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Abstract

Background and aim

Antibiotic resistance is a major emphasis in intensive care units (ICUs). Better understand-
ing of ICU physicians’ perceptions, attitudes, and knowledge about antimicrobial prescribing
practices could facilitate more effective interventions in fighting antimicrobial resistance in
Egyptian ICUs and establishing a proper Antimicrobial Stewardship Program.

Methods

A cross-sectional questionnaire study was conducted including 92 physicians distributed across
the different types of Egyptian healthcare institutions in two cities of Egypt; Cairo and El Monufia.
Over a period of three months, started in December 2019 and ended in February 2020.

Results

A total of 92 Egyptian physicians were included in the study. Seventy (76.1%) of the sur-
veyed physician strongly agreed and 22 (23.9%) agreed that antibiotic resistance is a world-
wide problem. Moreover, 50 (54.3%) strongly agreed and 40 (43.4%) agreed thatitis a
problem in their hospitals while only 2 (2.1%) disagreed. Poor hand hygiene (67.5%), poor
infection control practices by healthcare professionals (63.9%) as well as wrong practices in
the management of invasive devices (68.7%), and poor environmental cleaning practices
(63.4%) were considered very important causes of AMR by the majority of the surveyed ICU
physicians. Almost all of the physicians (95%) rated an advice from a clinical pharmacist as
very or moderately helpful intervention, while (52%) declared an advice from a microbiolo-
gist or an infectious disease specialist as very helpful.

Conclusion

The results of the present study showed that the Egyptian ICU physicians have remarkable
knowledge regarding antibiotic resistance as a worldwide problem and a high sensibility
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toward the problem in their hospitals. The study also showed that implementation of proper
AMS is an urgent need as physicians answers for the different questions in the survey
showed that their attitudes and perceptions regarding antibiotic resistance and their way in
prescription could be modified and improved if AMS programs with suitable training pro-
grams and local guidelines are provided among different types of Egyptian hospitals.

Introduction

Every day the world is facing new challenges, one of the monumental challenges that face the
world nowadays is antimicrobial resistance (AMR) [1]. A recent publication by the Centers for
Disease Control and Prevention (CDC) estimated that each year in the U.S., at least 2.8 million
people get an antibiotic-resistant infection, from those patients who develop infections, an esti-
mated 35,000 people die each year as a direct result of these infections [2]. Similarly, in Europe,
about 25, 000 people die every year from antibiotic-resistant bacteria, Lord Jim O’Neill’s team
‘issued a paper predicting that by 2050, AMR will be responsible for 10 million fatalities per
year around the world [3]. COVID-19 is now a new public-health danger [4]. WHO has warned
the scientific world that the increased use of antibiotics to combat the COVID-19 pandemic will
strengthen the bacterial resistance problem, leading to more deaths during the crisis and beyond
[5]. In hospitals, 1450 (72%) of 2,010 COVID-19 patients received broad-spectrum antibiotic
therapy, although only 8% of them developed bacterial and fungal co-infections [6]. This
unwarranted prescribing pattern could increase the long-term threat of AMR [7].

Antibiotic resistance is a major emphasis in intensive care units (ICUs). ICUs have been
described as a factory for developing, propagating, and amplifying antimicrobial resistance [8].
Furthermore, the prevalence of Hospital-acquired infections (HAI) was found to be more
common in ICU than in general hospital wards [9]. Along with the problem of HAI goes the
burden of Multi-Drug Resistance (MDR). The burden of MDR was related to the high rate of
inappropriate empiric broad-spectrum antimicrobial agents [8].

Antibiotics were administered to almost 60% of ICU patients during their stay [10]. Even
though only 35% of ICU patients had positive microbiologic cultures, research indicated that
70% of ICU patients were getting at least one antibiotic [11]. Antimicrobial Stewardship Pro-
grams (AMS) were described as one of the key interventions to combat AMR [12]. They are a
series of interdisciplinary interventions aimed at ensuring the sensible use of antimicrobials by
limiting their overuse. These methods can be implemented to help control AMR by raising
public awareness and educating healthcare professionals on antimicrobial use especially in
low-middle income countries [3].

All the previously stated facts embolden the current study objectives. The survey was con-
ducted to discover ICU physicians’ perceptions and attitudes toward antibiotic prescribing
and resistance. In addition to possible ways for combating the problem in Egyptian ICUs, to
raise awareness toward antibiotic resistance and changing physician’s behavior for antibiotic
prescriptions.

Material and methods

The current cross-sectional study was conducted across two governorates of Egypt; Cairo and
El Monufia. Over 3 months, started December 2019 and ended February 2020. Ethics approval
was obtained from the institutional review board of the faculty of Pharmacy, Beni-Seuf Univer-
sity (# Rech ph. bsu 20005). The targeted group was ICU physicians, sample size (n) was calcu-
lated using this equation (n = (Z% * (p) * (1 — p)) =+ ¢*) where Z value is 1.96 for 95%
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confidence leve, (p = 0.5) percentage or proportion is what the results expected to be, confi-
dence interval (c = 0.1) is considered to be the amount of error that can be allowed in the
study,(n) was calculated to be 96 physicians.

The completion of the questionnaire by participants was considered an agreement for par-
ticipation in the study, physicians were insured that data is collected anonymously. Five hospi-
tals of different types were included four of them in Cairo: New Cairo hospital, Kasr ALAiny,
El Helal hospital, Railway hospital and International Medical Centre, while one of them in
Monufia; Toshiba Al Arabi hospital.

The questionnaire “S1 Table” was adapted from previous studies and extant literature,
validity and reproducibility were tested in the cited studies,”S1-54 Files” [13, 14].

It was pilot tested on a sample of 12 physicians and adjustments were made according to the
need and the point of view regarding the study objectives and their data were included. Ninety -two
(92) ICU physicians were recruited using the convenient sampling method, they were contacted via
mail in which the title, aims, and objectives of the study were clarified in the questionnaire form.
Hardcopies were provided for physicians who couldn’t be contacted by mail. The survey was written
in English, participation was voluntary, and no incentives for participation were given.

The questionnaire included closed ended questions regarding ICU physicians’ professional
profiles, working setting, the existence of antimicrobial stewardship core elements, availability of
local guidelines for therapy of infections, infection control team, and availability of periodic reports
on local antibiotic resistance data. The questionnaire also included questions regarding physicians’
perception of the importance and causes of antibiotic resistance, their attitudes towards antibiotic
prescription, and suggested interventions to improve antibiotic prescription. The clinical pharma-
cist’s role in antibiotic prescription was also questioned. The answers to questions (Q7-9) varied
between (Yes, No, Unsure), while questions about attitudes and perceptions towards antibiotic
prescribing and resistance were designed using the 4-point Likert scale with response options
from very helpful/important/ confident to very unhelpful/unimportant/unconfident.

Statistical analysis

After the data were collected and verified, they were coded and entered manually in the excel
sheet based on the code given to each hospital data “S1 Dataset”. It was analyzed using Statisti-
cal Package for the Social Sciences (SPSS) program version 25.

The chosen statistical test was chi-square. The data were expressed as frequency and per-
centage. The confidence level was 95%. The significance was evaluated by comparing the actual
value against a critical value found in a Chi-Square distribution, p-value < (0.05) was consid-
ered significant.

Results
Baseline characteristics, hospital profile, and hospital’s antimicrobial
stewardship core elements

Surveyed ICU physicians’ baseline characteristics, hospital profile, and antimicrobial steward-
ship core elements are described in “Table 1”.

Participants’ perceptions of the importance and causes of the antibiotic
resistance problem
Seventy (76.1%) of the surveyed physicians strongly agreed and 22 (23.9%) agreed that antibi-

otic resistance is a worldwide problem. Moreover, 50 (54.3%) strongly agreed and 40 (43.4%)
agreed that it is a problem in their hospitals while only 2 (2.1%) disagreed.
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Table 1. Baseline characteristics of the participants, hospital profiles and antimicrobial stewardship core

elements.

1. Gender
Male 69(75)
Female 23 (25)
2. Years of experience
Less than 10 years 67 (72.8)
10-20 years 21(22.8)
21-30 years 4 (4.3)
3. Type of the hospital
University Hospital 36 (39.1)
Private Hospital 32 (34.8)
Ministry Hospital 18 (19.6)
Other (e.g., military hospitals) 4(4.3)
All 2(2.2)
4. Hospital inpatient beds
Less than 100 29 (31.5)
100-500 39 (42.4)
501-1000 9(9.8)
More than 1000 8(8.7)
Unsure 7(7.6)
5. Hospital ICU beds
5-10 12 (13.0)
11-20 27 (29.3)
21-30 21 (22.8)
More than 30 32 (34.8)
6. Type of the ICU
Surgical 22 (23.9)
Medical 58 (63.0)
Neurology 3(3.3)
Cardiology 6(6.5)
Other (e.g., pediatric) 3(3.3)
7. Availability of antimicrobial stewardship in the hospital
Yes 61 (66.3)
No 21 (22.8)
Unsure 10 (10.9)
8. Availability of local guidelines for therapy of infection in the hospital
Yes 68 (73.9)
No 19 (20.7)
Unsure 5(5.4)
9. Periodical departmental reports on local antibiotic resistance data
Yes 64 (69.6)
No 23 (25)
Unsure 5(5.4)

https://doi.org/10.1371/journal.pone.0273673.t001
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Fig 1. Perception of physicians regarding contributing factors to the development or spread of antimicrobial resistance.

https://doi.org/10.1371/journal.pone.0273673.9001

There was no significant association between physicians’ years of experience (P = 0.977),
type of hospital (P = 0.707), and type of ICU (P = 0.434), and their agreement that antibiotic
resistance is a worldwide problem. Yet their consideration of antimicrobial resistance (AMR)
as a problem in their hospital was affected by the type of hospital, where physicians working in
university hospitals (P = 0.020) had a significant p-value < 0.05 compared to other types of
hospitals (Private, Ministry, Military). In addition physicians working in medical ICU
(P =0.01), had significant p -value < 0.05 compared to (Surgical, Neurology, Cardiology,
Pediatric).

On the other hand, it wasn’t affected by years of experience (P = 0.276).

Physicians were asked to share their perceptions of causes of AMR, their answers were
reported as (%) in “Fig 1”. Neither Physician’s years of experience nor type of hospital affected
physicians’ answers regarding their perceptions toward contributing factors of AMR. In con-
trast, there was a significant difference between the physician’s answers working in different
ICUs, “Fig 2.

Additionally, almost all of the surveyed physicians thought that the presence of an infection
control team is highly important (61%), moderately important (29%), slightly important (7%)
in their hospitals while only (3%) answered it was not important. Unfortunately, physicians
answered that their patients are highly likely (41.3%) to suffer from hospital acquired infec-
tions, and (50%) answered likely, and (8.7%) answered it’s unlikely.

Participants’ attitudes and factors influencing the antibiotic prescribing
process

Physicians with less than 10 years of experience checked international guidelines more than
the other categories (p = 0.047), while the consultation of the local guidelines in their last
month was affected by the type of hospital. The physicians who worked in private hospitals (P
value = 0.010) tended to consult the local guidelines more than the other categories, “Fig 3”.
The majority of the physicians (90.3%) thought that locally developed guidelines for antibiotic
treatment are more useful than international ones.

The surveyed physicians were asked considering their daily activities how confident did
they feel in the following scenarios when they prescribed an antibiotic “Fig 4”.

Whereas physicians with less than 10 years of experience declared to be more confident to
prescribe antibiotics when compared to more experienced physicians in choosing the correct
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Fig 2. Relationship between physician’s perceptions regarding causes of AMR and type of ICU (* significant p -value < 0.05 compared to
other types of ICUs (Surgical, Neurology, Cardiology, Pediatric)). (A) shows perception of physicians regarding using broader than necessary
spectrum. (B) shows perception of physicians regarding the cause (shorter than standard duration). (C) shows perception of physicians regarding
the cause (poor hand hygiene). (D) shows perception of physicians regarding the cause (poor infection control). (E) Perception of physicians

regarding the cause (wrong practices in management of invasive devices).

https://doi.org/10.1371/journal.pone.0273673.9002
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https://doi.org/10.1371/journal.pone.0273673.g003

antibiotic, choosing the correct dose, and interval of administration, interpreting microbiolog-
ical results, planning the duration of antibiotic treatment, “Fig 5”.
In interpreting the microbiological results scenario, physicians’ answers were significantly
different with the type of ICU. Physicians working in medical ICU tended to be more confi-
dent when prescribing antibiotics in this scenario (p- value <0.001). Physician’s answers work-
ing in hospitals with AMS programs were significantly different, they tended to be confident

to prescribe an antibiotic when making an accurate diagnosis of antibiotic treatment (p-value

0.007).

Only 31(33.7%) of the surveyed physicians had attended formal training in antibiotic pre-
scribing in the last 12 months while 56 (60.8%) didn’t attend any training additionally 5 (5.5%)

PLANNING THE DURATION OF THE ANTIBIOTIC TREATMENT 35.4 51.2 13.4
INTERPRETING MICROBIOLOGICAL RESULTS 41.5 52.4 6.1
CHOOSING BETWEEN INTRAVENOUS AND ORAL 463 35.4 19
ADMINISTRATION ’ . -
CHOOSING THE CORRECT DOSE AND INTERVAL OF
ADMINISTRATION, 48.8 8 122
CHOOSING THE CORRECT ANTIBIOTIC 32.9 58.5 8.5
DECIDING NOT TO PRESCRIBE AN ANTIBIOTIC IF THEY ARE
NOT SURE ABOUT THEIR DIAGNOSIS. pe.8 9.4 .7 h |
MAKING AN ACCURATE DIAGNOSIS OF INFECTION 43.9 48.8 7.3
| | | I
Very confident Confident Unconfident Very unconfident
Fig 4. Level of confidence in prescribing the antibiotics, data presented in (%) (n = 92).
https://doi.org/10.1371/journal.pone.0273673.9004
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Fig 5. Significant relationship between physician’s years of experience and level of confidence of prescribing antibiotics in various scenarios, (*
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and interval of administration scenario.(C) interpreting results. (D) Planning the duration of the antibiotic treatment.

https://doi.org/10.1371/journal.pone.0273673.9005

were unsure, but 80 (87%) answered that they would like to attend a training in the future, 9
(9.8%) didn’t like to attend any and 3 (3.2%) were unsure.

Participant’s perceptions of the helpfulness of potential interventions to

improve antibiotic prescribing

Physicians’ ratings of the helpfulness of potential interventions to improve antibiotic prescrib-
ing were reported in “Fig 6”. Physicians with less than 10 years of experience answers were sig-
nificantly different, they thought that the following interventions were very helpful, “Fig 77;
advice from a senior ICU doctor (0.022), advice from an infectious disease specialist (<0.001),
implementation of persuasive ASPs (0.008), implementation of restrictive ASPs (0.01), avail-
ability of systematic reports about resistance data (0.009, implementation of monitoring sys-
tems of used antibiotics (0.036).

PLOS ONE | https://doi.org/10.1371/journal.pone.0273673 September 15, 2022

8/16


https://doi.org/10.1371/journal.pone.0273673.g005
https://doi.org/10.1371/journal.pone.0273673

PLOS ONE Perceptions of ICU physicians toward AMR

Potential interventons for antibiotic prescription
improvement

Computer-aided prescribing
Implementation of monitoring systems of...
Awailability of systematic reports about...
Availability of locally developed guidelines... m——f @ GG @y O

Implementation of restrictive ASPs  seessiEe——seS e S

Implementation of persuasive ASPs eSS

Advice from a dlinical pharmacist T T ——

Advice from a microbiologist T ————— e —— | — )

Advice from an infectious disease specialist eSS — 3

Advice from a senior ICU doctor me—feessn @ a—) 3

Ill

0% 20% 40% 60% 80% 100%

M Very helpful ™ Moderately helpful mSlightly helpful Not helpful m m

Fig 6. Potential interventions for improvement of antibiotic prescription, answers represented as (%).

https://doi.org/10.1371/journal.pone.0273673.9006

The physician’s answers working in university hospitals were significantly different com-
pared to other types of hospitals; private, ministry, military regarding the implementation
of monitoring systems of used antibiotics (p -value 0.007).

Physicians answer’s working in medical ICUs were significantly different, “Fig 8”. They
have chosen having advice from an infectious disease specialist (P -value 0.044), and the avail-
ability of locally developed guidelines for therapy of infections (P-value 0.024) as helpful
interventions.

All of the physicians (94.6%) appreciated the usefulness of the presence of a clinical phar-
macist during the ICUs round. About one third of them (33.7%) consulted the clinical phar-
macist 10 times monthly regarding choosing antibiotics.

Discussion

Previous studies were done to assess physicians’ perceptions about antibiotic resistance, in low
-middle income countries [15, 16]. The present survey showed that intensive care physicians
in Egypt show a great knowledge of the antibiotic resistance problem. The physicians’ knowl-
edge regarding antibiotic resistance varied in correlation with many factors; their years of
experience, type of hospital, type of ICU, also the availability of stewardship core elements in
the facility.

The majority of the surveyed physician agreed that antibiotic resistance is a worldwide
problem. Moreover, more than 50% of physicians agreed that AMR is a problem in their hos-
pitals this was similar to the findings of a previous study done in Fayoum government [17].
On the other hand, this was opposite to what was found by another studies, where physicians
approved that the problem is worldwide but underrated the problem in their hospitals, per-
ceiving the risk as more theoretical than the real one [14, 18]. This could be due to insufficient
monitoring of multidrug-resistant organisms or a lack of data sharing.
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https://doi.org/10.1371/journal.pone.0273673.9007

The majority of physicians stated that poor hand hygiene is one of the major causes of
AMR. This has been previously mentioned in a previous study which have stated that cross-
infection of patients by healthcareworkers using contaminated hands could be a significant
source of infections [19]. In addition, a study carried out in Zagazig university hospitals, has
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reported that lack of compliance by healthcare providers with hand hygiene measures, and
environmental contamination were the most common causes of infection in intensive care
units [20]. Those findings were similar to multiple surveillance studies conducted in Europe,
the United States, Egypt, and Saudi Arabia [21-23]. Studies have shown that improvements in
hand hygiene are associated with lower healthcare-associated infection rates, a reductions in
Multi-drug resistant organisms (MDRO) transmission and acquisition, a decrease in the use of
broad-spectrum antibiotics and finally reduction in antibiotic resistance [24, 25].

Wrong practices in the management of invasive devices as a cause for AMR have been
reported by recent surveillance carried out in a medical-surgical ICU from a large tertiary care
hospital of Cairo University in Egypt. High incidence rates of Device Associated -Hospital
Acquired Infections (DA-HAIs) together with the high levels of antimicrobial resistance pat-
tern were found [26]. This spotlight on the role that the infection control team could play as an
intervention in decreasing the level of antibiotic resistance in Egypt’s intensive care units.
Campaigns that promote awareness should be encouraged such as "Your 5 Moments for Hand
Hygiene “which is recommended by WHO, educational programs regarding proper care bun-
dles such as Catheter associated urinary tract infection (CA-UTI), ventilator-associated pneu-
monia (VAP), central line-associated bloodstream infection (CLABSI), and surgical site
infection (SSI). This was mentioned before in a study done in Egypt where the incidence rate
of CA-UTI, VAP,CLABSI were higher than the rates reported in figures of the Annual Epide-
miological Report, 2016 of the European Centre for Disease Prevention and Control [20].

A small number of participated physicians attended formal training in antibiotic prescrip-
tion during the last year. This can be attributed to their workload that sometimes didn’t permit
them to attend lectures and training programs as there is a conflict between work and training
time. This was a challenge for a previous study done to train physicians before establishing the
AMS program [27]. In addition, a previous study proved that the lack of proper training or
education of healthcare providers regarding proper antimicrobial use in LMIC is one of the
most important factors affecting antimicrobial resistance [15].

Physicians were very confident to prescribe an antibiotic in the following scenarios, choos-
ing the correct dose and interval of administration and choosing between intravenous besides
oral administration, and confident when choosing the correct antibiotic and interpreting
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microbiological results, those findings are consistent with a previous study done on final-year
medical students across European medical schools [28]. In contrast to the expected and stated
by previous studies in other countries, physicians were unconfident in deciding not to pre-
scribe an antibiotic if they are not sure about the diagnosis, this may occur due to anxiety to
miss infection rather than using unnecessary antibiotics and that the more is better [16].

The physician’s years of experience affected the physician’s answers, physicians with less
than 10 years of experience were more confident, this is in contrast to a previous study done in
Ghanaian tertiary care hospitals which stated that senior physicians had a better knowledge
rather than junior ones [29]. However our finding is consistent with another studies which
found no association with previous experience, training level, and knowledge of physician [13,
17]. This is supported in our study by finding no difference in the confidence level of physi-
cians who previously received formal training from who didn’t. This can reflect a defect in the
training program that should be properly designed to provide physicians with the needed
knowledge regarding the antibiotic prescription [30].

Physicians were asked to assess the helpfulness of potential interventions to improve antibi-
otic prescribing. About 95% have chosen taking advice from a clinical pharmacist to be a very
or moderately helpful intervention. This was a promising answer, as a previous study has
found that the rate of acceptance of the critical care physicians to the pharmacists’ recommen-
dations, has been estimated to be the lowest in comparison with other departments [31].
Hence the present study focused on the role that clinical pharmacists should play in auditing
and rationalizing antibiotic use, and that this information should be emphasized for the junior
ICU physicians to ensure harmony between the two teams.

In contrast to previously available studies where less support was found to interventions
that restrict physicians autonomy and complicate antibiotic order [32]. In the current study
the implementation of persuasive and restrictive ASPs was rated as very or moderately helpful
intervention by 88.4% and 82.7% by the physicians in hospitals that have antimicrobial stew-
ardship team. While around 90% of the physicians who are working at departments that peri-
odically receive reports on local antibiotic resistance data rated the availability of systemic
reports on resistance as very or moderately helpful. This was confirmed in a previous study
that has shown the importance of local resistance reports on perceptions of physicians. It can
be used not only to assess trends in antibiotic resistance rates but also to educate clinicians on
the proper use of antibiotics [14]. Those choices were significant for less experienced
physicians.

The majority of the physicians thought that locally developed guidelines for antibiotic treat-
ment on the institutional level are more useful than international ones. This was traced back to
the fact that those guidelines are tailored by the AMS program based on the site of infection,
the common pathogens suspected, local epidemiology data, and resistance patterns in the facil-
ity. Unfortunately those guidelines are not highly common in low income countries as AMS
program are still rudimentary [12, 33]. This finding was opposed by another study done in
Egypt where physicians tended to think that international guidelines are more useful than a
national one [15].

Age seemed to affect the physician’s answer, where physicians with less than 10 years of
experience were the highest category to consult local guidelines, this could be explained by the
fact that senior doctors always rely on their clinical knowledge and experience to guide their
antimicrobial prescribing practice, and they frequently consider their patients to be "outside"
the boundaries of local evidence-based infection treatment policies [34].

There was no significant difference in answers of physicians working in hospitals with or
without the AMS program which proves that the present AMS program is still rudimentary
and more collaboration is needed between different stakeholdersl [35].
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Conclusion

This survey conducted on Egyptian ICU physicians has shown their remarkable knowledge
and high sensibility toward antibiotic resistance as a worldwide problem. The study has shown
that implementation of proper infection control & AMS in LMICs is an urgent need. AMS
programs should include local guidelines implementation as well as proper training programs
about antibiotic prescription. The type of hospital, ICU, and years of experience affected physi-
cian’s perceptions regarding antibiotic resistance, all those factors should be taken in consider-
ation when establishing AMS programs.

Limitation

1. The sample size and sampling method: convenient sampling method was used; the sample
wasn’t big enough to generalize the data on all Egyptian hospitals. This sample size and
method is due to the limited number of critical care specialty as Egypt faces an unprece-
dented wave of emigration by physicians Over the past three years, more than 10,000 doc-
tors have left the country, according to the main association representing physicians, the
Egyptian Medical Syndicate. The syndicate estimates that half the country’s doctors, or
110,000 out of 220,000 registered doctors, have left the country [36].

Point of strength

To our knowledge, this is the only Egyptian survey to be done on a specific specialty like inten-
sive care unit.

Research gap

In the future, it is recommended to conduct a survey with a large sample size to assess physi-
cians’ attitudes and perceptions regarding antibiotic resistance post implementation of ASP in
different types of Egyptian hospitals and post proper training of physicians.

Supporting information

S1 Table.
(DOCX)

S1 Dataset.
(XLSX)

S1 List. List of abbreviations.
(DOCX)

S1 File. Factor loadings from principal components analysis with varimax rotation and
Cronbach alpha for each domain.
(DOCX)

S2 File. Test-retest of the domains: consistency two way mixed single ICC.
(DOCX)

S3 File. Mean and standard deviation (SD) of each domain by surgeons’ professional pro-
file and working setting (validation sample).
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0273673 September 15, 2022 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s006
https://doi.org/10.1371/journal.pone.0273673

PLOS ONE

Perceptions of ICU physicians toward AMR

$4 File. Mean and standard deviation (SD) of each domain by surgeons’ professional pro-
file and working setting (final sample).
(DOCX)

Acknowledgments

I would like to express my special thanks of gratitude to my friend Dr Mohammed El Sokkary
and Dr Yara Mohsen for providing invaluable guidance throughout the research.

I am extremely grateful to my parents, husband and friends for their love, prayers and end-
less support.

Author Contributions

Conceptualization: Esraa Mahrous Shendy, Lamia Hamed Mohamed.

Data curation: Esraa Mahrous Shendy.

Formal analysis: Esraa Mahrous Shendy, Lamia Hamed Mohamed.
Funding acquisition: Esraa Mahrous Shendy.

Investigation: Esraa Mahrous Shendy.

Methodology: Esraa Mahrous Shendy, Lamia Hamed Mohamed.

Project administration: Esraa Mahrous Shendy, Ahmed A. Elberry, Lamia Hamed Mohamed.
Resources: Esraa Mahrous Shendy.

Software: Esraa Mahrous Shendy.

Supervision: Ahmed A. Elberry, Lamia Hamed Mohamed, Marian S. Boshra.
Visualization: Marian S. Boshra.

Writing - original draft: Esraa Mahrous Shendy.

Writing - review & editing: Esraa Mahrous Shendy, Ahmed A. Elberry.

References

1. Talebi Bezmin Abadi A, Rizvanov AA, Haertlé T, Blatt NL. World Health Organization Report: Current
Crisis of Antibiotic Resistance. Bionanoscience. 2019; 9: 778-788. https://doi.org/10.1007/s12668-019-
00658-4

www.cdc.gov/drugresistance/index.html

3. PrShankar. Book review: Tackling drug-resistant infections globally. Arch Pharm Pract. 2016; 7: 110.
https://doi.org/10.4103/2045-080x.186181

4. Majumder MAA, Rahman S, Cohall D, Bharatha A, Singh K, Haque M, et al. Antimicrobial stewardship:
Fighting antimicrobial resistance and protecting global public health. Infect Drug Resist. 2020; 13:
4713-4738. https://doi.org/10.2147/IDR.S290835 PMID: 33402841

5.  WHO warns overuse of antibiotics for Covid-19 will cause more deaths | Coronavirus | The Guardian.
[cited 21 Feb 2022]. Available: https://www.theguardian.com/world/2020/jun/01/who-warns-overuse-of-
antibiotics-for-covid-19-will-cause-more-deaths

6. Rawson TM, Moore LSP, Zhu N, Ranganathan N, Skolimowska K, Gilchrist M, et al. Bacterial and Fun-
gal Coinfection in Individuals with Coronavirus: A Rapid Review to Support COVID-19 Antimicrobial
Prescribing. Clin Infect Dis. 2020; 71: 2459-2468. https://doi.org/10.1093/cid/ciaa530 PMID: 32358954

7. Murray AK. The Novel Coronavirus COVID-19 Outbreak: Global Implications for Antimicrobial Resis-
tance. Front Microbiol. 2020; 11: 1—4. https://doi.org/10.3389/fmicb.2020.01020 PMID: 32574253

8. Daef Enas and Elsherbiny Nahla. Clinical and Microbiological Profile of Nosocomial Infections in Adult
Intensive Care Units at Assiut University Hospitals, Egypt. J Am Sci 2012; 8(12). 2012;8: 1239—-1250.
Available: http://www.jofamericanscience.org

PLOS ONE | https://doi.org/10.1371/journal.pone.0273673 September 15, 2022 14/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0273673.s007
https://doi.org/10.1007/s12668-019-00658-4
https://doi.org/10.1007/s12668-019-00658-4
http://www.cdc.gov/drugresistance/index.html
https://doi.org/10.4103/2045-080x.186181
https://doi.org/10.2147/IDR.S290835
http://www.ncbi.nlm.nih.gov/pubmed/33402841
https://www.theguardian.com/world/2020/jun/01/who-warns-overuse-of-antibiotics-for-covid-19-will-cause-more-deaths
https://www.theguardian.com/world/2020/jun/01/who-warns-overuse-of-antibiotics-for-covid-19-will-cause-more-deaths
https://doi.org/10.1093/cid/ciaa530
http://www.ncbi.nlm.nih.gov/pubmed/32358954
https://doi.org/10.3389/fmicb.2020.01020
http://www.ncbi.nlm.nih.gov/pubmed/32574253
http://www.jofamericanscience.org
https://doi.org/10.1371/journal.pone.0273673

PLOS ONE

Perceptions of ICU physicians toward AMR

10.

11.

12

13.

14.

15.

16.

17.

18.

19.
20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

Ruef C. Nosocomial infections in intensive care units. Infection. 2005; 33: 105. https://doi.org/10.1007/
$15010-005-7305-0 PMID: 15940409

Borg MA. Bed occupancy and overcrowding as determinant factors in the incidence of MRSA infections
within general ward settings. J Hosp Infect. 2003; 54: 316—-318. https://doi.org/10.1016/s0195-6701(03)
00153-1 PMID: 12919764

Vincent J, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, et al. The Extended Prevalence of Infec-
tion in the ICU Study: EPIC II. Crit Care. 2009; 49.

Kakkar AK, Shafiq N, Singh G, Ray P, Gautam V, Agarwal R, et al. Antimicrobial Stewardship Programs
in Resource Constrained Environments: Understanding and Addressing the Need of the Systems.
Front Public Heal. 2020; 8: 1-10. https://doi.org/10.3389/fpubh.2020.00140 PMID: 32411647

Pulcini C, Williams F, Molinari N, Davey P, Nathwani D. Junior doctors’ knowledge and perceptions of
antibiotic resistance and prescribing: A survey in France and Scotland. Clin Microbiol Infect. 2011; 17:
80-87. https://doi.org/10.1111/j.1469-0691.2010.03179.x PMID: 20132254

Labricciosa FM, Sartelli M, Correia S, Abbo LM, Severo M, Ansaloni L, et al. Emergency surgeons * per-
ceptions and attitudes towards antibiotic prescribing and resistance: a worldwide cross-sectional sur-
vey. 2018; 1-9.

El-Sokkary R, Kishk R, EI-Din SM, Nemr N, Mahrous N, Alfishawy M, et al. Antibiotic use and resistance
among prescribers: Current status of knowledge, attitude, and practice in Egypt. Infect Drug Resist.
2021; 14: 1209-1218. https://doi.org/10.2147/IDR.S299453 PMID: 33790591

Afzal Khan AK, Banu G, Reshma KK. Antibiotic resistance and usage-a survey on the knowledge, atti-
tude, perceptions and practices among the medical students of a southern Indian teaching hospital. J
Clin Diagnostic Res. 2013; 7: 1613—-1616. https://doi.org/10.7860/JCDR/2013/6290.3230 PMID:
24086854

Abdel Wahed WY, Ahmed El, Hassan SK, Ibrahim EG, Eid HM. Physicians’ knowledge, attitudes, and
practice concerning antimicrobial resistance & prescribing: a survey in Fayoum Governorate, Egypt. J
Public Heal. 2020; 28: 429-436. https://doi.org/10.1007/s10389-019-01027-x

Baadani AM, Baig K, Alfahad WA, Aldalbahi S, Omrani AS. Physicians’ knowledge, perceptions, and
attitudes toward antimicrobial prescribing in Riyadh, Saudi Arabia. Saudi Med J. 2015; 36: 613-619.
https://doi.org/10.15537/smj.2015.5.11726 PMID: 25935184

Henao C, Brown S. Infection Control -A Problem for Patient Safety.

Abdelsalam NM, Ahmed SK, Khalil GM. Twenty Month Surveillance Infections in Intensive Care Unit of
Zagazig University hospitals. Egypt J Community Med. 2019; 37: 76—84. https://doi.org/10.21608/ejcm.
2019.30918

Talaat M, EI-Shokry M, El-Kholy J, Ismail G, Kotb S, Hafez S, et al. National surveillance of health care—
associated infections in Egypt: Developing a sustainable program in a resource-limited country. Am J
Infect Control. 2016; 44: 1296—1301. https://doi.org/10.1016/j.ajic.2016.04.212 PMID: 27339791

Sievert DM, Ricks P, Edwards JR, Schneider A, Patel J, Srinivasan A, et al. Antimicrobial-Resistant
Pathogens Associated with Healthcare-Associated Infections Summary of Data Reported to the
National Healthcare Safety Network at the Centers for Disease Control and Prevention, 2009-2010.
Infect Control & Hosp Epidemiol. 2013; 34: 1—14. https://doi.org/10.1086/668770 PMID: 23221186

Khan MA. Bacterial Spectrum and Susceptibility patterns of Pathogens in ICU and IMCU of a Second-
ary Care Hospital in Kingdom of Saudi Arabia. Int J Pathol. 2012; 10: 64-70.

Whitelaw AC, Bch MB, Micro FSA. Role of infection control in combating antibiotic resistance. 2015;
105: 21-24. https://doi.org/10.7196/SAMJ.9650 PMID: 26242679

Hillier MD. Using effective hand hygiene practice to prevent and control infection. Nurs Stand. 2020; 35:
45-50. https://doi.org/10.7748/ns.2020.e11552 PMID: 32337862

Dwedar RA, El-wakil DM, Awad AR. Burden of Device-Associated Infections in an Adult Medical and
Surgical Intensive Care Units of a Tertiary Care Hospital in Egypt Burden of Device-Associated Infec-
tions in an Adult Medical and Surgical Intensive Care Units of a Tertiary Care Hospital in E. 2021.

Elkassas N, Abbassi M, Farid S. Evaluation of the physician’s acceptance to clinical pharmacy interven-
tions after antibiotic stewardship implementation in the ICU in a general hospital in Egypt. Bull Fac Phar-
macy, Cairo Univ. 2018; 56: 219-223. https://doi.org/10.1016/j.bfopcu.2018.05.001

Howard P, Nathwani D, Dyar OJ. European medical students: a first multicentre study of knowledge,
attitudes and perceptions of antibiotic prescribing and antibiotic resistance ". 2014; 842—-846. https://doi.
org/10.1093/jac/dkt440 PMID: 24191307

Labi A, Obeng-nkrumah N, Bjerrum S, Armah N, Aryee A, Ofori-adjei YA, et al. Physicians ‘ knowledge,
attitudes, and perceptions concerning antibiotic resistance: a survey in a Ghanaian tertiary care hospi-
tal. 2018; 1-12.

PLOS ONE | https://doi.org/10.1371/journal.pone.0273673 September 15, 2022 15/16


https://doi.org/10.1007/s15010-005-7305-0
https://doi.org/10.1007/s15010-005-7305-0
http://www.ncbi.nlm.nih.gov/pubmed/15940409
https://doi.org/10.1016/s0195-6701%2803%2900153-1
https://doi.org/10.1016/s0195-6701%2803%2900153-1
http://www.ncbi.nlm.nih.gov/pubmed/12919764
https://doi.org/10.3389/fpubh.2020.00140
http://www.ncbi.nlm.nih.gov/pubmed/32411647
https://doi.org/10.1111/j.1469-0691.2010.03179.x
http://www.ncbi.nlm.nih.gov/pubmed/20132254
https://doi.org/10.2147/IDR.S299453
http://www.ncbi.nlm.nih.gov/pubmed/33790591
https://doi.org/10.7860/JCDR/2013/6290.3230
http://www.ncbi.nlm.nih.gov/pubmed/24086854
https://doi.org/10.1007/s10389-019-01027-x
https://doi.org/10.15537/smj.2015.5.11726
http://www.ncbi.nlm.nih.gov/pubmed/25935184
https://doi.org/10.21608/ejcm.2019.30918
https://doi.org/10.21608/ejcm.2019.30918
https://doi.org/10.1016/j.ajic.2016.04.212
http://www.ncbi.nlm.nih.gov/pubmed/27339791
https://doi.org/10.1086/668770
http://www.ncbi.nlm.nih.gov/pubmed/23221186
https://doi.org/10.7196/SAMJ.9650
http://www.ncbi.nlm.nih.gov/pubmed/26242679
https://doi.org/10.7748/ns.2020.e11552
http://www.ncbi.nlm.nih.gov/pubmed/32337862
https://doi.org/10.1016/j.bfopcu.2018.05.001
https://doi.org/10.1093/jac/dkt440
https://doi.org/10.1093/jac/dkt440
http://www.ncbi.nlm.nih.gov/pubmed/24191307
https://doi.org/10.1371/journal.pone.0273673

PLOS ONE

Perceptions of ICU physicians toward AMR

30.

31.

32.

33.

34.

35.

36.

Bai Y, Wang S, Yin X, Bai J, Gong Y, Lu Z. Factors associated with doctors ‘ knowledge on antibiotic
use in China. Nat Publ Gr. 2016; 1-5. https://doi.org/10.1038/srep23429 PMID: 27010107

Ibrahim OM, Saber-Ayad M. Antibiotics misuse in different hospital Wards (A pilot study in an Egyptian
hospital). Asian J Pharm Clin Res. 2012; 5: 95-97.

Wester CW, Durairaj L, Evans AT, Schwartz DN, Husain S, Martinez E. Antibiotic resistance: a survey
of physician perceptions. Arch Intern Med. 2002; 162: 2210-2216. https://doi.org/10.1001/archinte.162.
19.2210 PMID: 12390064

Holloway KA, Kotwani A, Batmanabane G, Puri M, Tisocki K. Antibiotic use in South East Asia and poli-
cies to promote appropriate use: Reports from country situational analyses. BMJ. 2017; 358: 9-13.
https://doi.org/10.1136/bm;j.j2291 PMID: 28874360

Charani E, Castro-Sanchez E, Sevdalis N, Kyratsis Y, Drumright L, Shah N, et al. Understanding the
determinants of antimicrobial prescribing within hospitals: The role of “prescribing etiquette.” Clin Infect
Dis. 2013; 57: 188—196. https://doi.org/10.1093/cid/cit212 PMID: 23572483

Gebretekle GB, Mariam DH, Abebe W, Amogne W, Tenna A, Fenta TG, et al. Opportunities and barri-
ers to implementing antibiotic stewardship in low and middle-income countries: Lessons from a mixed-
methods study in a tertiary care hospital in Ethiopia. PLoS One. 2018; 13: 1-15. https://doi.org/10.1371/
journal.pone.0208447 PMID: 30571688

Writer F. The health system in Egypt. Emergency crisis reveals features of chronic crises Covid-19 pan-
demic attracts wider attention to long-term medical career in Egypt. [cited 23 Jul 2022]. Available:
https://www.citethisforme.com/

PLOS ONE | https://doi.org/10.1371/journal.pone.0273673 September 15, 2022 16/16


https://doi.org/10.1038/srep23429
http://www.ncbi.nlm.nih.gov/pubmed/27010107
https://doi.org/10.1001/archinte.162.19.2210
https://doi.org/10.1001/archinte.162.19.2210
http://www.ncbi.nlm.nih.gov/pubmed/12390064
https://doi.org/10.1136/bmj.j2291
http://www.ncbi.nlm.nih.gov/pubmed/28874360
https://doi.org/10.1093/cid/cit212
http://www.ncbi.nlm.nih.gov/pubmed/23572483
https://doi.org/10.1371/journal.pone.0208447
https://doi.org/10.1371/journal.pone.0208447
http://www.ncbi.nlm.nih.gov/pubmed/30571688
https://www.citethisforme.com/
https://doi.org/10.1371/journal.pone.0273673

