pandrug-resistance (PDR) was defined as non-
susceptibility to all agents in all antimicrobial categories 
(i.e., no agents tested as susceptible for that organism) 
according to the Centers for Disease Control and Preven-
tion (CDC) criteria [17].

Statistical analysis
Demographic and clinical characteristics before and dur-
ing ICU admission were compared among these groups 
and the outcomes were observed throughout the ICU 
stay. The effects of factors present at the time of ICU 
admission on microbiologically proven clinical infections 
were analysed.

The results are presented as medians and interquartile 
ranges (IQRs) for continuous variables and frequencies 
and percentages for categorical variables. The predictive 
value of the time stuck under the rubble for microbiolog-
ically proven clinical infections was assessed via receiver-
operating characteristics (ROC) curves. The cut-off value 
was determined on the basis of the Youden index for the 

Fig. 1 Categorization of patients based on the timing of culture positivity
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determination of optimal sensitivity, specificity, and posi-
tive and negative predictive values. Chi-square, Fisher’s 
exact test, Mann-Whitney U test, or Kruskal-Wallis test 
were used for comparisons between groups, depending 
on the appropriateness of the data. Significant variables 
identified from the univariate analysis were included in 
the binary logistic regression model to identify independ-
ent predictors of microbiologically proven clinical infec-
tions. Two-tailed p-values less than 0.05 were regarded as 
statistically significant. All analyses were conducted via 
the SPSS 22  IBM® statistics program (IBM Inc., Armonk, 
NY, USA).

Results
A total of 107 earthquake victims, consisting of 58 
females and 49 males, with a median age of 37 [27–57] 
years, were included in this study. Time stuck under rub-
ble and length of stay at the initial healthcare facility were 
12 [7–32] and 40 [17–76] hours respectively. The demo-
graphic and clinical characteristics of the patients before 
and at the time of ICU admission are shown in Table 1.

Fifty-four patients (50.5%) had microbiologically 
proven clinical infections. The number and type of all 
the isolated microorganisms throughout the ICU stay are 
shown in Supplementary Table 1. There were 171 isolated 
microorganisms 24.6% of which were Acinetobacter bau-
manii, 16.4% were Klebsiella pneumoniae, 16.4% were 
Enterococcus spp., 10.5% were Escherichia coli, and 9.9% 
were Pseudomonas aeruginosa. Among the 54 patients 
with positive culture results, 46.2% had polymicrobial 
growth. There was a significant difference between the 
patient groups in terms of the frequency of polymicrobial 
growth (0% in Group 2, 38.2% in Group 3, and 100% in 
Group 4, respectively; p < 0.001). Among the microorgan-
isms isolated from Group 2 and Group 3, gram-negative 
pathogens were predominant (87.5% and 73.6%, respec-
tively). Conversely, in Group 4, the frequency of both 
gram-negative and gram-positive microorganisms was 
greater (83.3% for both).

Twenty patients had 23 culture positivity within 72 h of 
ICU admission. On the other hand, considering the first 
positive culture results from all sources, 34 patients had 
53 positive cultures after 72 h of ICU admission. Sources 
and isolated microorganisms within and after 72 h of 
ICU admission are shown in Supplementary Table 2.

The antibiotic susceptibility results of the microor-
ganisms isolated within the first 72 h of ICU admission 
are shown in Table  2. All 8 Acinetobacter baumannii 
isolates were XDR; however, colistin susceptibility was 
tested in only 4 of them, and these isolates were found 
to be colistin-sensitive. However, since colistin sus-
ceptibility was not tested in the other 4 isolates, it is 
unknown whether they had PDR. Among the 4 Klebsiella 

pneumoniae isolates, 1 was MDR, 2 were XDR, and 1 was 
PDR. Additionally, 3 of the K. pneumonia isolates were 
carbapenem-resistant. All Enterococcus spp. isolates were 
resistant to ampicillin but susceptible to vancomycin. 
Two of the Enterobacter cloacae isolates were MDR. Two 
of the three Escherichia coli isolates were MDR, and one 
was XDR.

Within 72 h of ICU admission, antibiotics were admin-
istered to 99 patients (92.5%), with 79.8% receiving cov-
erage for anaerobic infections. The most prescribed 
antibiotics were Ciprofloxacin + Clindamycin, Ceftriax-
one + Metronidazole, and Cefazoline + Metronidazole. 
The types of antibiotics administered are shown in detail 
in Supplementary Table 3. Among these patients, 51.5% 
had positive culture results, and only 6 (11.7%) received 
appropriate antibiotic therapy targeted at the initially iso-
lated pathogen.

Table 1 Clinical characteristics of the patients before and at 
admission to the intensive care unit

APACHE Acute Physiology and Chronic Health Evaluation, SOFA Sequential Organ 
Failure Assessment, GCS Glasgow Coma Scale, CRP C-Reactive Protein
a median [IQR], others n (%)

Variables n=107

Age (yrs)a 37 [27-57]

Female sex, n (%) 58 (54.2)

Comorbidities, n (%) 31 (28.9)

 Diabetes mellitus 16

 Hypertension 15

 Hypothyroidism 7

 Cardiovascular diseases 7

 Respiratory diseases 3

 Others 3

Time stuck under rubble (hrs),a (n=96) 12 [7-32]

Length of stay at the initial healthcare facility (hrs),a 
(n=85)

40 [17-76]

Admission reason, n (%)

 Crush syndrome 70 (65.4)

 Postoperative 27 (25.2)

 Others 10 (9.4)

APACHE II  Scorea 15 [12-20]

SOFA  Scorea 3 [2-5]

GCS  Scorea 15 [15-15]

Revised trauma  scorea 12 [12-12]

Fasciotomy before admission, n (%) 40 (37.4)

Amputation before admission, n (%) 16 (15.0)

Acute kidney injury at admission, n (%) 65 (60.7)

Intermittent hemodialysis before admission, n (%) 29 (27.1)

Antibiotherapy before admission, n (%) (n=58) 15 (25.9)

Leukocyte count  (103/µL)a 13.7 [10.2-19.2]

CRP (mg/dl)a 10.5 [6.1-16.7]

Procalcitonin (ng/ml)a 1.78 [0.32-6.22]
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The comparison of patients’ clinical variables and 
outcomes among the four groups, according to the 
presence and timing of culture positivity is summarized 
in Table  3. The time stuck under rubble significantly 
differed among the groups (p = 0.025). Compared with 
patients in Groups 1 and 2, patients in Groups 3 and 
4 remained stuck under the rubble for a longer dura-
tion. The presence of compartment syndrome before 
ICU admission significantly differed among the groups 
(p = 0.033). Patients in Groups 3 and 4 had higher rates 
of compartment syndrome than Group 1 and 2 patients 
did. There was a slight difference in the incidence of 
fasciotomy before ICU admission among the groups 
(p = 0.051); patients in Groups 3 and 4 had a higher rate 
of fasciotomy performed before ICU admission than 
those in Groups 1 and 2. However, there was a signifi-
cant difference in the frequency of amputation before 
ICU admission among the patient groups (p = 0.007). 
In Group 3, 32.4% of patients underwent amputa-
tion before ICU admission, which was higher than the 
rates observed in Groups 1, 2, and 4. While there were 
no statistically significant differences between patient 
groups regarding the presence of crush syndrome 
(p = 0.21) and AKI (p = 0.24) upon ICU admission, there 
was a notable distinction between the groups concern-
ing the application of intermittent hemodialysis before 
ICU admission (p = 0.007). Intermittent hemodialysis 
was administered to more than half of the patients in 
Group 4 (58.3%) before ICU admission. The incidence 
of sepsis was greater among patients in Groups 3 and 4 
than in Groups 1 and 2 (p < 0.001). However, there was 
no statistically significant difference in the development 
of septic shock between the groups (p = 0.09). There 
was a significant difference in the ICU and hospital 
length of stay (LOS) among the four groups (p = 0.001 
and p < 0.001, respectively). Patients in Groups 3 and 
4 had longer ICU stays than those in Groups 1 and 2. 
ICU and hospital mortality rates were 9.3% and 10.3%, 
respectively. No significant difference was noted among 
the groups in terms of ICU and hospital mortality.

A comparison of patients’ leukocyte counts, and 
acute phase reactants is presented in Supplementary 
Table 4.

Multivariate logistic regression analysis for microbio-
logically proven clinical infections is presented in Table 4 
which revealed that amputation (OR 5.30 [1.03–27.36], 
p = 0.046) and intermittent hemodialysis before ICU 
admission (OR 2.98 [1.04–8.52], p = 0.043) were found to 
be independent variables predicting infection. The ROC 
curve for microbiologically proven clinical infections 
revealed that patients who were stuck under the rubble 
for ≥ 11.5 h had an area under the curve (AUC) of 0.64 
[0.53–0.75] (p = 0.019).

Discussion
The present study provides valuable insights into poten-
tial pathogens and resistance patterns for future large-
scale disasters by examining clinical findings and analyses 
related to infection risk in victims of earthquake-related 
injuries. In our cohort, half of the patients who were 
admitted to the ICU after the earthquake had microbio-
logically proven clinical infections. The top five identi-
fied microorganisms within 72 h of ICU admission were 
Acinetobacter baumannii, Klebsiella pneumoniae, Ente-
rococcus spp, Escherichia coli, and Enterobacter cloacae. 
Nearly all of these isolates (except for one Enterobac-
ter cloacae isolate) were MDR. Only 11.7% of patients 
received appropriate antibiotic therapy within 72 h of 
ICU admission that initially targeted isolated patho-
gens. Patients who experienced longer periods of stick-
ing under rubble, who had compartment syndrome, and 
who underwent fasciotomy before ICU admission were 
more likely to have infections. Amputation history and 
the administration of intermittent hemodialysis before 
ICU admission were identified as independent variables 
for predicting infections.

The incidence of infections varies according to not 
only where the study was derived from as the place of the 
earthquake but also the reason for admission to the hos-
pital and the definitions of infection. In studies conducted 
after the Wenchuan earthquake, the culture positivity 
rates varied between 54 and 67.2% [4, 18, 19]. In another 
multicenter retrospective study following the Wenchuan 
earthquake, the infection rate at the time of admission 
for 533 hospitalized patients due to earthquake-related 
injuries was reported to be 13% [20]. After the Marmara 
earthquake; Kazancioglu et  al. reported that the culture 
positivity rate was 60% [21], whereas the infection rate 
was reported to be 23.6–34.9% in other studies [22, 23]. 
In this study, the microbiologically proven clinical infec-
tion rate was determined to be 50.5%. Notably, while pre-
vious studies included hospitalized earthquake victims, 
this study focused on critically ill patients with earth-
quake-related injuries admitted to the ICU.

Due to the inherent nature of earthquake disasters, 
an increase in the frequency of infections is inevitable. 
Major earthquakes have consistently resulted in signifi-
cantly high rates of infections associated with Acineto-
bacter baumannii [11]. Acinetobacter baumannii was 
also the most frequently isolated microorganism in this 
study, followed by Klebsiella pneumoniae, Enterococ-
cus spp., Escherichia coli, and Pseudomonas aeruginosa 
during the ICU stay. In the study conducted by Keven 
et  al. [23], the most common pathogens causing sep-
sis in crush syndrome patients were Acinetobacter spp., 
Pseudomonas spp., Klebsiella spp., Enterobacter spp., 
and Staphylococcus aureus. In our study, Staphylococcus 
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aureus was detected only in 4 isolates. Enterococcus spp. 
were the predominant gram-positive microorganisms 
in this study. This data was consistent with the results 
of the study conducted by Xiaolei et  al. [19]. According 

to data from the Türkiye National Health Service-
Associated Infection Surveillance Network (2022), the 
distribution of pathogens associated with healthcare-
associated infections in Türkiye is 40.3% for non-fer-
mentative gram-negative bacteria (23.7% Pseudomonas 
spp., 16% Acinetobacter spp.), 36.7% for Enterobacterales 
(16.1% Klebsiella spp., 13.3% E. coli), and 21.2% for gram-
positive cocci (8% Staphylococcus aureus, 6.4% Entero-
coccus spp., and 6.3% coagulase-negative Staphylococcus) 
[24]. This data does not exclusively represent ICU infec-
tions and therefore limits a direct comparison. Our study 
results indicate a relatively high prevalence of Acineto-
bacter spp. and Enterococcus spp. However, as our patient 
population consists exclusively of individuals admitted 
to intensive care due to earthquake-related injuries, fac-
tors such as soil contact, emergency interventions, and/
or invasive procedures performed under less-than-opti-
mal infection control conditions, and the presence of 

Table 3 Comparison of patients’ clinical variables and outcomes according to the presence and timing of culture positivity

LOS Length of stay, APACHE Acute Physiology and Chronic Health Evaluation, SOFA Sequential Organ Failure Assessment, GCS Glasgow Coma Scale, IHD Intermittent 
hemodialysis, IMV Invasive mechanical ventilation, RRT  Renal replacement therapy, CRRT  Continuous renal replacement therapy
a median [IQR], others n (%), bBoth intermittent hemodialysis and CRRT were administered to 8 patients during ICU follow-up

Variables All patients
n = 107

Group 1
n = 53

Group 2
n = 8

Group 3
n = 34

Group 4
n = 12

p value

Age (yrs)a 37 [27–57] 39 [27.5–57.5] 56 [26.5–66.5] 32 [26.7–56.2] 38 [28.2–43.5] 0.60

Female sex, n (%) 58 (54.2) 31 (58.5) 5 (62.5) 16 (47.1) 6 (50) 0.70

Comorbidity, n (%) 14 (26.4) 14 (26.4) 4 (50) 10 (29.4) 3 (25) 0.58

Time stuck under rubble (hrs),a (n = 96) 12 [7–32] 9 [5–23] 8 [3–15] 15 [8–36] 25 [8–39] 0.025
LOS at the initial healthcare facility (hrs),a (n = 85) 40 [17–76] 24 [15–63] 48 [29.5–87.5] 39 [21.7–72] 72 [24–144] 0.35

APACHE II  Scorea 15 [12–20] 14 [12–18] 16 [11–19] 17 [12–22] 20 [9.5–25.7] 0.45

SOFA  Scorea 3 [2–5] 2 [1–4] 3 [1–5] 4 [2–5] 5 [1–6] 0.31

GCS  Scorea 15 [15–15] 15 [15–15] 15 [14.25–15] 15 [14.7–15] 15 [15–15] 0.67

Revised trauma  scorea 12 [12–12] 12 [12–12] 12 [12–12] 12 [12–12] 12 [11.2–12] 0.36

Compartment syndrome before admission, n (%) 49 (45.8) 18 (34) 3 (37.5) 9 (55.9) 9 (75) 0.033
Fasciotomy before admission, n (%) 40 (37.4) 14 (26.4) 3 (37.5) 15 (44.1) 8 (66.7) 0.051
Amputation before admission, n (%) 16 (15.0) 3 (5.7) 1 (12.5) 11 (32.4) 1 (8.3) 0.007
Crush syndrome, n (%) 70 (65.4) 30 (69.8) 7 (87.5) 25 (73.5) 8 (66.7) 0.21

Acute kidney injury, n (%) 65 (60.7) 31 (58.5) 6 (75) 18 (52.9) 10 (83.3) 0.24

IHD before admission, n (%) 29 (27.1) 8 (15.1) 4 (50) 10 (29.4) 7 (58.3) 0.007
Sepsis during ICU stay, n (%) 39 (36.4) 9 (17) 3 (37.5) 19 (55.9) 8 (66.7) < 0.001
Septic shock during ICU stay, n (%) 19 (17.8) 5 (9.4) 1 (12.5) 9 (26.5) 4 (33.3) 0.09

IMV during ICU stay, n (%) 34 (31.8) 13 (24.5) 2 (25) 14 (41.2) 5 (41.7) 0.34

Vasopressor therapy during ICU stay, n (%) 20 (18.7) 6 (11.3) 1 (12.5) 9 (26.5) 4 (33.3) 0.16

RRT during ICU, n (%) 42 (39.3) 14 (26.4) 4 (50) 17 (50) 7 (58.3) 0.06

 IHD 32 10 3 15 4

 IHD/CRRT b 8 3 1 2 2

 CRRT 2 1 0 0 1

LOS in ICU (days) 5 [2–9] 4 [1.5–6] 3 [2–7] 8.5 [5–17] 6.5 [2–19] 0.001
LOS in hospital (days) 22 [11–46] 15 [8–28] 15 [7.5–34.5] 37.5 [20–52] 50 [29.5–91.5] < 0.001
ICU mortality, n (%) 10 (9.3) 5 (9.4) 1 (12.5) 2 (5.9) 2 (16.7) 0.72

Hospital mortality, n (%) 11 (10.3) 5 (9.4) 1 (12.5) 3 (8.8) 2 (16.7) 0.87

Table 4 Multivariate logistic regression model for the 
development of microbiologically proven clinical  infectiona

OR Odds Ratio, CI Confidence Interval
a Group 2, 3, and 4 patients versus Group 1

Variable OR [95% CI] p-value

Time stuck under the rubble (for each hour) 1.01 [0.99–1.03] 0.28

Compartment syndrome at admission 1.24 [0.37–4.19 0.73

Fasciotomy before ICU admission 1.74 [0.50–6.07] 0.39

Amputation before ICU admission 5.30 [1.03–27.36] 0.046
Intermittent hemodialysis before ICU 
admission

2.98 [1.04–8.52] 0.043
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open wounds may explain this discrepancy in microbial 
distribution.

The results of previous studies involving patients with 
earthquake-related injuries revealed that gram-nega-
tive pathogens were isolated in a range of 73.2–89% of 
cases, whereas gram-positive pathogens were isolated in 
a range of 4.5–24.4% [5, 18, 21–23, 25, 26]. In the pre-
sent study, 77.9% of the bacterial isolates obtained from 
various samples were gram-negative microorganisms, 
whereas 22.1% were gram-positive. Notably, no anaero-
bic pathogens were isolated in this study, which may be 
attributed to the meticulous nature of anaerobes, making 
them difficult to culture and isolate and often resulting 
in their absence from clinical samples. The frequency of 
polymicrobial growth reported in various studies ranged 
from 41 to 59.6% [18, 19, 26]. Polymicrobial growth was 
observed in 46.2% of the patients in our cohort.

Previous studies on earthquake-related patients have 
shown that the majority of isolated microorganisms 
exhibit multidrug resistance, although their resistance 
profiles may vary [11]. In a study conducted by Oncul 
et  al. [22] after the 1999 Marmara earthquake, two 
strains of Acinetobacter baumannii and one strain of 
Pseudomonas aeruginosa were resistant to all antibiot-
ics including carbapenems. In another study reported by 
Tao et al. [25] after the Wenchuan earthquake, > 65% of 
Acinetobacter isolates were resistant to a wide range of 
antimicrobial drugs, except imipenem and 24.6% of iso-
lates were PDR. In this study, the predominant micro-
organisms cultured within the first 72 h after admission 
to the ICU were Acinetobacter baumannii, Klebsiella 
pneumoniae, Enterococcus spp., Enterobacter cloacae, and 
Escherichia coli. According to the antibiotic susceptibility 
results, all the cultured Acinetobacter baumannii isolates 
were XDR, one Klebsiella pneumonia isolate was MDR, 
two were XDR, and one was PDR. All the Enterococcus 
spp. isolates were ampicillin-resistant but vancomycin-
sensitive. Although Staphylococcus aureus was not the 
dominant gram-positive pathogen in this study, all strains 
isolated within the first 72 h of ICU admission were 
methicillin-resistant. Two Enterobacter cloacae isolates 
were MDR, two Escherichia coli isolates were MDR, and 
one was XDR. There could be several explanations for the 
early detection of MDR pathogens in patients following 
admission to the ICU. A significant portion of patients 
had sought care at another healthcare facility before 
being admitted to the ICU. Additionally, in Türkiye, the 
widespread emergence of antibiotic resistance, especially 
among gram-negative pathogens such as Acinetobacter 
baumannii, Klebsiella pneumoniae, and Pseudomonas 
aeruginosa, may have contributed to this situation [27].

In 2013, the CDC Emergency Wound Manage-
ment guidelines recommended the use of beta-lactam 

antibiotics with anti-staphylococcal activity (such as 
cephalexin, dicloxacillin, ampicillin/sulbactam, etc.) 
and clindamycin as initial antimicrobial treatments for 
infected wounds [28]. Furthermore, it was stated in the 
2013 guidance for wound infection management by the 
World Health Organization (WHO) that Penicillin G and 
metronidazole are recommended as initial antimicro-
bial treatments [29]. The European Renal Best Practice 
(ERBP) and the Renal Disaster Relief Task Force (RDRTF) 
of the International Society of Nephrology (ISN) recom-
mend preemptively using cefazolin and ciprofloxacin 
antibiotherapy in patients with fasciotomy and/or open 
fractures in their “Recommendations for the Manage-
ment of Crush Victims in Mass Disasters” guidelines 
published in 2012 [30]. This study revealed that antibio-
therapy was initiated within 72 h of ICU admission in 
92.5% of patients, and the most commonly administered 
antibiotic regimens were ciprofloxacin + clindamycin, 
ceftriaxone + metronidazole, and cefazoline + metroni-
dazole. Nonetheless, when the antibiotic susceptibilities 
of the initially isolated pathogens were considered appro-
priate antibiotherapy was initiated in only 11.7% of the 
patients. One potential explanation is that most of these 
patients probably received antibiotics at the start of treat-
ment, which may increase the risk of drug resistance in 
subsequent infections. Another factor may be that many 
patients with early infections likely acquired these infec-
tions from the hospital environment, where antimicrobial 
resistance is more common. Obviously, environmental 
antibiotic-resistant pathogens may also play a role in this 
context [31]. These wounds are likely to be contaminated 
with dust and water, which may harbor drug-resistant 
pathogens, potentially offering another explanation. 
The local ICU ecology remains a significant risk factor 
for acquiring MDR infections regardless of the time of 
admission and it may be linked to the high incidence of 
MDR organisms. In practical clinical settings, when the 
duration of being stuck under the rubble is prolonged 
and in the presence of risk factors such as a history of 
amputation or the requirement for IHD before hospital 
admission, antibiotherapy could be individualized, and 
broad-spectrum agents, including those that provide cov-
erage for MDR pathogens, may be initiated. Our findings 
support the need to consider local susceptibility patterns 
in empiric antibiotic choices, prescribing appropriate 
antibiotics also taking into consideration the patient’s age 
and comorbidities [32]. Moreover, basic infection control 
strategies are essential in disaster management. Disaster 
response plans must be well established in advance.

Infection in earthquake-related patients can be attrib-
uted to various factors, including traumatic injuries, the 
time stuck under rubble, contact with soil and sand, inva-
sive procedures such as fasciotomy and amputation, and 
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immunological changes following trauma. Studies con-
ducted in patients with earthquake-related injuries have 
shown that the time stuck under the rubble increases the 
risk of infection [4, 19, 22]. In addition, Zhang et al., as 
well as Xiaolei et  al., demonstrated that prolonged time 
stuck under the rubble is an independent risk factor for 
infection, increasing the risk of infection by 2.25 and 1.06 
fold, respectively [4, 19]. Consistent with these findings, 
our results demonstrated that patients with microbiolog-
ically proven clinical infections had a longer duration of 
time stuck under the rubble than those without culture 
positivity (p = 0.018). Additionally, our findings revealed 
that a duration of time stuck under the rubble exceed-
ingly approximately 12 h may predict microbiologically 
proven clinical infections.

Fasciotomy is a common procedure in the management 
of compartment syndrome, but its necessity and timing 
remain topics of ongoing debate. In studies conducted 
after earthquakes, fasciotomy and amputation increased 
the risk of sepsis and infections [4, 20, 23, 33]. Further-
more, in the study conducted by Xiaolei et al., fasciotomy 
was found to be an independent risk factor for infection, 
leading to a 5.47-fold increase in infection risk [19]. In 
line with these results, we found that the frequency of 
fasciotomy and amputation before ICU admission was 
significantly greater in patients with microbiologically 
proven clinical infections than in those without culture 
positivity (p = 0.028 and p = 0.013 respectively). Moreo-
ver, in this study, amputation before ICU admission was 
found to be an independent risk factor that increased 
the rate of microbiologically proven clinical infections by 
5.3-fold.

As a patient’s clinical condition deteriorates, the risks 
of both kidney injury and infection can increase. After 
the Marmara earthquake, it was demonstrated that in 
patients with earthquake-related injuries, RRT increased 
the risk of infection [23]. In a study conducted by Xiaolei 
et  al. involving patients with crush syndrome after the 
Wenchuan earthquake, RRT was identified as a risk fac-
tor for the development of infection. Furthermore, in the 
same study, the duration of renal impairment was identi-
fied as an independent risk factor for infection develop-
ment and was shown to increase the risk of infection by 
1.09 times [19]. In this study, the administration of IHD 
before ICU admission independently increased the num-
ber of microbiologically proven clinical infections by 
3-fold. Patients undergoing intermittent IHD may be at 
an increased risk of infection due to central venous cathe-
terization. This risk is particularly significant in the after-
math of a major earthquake, when healthcare resources 
are constrained, and patient volumes are exceptionally 
high.

This study has several limitations to consider. First, the 
ability to generalize the results is a major concern due 
to the retrospective study design and the inclusion of a 
limited number of patients from three centers. Addition-
ally, the lack of a control group, which could introduce 
selection bias during data collection, is another major 
limitation of this study. Without a control group, it is 
challenging to establish a baseline for comparison, poten-
tially impacting the validity of our findings. This limita-
tion may affect the accuracy and reliability of the data, 
as the study’s design does not account for variables that 
a control group could help to neutralize. However, due 
to the inclusion of patients without culture positivity 
(Group 1) in our study groups, this group could also be 
considered as a control group. Second, it is also impor-
tant to note that there may be discrepancies or missing 
information in the data recorded in the patient files. The 
challenging circumstances and large influx of victims 
at the epicenter of the earthquake, from which patients 
were transferred, may have resulted in incomplete or 
inconsistent patient records and prohibited us from ana-
lysing all infections and antibiotic utilization throughout 
the ICU stay. Third, we lack detailed information about 
the healthcare facilities where the patients were treated 
first, which may have led to the occurrence of health-
care-associated infections upon ICU admission. There-
fore, caution should be exercised when these findings 
are applied to populations with different demograph-
ics, healthcare settings, or regions. Finally, in the study 
design, although culture positivity was assessed along-
side clinical and laboratory findings to define microbio-
logically proven clinical infections, a complete distinction 
between colonization and true infection may not have 
been fully achievable in all cases due to the complex clini-
cal conditions of the patients. Additionally, although we 
have considered a 72-hour period as the cut-off time for 
discriminating early versus late ICU-acquired infections, 
variations in the length of stay at the previous facility may 
also influence the results.

Conclusion
In conclusion, half of the patients admitted to the ICU 
following the earthquake had microbiologically proven 
clinical infections. MDR pathogens were isolated from 
patients, even in the early stages of ICU admission. There 
is a high likelihood of microbiologically proven clinical 
infections among patients who have been stuck under 
rubble for more than 12 h, who have undergone inva-
sive procedures such as fasciotomy and amputation, and 
who have required hemodialysis before admission to the 
ICU. To mitigate these heightened risks, early detection 
of potential infections and prompt initiation of appropri-
ate antimicrobial therapy might be important to enhance 
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patient outcomes and potentially save lives in the face of 
future massive disasters.
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