
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Albdewi et al. BMC Infectious Diseases         (2025) 25:1797 
https://doi.org/10.1186/s12879-025-12382-4

BMC Infectious Diseases

*Correspondence:
Ibrahem Hanafi
Ibrahem.w.hanafi@gmail.com
1University of Michigan Medical School, Ann Arbor, MI, USA
2The University of Chicago Harris School of Public Policy, Chicago, IL, USA
3Department of Internal Medicine, Division of Neurology, Faculty of 
Medicine, Damascus University, Mazzah, Damascus, Syria
4Department of Politics and International Relations, The University of 
Oxford, Oxford, United Kingdom

Abstract
Background  Syria’s healthcare system was severely challenged by the COVID-19 pandemic due to resource scarcity 
and a shortage of healthcare personnel. In this context, antibiotics were frequently prescribed empirically because of 
limited diagnostic capacity, concerns about secondary bacterial infections, and delayed hospitalization, despite the 
limited evidence of bacterial co-infection among patients with COVID-19.

Method  This study investigates the use of antibiotics among hospitalized COVID-19 patients in Syria, focusing on 
its association with mortality, ICU admissions, and complications. We conducted a multicenter retrospective cohort 
study in the four major Syrian cities, including 3199 patients, 93.4% of whom received antibiotics.

Results  The most frequently prescribed antibiotics were cephalosporins, macrolides, and quinolones. We found a 
significant association between the administration of multiple classes (> 3) of antibiotics and increased mortality and 
ICU admissions, even after adjusting for the LR-COMPAK mortality risk score and treating hospital. Specifically, the use 
of carbapenem, piperacillin/tazobactam, glycopeptides, and cephalosporins were independently linked to increased 
mortality, while piperacillin/tazobactam, carbapenem, glycopeptides, amoxicillin/clavulanate, cephalosporins, and 
quinolones were associated with ICU admissions. Administration of multiple classes (> 3) of antibiotics also correlated 
with complications including secondary infections, septic shock, and acute kidney injury.

Conclusions  This study highlights excessive antibiotic use among hospitalized COVID-19 patients in Syria and its 
association with increased mortality, ICU admission, and serious complications. These findings underscore the urgent 
need for strengthened antibiotic stewardship and improved prescribing practices to reduce adverse outcomes and 
mitigate the growing threat of antimicrobial resistance in conflict-affected and resource-limited healthcare settings.
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Introduction
The Syrian revolution, spanning over 14 years, was one 
of the largest humanitarian crises of contemporary times. 
The resulting conflicts resulted in extensive damage to 
infrastructure including healthcare facilities and supply 
warehouses: at least 50% of Syria’s health facilities have 
been destroyed [1]. Compounding this devastation is 
the mass exodus of local healthcare professionals, with 
an estimated 70% fleeing the country as of 2021 [2]. Fur-
thermore, the corrupted regime and international sanc-
tions imposed on Syria have increased systemic strain by 
inflating medication costs and depleting medical equip-
ment supplies [3]. The cumulative effect of more than a 
decade of conflict is a healthcare system teetering on the 
brink of collapse, eroding the very foundations of health-
care accessibility for Syrians.

Consequently, the political instability was pivotal in 
the rapid escalation of the COVID-19 pandemic, result-
ing in a swift depletion of limited resources and desper-
ate measures to combat the poorly-understood virus [4, 
5]. The pandemic’s rapid spread, inherent vulnerabili-
ties of the population due to environmental factors such 
as overcrowding and poor infrastructure, and years of 
inadequate healthcare access limited the effectiveness 
of healthcare when treatment was available [6]. Limited 
hospitalization capacity also led healthcare providers to 
prioritize the most severe cases for admission. Intensive 
care unit (ICU) access was limited as well, leading to 
delayed ICU admission and poorer outcomes of intensive 
care. Despite efforts to deliver the highest quality of care 
possible, 46% of patients hospitalized with COVID-19 in 
Syria died during hospitalization [4]. One of the driving 
factors of these poor outcomes is suggested to be antibi-
otic overuse [7, 8].

Antibiotic use in COVID-19 patients within such con-
texts remains a subject of debate, although guidelines 
advocate for their use only if there is a clinical suspicion 
of bacterial infection [9, 10]. Varying degrees of antibi-
otic use in the setting of COVID-19 has been observed in 
hospitals within the Middle East, Asia, and Europe [7–9, 
11–14]. Antibiotics are prescribed to prevent second-
ary bacterial infections that can worsen morbidity and 
mortality in COVID-19 patients, who are at higher risk 
of worsened outcomes [15]. Nonetheless, proper imple-
mentation of healthcare measures such as more con-
servative antibiotic use, physician hygiene training, and 
improved environmental hygiene during the COVID-19 
pandemic has shown promising results in reducing noso-
comial infections and the emergence of drug-resistant 
bacteria [16]. Moreover, inappropriate antibiotic use in 
COVID-19 patients has been linked to complications 
such as acute kidney injury (AKI) [17], ICU admission 
[18], increased mortality [19–21], and other drug-related 
complications [19, 22]. Despite the wealth of literature 

on antibiotic stewardship, information regarding these 
aspects is limited in countries with weakened health-
care systems like Syria. These knowledge gaps restrict 
the development of nationwide algorithms to optimize 
antibiotic administration for improved patient outcomes. 
Therefore, our study aimed to retrospectively investi-
gate the utilization of antibiotics in hospitals across four 
major cities in Syria during the COVID-19 pandemic, 
with a specific focus on their association with mortality, 
ICU admission, and subsequent complications.

Methods
Study design and included hospitals
This multicenter retrospective cohort study was con-
ducted utilizing data collected from the four largest Syr-
ian cities: Aleppo, Damascus, Homs, and Latakia. The 
study involved several healthcare facilities including The 
National Damascus University Hospital, Al-Mouwasat 
Damascus University Hospital, Damascus Hospital, 
Tishreen and Qatana Military Hospitals in Damascus, 
the University Hospital of Aleppo, the University Hospi-
tal of Latakia; as well as Ibn Al-Waleed Hospital and the 
military Hospitals in Homs. All of these hospitals were 
officially designated as COVID-19 treatment centers by 
the Syrian Ministry of Health and contained dedicated 
COVID-19 isolation wards throughout the study period. 
All of them are community health centers that provide 
pro-bono healthcare services to adult civilian patients, 
except the National University Hospital of Damascus, 
which required non-private patients to cover 10% of 
their final hospital bill. The military hospitals of Tishreen, 
Qatana and Homs cared exclusively for military person-
nel and their families, providing healthcare services at 
no cost. Despite being in the major urban centers men-
tioned, these hospitals also treated COVID-19 patients 
transferred from various regions across Syria.

This study received ethical approval from both the 
Higher Commission for Scientific Research (HSCR) at 
the Syrian Ministry of Higher education, the institutional 
review board at Damascus University, and the boards 
of all participating centers. The ethical clearance from 
HSCR, bearing the identification number 1/491, was 
granted on January 19, 2021, and waived the need for 
getting individual informed consent from the patients 
included.

Inclusion criteria, diagnostic studies, and treatment 
strategies
The patient sample used, admission criteria, diagnostic 
procedures, and hospital management guidelines were 
previously documented [23]. In brief, the study involved 
a retrospective review of all patients’ records from both 
the COVID-19 isolation wards and ICUs at the afore-
mentioned hospitals. The review period spanned from 
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June 1, 2020, to December 31, 2020, encompassing the 
first two waves of the COVID-19 pandemic in Syria [23].

Patients aged 13 and older presenting with acute respi-
ratory symptoms suggestive of COVID-19 underwent 
clinical examination upon admission. This age limit for 
the study was determined based on the admission regu-
lations in Syria, where patients 13 years old and older 
are managed at the centers for adult care. The diagnosis 
of COVID-19 infection was predominantly established 
within 48 h of admission, primarily through poly-
merase chain reaction (PCR) tests or rapid antigen tests 
(RATs). In certain cases, infection confirmation relied 
on chest imaging (CT or CXR) or high clinical suspi-
cion of COVID-19 when testing kits were unavailable. 
All patients managed as COVID-19 cases were included 
in our database irrespective of the method of diagnosis, 
And they mostly had severe or critical disease severity 
according to the WHO classification [10].

Data analysis
The data collection was performed by senior internal 
medicine residents and internal medicine specialists. 
All data collaborators also had more than 6 months of 
experience in critical care. The collected data included 
demographic characteristics, comorbidities, vital signs at 
presentation, diagnostic modalities, ventilation support, 
ICU admission, and mortality during hospitalization. 
Moreover, we gathered data pertaining to all admin-
istered or prescribed antibiotics during hospitaliza-
tion, regardless of their route of administration. Finally, 
we extracted information about the major complica-
tions developed during hospitalization which included: 
respiratory failure, acute respiratory distress syndrome 
(ARDS), electrolyte imbalances (hyponatremia, hyper-
natremia, hypokalemia, hyperkalemia, hypocalcemia, 
hypochloremia, hyperchloremia), diabetic ketoacidosis 
(DKA), acute kidney injury (AKI), chronic kidney disease 
(CKD), myocardial infarction (MI), thrombotic events 
(deep venous thrombosis, DVT; pulmonary embolism, 
PE; cerebrovascular accident, CVA), bleeding (alveolar 
and gastric), secondary infections (renal, neural, intesti-
nal, septic, cutaneous, and other), and septic shock (i.e., 
sepsis with persistent hypotension requiring vasopres-
sors). Staff shortages prevented frequent monitoring of 
vital signs for all patients. Additionally, reporting of the 
repeated measurements was not comparable between 
patients, centers and months. Therefore, we used labora-
tory measurements at admission, as they were available 
for most patients. Patients with absent values for specific 
variables were not included in the statistical analysis rele-
vant to that specific variable (i.e., complete case analysis).

The data analysis and representation were done using 
the Statistical Package for the Social Sciences version 
29 (SPSS Inc., Chicago, IL, United States) and the R 

Programming Language via RStudio Version 2022.12.0 
Build 353 for Windows. Categorical variables were 
reported as percentages. Medians and ranges were used 
to report continuous variables because they did not fol-
low a normal distribution. Odds ratios (OR) and 95% 
confidence intervals (CI) were used as a measure of asso-
ciation between antibiotics and categorical variables. 
Binary logistic regression analyses with Bonferroni cor-
rection based on the number of variables analyzed [20] 
were employed to report associations between indi-
vidual antibiotic classes and complications. A one-way 
ANOVA test was used to analyze associations between 
vital signs, baseline blood tests and the number of anti-
biotics prescribed. A Chi-squared test was used to ana-
lyze associations between comorbidities and the number 
of antibiotics prescribed. A univariate binary logistic 
regression analysis was employed to report associations 
between complications and the number of antibiotics 
prescribed, in both the ICU and non-ICU settings. A 
multivariate binary logistic regression was employed to 
analyze the association between the class of antibiotic 
used and risk of mortality or ICU admission. A complete-
case approach was used when performing the statistical 
tests, as outlined in another publication utilizing a similar 
dataset [23]. To mitigate the effect of disease severity as 
a confounder of the relationship between antibiotics and 
outcomes (i.e., mortality, ICU admission, and complica-
tions) we adjusted all tests based on the LR-COMPAK 
score, which consists of oxygen saturation, conscious-
ness, age, history of malignancy, pulse rate, and chronic 
kidney disease [23]. This score correlated with the prob-
ability of survival and had superior performance when 
compared to all other disease severity metrics at least in 
our dataset [23]. We also adjusted all tests to the hospi-
tal of admission to exclude any associations related to the 
responding healthcare team or the resources available. 
The assumptions of all statistical tests used were assessed 
and none of them were violated. An alpha value of 0.05 
was primarily used to determine the threshold of statisti-
cal significance, with the usage of Bonferroni correction 
for multiple comparisons when required based on the 
number of variables analyzed. An online tool from Bioin-
formatics and Evolutionary Genomics (​h​t​t​p​​s​:​/​​/​b​i​o​​i​n​​f​o​r​​m​
a​t​​i​c​s​.​​p​s​​b​.​u​​g​e​n​​t​.​b​e​​/​c​​g​i​-​b​i​n​/​l​i​s​t​e​/​V​e​n​n) was used to create 
the Venn diagram for the administered antibiotics.

This manuscript was prepared according to the check-
list of STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) for observational 
studies [24].

Results
Demographic characteristics
A total of 3199 patients were included in our analy-
sis; their demographic characteristics and diagnostic 

https://bioinformatics.psb.ugent.be/cgi-bin/liste/Venn
https://bioinformatics.psb.ugent.be/cgi-bin/liste/Venn
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modalities can be found in Hanafi et al. 2024 [23]. Most 
of them (93.4%, n = 2987) received at least one class of 
antibiotics during their hospitalization; 999 (33.4%) 
received more than three classes of antibiotics. Receiving 
more than three classes of antibiotics was associated with 
higher age, positive smoking history, lower blood oxygen 
saturation, and a higher heart rate (P <.001 for all). Ele-
vated white blood cell counts, lower lymphocyte counts, 
and higher LDH, CRP, and PCT levels were associated 
with receiving more than three antibiotic classes (Table 
1). A similar analysis between patients who received no 
antibiotics and patients who received any single or com-
bination of antibiotics showed that patients receiving no 
antibiotics tended to be younger (53.2 years old vs. 59.6 
years old; P <.001), have lower WBC, LDH, CRP, and 
higher lymphocyte counts (P <.001 for all; supplement 
information). No other significant differences were found 
between patients receiving antibiotics and those not 
receiving antibiotics. Within the entire sample, only 118 
patients (3.7%) had documented pulmonary infections 
in addition to COVID-19, while 1420 (44.4%) exhibited 
clinical suspicion of such infections.

The most prescribed antibiotics were cephalosporins 
(n = 2075, 64.8%), macrolides (n = 1927, 60.2%), and qui-
nolones (n = 1122, 35.1%). The most common antibiotic 
combinations included macrolides and cephalosporins 

(n = 702; 21.9%), quinolones and cephalosporins (328 
patients; 10.3%), and macrolides, quinolones, and cepha-
losporins (n = 238; 7.4%; Fig. 1).

Antibiotic use and mortality
During hospitalization, 1041 patients (32.5%) died, and 
807 patients (25.2%) were admitted to the ICU. There 
was a positive association between the number of anti-
biotics prescribed and LR-COMPAK mortality risk score 
among surviving patients (R2 = 0.25; P < .001) and those 
who did not require ICU admission (R2 = 0.27; P < .001). 
However, this correlation was weaker among patients 
who died (R2 = 0.05; P = .001) or were admitted to the ICU 
(R2 = 0.05; P = .087), suggesting that antibiotic use may not 
be predictive of outcomes in more severe cases (Fig. 2). 
Upon adjusting for the LR-COMPAK mortality risk score 
and the treating hospital, both mortality and ICU admis-
sion were associated with prescription of multiple (> 3) 
classes of antibiotics (P < .001; OR = 1.36 [1.23–1.51], and 
P < .001; OR = 1.70 [1.53–1.89], respectively, Table 2).

Mortality was found to be independently associ-
ated with the administration of carbapenems (P < .001; 
OR = 1.86 [1.45–2.39]), piperacillin/tazobactam (P = .019; 
OR = 1.53 [1.07–2.20]), glycopeptides (P < .001; OR = 1.32 
[1.13–1.56]), and cephalosporins (P = .016; OR = 1.19 
[1.03–1.37]). ICU admission was independently 

Table 1  Demographic characteristics and baseline findings for patients who received no antibiotics, 1–3 antibiotics, and 4 + antibiotics
No antibiotics (n = 212) 1–3 antibiotics (n = 1988) ≥4 antibiotics (n = 999) P value

Demographic characteristics
Gender F: 74 (34.9%)

M: 138 (65.1%)
F: 210 (29.0%)
M: 513 (71.0%)

F: 355 (35.5%)
M: 644 (64.5%)

0.006

Age (years) 53.2 (14–97) 56.00 (14–95) 64.00 (14–96) < 0.001*
Smoking 43 (20.3%) 354 (17.8%) 233 (23.3%) 0.001*
Vital signsa

Mean arterial pressure (mm Hg; n = 3067) 86.67 (50.00-140.00) 90.00 (53.33-146.67) 90.00 (31.67-168.33) 0.120
O2 saturation (%; n = 2817) 90 (25–99) 91 (26–99) 84 (30–99) < 0.001*
Heart rate (bpm; n = 2635) 92 (41–153) 90 (53–180) 95 (40–170) < 0.001*
Respiratory rate (/min; n = 1562) 27 (12–60) 26 (13–60) 26 (12–62) 0.234
Temperature (oC;n = 2579) 38.0 (35.0–41.0) 37.8 (34.6–42.0) 38.0 (34.0–41.0) 0.046
Comorbiditiesb

Diabetes mellitus 60 (28.30%) 193 (9.71%) 304 (30.43%) 0.636
Hypertension 73 (34.43%) 244 (12.27%) 433 (43.34%) 0.016
Heart diseases 30 (14.15%) 114 (5.73%) 161 (16.12%) 0.235
Lung pathology 4 (1.89%) 18 (0.91%) 47 (4.70%) 0.021
CKD 16 (7.55%) 25 (1.26%) 18 (1.90%) 0.400
CVA 6 (2.83%) 11 (0.55%) 48 (4.80%) 0.131
Cancers 8 (3.77%) 17 (0.86%) 61 (6.11%) 0.006
Baseline blood testsa

WBC (n = 3006) 6200 (300-25.9k) 7000 (1100-29k) 10k (100-30k) < 0.001*
Lymphocytes (n = 2889) 16.45 13.65 (0.32-75.00) 9.70 (0.10–65.00) < 0.001*
LDH (n = 1744) 377.00 (128.80–1356.00) 546.00 (136–3134) 673.30 (10.20–8803.00) < 0.001*
CRP (n = 2430) 54 (0.10–281.00) 35.30 (0.10–319.00) 68.50 (0.04–586.00) < 0.001*
PCT (n = 688) 0.10 (0.01-81.00) 0.10 (0.00-89.25) 0.16 (0.00–52.00) < 0.001*
aOne-way ANOVA; bChi-squared test; *Statistically significant after Bonferroni correction (0.05/20=0.0025).
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associated with piperacillin/tazobactam (P < .001; 
OR = 2.59 [1.76–3.79]), carbapenems (P < .001; OR = 1.91 
[1.49–2.47]), glycopeptides (P < .001; OR = 1.69 [1.41–
2.03]), amoxicillin/clavulanate (P = .005; OR = 1.38 [1.10–
1.72], cephalosporins (P < .001; OR = 1.30 [1.13–1.51]), 
and quinolones (P = .004; OR = 1.24 [1.07–1.44]; Table 3).

Antibiotic use and medical complications
A total of 1,155 patients (36.1%) experienced serious 
complications during hospitalization, with the most 
prevalent being respiratory failure (n = 1057; 33.0%), elec-
trolyte abnormalities (n = 600; 18.8%), and AKI (n = 555; 
17.3%). Since the exact timing of antibiotic administra-
tion is unknown, it is not possible to determine whether 
medical complications occurred before or after anti-
biotics were given. However, the associations between 
the administered antibiotics and the complications that 
predominantly arose during the early or late admission 

period (rather than at presentation) warranted higher 
value. Overall, more than half of the secondary infec-
tions and non-infectious complications were already 
detectable at presentation. Septic shock predominantly 
developed after the third day of admission (Table  4). 
Receiving a greater number of antibiotics was signifi-
cantly associated with secondary infections (P < .001; 
OR = 2.05 [1.70–2.47]), septic shock (P < .001; OR = 1.59 
[1.23–2.05], electrolyte abnormalities (P < .001; OR = 1.33 
[1.19–1.49]), and AKI (P < .001; OR = 1.25 [1.11–1.40]), 
even when adjusting for disease severity, treating hospital 
and ICU admission (Table 2).

A multivariate logistic regression was employed to dis-
cern associations between complications and antibiotic 
classes. Carbapenem use was independently associated 
with septic shock (P < .001; OR = 3.15 [2.08–4.78]), ARDS 
(P < .001; OR = 2.79 [1.92–4.08]), and bleeding (P = .001; 
OR = 2.18 [1.35–3.51]). Metronidazole use was associated 

Fig. 1  A Venn diagram highlighting the overlap between the classes of antibiotics. The numbers in parentheses represent the number of patients who 
received each class of antibiotics, and the numbers inside the diagram represent percentages of patients who received each combinations of antibiotics. 
Only the antibiotics received by more than 5% of the sample were included in this diagram. In addition to the presented antibiotic classes, 152 patients 
(4.8%) received metronidazole, 98 patients (3.1%) received piperacillin/tazobactam, and 66 patients (2.1%) received oxazolidinones
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Fig. 2  The correlation between the number of antibiotics received and the LR-COMPAK mortality risk score. The patients were clustered based on city 
and mortality (upper panel) or city and admission to the ICU (lower panel)
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with thrombotic complications (P < .001; OR = 2.40 
[1.54–3.73]) and secondary infections (P < .001; OR = 2.05 
[1.37–3.06]). Relatively weaker independent associations 
were observed between secondary infections and the 
antibiotic classes of carbapenems, quinolones, and glyco-
peptides. Finally, amoxicillin/clavulanate administration 
was independently associated with a reduced likelihood 
of respiratory failure (Fig.  3). It is important to empha-
size that the small sample sizes of patients experiencing 
these complications and the methodology used restrict 
our ability from drawing causal conclusions between the 
administered antibiotics and the listed complications.

Discussion
This study successfully demonstrated the excessive use 
of antibiotics (93.4%) among hospitalized COVID-19 
patients throughout Syria and elucidated its correlation 
with various outcomes. Receiving multiple antibiotics 
was notably associated with adverse outcomes includ-
ing mortality, ICU admission, and complications such 
as ARDS, AKI, and electrolyte abnormalities. These 

outcomes were not impacted by the treating hospital or 
disease severity at presentation. Moreover, specific anti-
biotic classes such as carbapenems and glycopeptides 
correlated with poorer survival. Other antibiotic classes, 
including carbapenems and metronidazole, exhibited 
independent associations with specific complications, 
including ARDS and thrombotic events. These findings 
underscore the importance of judicious antibiotic use 
in the management of COVID-19 patients to mitigate 
potential complications and prevent the spread of multi-
drug resistant organisms (MDRs).

The alarmingly high rate of antibiotic utilization 
(93.4%) and the widespread administration of mul-
tiple antibiotics (99.5%) within our cohort echo previ-
ous reports highlighting antibiotic misuse in Syria [25]. 
This rate surpasses that observed in COVID-19 patients 
across the Arab Region as well, estimated to fall between 
72 and 82% [7, 11, 12]. One plausible explanation is that 
the severe shortage of PCR kits [26] may have hindered 
healthcare providers from promptly confirming COVID-
19 diagnoses [27]. This scenario reflects a broader global 

Table 2  Association between the number of antibiotics received and mortality, ICU admission, and complications
Outcome N (%) ORs [CIs] with adjustment 

for LR-COMPAK and the 
treating hospital

P-value ORs [CIs] with adjustment 
for LR-COMPAK, the treating 
hospital, and ICU admission

P-
value

Mortality 1041 (32.5%) 1.36 [0.23–1.51] < 0.001 1.07 [0.96–1.21] 0.237
ICU admission 807 (25.2%) 1.70 [1.53–1.89] < 0.001 NA NA
Respiratory failure 1057 (33%) 1.18 [1.06–1.32] 0.003 1.01 [0.90–1.13] 0.908
Electrolyte abnormalities 600 (18.8%) 1.37 [1.24–1.53] < 0.001 1.33 [1.19–1.49] < 0.001
Acute kidney injury 555 (17.3%) 1.29 [1.15–1.44] < 0.001 1.25 [1.11–1.40] < 0.001
Secondary infection 228 (7.1%) 2.21 [1.85–2.65] < 0.001 2.05 [1.70–2.47] < 0.001
Acute respiratory distress 
syndrome

99 (3.1%) 1.69 [1.35–2.12] < 0.001 1.37 [1.09–1.71] 0.007

Diabetic ketoacidosis 97 (3%) 1.12 [0.91–1.38] 0.274 0.94 [0.77–1.15] 0.532
Thrombotic events 88 (2.8%) 1.10 [0.87–1.39] 0.413 1.09 [0.86–1.39] 0.476
Septic shock 80 (2.5%) 2.02 [1.57–2.60] < 0.001 1.56 [1.23–2.05] < 0.001
Bleeding 65 (2%) 1.26 [0.98–1.63] 0.076 1.14 [0.89–1.48] 0.306
Myocardial infarction 41 (1.3%) 1.35 [0.95–1.91] 0.092 1.29 [0.92–1.83] 0.145
The ORs and CIs presented are the result of univariate binary logistic regression analysis. The results of the left column were adjusted for LR-COMPAK mortality score 
and treating hospital. The right column was additionally adjusted for ICU admission.

Table 3  Association between the antibiotic class and mortality and ICU admission
Antibiotic classes Mortality* ICU admission°

N (%) OR [CI] p-value N (%) OR [CI] p-value
Glycopeptides 314 (50.2%) 1.32 [1.13–1.56] < 0.001 263 (42.0%) 1.69 [1.41–2.03] < 0.001
Piperacillin/tazobactam 58 (59.2%) 1.53 [1.07–2.20] 0.019 67 (68.4%) 2.59 [1.76–3.79] < 0.001
Carbapenems 67 (62.0%) 1.86 [1.45–2.39] < 0.001 131 (59.3%) 1.92 [1.49–2.47] < 0.001
Macrolides 515 (26.7%) 1.03 [0.89–1.19] 0.699 369 (19.1%) 0.92 [0.78–1.09] 0.333
Quinolones 463 (41.3%) 1.01 [0.89–1.16] 0.843 358 (31.9%) 1.24 [1.07–1.44] 0.004
Cephalosporins 722 (34.8%) 1.19 [1.03–1.37] 0.016 556 (26.8%) 1.30 [1.12–1.51] < 0.001
Amoxicillin/clavulanate 75 (41.9%) 1.09 [0.88–1.36] 0.424 85 (47.5%) 1.38 [1.10–1.72] 0.005
Metronidazole 67 (44.1%) 1.40 [0.98–2.01] 0.063 37 (24.3%) 0.84 [0.59–1.22] 0.362
Oxazolidinones 20 (30.3%) 0.77 [0.36–1.66] 0.508 10 (15.2%) 1.19 [0.64–2.22] 0.590
The results presented are the outcome of a multivariate binary logistic regression (n=2987). The analysis was adjusted for hospital and LR-COMPAK mortality risk 
score. *The model had p-value 001, Nagelkerke R2 = 0.478. °The model had p-value 001, Nagelkerke R2 = 0.469.
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trend where antibiotics are prescribed without proper 
consideration of the clinical presentation of COVID-19. 
For instance, a study conducted among pharmacists in 
Egypt revealed that 67% reported an increased likelihood 
of antibiotic prescription when patients presented with 
COVID-like symptoms [12]. The enforcement of home 
quarantine likely exacerbated this situation by preventing 
patients from going to the hospital for care, and increas-
ing the chances of self-treatment at home [28]. Further-
more, the lack of access to vaccines may contribute to the 
increased use of antibiotics, as unvaccinated patients may 
have been seen as being higher risk for severe COVID-
19 infection presentation [29]. Another study found that 
none of the 347 COVID-19 patients that received anti-
biotics in four Ethiopian treatment centers had received 
a confirmatory bacterial culture or had inflammatory 
markers measured during their hospital stay [30]. Simi-
larly, 3.7% of our sample had documented pulmonary 

infections and only 44.4% had clinical suspicion for an 
infection. However, we cannot completely rule out the 
necessity of antibiotic use in a portion of our cohort as 
those receiving antibiotics had higher inflammatory 
markers at admission. Antibiotics may have been used as 
prophylaxis due to the high rate of iatrogenic infections 
amongst hospitalized patients in Syria. Resistant bacte-
rial strains have been isolated from patients injured in 
the Syrian conflict, with colonization believed to have 
occurred during medical evacuation or within dilapi-
dated medical infrastructure [6]. Lastly, the incidence of 
ventilator-associated pneumonia (VAP) in the ICU sig-
nificantly increased during the COVID-19 pandemic and 
was associated with an increased risk of death, especially 
in the presence of resistant bacteria [31–33]. This has 
been proposed as a contributing factor to the extremely 
high mortality rate among intubated patients in Damas-
cus (~ 98%) [4], potentially exacerbated by the shortage 

Table 4  Occurrence and timing of medical complications during hospitalization
Occurrence Timing
N (%) At presentation (0 days) Early admission (1–3 days) Late admission (> 3 days)

Non-infectious complications
Major outcomes
Mortality 1041 (32.5%) 105 (10.1%) 392 (37.7%) 544 (52.3%)
ICU admission 807 (25.2%) 486 (15.2%) 190 (23.5%) 131 (16.2%)
Respiratory failure 1057 (33.0%) 548 (51.8%) 161 (15.2%) 122 (11.5%)
Electrolyte abnormalities 600 (18.8%)
Hyponatremia 269 (8.4%) 165 (61.3%) 41 (15.2%) 38 (14.1%)
Hypernatremia 127 (4.0%) 24 (18.9%) 44 (34.6%) 45 (35.4%)
Hypokalemia 214 (6.7%) 85 (39.7%) 62 (29.0%) 47 (22.0%)
Hyperkalemia 154 (4.8%) 49 (31.8%) 38 (24.7%) 50 (32.5%)
Hypocalcemia 42 (1.3%) 8 (19.0%) 18 (42.9%) 6 (14.3%)
Hypochloremia 10 (0.3%)
Hyperchloremia 1 (< 0.01%)
Acute kidney injury 555 (17.3%) 352 (63.4%) 83 (15.0%) 65 (11.7%)
Acute respiratory distress syndrome 99 (3.1%) 9 (9.1%) 17 (17.2%) 34 (34.3%)
Diabetic ketoacidosis 97 (3.0%) 46 (47.4%) 18 (18.6%) 17 (34.3%)
Thrombotic events 88 (2.8%)
DVT 26 (0.8%) 4 (15.4%) 5 (19.2%) 6 (23.1%)
PE 20 (0.6%) 4 (20.0%) 4 (20.0%) 7 (35.0%)
Cerebrovascular accident 45 (1.4%) 17 (37.8%) 9 (20.0%) 5 (11.1%)
Bleeding 65 (2.0%)
Gastric hemorrhage 54 (1.7%) 18 (33.3%) 12 (22.2%) 15 (27.8%)
CKD 20 (0.6%)
Alveolar hemorrhage 13 (0.4%) 4 (30.8%) 1 (7.7%) 3 (23.1%)
Infectious complications
Secondary infections 228 (7.1%) 75 (32.9%) 35 (15.4%) 35 (15.4%)
Septic shock 80 (2.5%) 9 (11.3%) 19 (23.8%) 35 (43.8%)
Secondary renal infection 72 (2.3%)
Secondary intestinal infection 47 (1.5%)
Secondary septic infection 30 (0.9%)
Secondary neural infection 12 (0.4%)
Secondary cutaneous infection 9 (0.3%)
Other 152 (4.8%)
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of healthcare personnel [26]. Therefore, antibiotics could 
have been prescribed extensively in our patients as a pre-
ventive measure against VAP within an already vulner-
able population.

The use of multiple antibiotics in our study was associ-
ated with a higher risk of ICU admission and mortality, 
a similar finding to a systematic review about antibiot-
ics administration in ICU patients with COVID-19. This 
study reported higher exposure to antibiotic treatment in 
patients who get admitted to ICU or die [18]. Moreover, 
the OpenSAFELY study revealed a 1.80-fold increased 
risk of hospitalization due to COVID-19 with previ-
ous antibiotic exposure, along with a direct relationship 
between the number of antibiotics used and the severity 
of COVID-19 presentation [34]. This finding translates 
only to the subset of our patients who survived and did 
not enter the ICU (Fig. 2), suggesting more aggressive 
antibiotics protocols for our patients who died or entered 
the ICU regardless of the severity of their disease.

Cephalosporins were the most prescribed class of anti-
biotic (64.8% of our patients). This differs from existing 
literature on global antibiotic misuse during the pan-
demic, which highlights quinolones as the most pre-
scribed class of antibiotics [35]. Although differing from a 
global trend, the high cephalosporin prescription rate in 

Syria agrees with a previous study on antibiotic prescrip-
tion in Syria in from 2018 to 2019, where cephalosporins 
were the leading plurality of antibiotics prescribed. This 
is likely due to their wide availability and low cost com-
pared to other antibiotics like amoxicillin-clavulanate 
[36–38].

Amidst extensive antibiotic usage within our cohort, 
the prevalence of infection remains notably high with 
7% of patients experiencing infectious complications 
and 2.5% experiencing septic shock. Osman et al. sug-
gest that infections despite antibiotic use may be attribut-
able to increasing AMR rate in Syria as a sequalae of the 
war [39, 40], or possibly due to inappropriate antibiotic 
prescriptions targeting the wrong bacteria [6]. Addition-
ally, patients in low-to-middle income countries (LMICs) 
face heightened risks of nosocomial infections, especially 
in war zones [26, 31]. Numerous studies have displayed 
growing AMR in Türkiye, where significant rates of drug-
resistant Acinetobacter calcoaceticus baumannii was 
found, with evidence of in-hospital transmission [41]. 
Other studies from Türkiye displayed improved clinical 
outcomes following early administration of ceftazidime-
avibactam in areas endemic with oxacillinase-48 pro-
ducing bacteria, further highlighting the prevalence of 
AMR in this region [42, 43]. In a study of 1320 patients 

Fig. 3  Bipartite diagram showing the association between antibiotic classes and major medical complications developed during hospitalization. This 
figure is built on the results of a multivariate logistic regression analysis where all classes of antibiotics were included as independent variables while 
each complication served as a dependent variable in each run of the test. All regressions were adjusted for LR-COMPAK mortality score and the treating 
hospital. Only associations that reached a significance level of 0.001 are depicted. The pink, blue, and green lines represent associations with the ORs of 
0–1, 1–2, and > 2, respectively. ARDS: Acute respiratory distress syndrome
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admitted to the ICU with suspected COVID-19 in Teh-
ran, 289 patients (23.3%) also experienced nosoco-
mial infections during their hospitalization, primarily 
VAP [44]. Other studies also suggested that COVID-19 
patients have a higher risk of obtaining a secondary bac-
terial infection in ICUs [15]. Despite this increased risk, a 
systematic review strongly discouraged the use of antibi-
otics in COVID-19 patients in the absence of clinical sus-
picion of bacterial coinfection or superinfection [9].

Our study revealed a significant association between 
the use of multiple antibiotics and various non-infec-
tious complications, including electrolyte abnormali-
ties, ARDS, and AKI. A Spanish study similarly found an 
association between inappropriate antibiotic prescription 
and AKI [17]. When trying to isolate the associations of 
individual antibiotic classes, we found that carbapenems 
were associated with respiratory failure, ARDS, bleeding, 
secondary infection, and septic shock. This association 
underscores the expanding body of evidence illustrat-
ing the proliferation of carbapenem-resistant pathogens 
(CRPs) during the COVID-19 pandemic. Several stud-
ies have elucidated the role of CRPs in causing second-
ary infections [45–48],pulmonary infections [48], and 
ARDS in hospitalized COVID-19 patients [46]. The surge 
in CRPs during the COVID-19 pandemic may be tied to 
the escalated utilization of carbapenems in hospitalized 
COVID-19 patients. For instance, in a study conducted 
at a tertiary hospital in Saudi Arabia, the consumption of 
carbapenems surged from 67.1 to 142.9 per 1,000 patients 
between April and August 2020 [49]. This suggests that 
the substantial incidence of side effects observed in our 
study may not reflect a negative impact of carbapenem 
use on patients, but rather a notable prevalence of CRPs 
amongst hospitalized COVID-19 patients in Syria.

Our analysis identified an association between metro-
nidazole and thrombotic events, a relationship not pre-
viously described in the literature. Given that COVID-19 
infection already places patients at an elevated risk of 
thromboembolic events [50], the findings from our study, 
coupled with previously reported coagulopathic events 
associated with metronidazole use, underscore the need 
for further research to elucidate any association between 
metronidazole use and the coagulopathic risks in 
COVID-19 patients. Amoxicillin/clavulanate was associ-
ated with a lower rate of respiratory failure in our cohort. 
The oral formulation of amoxicillin-clavulanate was the 
most common form given to patients. Given that most 
of our patients who were admitted to the ICU were intu-
bated, this relationship might just reflect an indirect asso-
ciation between less severe patients not being admitted 
to ICU and therefore being prescribed oral antibiotics.

The excessive use of antibiotics in COVID-19 patients 
in Syria poses a significant risk of exacerbating the 
already precarious situation regarding infectious diseases 

and antimicrobial resistance in the wider region. A sur-
vey of patients at two major hospitals in Damascus 
reported that 78.4% of the respondents used antibiotics 
in the preceding 6 months to prevent or treat COVID-
19 [51]. The worsening of antibiotic overuse by the pan-
demic can aggravate already evident challenges in Syria 
and its neighbors like AMR [6, 8, 39]. Furthermore, the 
proliferation of antimicrobial-resistant pathogens can 
lead to a protracted crisis of infectious diseases, as infec-
tions become increasingly difficult to treat and control. 
This scenario is especially concerning in Syria, where the 
population is already vulnerable to infectious diseases 
due to displacement, overcrowded living conditions, 
prevalent malnutrition, and inadequate access to health-
care services [25, 26, 52–55]. This can heighten the risk 
of infectious disease outbreaks in the wider region and 
complicate efforts to contain them [39]. Addressing the 
issue of antibiotic overuse in COVID-19 patients in Syria 
requires a multi-faceted approach that starts from pro-
moting antimicrobial stewardship programs and extends 
to strengthening healthcare infrastructure to improve 
access to diagnostic testing and appropriate treatment.

Limitations
The retrospective nature of this study precluded us from 
establishing causal relationships between antibiotic 
administration and the observed outcomes and compli-
cations. Additionally, the decisions regarding antibiotic 
selection and dosage were influenced by the resources 
available at each individual center and physician judge-
ment, making it challenging to ascertain uniformity 
across treatment protocols. However, the inclusion of a 
large sample size and adjustments for hospital location 
and disease severity in our analyses helped mitigate these 
uncertainties, facilitating more robust comparisons. Fur-
thermore, the paucity of patients receiving no antibiotics 
poses a challenge in drawing definitive conclusions about 
the potential benefits or risks associated with antibiotic 
use in COVID-19 patients. Similarly, the small sample 
size and the lack of timeline data for medical complica-
tions make it impossible to draw direct causal conclu-
sions between antibiotic use and outcomes. Finally, the 
cost, along with the scarcity of human resources, have 
also hindered the ability of the treating physicians to 
obtain confirmatory bacterial cultures and conduct anti-
microbial resistance studies for the substantial volume of 
managed patients.

Conclusion
We characterized an excessive use of antibiotics for the 
management of hospitalized COVID-19 patients in Syria, 
which associated with higher mortality, ICU admission, 
and complications including ARDS, AKI, and second-
ary infections. Although the necessity for the utilized 
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antibiotics cannot be retrospectively assessed, the unwar-
ranted employment of antibiotics raises alarms about the 
potential development of a national and regional crisis in 
infectious diseases and antimicrobial resistance.

Abbreviations
COVID-19	� 2019 novel coronavirus
ICU	� Intensive care unit
LR-COMPAK	� In-hospital COVID-19 mortality scoring system [23]
AKI	� Acute kidney injury
HSCR	� Higher commission for scientific research
PCR	� Polymerase chain reaction
RAT	� Rapid antigen chest
CT	� Computed tomography
CXR	� Chest x-ray
WHO	� World Health Organization
ARDS	� Acute respiratory distress syndrome
DKA	� Diabetic ketoacidosis
CKD	� Chronic kidney disease
MI	� Myocardial infarction
DVT	� Deep vein thrombosis
PE	� Pulmonary embolism
CVA	� Cerebrovascular accident
OR	� Odds ratio
CI	� Confidence interval
LDH	� Lactate dehydrogenase
CRP	� C-reactive protein
PCT	� Procalcitonin
WBC	� White blood cells
MDR	� Multi-drug resistant organisms
VAP	� Ventilator-associated pneumonia
LMICs	� Low-to-middle income countries
CRPs	� Carbapenem-resistant pathogens
AMR	� Antimicrobial resistance

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​2​5​-​1​2​3​8​2​-​4.

Supplementary Material 1

Acknowledgements
We are thankful to the responding teams to the COVID-19 pandemic at the 
studied hospitals before, during, and after the pandemic. We also extend 
warm thanks to Ghaya Salhab, Alaa Almouhammad, Marah Alsalkini, Qamar 
Khoder, Taj Azzam, Bayan Hanafi, Sondos Sallam, Majd Abu Khamis, Ola 
Alnabelsi, Lyana Alzamel, Zen Afif, Manaf Jassem, Rahaf Alsoudi, and Samaher 
Almousa, who contributed to the data collection.

Author contributions
MA, ES, and IH analyzed the data. MA prepared the manuscript. IH 
conceptualized the project, supervised data collection and analysis, and 
critically revised the manuscript. All authors revised and approved the last 
version of the article. Ibrahem Hanafi, as the corresponding author, has full 
access to all the data in the study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis.

Funding
This manuscript was prepared without any kind of funding.

Data availability
The dataset supporting the results presented in this report is available upon 
request from the corresponding author.

Declarations

Ethics approval and consent to participate
This study received ethical approval from both the Higher Commission for 
Scientific Research (HSCR) at the Syrian Ministry of Higher education, the 
institutional review board at Damascus University, and the review boards 
of all participating centers. The ethical clearance from HSCR, bearing the 
identification number 1/491, was granted on January 19, 2021, and waived 
the need for getting individual informed consent from the patients included. 
This study adhered to the Declaration of Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 19 October 2025 / Accepted: 15 December 2025

References
1.	 Karasapan O. The war on Syria’s health system. 2016; Available from: ​h​t​t​p​​s​:​/​​/​w​

w​w​​.​b​​r​o​o​​k​i​n​​g​s​.​e​​d​u​​/​a​r​​t​i​c​​l​e​s​/​​t​h​​e​-​w​​a​r​-​​o​n​-​s​​y​r​​i​a​s​-​h​e​a​l​t​h​-​s​y​s​t​e​m​/​#​:​~​:​t​e​x​t​=​A​c​c​o​r​d​
i​n​g​%​2​0​t​o​%​2​0​t​h​e​%​2​0​W​o​r​l​d​%​2​0​H​e​a​l​t​h​,​p​h​a​r​m​a​c​e​u​t​i​c​a​l​%​2​0​i​n​d​u​s​t​r​y​%​2​0​h​a​s​%​
2​0​b​e​e​n​%​2​0​d​e​c​i​m​a​t​e​d

2.	 Alhaffar MHDBA, Janos S. Public health consequences after ten years of the 
Syrian crisis: a literature review. Glob Health. 2021;17(1):111.

3.	 Ghisn Z. How economic sanctions negatively affect the health sector in Syria: 
a case study of the pharmaceutical industry. 2020; Available from: ​h​t​t​p​​s​:​/​​/​b​l​
o​​g​s​​.​l​s​​e​.​a​​c​.​u​k​​/​c​​r​p​/​​2​0​2​​0​/​0​4​​/​1​​6​/​h​​o​w​-​​e​c​o​n​​o​m​​i​c​-​​s​a​n​​c​t​i​o​​n​s​​-​n​e​​g​a​t​​i​v​e​l​​y​-​​a​f​f​​e​c​t​​-​t​h​
e​​-​h​​e​a​l​​t​h​-​​s​e​c​t​​o​r​​-​i​n​​-​s​y​​r​i​a​-​​a​-​​c​a​s​​e​-​s​​t​u​d​y​​-​o​​f​-​t​h​e​-​p​h​a​r​m​a​c​e​u​t​i​c​a​l​-​i​n​d​u​s​t​r​y​/.

4.	 Hanafi I, Alzamel L, Alnabelsi O, Sallam S, Almousa S. Lessons learnt from the 
first wave of COVID-19 in Damascus, syria: a multicentre retrospective cohort 
study. BMJ Open. 2023;13(7):e065280.

5.	 Watson OJ, Alhaffar M, Mehchy Z, Whittaker C, Akil Z, Brazeau NF, et al. 
Leveraging community mortality indicators to infer COVID-19 mortality and 
transmission dynamics in Damascus, Syria. Nat Commun. 2021;12(1):2394.

6.	 Osman M, Rafei R, Ismail MB, Omari SA, Mallat H, Dabboussi F, et al. Antimi-
crobial resistance in the protracted Syrian conflict: halting a war in the war. 
Future Microbiol. 2021;16(11):825–45.

7.	 Rizk NA, Moghnieh R, Haddad N, Rebeiz MC, Zeenny RM, Hindy JR, et al. 
Challenges to antimicrobial stewardship in the countries of the Arab league: 
concerns of worsening resistance during the COVID-19 pandemic and 
proposed solutions. Antibiotics. 2021;10(11):1320.

8.	 Alied M, Antimicrobial resistance. COVID-19 and self-medication in syria: a 
potential boost for an already escalating problem. JAC-Antimicrob Resist. 
2021;3(3):dlab100.

9.	 Granata G, Schiavone F, Pipitone G, Taglietti F, Petrosillo N. Antibiot-
ics use in COVID-19 patients: A systematic literature review. J Clin Med. 
2022;11(23):7207.

10.	 Clinical management of COVID-19. Living guideline [Internet]. Geneva: world 
health organization; 2022 [cited 2024 Jun 24]. (WHO Guidelines Approved by 
the Guidelines Review Committee). Available from: ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​​.​n​i​h​​.​
g​​o​v​/​​b​o​o​​k​s​/​N​​B​K​​5​8​2​4​3​5​/ 

11.	 Zeshan B, Karobari MI, Afzal N, Siddiq A, Basha S, Basheer SN, et al. The usage 
of antibiotics by COVID-19 patients with comorbidities: the risk of increased 
antimicrobial resistance. Antibiotics. 2021;11(1):35.

12.	 Elsayed AA, Darwish SF, Zewail MB, Mohammed M, Saeed H, Rabea H. Antibi-
otic misuse and compliance with infection control measures during COVID-
19 pandemic in community pharmacies in Egypt. Int J Clin Pract [Internet]. 
2021 Jun [cited 2024 Jun 24];75(6). Available from: ​h​t​t​p​​s​:​/​​/​o​n​l​​i​n​​e​l​i​​b​r​a​​r​y​.​w​​i​l​​e​y​.​​
c​o​m​​/​d​o​i​​/​1​​0​.​1​1​1​1​/​i​j​c​p​.​1​4​0​8​1.

13.	 Garg SK. Antibiotic misuse during COVID-19 pandemic: A recipe for 
disaster. Indian J Crit Care Med Peer-Rev Off Publ Indian Soc Crit Care Med. 
2021;25(6):617–9.

14.	 Rothe K, Feihl S, Schneider J, Wallnöfer F, Wurst M, Lukas M, et al. Rates of bac-
terial co-infections and antimicrobial use in COVID-19 patients: a retrospec-
tive cohort study in light of antibiotic stewardship. Eur J Clin Microbiol Infect 
Dis. 2021;40(4):859–69.

https://doi.org/10.1186/s12879-025-12382-4
https://doi.org/10.1186/s12879-025-12382-4
https://www.brookings.edu/articles/the-war-on-syrias-health-system/#:~:text=According%20to%20the%20World%20Health,pharmaceutical%20industry%20has%20been%20decimated
https://www.brookings.edu/articles/the-war-on-syrias-health-system/#:~:text=According%20to%20the%20World%20Health,pharmaceutical%20industry%20has%20been%20decimated
https://www.brookings.edu/articles/the-war-on-syrias-health-system/#:~:text=According%20to%20the%20World%20Health,pharmaceutical%20industry%20has%20been%20decimated
https://www.brookings.edu/articles/the-war-on-syrias-health-system/#:~:text=According%20to%20the%20World%20Health,pharmaceutical%20industry%20has%20been%20decimated
https://blogs.lse.ac.uk/crp/2020/04/16/how-economic-sanctions-negatively-affect-the-health-sector-in-syria-a-case-study-of-the-pharmaceutical-industry/
https://blogs.lse.ac.uk/crp/2020/04/16/how-economic-sanctions-negatively-affect-the-health-sector-in-syria-a-case-study-of-the-pharmaceutical-industry/
https://blogs.lse.ac.uk/crp/2020/04/16/how-economic-sanctions-negatively-affect-the-health-sector-in-syria-a-case-study-of-the-pharmaceutical-industry/
http://www.ncbi.nlm.nih.gov/books/NBK582435/
http://www.ncbi.nlm.nih.gov/books/NBK582435/
https://onlinelibrary.wiley.com/doi/10.1111/ijcp.14081
https://onlinelibrary.wiley.com/doi/10.1111/ijcp.14081


Page 12 of 12Albdewi et al. BMC Infectious Diseases         (2025) 25:1797 

15.	 Kaçmaz B, Keske Ş, Sişman U, Ateş ST, Güldan M, Beşli Y, et al. COVID-19 
associated bacterial infections in intensive care unit: a case control study. Sci 
Rep. 2023;13(1):13345.

16.	 Huang H, Wu K, Chen H, Wang J, Chen L, Lai Z, et al. The impact of the COVID-
19 pandemic on nosocomial infections: a retrospective analysis in a tertiary 
maternal and child healthcare hospital. Front Public Health. 2023;11:1132323.

17.	 Calderón-Parra J, Muiño-Miguez A, Bendala-Estrada AD, Ramos-Martínez A, 
Muñez-Rubio E, Fernández Carracedo E et al. Inappropriate antibiotic use 
in the COVID-19 era: Factors associated with inappropriate prescribing and 
secondary complications. Analysis of the registry SEMI-COVID. Di Gennaro F, 
editor. PLOS ONE. 2021;16(5):e0251340.

18.	 Abu-Rub LI, Abdelrahman HA, Johar ARA, Alhussain HA, Hadi HA, Eltai NO. 
Antibiotics prescribing in intensive care settings during the COVID-19 era: A 
systematic review. Antibiotics. 2021;10(8):935.

19.	 Bendala Estrada AD, Calderón Parra J, Fernández Carracedo E, Muiño Míguez 
A, Ramos Martínez A, Muñez Rubio E, et al. Inadequate use of antibiot-
ics in the covid-19 era: effectiveness of antibiotic therapy. BMC Infect Dis. 
2021;21(1):1144.

20.	 Rosca A, Balcaen T, Lanoix JP, Michaud A, Moyet J, Marcq I, et al. Mortality 
risk and antibiotic use for COVID-19 in hospitalized patients over 80. Biomed 
Pharmacother. 2022;146:112481.

21.	 Pinte L, Ceasovschih A, Niculae CM, Stoichitoiu LE, Ionescu RA, Balea MI, et al. 
Antibiotic prescription and In-Hospital mortality in COVID-19: A prospective 
multicentre cohort study. J Pers Med. 2022;12(6):877.

22.	 Vaughn VM, Flanders SA, Snyder A, Conlon A, Rogers MAM, Malani AN, et 
al. Excess antibiotic treatment duration and adverse events in patients 
hospitalized with pneumonia: A multihospital cohort study. Ann Intern Med. 
2019;171(3):153.

23.	 Hanafi I, Alsalkini M, Almouhammad A, Salhab G, Khoder Q, Azzam T, et al. 
Forecasting COVID-19 inpatient mortality using fundamental parameters in 
resource-constrained settings: a countrywide multi-center cohort study. BMC 
Infect Dis. 2025;25(1):1496.

24.	 Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 2019;13(Suppl 1):S31–4.
25.	 Abbara A, Rawson TM, Karah N, El-Amin W, Hatcher J, Tajaldin B, et al. Antimi-

crobial resistance in the context of the Syrian conflict: drivers before and after 
the onset of conflict and key recommendations. Int J Infect Dis. 2018;73:1–6.

26.	 Alsalkini M, Hanafi I, Alkhaledi A, Awad K, Awad K, Zamzam H Could home 
management of COVID-19 cases alleviate strain on the fragile healthcare 
system in Damascus, Syria: a prospective cohort study [Internet]. 2023 [cited 
24 Jun 2024]. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​e​s​e​​a​r​c​​h​s​q​u​​a​r​​e​.​c​​o​m​/​​a​r​t​i​​c​l​​e​/​r​s​-​3​3​4​
2​2​5​8​/​v​1.

27.	 Kang S, Zheng R. Distribution of the causes of fever of unknown origin in 
China, 2013–2022. J Transl Intern Med. 2024;12(3):299–307.

28.	 Li Q, Liu C, Li H. Suggestions on home quarantine and recovery of novel 
coronavirus patients. J Transl Intern Med. 2023;11(2):111–4.

29.	 Xie J, Ye F, Deng X, Tang Y, Liang JY, Huang X, et al. Circular RNA: A promising 
new star of vaccine. J Transl Intern Med. 2023;11(4):372–81.

30.	 Abdela SG, Liesenborghs L, Tadese F, Abegaz SH, Bayuh FB, Asmamaw EA, et 
al. Antibiotic overuse for COVID-19: are we adding insult to injury? Am J Trop 
Med Hyg. 2021;105(6):1519–20.

31.	 Wicky PH, Dupuis C, Cerf C, Siami S, Cohen Y, Laurent V, et al. Ventilator-
Associated pneumonia in COVID-19 patients admitted in intensive care units: 
Relapse, therapeutic failure and attributable Mortality—A multicentric obser-
vational study from the outcomerea network. J Clin Med. 2023;12(4):1298.

32.	 Zhang F, Li T, Bai Y, Liu J, Qin J, Wang A, et al. Treatment strategies with 
combined agency against severe viral pneumonia in patients with advanced 
cancer. J Transl Intern Med. 2024;12(3):317–20.

33.	 Hyug Choi J, Sook Jun M, Yong Jeon J, Kim HS, Kyung Kim Y, Ho Jeon C, et 
al. Global lineage evolution pattern of sars-cov-2 in Africa, America, Europe, 
and asia: A comparative analysis of variant clusters and their relevance across 
continents. J Transl Intern Med. 2023;11(4):410–22.

34.	 Yang YT, Wong D, Ashcroft DM, Massey J, MacKenna B, Fisher L, et al. 
Repeated antibiotic exposure and risk of hospitalisation and death following 
COVID-19 infection (OpenSAFELY): a matched case–control study. eClini-
calMedicine. 2023;61:102064.

35.	 Ghosh S, Bornman C, Zafer MM. Antimicrobial resistance threats in the 
emerging COVID-19 pandemic: where do we stand? J Infect Public Health. 
2021;14(5):555–60.

36.	 Aljadeeah S, Wirtz VJ, Nagel E. Outpatient antibiotic dispensing for the popu-
lation with government health insurance in Syria in 2018–2019. Antibiotics. 
2020;9(9):570.

37.	 Yimenu DK, Emam A, Elemineh E, Atalay W. Assessment of antibi-
otic prescribing patterns at outpatient pharmacy using world health 
organization prescribing indicators. J Prim Care Community Health. 
2019;10:215013271988694.

38.	 Gautham M, Miller R, Rego S, Goodman C, Availability. Prices and affordability 
of antibiotics stocked by informal providers in rural india: A Cross-Sectional 
survey. Antibiotics. 2022;11(4):523.

39.	 Jakovljevic M, Al Ahdab S, Jurisevic M, Mouselli S. Antibiotic resistance in syria: 
A local problem turns into a global threat. Front Public Health. 2018;6:212.

40.	 Schwartzstein P, The syrian civil war could spell the end of antiobiotics. 2016; 
Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​e​w​s​​w​e​e​​k​.​c​o​​m​/​​2​0​1​​6​/​0​​9​/​2​3​​/​b​​a​s​h​​a​r​-​​a​l​-​a​​s​s​​a​d​s​​-​w​
a​​r​-​s​y​​r​i​​a​-​c​​o​u​l​​d​-​s​p​​e​l​​l​-​e​​n​d​-​​a​n​t​i​​b​i​​o​t​i​c​s​-​4​9​8​0​3​5​.​h​t​m​l.

41.	 Tozluyurt A. Molecular typing of reduced susceptibility of acinetobacter 
calcoaceticus-baumannii complex to chlorhexidine in Turkey by pulsed-field 
gel electrophoresis. J Med Microbiol. 2024;73(8).

42.	 Mert A, Derin O, Akalın H, Dumlu R, Gündeş S, Zengin R, et al. Multicenter 
evaluation of ceftazidime-avibactam use in carbapenem-resistant Klebsiella 
pneumoniae bloodstream infections in OXA-48 endemic regions. Sci Rep. 
2024;14(1):26337.

43.	 Aslan AT, Tanriverdi ES, Kaya SY, Dalgan G, Saltoğlu N, Yılmaz E, et al. Compari-
son of ceftazidime-avibactam with other appropriate antimicrobial therapy 
for the treatment of OXA-48- or KPC-producing enterobacterales infections in 
Türkiye: A multi-centre retrospective matched-cohort study. Int J Antimicrob 
Agents. 2025;67(1):107650.

44.	 Mohammadnejad E, Manshadi SAD, Taghi Beig Mohammadi M, Abdollai 
A, Seifi A, Salehi MR, et al. Prevalence of nosocomial infections in Covid-19 
patients admitted to the intensive care unit of Imam Khomeini complex 
hospital in Tehran. Iran J Microbiol [Internet]. 2021 Dec 22 [cited 2024 Jun 24]; 
Available from: ​h​t​t​p​s​:​​​/​​/​p​u​b​l​i​​s​​h​​.​k​n​​​e​-​p​u​​b​l​​i​s​h​​i​​n​g​​.​c​​o​​m​/​​i​n​​​d​e​x​.​​​p​h​p​​​/​​I​J​M​/​a​r​t​​i​c​l​e​​/​v​i​e​
w​/​8​0​7​5.

45.	 Ayoub Moubareck C, Hammoudi Halat D. The collateral effects of COVID-19 
pandemic on the status of Carbapenemase-Producing pathogens. Front Cell 
Infect Microbiol. 2022;12:823626.

46.	 Secondary Infections in Critical Patients with COVID-19. Associated ARDS in 
the ICU: Frequency, microbiologic characteristics and risk factors. J Coll Physi-
cians Surg Pak. 2023;33(2):181–7.

47.	 Gomez-Simmonds A, Annavajhala MK, McConville TH, Dietz DE, Shoucri 
SM, Laracy JC, et al. Carbapenemase-producing enterobacterales causing 
secondary infections during the COVID-19 crisis at a new York City hospital. J 
Antimicrob Chemother. 2021;76(2):380–4.

48.	 Mędrzycka-Dąbrowska W, Lange S, Zorena K, Dąbrowski S, Ozga D, Tomaszek 
L. Carbapenem-Resistant Klebsiella pneumoniae infections in ICU COVID-19 
Patients—A scoping review. J Clin Med. 2021;10(10):2067.

49.	 AlBahrani S, Almogbel F, Alanazi W, Almutairi SH, Alanazi M, Maximos S, et al. 
Carbapenem use correlates with percentage of patients with COVID-19 in 
intensive care units. Infection. 2023;51(2):331–6.

50.	 Li W, Xu Z, Xiang H, Zhang C, Guo Y, Xiong J. Risk factors for systemic 
and venous thromboembolism, mortality and bleeding risks in 1125 
patients with COVID-19: relationship with anticoagulation status. Aging. 
2021;13(7):9225–42.

51.	 Altorkmani A, Alzabibi MA, Shibani M, Ismail H, Sawaf B, Daher N, et al. Assess-
ing the Syrian population’s Knowledge, Attitudes, and practices regarding 
antibiotic usage. Avicenna J Med. 2021;11(03):132–8.

52.	 Daw MA. The impact of armed conflict on the epidemiological situation of 
COVID-19 in Libya, Syria and Yemen. Front Public Health. 2021;9:667364.

53.	 Ide T. COVID-19 and armed conflict. World Dev. 2021;140:105355.
54.	 Gugushvili A, Mckee M. The COVID-19 pandemic and war. Scand J Public 

Health. 2022;50(1):16–8.
55.	 Aldbis A, Naal H, Kishawi T, Wazni R, Abbara A. The lived experience of 

patients with conflict associated injuries whose wounds are affected by 
antimicrobial resistant organisms: a qualitative study from Northwest Syria. 
Confl Health. 2023;17(1):2.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.researchsquare.com/article/rs-3342258/v1
https://www.researchsquare.com/article/rs-3342258/v1
https://www.newsweek.com/2016/09/23/bashar-al-assads-war-syria-could-spell-end-antibiotics-498035.html
https://www.newsweek.com/2016/09/23/bashar-al-assads-war-syria-could-spell-end-antibiotics-498035.html
https://publish.kne-publishing.com/index.php/IJM/article/view/8075
https://publish.kne-publishing.com/index.php/IJM/article/view/8075

	﻿High frequency of antibiotic administration for COVID-19 patients in Syria and its associations with mortality and complications
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and included hospitals
	﻿Inclusion criteria, diagnostic studies, and treatment strategies
	﻿Data analysis

	﻿Results
	﻿Demographic characteristics
	﻿Antibiotic use and mortality
	﻿Antibiotic use and medical complications

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


