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Abstract

Background Following the Beirut explosion, our university hospital received at least 350 casualties. Subsequently,
infection control standard practices were compromised. Concerns for Multi-Drug Resistant Organisms (MDROs) infec-
tions in injured patients and a resulting hospital outbreak were raised. The objectives of the study were to compare
the rate of hospital growing MDROs 6 months before and 6 months after the Beirut explosion, to identify emerging
microorganisms and to evaluate the change in surgical infection prevention practices.

Methods This is a retrospective chart review of patients with hospital acquired infections (HAI) admitted to the hos-
pital before and after the Beirut explosion. The study was conducted between February 4, 2020 and January 4, 2021.
Excluded patients were those transferred from other hospitals and those with community acquired infections. The
primary outcome was to identify the rate of growing MDROs post explosion. The secondary outcomes were identify-
ing antibiotics used for surgical prophylaxis in patients requiring surgeries and patients diagnosed with a HAI. There-
fore, patients were divided in three groups. Control group included patients admitted with explosion-related injuries
on that same day. Patients admitted and between February 4 and August 4 and diagnosed with HAI were compared
to those admitted post August 4 with explosion-related HAI and to patients diagnosed with non-explosion-related
HAI between August 4 and January 4, 2021. An estimated rate of 18-22% MDRO was needed to achieve a statistical
significance with 80% power and 0.05 a. Pearson Chi square test was used to analyze the primary outcome.

Results A total of 82 patients with 150 cultures were included in this study. Data showed an increase in the rate

of MDRO after the explosion with 37.1% of the cultures taken before the explosion and 53.1% after the explo-

sion (p=0.05). When comparing the types of HAI in both groups, culture sites were significantly different

between pre- and post-explosion patients (p=0.013). However, both groups had similar types of microbes (p=0.996)
with an increase in candida related infections.

Conclusion These findings confirmed that the Beirut explosion impact on antimicrobial resistance was similar
to combat zone incidence, where an increase in MDROs rate such as Escherichia coli (E.Coli) and Stenotrophomonas
maltophilia, in addition to the increase in candida related infections.
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Background
On August 4th 2020, a massive explosion caused by a
large amount of ammonium nitrate stored at the port
of Beirut, the capital of Lebanon, has led to hundreds
of deaths, thousands of injuries, billion US$ in property
damage, and leaving thousands of people homeless [1].
This unexpected devastation flooded all hospitals in Bei-
rut, which was quickly filled beyond capacity [2].
Minutes after the explosion, the Lebanese American
University Medical center —Rizk Hospital (LAUMC-RH),
a 138-bed university hospital, was among centers near
the site of the explosion received around 350 casualties
with different types of injuries, therefore overwhelm-
ing the hospital’s capacity and emergency resources. The
infection control practices at the hospital, including hand
hygiene and aseptic practices in the operating rooms
were compromised. Such practice could have possibly led
to contamination of hospital surfaces. In the literature,
this was reflected by the positive threshold of nosocomial
infections (NIs) per departments; 90% in surgery, 87.5%
in emergency departments and 75% in operating rooms
[3]. In addition, conflict injures have been associated with
multidrug resistant organisms (MDRO) hospital out-
break including Acinetobacter baumannii calcoaceticus
complex (ABC), multidrug resistant Pseudomonas aer-
uginosa, and Klebsiella pneumoniae [4, 5]. According to
the CDC (Centers for Diseases Control and Prevention),
MDROs are defined as microorganisms, predominantly
bacteria, such as methicillin resistant staphylococcus
aureus (MRSA), vancomycin resistant enterococci (VRE)
that are resistant to one or more classes of antimicrobial
agents [1, 6]. The overuse or miuse of antibiotics, which
is common in the emergency settings during natural dis-
asters or wars has led to the appearance of new strains of
MDROS and is among the top 10 threats to global health
[7-9]. For instance, multidrug-resistant gram-negative
bacteria such as Pseudomonas aeruginosa and carbap-
enem-resistant K. pneumoniae, mainly due to multiple
bacterial genetic mutations, form a major threat to the
public health system with a high rate of mortality [10, 11].
Also, infections associated with explosions and com-
bat-related injuries have been associated with two types
of contamination: early and late contamination [12].
Any wound due to war or explosion is considered con-
taminated at the time of injury. In general, it is assumed
that late contamination is associated with MDROs due
to the increased use of broad-spectrum antimicro-
bial, surgeries, emergency department visit, and ven-
tilation associated infections [12]. Adding to that, the
high turnover of healthcare and staff personnel and
the admission of patients without proper screening
on admission, increases the risk of contamination and
MDROs emergence [12].
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Therefore, to minimize combat or explosion-related
infections and the emergence of MDROs, the Infectious
Diseases Society of America and the Surgical Infection
Society established a guideline discussing preventative
measures that should be taken as soon as patients are
transferred to the hospital. These measures include the
following: “rapid drainage and coverage of the wound
with sterile dressing, especially if those associated with
bone damage; fractures should be stabilized before trans-
fer to surgical rooms; patients planned for surgery should
be transferred to the operation room as soon as possible;
point-of injury antimicrobials should be administered to
patients with unpredictable time of surgery transfer as
soon as possible” [13] Hence, we hypothesize that this
breach in the basic standards precautions for infection
control on the day of the explosion will result in a change
of our institution flora with a possible isolation of new
MDROs [14, 15].

The aim of this study is to evaluate the change in the
hospital flora by comparing the rate of hospital grow-
ing MDROs 6months before the Beirut explosion to
6 months after, and to identify emerging microorganisms
and to evaluate the change of antimicrobial surgical
prophylactic practices.

Methods

This is a retrospective chart review of patients with
hospital acquired infections (HAI) admitted to the hos-
pital before and after the 4th of August Beirut explo-
sion in 2020. The study was conducted over a period of
11 months; from February 4, 2020, until January 4, 2021.
All patients diagnosed with HAI identified from infection
control records were included. Patients with coloniza-
tion were also included to assess the impact of the explo-
sion on the acquired flora from the hospital setting. We
excluded all patients transferred from other hospitals and
those with community acquired infections. The primary
outcome was the rate of growing MDROs post explo-
sion in a university hospital. The secondary outcome
was the change of antibiotics used for surgical infection
prevention post-explosion. To identify the changes in the
microbial flora among those admitted before and after
the explosion, patients were divided in three groups. The
first group (group 1) included all patients admitted to the
hospital in the 6 months period prior to the explosion
and developed HAI The second group (group 2) were all
patients admitted on 4th of August or later with explo-
sion-related injuries and diagnosed with MDRs or devel-
oped HAIs during their hospital stay, those should serve
as the control group. However, group 2 was overlooked
since no cultures were taken on the day of the explosion
or could not be assessed because the majority of the cul-
tures were negative due to antibiotics use post-explosion.
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The third group (group 3) included patients admitted to
the hospital post 4th of August due to explosion related
injuries but not admitted earlier and developed HAL
Also, this group of patients received antibiotics post
explosion without obtaining cultures. This has led to
negative cultures due to antibiotics use post-explosion.
Group 3 contains all patients admitted to the hospital
after the explosion up until 6 months later (February 4th,
2021) and developed HAI. Hence, our main comparison
in the study of MDRO will take place between groups 1
and 3. This poses a limitation in the study with the lack of
an explosion-related control group.

An estimated rate of 18-22% MDRO is needed to
achieve a statistical significance with 80% power and o
0.05. Pearson Chi square was used to analyze the primary
outcome. McNemar chi square using binominal adjust-
ment was used to analyze the number of candida species
infection and its fluconazole resistance before and after
the explosion.

The Lebanese American University Institutional Review
Board with exempt status approved the study. The data
was inserted on an excel sheet with the appropriate
coding, then analyzed using IBM SPSS Statistics for
Windows, Version 21.0.

Results

The study retrieved 40 patients pre-explosion and 42
patients post-explosion with HAIs. Researchers studied
more than 150 HAI and colonization antibiograms. The
data showed an increase in the rate of MDRO post explo-
sion with 37.1% MDRO pre-explosion versus 53.1% post
explosion (p=0.05). Even though a significant difference
was noted, both groups showed a significant difference
in the rate of previous MDRO colonization (45.0% pre-
explosion vs 46.5% post-explosion, p=0.890). It is impor-
tant to note that despite having a higher MDRO rate
post-explosion, the history of antibiotic use in patients
pre-explosion was higher than post-explosion (82.1% vs
58.1%, p=0.019). The rate of broad-spectrum empirical
antibiotic use was similar in both groups with rates of
91.2% of antibiotics being broad-spectrum pre-explosion
and 88.8% post-explosion (p=0.626).

When comparing the rates of surgical interventions in
both groups, no statistical significance was noted (30%
pre-explosion vs 14% post-explosion, p=0.076).

When comparing the types of HAI before and after the
explosion respectively, we noticed that the type of infec-
tions prevalent in each group were different. (Table 1)
The difference is approaching significance (p=0.054).
Only wound infection showed a statistical difference
between pre and post explosion.

Culture sites were significantly different between pre-
and post-explosion patients (p=0.013) (Table 2). For
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Table 1 The prevalence of different types of HAI before and after
the explosion

Type of Pre-August Post-August P-value
Infection 4th Beirut 4th Beirut
Explosion Explosion
Group N (%) Group N (%)
SSI 6(10.5) 4(5.3)
HAP 7(12.3) 7(9.2)
CA-UTI 17 (29.8) 12(15.8)
Wound 5(8.8) 1(1.3) .
VAP 17(12.3) 13(17.1)
Central lines 2 (3.5) 10(13.2)
HA-UTI 2(3.5) 7(9.2)
Colonization 11(19.3) 20 (26.3)
CSF 0(0.0) 1(1.3)
Blood Stream 0(0.0) 1(1.3)
Total 57 (100) 76 (100) 0.054"

SSIsurgical site infections, HAP hospital acquired pneumonia, CA-UTI catheter-
associated urinary tract infections, HA-UTI hospital-acquired urinary tract
infections, CSF cerebrospinal fluid infections

" Exact p-value using Fisher-Freeman-Halton exact test

" Indicates statistical difference between the 2 proportions using post-hoc
analysis

example, cerebrospinal fluid (CSF) cultures were only
observed in the post-explosion group (0.0% vs 1.2%).
Both groups had similar types of microorganisms
(p=0.996). The rates of gram-positive bacteria, gram-
negative bacteria and fungi were comparable: 17.1% vs
17.3% for gram-positive organisms, 60.0% vs 60.5% for
gram-negative organisms and 22.9% vs 22.2% for fungi.
The doubling in the incidence of Stemotrophomonas
maltophilia post-explosion (8.8%) compared to pre-
explosion (4.3%) is noted. In addition, there is a remarka-
ble increase in MDRO Escherichia coli (E.coli) emergence
post-explosion (p =0.045). The difference in MDRO Kleb-
siella was not statistically significant (p=0.416). How-
ever, the total ESBL was higher post-explosion compared
to pre-explosion with 63.6% vs 27.8% (p=0.024) (Fig. 1).
Concerning fungal infections, Candida albicans became
more prevalent post-explosion than pre-explosion (11.3%

Table 2 The difference in culture sites between both groups

Culture Site Pre-August 4th Beirut Post-August 4th P-value
Explosion Group N Beirut Explosion
(%) Group N (%)

Urine 27 (42.2) 26 (32.1)

Blood 5(7.8) 17 (21.0)

Sputum 19 (29.7) 32(39.5)

Wound 13(203) 5(6.2)

CSF 0(0.0) 1(1.2)

Total 64 (100) 81 (100) 0.013
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ESBL producing e.coli and K. pneumonia rates pre
and post Beirut explosion

80.00%
60.00%
40.00%
20.00%
0.00%
ESBL E.coli ESBL Klebsiella
p=0.045 p=0.416

M Pre-explosion %

ESBL total
p=0.024

M Post-explosion %

Fig. 1 ESBL producing E.coli and K. pneumonia rate pre and post Beirut explosion

versus 5.7% respectively) (Table 3). It is important to note
the appearance at our medical center of new candida spe-
cies post-explosion such as Candida parapsilosis, Candida
krusei, and Candida kefyr.

When comparing antibiograms, a notable increase in
resistance to many antibiotics was noted without a sig-
nificant difference compared to the pre-explosion period.
However, some antimicrobials such as amoxicillin-cla-
vulanate and imipenem showed a significant increase in
resistance post-explosion (p=0.008 and 0.012) respec-
tively. Differences are represented in Table 4.

Concerning anti-fungals, when looking at total Candida
species (albicans and non-albicans), a statistically signifi-
cant decrease in resistance to fluconazole is detected (60%
resistance pre-explosion and 22.2% resistance post-explo-
sion (p-value=0.027). The number of Candida albicans
post- explosion. Has increased which are susceptible to
fluconazole. Prior to the explosion, two out of five species
of candida excluding glabrata were resistant to fluconazole;
however, one out of twelve of candida species excluding
glabrata were resistant to fluconazole (P =0.022). Despite
the emergence of new non-albicans species post-explosion,
their number compared to albicans species was low. There
was no significant change in the incidence of the different
Candida species. Out of total candida species, the rate of
albicans and tropicalis was higher post explosion compared
to pre-explosion, 75% vs 62.5% respectively, with a non-sta-
tistically significant p-value of 0.99.

Discussion

The rate of HAI did not differ between both groups,
however, there was a remarkable difference between
the rate of MDROs pre and post-explosion. The use of
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Post-explosion %

Pre-explosion %

Table 3 Rates of different microorganisms in each group

Microorganism Pre-August Post-August P-value
4th Beirut 4th Beirut
Explosion Explosion
Group N (%) Group N (%)
Staphylococcus aureus 1(14) 2(2.5)
Coagulase negative 5(7.1) 6 (7.5)
staphylococci
Enterococcus faecalis 3(4.3) 2(2.5)
Enterococcus faecium 2(2.9) 1(1.3)
Escherichia coli 11(15.7) 16 (20.0)
Klebsiella pneumonia 7(10.0) 6 (7.5)
Klebsiella oxytoca 1014 0(0.0)
Enterobacter cloacae 6 (8.6) 4 (5.0)
Other Enterobacter 0(0.0) 1(1.3)
Citrobacter freundii 0(0.0) 2(2.5)
Citrobacter koseri 229 0(0.0)
Proteus mirabilis 3(4.3) 1(1.3)
Morganella morganii 0(0.0) 1(1.3)
Serratia spp 101.4) 1(1.3)
Pseudomonas aeruginosa 8 (11.4) 7 (8.8)
Stenotrophomonas 3(4.3) 7 (8.8)
maltophilia
Acinetobacter baumanii/ 0 (0.0) 1(1.3)
anitra
Candida albicans 4(5.7) 9(11.3)
Candida glabrata 7(10.0) 2(25)
Other Candida 4(5.7) 8(10)
Alcaligenes xylosoxidans 1(1.4) 0(0.0)
Burkholderia cepacia 0(0.0) 1(1.3)
Enterococcus gallinarum 0(0.0) 1(1.3)
Acinetobacter haemolyticus 0 (0.0) 1(1.3)
Total 70 (100) 80 (100) 0.456
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Table 4 Antimicrobials resistance rate difference between both groups
Antimicrobial Pre-August 4th Beirut Explosion Group Post-August 4th Beirut Explosion Group P-value
N (%) N (%)
Penicillin 13(72.2) 9(90.0) 0272
Oxacillin 8(80.0) 8(100.0) 0.180
Ampicillin 30(75.0) 40 (90.9) 0.051
Amoxicillin-clavulanate 15 (42.9) 22 (55.0) 0.008
Piperacillin 12(37.5) 19 (57.6) 0.105
Piperacillin- tazobactam 4(12.9) 8(22.9) 0.204
Cephalothin 13 (43.3) 22(95.7) <0.001
Cefuroxime 12 (40.0) 8 (50.0) 0.515
Cefoxitin 14 (50.0) 23(76.7) 0.042
Ceftriaxone 11(31.4) 0 (50.0) 0.103
Ceftazidime 10(23.3) 22 (43.1) 0.043
Cefepime 6(18.2) 3(37.1) 0.082
Ceftaroline 2(286) -
Ceftolozane-tazobactam 6(17.1) 1(9.1) 0517
Aztreonam 7 (25.0) 4(36.4) 0478
Imipenem 8(22.9) 7 (63.6) 0.012
Meropenem 9(25.7) 6 (54.5) 0.075
Ertapenem 50139 11(28.2) 0.131
Gentamicin 17 (31.5) 19 (31.1) 0.640
Amikacin 5(15.2) 1(9.1) 0612
Chloramphenicol 2(333) 4(50.0) 0.533
Colistin 7(21.2) 7 (20.0) 0.902
Tetracycline 23 (52.3) 11 (40.7) 0.345
Tigecycline 4(9.5) 0(0.0) 0.057
Erythromycin 7 (63.6) 9 (75.0) 0.554
Clindamycin 3(50.0) 6 (75.0) 0334
TMP_SMX 18 (43.9) 30(61.2) 0.101
Nalidixic acid 14 (38.9) 18 (45.0) 0.590
Norfloxacin 9(429) 13 (68.4) 0.105
Ofloxacin 6 (20.0) 10 (29.4) 0411
Ciprofloxacin 10 (27.0) 14(333) 0.489
Levofloxacin 7 (28.0) 7 (28.0) 1.000
Moxifloxacin 1 (50.0) - -
Nitrofurantoin 3(23.1) 3(18.8) 0.775
Fusidic acid 3(50.0) 7(87.5) 0.124
Rifampin 2(333) 5(62.5) 0.280
Vancomycin 3(25.0) 1(8.3) 0.273
Teicoplanin 3(25.0) 0(0.0) 0.064
Fosfomycin 4(9.1) 11 (20.8) 0114
Linezolid 0(0.0) 0(0.0)
Amphotericin B 0(0.0) 0(0.0)
Caspofungin 3(20.0) 20111 0.085
Mycafungin 0(0.0) 0(0.0)
Fluconazole 9 (60.0) 4(22.2) 0.027
Voriconazole 0(0.0) 0(0.0)
Flucytosine - 2 (40.0) -
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broad-spectrum antibiotics empirically in both groups
could be justified with the suspicion of HAI The increase
in the number of colonization cases in the post-explosion
group could have affected the hospital microbial flora.
For instance, E.coli resistance was higher post-explosion.
The choice of pre-operative antibiotic prophylaxis used
before and after the explosion did not change; hence, the
trend in the increased resistance of acquired microorgan-
isms in hospital settings could be directly associated with
the explosive event. The admission of Covid-19 patients
post-explosion also might have played a role in affecting
our antibiotics choice. To note, the first case of Covid-19
was admitted to the hospital on August 6th, which is after
the Beirut explosion. A total of 241 cases were admitted
till December 31st 2020.

A retrospective study examined the clinical impact of
MDROs arising in one US military treatment facility post
war in Iraq and Afghanistan [4]. The study results showed
that the incidence of MDR ABC infection increased from
2.3% in 2001 to 11.9% in 2005 at the US Army Institute
of Surgical Research. Most of the ABC isolates had broad
spectrum antimicrobial resistance with mortality rate of
22% in the infected patients in contrast to 7.7% in those
without infection. Other notable gram-negative bacteria
infecting combat casualties in these US facilities included
MDR P, aeruginosa and Klebsiella pneumonia [4].

Furthermore, as a result of the Southeast Asia earth-
quake and tsunami in 2004, traumatic injuries to head,
chest, and limbs were often contaminated with highly
resistant bacteria, mainly gram negative MDROs, such
as Paeruginosa, Enterobacter cloacae, Aeromonas spp.,
Proteus spp., Bacteroides spp., Acinetobacter baumanii
(MDR) and E.coli (ESBL) [14].

Findings from the 1999 Marmara earthquake showed
that HAI with MDROs was significantly increased.
The following potential pathogens were found in the
cultures: A. baumannii, MRSA, Paeruginosa, E.coli,
K.pneumoniae. All Staphylococcus aureus strains were
found to be resistant to methicillin in vitro. Two strains
of A. baumannii and one P. aeruginosa were found to
be resistant to all antimicrobials including carbapen-
ems [15]. In our study, a significant difference was found
between the rate of Stenotrophomonas wmaltophilia
between the pre- and post-explosion groups. However,
it is important to note the increase in the use of carbap-
enem during COVID-19 surge, coincided with the post-
explosion period [16]. This pandemic and its associated
use of broad-spectrum antimicrobials could have also
interfered with the outcomes such as the emergence of
new Candida species. Also, a systematic review present-
ing antimicrobial resistance emergence in the Middle
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East showed that gram negative resistance was highly
emerging with carbapenem resistance. Acinetobacter spp
at 74.2%, and ESBL producing Enterobacteriaceae species
(K. pneumoniae and E. coli) at 60.2%. These data were
clearly noticed in our study results, with an increase rate
of ESBL post-explosion [14].

To take this further, the emergence of higher numbers
of carbapenem resistant Enterobacteriacae (CRE) after
the events of August 4th raised several questions related
to the rationale behind this increase in resistance. For
example, contributing factors could be due to exogenous
bacteria from the environment causing more resistance
in our hospital, or heavy use of antibiotics after the explo-
sion due to deep and life threatening injuries, or whether
it was a confounding factor related to the COVID-19
pandemic where broad spectrum antimicrobials were
used for treatment of COVID-19 bacterial complications
especially that the first Covid-19 patient admitted to our
hospital took place after the explosion. It is important to
note that the explosion happened within the same period
of the COVID-19 pandemic.

In terms of increasing the prevalence of bacterial resist-
ance, post Marmara earthquake in 1999, the mortality
rate was significantly higher in those patients with HAI
(34.1%) than in those without HAI (1.7%) 48h post hos-
pitalization (P-value<0.05) [17].

During the Syrian conflict, clinician researchers
were alarmed with the increase in antimicrobial resist-
ance, especially with the overwhelmingly crowded and
unhygienic environment, the increase in the number
of injuries, the financial sanctions and the decrease
in medical resources [18]. Another study, conducted
in Afghanistan, explained the crucial role of infection
control measures, laboratory diagnostic capabilities,
and active surveillance of antimicrobial resistance as
a mean to limit the emergence of antimicrobial resist-
ance post-conflicts [19]. In the recent ongoing conflict,
in Ukraine, the emergence of antimicrobial resistance
are reported in hospitals [20].

Our study has several limitations. First, our medical
center is a 138-bed university hospital located in metro-
politan Beirut, surrounded by other hospitals with close
proximity, which limited the number of patients that
could have been included. Second, since no cultures were
collected at the day of the explosion, the investigators
had to consider this group of patients as a control group,
which decreased the number of the patients included.
Third, the explosion occurred amidst the COVID-19
pandemic, where many patients were hospitalized with
complications and required treatment with broad-spectrum
antimicrobials.
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Conclusion

To our knowledge, this is one of the few studies that
compare the flora changes in a hospital after an explo-
sion, war conflicts or a natural disaster. The rate of grow-
ing MDROs increased post the explosion at a university
hospital that received a mass casualty the day of the
explosion. We could not identify a significant difference
in the type of microorganisms. However, new emerg-
ing microbes were seen post-explosion mainly Candida
species.

Abbreviations

LAUMC-RH  Lebanese American University Medical Center- Rizk Hospital
NI Nosocomial infections

MDRO Multi-drug resistant organism

ABC Acinetobacter baumaunni calcoaceticus complex

CbC Center for disease control and prevention

MRSA Methicillin resistant staphylococcus aureus

VRE Vancomycin resistant enterococci

MDR Multidrug resistant

ESBL Extended spectrum b-lactamase producing enterobacteriacae
HAI Hospital acquired infections

CSF Cerebrospinal fluid

E.coli Escherichia coli

CRE Carbapenem resistant enterobacteriacae

Acknowledgements
None

Authors’ contributions

JM, RH, ZR and HM contributed to conception and design of the study. HM
and ZR drafted the approved study protocol. ZR, RAA and SZ collected the
data and HD and HM conducted the data analysis. ZR, RAA, and HM drafted
the current manuscript. JM critically revised the current manuscript. All
authors read and approved the final manuscript.

Funding
None received

Availability of data and materials

The data analyzed during the current study are available in the Infection
control repository at the Lebanese American University Medical Center- Rizk
Hospital (LAUMC-RH) and are available upon a request to the corresponding
author.

Declarations

Ethics approval and consent to participate

This is a retrospective study that was approved by The Lebanese American
University Institutional Review Board LAU.SOPHM1.24/Sep/2020. All methods
were carried out in accordance with relevant guidelines and regulations.
Informed consent to participate was waived by The Lebanese American
University Institutional Review Board LAU.SOPHM1.24/Sep/2020 due to the
retrospective nature of the study that looked at cultures and susceptibilities.
Informed consent from study participants: Not applicable, this is a retrospec-
tive study that looked at cultures and susceptibilities.

Consent for publication
Not applicable

Competing interests
The authors declare no competing interests.

Page 7 of 8

Author details

'School of Pharmacy department of pharmacy practice, Lebanese American
University, Byblos, Lebanon. ?School of Medicine, Lebanese American Uni-
versity, Beirut, Lebanon. 2School of Pharmacy, Lebanese American University,
Beirut, Lebanon. “School of Pharmacy department of pharmaceutical sciences,
Lebanese American University, Byblos, Lebanon. ®Infection control, Lebanese
American University Medical Center-Rizk Hospital (LAUMC-RH), Beirut,
Lebanon.

Received: 26 May 2023 Accepted: 13 November 2023
Published online: 04 January 2024

References

1. CTVNews. 2020. What We Know About the Beirut Explosion.

2. Save the Children International, 2020. Fears for children in Beirut explo-
sion, As Hospitals Are Completely Overwhelmed.

3. Chaouil, Mhand R, Mellouki F, Rhallabi N. Contamination of the surfaces
of a health care environment by multidrug-resistant (MDR) Bacteria.
International journal of microbiology. International Journal of Microbiol-
ogy. 2019;10:1-7.

4. Wetterslev M, Roselarsen K, HansenSchwartz J, SteenAndersen J, Maller
K, MallerSerensen H. Mechanism of injury and microbiological Flora of
the geographical location are essential for the prognosis in soldiers with
serious warfare injuries. Danish Medical Journal. 2013;60(9):A4704.

5. Murray CK. Epidemiology of infections associated with combat-related
injuries in Iragq and Afghanistan. The Journal of Trauma: Injury, Infection,
and Critical Care. 2007;12(44):1577-84.

6. Management of Multidrug-Resistant Organisms in Healthcare Settings.
CDC. https://www.cdc.gov/infectioncontrol/guidelines/mdro/backg
round.html. Published 2006.

7. Algammal A, Hetta HF, Mabrok M, Behzadi P. Editorial: emerging multi-
drug-resistant bacterial pathogens "superbugs": a rising public health
threat. Front Microbiol. 2023;14:1135614. https://doi.org/10.3389/fmicb.
2023.1135614. PMID: 36819057; PMCID: PMC9930894

8. Maryam Sadat Khonsari et al.: IntroductionUropathogenic Escherichia
coli (UPEC) strains as the pioneer bacterial agents causing urinary tract
infections (UTls) bear a genomic pool consisting of flexible and adap-
tive genetic elements. Due to this fact (2021) The prevalence of type 3
fimbriae in uropathogenic escherichia coli isolated from clinical urine
samples, Meta Gene. Available at: https://www.sciencedirect.com/
science/article/pii/S2214540021000323.

9. Behzadi P, Garcia-Perdomo HA, Karpiriski TM, Issakhanian L. Metallo-R3-
lactamases: a review. Mol Biol Rep. 2020;47(8):6281-94. https://doi.org/
10.1007/511033-020-05651-9.

10. Behzadi P, Ambrosi C, Scribano D, Zanetti S, Sarshar M, Gajdécs M, et al.
Editorial: current perspectives on Pseudomonas aeruginosa: epidemiol-
ogy, virulence and contemporary strategies to combat multidrug-resist-
ant (MDR) pathogens. Front Microbiol. 2022;26(13):975616. https://doi.
0rg/10.3389/fmicb.2022.975616. PMID: 35958138; PMCID: PMC9363151

11. Karampatakis T, Tsergouli K, Behzadi P. Carbapenem-resistant Klebsiella
pneumoniae: virulence factors, molecular epidemiology and lat-
est updates in treatment options. Antibiotics (Basel). 2023;12(2):234.
https://doi.org/10.3390/antibiotics12020234. PMID: 36830145; PMCID:
PMC9952820

12. Mérens A, Rapp C, Delaune D, Danis J, Berger F, Michel R. Prevention of
combat-related infections: antimicrobial therapy in battlefield and barrier
measures in French military medical treatment facilities. Travel Med Infect
Dis. 2014;12(4):318-29.

13. Hospenthal DR, Murray CK, et al. Guidelines for the Prevention of Infec-
tions Associated With Combat-Related Injuries: 2011 Update: Endorsed
by the Infectious Diseases Society of America and the Surgical Infection
Society. The Journal of Trauma: Injury, Infection, and Critical Care.
2011;71(2):5210-34. https://doi.org/10.1097/TA.0b013e318227ac4b.

14. Maegele M, Gregor S, Steinhausen E, Bouillon B, Heiss MM, Perbix W, et al.
The long-distance tertiary air transfer and care of tsunami victims: injury
pattern and microbiological and psychological aspects*. Crit Care Med.
2005;33(5):1136-40.


https://www.cdc.gov/infectioncontrol/guidelines/mdro/background.html
https://www.cdc.gov/infectioncontrol/guidelines/mdro/background.html
https://doi.org/10.3389/fmicb.2023.1135614
https://doi.org/10.3389/fmicb.2023.1135614
https://doi.org/10.1007/s11033-020-05651-9
https://doi.org/10.1007/s11033-020-05651-9
https://doi.org/10.3389/fmicb.2022.975616
https://doi.org/10.3389/fmicb.2022.975616
https://doi.org/10.3390/antibiotics12020234
https://doi.org/10.1097/TA.0b013e318227ac4b

Roumieh et al. BMC Infectious Diseases

20.

(2024) 24:48

Truppa C, Abo-Shehada MN. Antimicrobial resistance among glass patho-
gens in conflict and non-conflict affected settings in the Middle East: a
systematic review - BMC infectious diseases. BioMed Central. 2023;932:20.
Sanyal SC, Mokaddas EM. The increase in carbapenem use and emer-
gence of Stenotrophomonas maltophilia as an important nosocomial
pathogen. J Chemother. 1999;11(1):28-33. https://doi.org/10.1179/joc.
1999.11.1.28. PMID: 10078777as

Oncil O, Keskin O, Acar H, Kiicikardall Y, Evrenkaya R, Atasoyu E, et al.
Hospital-acquired infections following the 1999 Marmara earthquake. J
Hosp Infect. 2002;51:47-51.

Ahmadzai MA, Shinwari Q, Al-Rasheed AA, Garba B. Armed conflict and
the proliferation of antimicrobial resistance: the situation in war-ravaged
Afghanistan. Int J Ojne Health. 2022;8(1):43-7.

Abbara A, Rawson TM, Karah N, EI-Amin W, Hatcher J, Tajaldin B, et al. Anti-
microbial 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.

Jerving S.The war in Ukraine is fueling antimicrobial resistance. Devex
Journal. 2022;

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1179/joc.1999.11.1.28
https://doi.org/10.1179/joc.1999.11.1.28

	Impact of the 4th of August Beirut explosion mass casualty incident on a university hospital microbial Flora
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


