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program on antibiotic utilization, 
bacterial susceptibilities, and cost 
of antibiotics
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Antimicrobial misuse is a worldwide issue, and antimicrobial resistance is considered the most 
challenging aspect of health care. It has been reported that as much as 30–50% of antimicrobials 
prescribed in hospitals are deemed unnecessary or inappropriate. Antibiotic stewardship programs 
(ASPs) include policies that apply continuous management of judicious anti-infectious treatment 
in the clinical setting. Therefore, the objectives of this study were to evaluate the effect of ASPs on 
antibiotic consumption, the costs of antibiotic expenditure, and the sensitivity of antimicrobials. 
A retrospective, quasi-experimental study was performed to assess the effect of ASP at An-Najah 
National University Hospital, a tertiary care hospital in the West Bank, Palestine, over a period 
of 20 months before and 17 months after the implementation of the ASP. Data on antibiotic 
consumption were reported monthly as days of therapy per 1000 patient-days and monthly costs 
(USD/1000 patient-days). A total of 2367 patients who received one or more of the targeted antibiotics 
(meropenem, colistin and tigecycline) during their hospital stay were included in the study. They have 
split into two groups: 1710 patients in the pre-ASP group, and 657 patients in the post ASP group. The 
most significant reduction in DOT per 1000 patient-days was seen with tigecycline, with a percentage 
of change of − 62.08%. Furthermore, the mean cost of the three antibiotics decreased significantly by 
55.5% in the post-ASP phase compared to the pre-ASP phase. After the implementation of ASP, there 
was a statistically significant increase in susceptibility to meropenem, piperacillin and piperacillin/
tazobactam with respect to Pseudomonas aeruginosa. However, changes in mortality rates were not 
statistically significant (p = 0.057). ASP positively reduced costs and antimicrobial consumption, with 
no statistically significant effect on the overall mortality rate. However, a long-term evaluation of the 
ASP’s impact is needed to conclude its lasting impact on infection-related mortality and antimicrobial 
susceptibility pattern.
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Misuse and overuse of antimicrobial agents are dangerous phenomena, and increases in antibiotic resistance 
among hospital-acquired pathogens are driven mainly by increased antibiotic utilization in the hospital setting1. 
Moreover, that was strongly associated with an increased risk of the emergence and spread of multidrug-resistant 
organisms (MDRO) to others within the hospital or the community. As a result, the role of antibiotic stewardship 
programs (ASPs) has arisen, and implementing such programs has led to better outcomes.

As reported, nearly 30–50% of hospital antibiotics are considered unnecessary or inappropriate2. Studies 
conducted in the 1970s showed that antimicrobials were not used appropriately in acute care settings. Around 
14–43% of all prescribed antimicrobial therapy courses were not considered necessary, since there was no appar-
ent source of infection2. This transom persisted over the decade, and in US acute care hospitals, about 30% of 
prescribed antimicrobials are either not necessary or suboptimal2. Moreover, this inappropriate use increases 
antibiotic pressure and shortages. Meanwhile, few new antimicrobial agents are available, meaning clinicians 
are left with scanty effective therapeutic options for their patients3. This is also correlated with an increased risk 
of toxicities and adverse drug effects.

In Palestine, we lack studies investigating the impact of ASPs on antimicrobial utilization and the emergence 
of antimicrobial resistance (AMR). Therefore, our study was the first to assess the influence of antimicrobial 
stewardship programs on antibiotic consumption, cost, and antimicrobial resistance. ASP was implemented in 
September 2019 based on the Infectious Diseases Society of America (IDSA) and the Society for Healthcare 
Epidemiology of America (SHEA) guidelines, in an attempt to reduce the use of restricted antimicrobials. After 
establishing our ASP, 4 Ds of optimal antimicrobial therapy were implemented and followed: right Drug, right 
Dose, De-escalation to pathogen-directed therapy and right Duration of therapy. In addition, our implementa-
tion took into account the significant variations in medical practice, the repercussions on clinical outcomes and 
mortality rates among patients, multi-drug resistance of major pathogens, and utilization of antibiotics pre-and 
post- ASP implementation.

Our objectives were to evaluate the effect of ASPs on antibiotic consumption, antibiotic expenditure costs, 
and antimicrobial sensitivity patterns. In addition, we aimed to enhance patient outcomes and safety by using 
the most suitable antimicrobials, identifying the economic impact of ASPs, and assessing the effects of ASPs on 
the in-hospital mortality rate.

Methods
Study design.  A retrospective and quasi-experimental study, introduced in September 2019, was performed 
to determine the effect of our ASP on three restricted antimicrobials’ (meropenem, colistin, and tigecycline) 
consumption, costs, and the hospital’s antibiogram. We compared the consumption, cost, and antibiogram pat-
tern over a period that encompassed 20 months before (1 January, 2018–31 August, 2019) and 16 months after 
the implementation of the ASP (1 September, 2019–1 December, 2020).

In our hospital, antibiotic stewardship was delivered by in-person coaching by an infectious disease (ID) clini-
cal pharmacist and an ID specialist. The ID specialist made two rounds per week with the ID clinical pharmacist. 
The ID clinical pharmacist with direct contact with ID specialist performed the remaining weekly rounds. The 
clinical rounds were held six days per week. Consultations were available by calling the ID team on holidays and 
off hours. The pre-authorization process was implemented as policy in the hospital setting by which the list of 
restricted antibiotics was stated in addition to the approval process agents. The order approval and sign by the ID 
team is done within 24 h. Exceptions for giving the initial or STAT doses were clarified in the policy as in septic 
shock cases for patients with a history of microorganisms that necessitate using any of the targeted three agents.

Study setting.  The study was conducted at An-Najah National University Hospital, a 120 bedded tertiary 
care hospital that provides surgical, medical, oncological and hemodialysis services for adults and pediatrics, and 
is considered one of the Palestinian’s leading institutions in the field of health care, in the West Bank, Palestine. 
So, an institutionally supported educational ASP was implemented in An-Najah National University Hospital, 
a non-profit tertiary care center hospital and the only teaching hospital in Palestine with 120 beds that provides 
several medical services. More than 60% of the services are provided for oncology patients—both pediatrics and 
adults—in the forms of departments, intensive care units (ICUs) and bone marrow transplant (BMT) units. The 
remaining services are divided between the surgical ward, surgical ICU, and cardiology units4.

Study population and sample size.  All patients admitted to the hospital who received at least one of the 
three restricted antibiotics between January 1 2018 and December 31 2020 from all hospital departments were 
included in this study.
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Data collection instrument.  Information about patients who received antimicrobials was obtained from 
the hospital’s patient information system and pharmacy computer system. In addition, data regarding antibiotic 
consumption was collected using an excel sheet and reported as days of therapy per 1000 patient-days, together 
with monthly costs (USD/1000 patient-days). All patients receiving antibiotics had their history and course of 
the disease, laboratory and microbiological findings, indications, and drug choices evaluated during the rounds. 
Daily direct contact with the microbiology team was obtained to detect preliminary and final microbiologic 
culture results, thus guiding the selection of definitive therapy. Regarding the cause of selecting these three 
agents to work on is based on available agents in the formulary list, the cost, and the broadness of the spectrum 
of activity of the agents. Actually, these agents are considered the last option for treating resistant pathogens in 
our developing country. The other agents approved for MDR pathogens management were unavailable in the 
setting, and these three agents were considered our major resources. For colistin, it is the only available agent for 
carbapenem-resistant Enterobacterales (CRE) or MDR Pseudomonas aeruginosa treatment, for example. Same 
for Vancomycin-resistant Enterococcus (VRE) management, only tigecycline and linezolid (that is not always 
available due to very high cost compared with tigecycline despite its superiority to tigecycline). So we aimed to 
control the prescription of these agents that are considered our last reservoir as the new or approved other agents 
are not available in Palestine.

Statistical analysis.  The Statistical Package for Social Sciences program (IBM-SPSS), version 21, was used 
to enter and analyze patient data. Testing for data normality was done via the Kolmogorov–Smirnov test. Student 
t-test (independent sample t-test) was used for normally distributed data, while the Mann–Whitney U test (two 
independent sample test) was used for non-normally distributed data. In addition, a Chi-square test was used to 
determine the relationship between antimicrobial susceptibility and the year the microbe was isolated to deter-
mine the trend of susceptibility over time. For all tests, p-values < 0.05 were considered significant.

Ethics approval and consent to participate.  The Institutional Review Boards (IRB) of An-Najah 
National University had authorized all components of the study protocol, including access to and use of patient 
clinical data. We can confirm that the information gathered was only used for clinical research. The information 
was kept private and was only utilized for the purposes of this study. The data was acquired with only limited 
access to the project’s working staff. We did not share identifiable patient information; we used numbers as codes 
for patients instead of their names. All experiments in our study were performed in accordance with relevant 
guidelines and regulations. Because we used retrospective data, IRB of An-Najah National University waived the 
requirement for informed consent.

Results
This study included a total of 2367 patients who took at least one of the targeted antibiotics (meropenem, colistin, 
and tigecycline) during their hospital stay. These included patients admitted to the hospital’s different depart-
ments. They were divided into two groups: 1710 patients in the pre-ASP group and 657 patients in the post-ASP 
group. In addition, they received at least one of the restricted antibiotics.

For the selected antimicrobials, there was a statistically significant difference in days of therapy (DOT) per 
1000 patient-days between the two groups. The most significant reduction in DOT per 1000 patient-days was 
seen with tigecycline, with a percentage of change of − 62.08%, as shown in Table 1. Furthermore, the percentage 
of change was − 59.46% for colistin and − 38.03% for meropenem.

The mean cost of the three antibiotics dropped significantly by 55.5% in the post-ASP phase, as shown in 
Table 2. Furthermore, an average of 5669.21 USD was saved during the intervention phase. The highest cost saved 
was with regards to tigecycline consumption, showing a reduction of 62.07% in mean hospital cost attributed 
to its use.

The mortality rate was evaluated in all patients in the hospital during the study period, spanning from Janu-
ary 2018 to December 2020. The total mortality rate fluctuated throughout that period; the mortality mean was 
2.34 ± 0.57 in the pre-ASP period, while the mean was 2.88 ± 0.95 in the post-ASP period. However, these changes 
in mortality rates were not statistically significant (p = 0.057).

Trends in antibiotic sensitivity were observed between January 2018 and December 2020. Regarding Pseu-
domonas aeruginosa, a statistically significant increase was found regarding susceptibility to amikacin, gen-
tamicin, tobramycin, ciprofloxacin, meropenem, piperacillin and piperacillin/tazobactam (p < 0.05). At the 

Table 1.   Days of therapy (DOT) per 1000 patient-days for the selected antibiotics during the two phases of 
the study (pre- and post-intervention). DOT days of therapy, ASP antibiotic stewardship program, SD standard 
deviation. a Analyzed using independent sample t-test. b Analyzed using the Mann–Whitney U test.

Antimicrobial agent

Mean ± SD/median (IQR) of DOT per 1000 
patient-days

p-value Percent of changePre-ASP Post-ASP

Colistin 86.97 ± 22.46 35.26 ± 13.81 < 0.001a − 59.46%

Meropenem 142.01 (105.84–157.60) 88.00 (72.63–107.00) 0.018b − 38.03%

Tigecycline 45.33 ± 11.97 17.19 ± 9.37 < 0.001a − 62.08%
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same time, there was no significant change in susceptibility to ceftazidime. Meanwhile, there was a statistically 
significant decrease in imipenem susceptibility (p < 0.001); (Table 3).

A statistically significant decrease in carbapenem susceptibility was observed for both Klebsiella pneumoniae 
(p = 0.034) and Escherichia coli (p = 0.014). However, while K. pneumoniae had a significant decrease in suscep-
tibility to amikacin (p = 0.022), E. coli exhibited an increased susceptibility to amikacin (p < 0.001). As for other 
gram-negative bacterial isolates, there was a significant increase in the susceptibility of both Proteus spp. and 
Acinetobacter baumannii to piperacillin/tazobactam (p = 0.012, and 0.042, respectively). Meanwhile, A. baumannii 
significantly decreased susceptibility to trimethoprim-sulfamethoxazole (p = 0.022) (Table 3).

In terms of Gram-positive isolates, Staphylococcus aureus exhibited a significant increase in susceptibility to 
moxifloxacin (p = 0.001) while Enterococcus faecalis and Enterococcus faecium did not have a significant change 
in its susceptibility to antibiotics during the study period (Table 3).

Discussion
Antibiotics have revolutionized the practice of medicine. They have transformed once-lethal infections into 
treatable illnesses and paved the way for other treatments, allowing chemotherapy, bone marrow transplants, 
and other medical advances to become possible. However, the misuse and abuse of antibiotics in inpatient and 
outpatient settings have created the growing problem of antibiotic resistance. The emergence of MDR organisms 
has cast an ominous shadow over hospitals worldwide, posing a new threat to patients. Hence, ASPs have become 
essential in successfully treating infections, safeguarding patients from the risks of needless antibiotic usage, and 
improving clinical outcomes while lowering hospital expenses and length of stay5.

The approaches include front-end or pre-prescription review of restricted antimicrobials that require prior 
authorization for use6. Furthermore, depending on available microbiology data and clinical aspects of the patient, 
prospective back-end reviews of existing antibiotic regimens were used to supply clinicians with recommenda-
tions to continue, adjust, change, or terminate medication6. An important aspect of the program was active learn-
ing sessions and lectures for resident physicians and other healthcare workers, in addition to patient education7. 
Policies and guidelines of clinical practice were implemented. The program’s major purpose was to reduce the use 
of empiric carbapenems and increase the usage of narrower spectrum beta-lactamases, by de-escalating broad-
spectrum empiric therapy early based on culture results, in what are called carbapenem-preserving regimens.

Prior to implementing our ASP, reviews of monthly dispensing reports for tigecycline, colistin, and mero-
penem revealed that frequent empiric use and prolonged durations of therapy of these agents were concerns 
for our hospital. At our hospital, which mainly serves oncology patients, a study was conducted on patients 
with hematological malignancies to determine the microbial profile of infections. The study showed that 34.8% 
of the isolated Gram-negative pathogens were extended-spectrum beta-lactamase-producing organisms, and 
31.8% were CRE8. Another study was also performed on patients with solid organ malignancy that showed 
approximately 52.4% of the isolates were extended-spectrum beta-lactamase-producing E. coli. About 83.3% of 
Pseudomonas aeruginosa pathogens were sensitive to piperacillin-tazobactam and gentamicin, while 50% of the 
isolated Pseudomonas aeruginosa was resistant to imipenem9.

Bacterial resistance to antimicrobials is an emerging problem worldwide due to ineffective durations of 
therapy and inappropriate antimicrobial choices. It is a challenge that is associated with high morbidity and 
mortality rates. Furthermore, MDR bacteria are causing infections to become untreatable with conventional 
antibiotics10,11. As a result, antimicrobial resistance is expected to cause 10 million deaths annually by 2050, 
making it one of the main causes of mortality, with an economic burden of up to 100 trillion dollars12. From 
there comes the role of ASP, as they can optimize the clinical outcomes of patients by directing attention to the 
etiologic pathogen and its susceptibility profile while providing the appropriate drug of choice13. Furthermore, 
several studies have shown that ASP has many beneficial impacts on the rational use of antibiotics and reducing 
costs in healthcare settings14–17.

Regarding antibiotic consumption and the effects of ASP, our results showed that days of therapy per 1000 
patient-days were reduced for the selected antimicrobials after program implementation. The most significant 
reduction was observed with tigecycline, with a percentage of change of − 62.08%. This impact of ASP on the 
utilization of antimicrobials was found in 24 studies with a rate of 11–38%18. Furthermore, meropenem was 
the antibiotic most frequently used prior to the application of the ASP, with a median DOT/1000 patient-days 
of 142.01 (105.84–157.60) before ASP. After ASP implementation, the median was reduced to 88 (72.63–107), 
reducing meropenem use by 38%. Similar results were seen in another study, in which meropenem was the second 

Table 2.   Comparison of the mean/median costs of antimicrobial administration in the average value of Israeli 
Shekel during the two phases of the study (pre- and post-intervention). ASP antibiotic stewardship program, 
SD standard deviation, IQR interquartile range. a Analyzed using independent sample t-test. b Analyzed using 
the Mann–Whitney U test.

Antimicrobial agent

Mean ± SD/median (IQR) of cost per 1000 patients-day

p-value Percent of changePre-ASP Post-ASP

Colistin 2079.62 ± 536.98 843.12 ± 330.26 < 0.001a − 59.46%

Meropenem 2430.63 (1840.78–2740.87) 1539.13 (1265.22–1928.26) 0.026b − 36.68%

Tigecycline 5715.24 ± 1509.47 2168.03 ± 1181.92 < 0.001a − 62.07%

Total 10,225.49 4556.28 − 55.5%
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Microorganism Antimicrobial agent

2018 2019 2020 P value*

% S R % S R % S R

P. aeruginosa

Ceftazidime 66 99 51 66.2 110 56 75 87 29 0.213

Amikacin 67.7 103 49 69 114 51 84.6 99 18 0.003

Gentamycin 63.8 97 55 62.4 103 62 76.9 90 27 0.024

Tobramycin 65.7 96 50 70 112 48 82.7 91 19 0.009

Ciprofloxacin 57.6 87 64 56.9 94 71 72.6 85 32 0.014

Meropenem 60.5 92 60 60.6 100 65 80.3 94 23 0.001

Imipenem 60.2 91 60 36.3 60 105 54.7 64 53  < 0.001

Piperacillin/Tazobactam 72.9 97 36 75.4 120 39 88.5 101 13 0.006

Piperacillin 47.5 70 76 56.9 91 69 81.4 88 20  < 0.001

K. pneumoniae

Meropenem 86 117 19 76.4 136 42 74.4 134 46 0.034

Amikacin 86.6 117 18 76.2 135 42 77.7 140 40 0.022

Gentamycin 56.6 77 59 54.4 97 81 59.4 107 73 0.638

Ciprofloxacin 50.3 68 67 44.3 79 99 44.4 80 98 0.524

Ceftriaxone 38.5 52 83 33.7 60 118 30 54 126 0.286

Trimethoprim-sulfamethoxazole 41.4 56 79 35 55 122 30.8 55 123 0.090

Nitrofurantoin 16.3 8 41 13.7 8 50 16 9 47 0.920

Piperacillin/Tazobactam 61.4 83 52 56.4 102 72 56.6 102 78 0.691

Amoxicillin/clavulanic acid 40 54 81 39.3 70 108 35.5 64 116 0.666

S. aureus

Oxacillin 50.5 49 48 49.1 57 59 56.1 55 43 0.569

Vancomycin 100 99 0 99.2 125 1 100 98 0 0.456

Tigecycline 100 99 0 100 126 0 100 98 0 -

Linezolid 100 99 0 100 126 0 100 98 0 -

Rifampicin 98.9 96 1 97.6 123 3 98.9 97 1 0.632

Tetracycline 81.8 81 18 79.2 99 26 89.6 87 10 0.106

Clindamycin 76.7 76 23 74.1 92 32 76 73 23 0.898

Erythromycin 63.6 63 36 54.8 68 56 64.5 55 41 0.404

Ciprofloxacin 71.7 71 28 65.6 82 43 77.3 75 22 0.159

Levofloxacin 75.7 75 24 65.6 82 43 76.2 74 23 0.128

Moxifloxacin 78.7 78 21 84.8 106 19 96.9 94 3 0.001

Gentamicin 92.9 92 7 92 116 10 95.9 94 4 0.491

Trimethoprim-sulfamethoxazole 90.3 84 9 89.3 109 13 93.8 92 6 0.482

Quinopristin/dalfopristin 98.9 98 1 100 126 0 100 98 0 0.321

E. coli

Amoxicillin/clavulanic acid 44.5 114 142 48.8 146 153 44.7 131 162 0.502

Meropenem 98.4 253 4 98.3 292 5 94.8 277 15 0.014

Amikacin 84.2 219 41 93.9 281 18 97.5 287 6  < 0.001

Gentamycin 70 182 78 63.5 190 109 71.2 208 84 0.100

Ceftriaxone 41.5 108 152 46.4 138 159 45.3 133 160 0.477

Piperacillin/Tazobactam 80.6 208 50 80.9 242 57 77.3 226 66 0.505

Ciprofloxacin 39.2 102 158 37.4 112 187 41 120 172 0.664

Nitrofurantoin 88.8 127 16 90.7 138 13 93.1 135 10 0.436

Trimethoprim-sulfamethoxazole 43.7 112 144 35.4 106 193 53.4 102 189 0.064

E. faecium

Ciprofloxacin 7.8 9 106 4.8 5 99 4.2 5 113 0.448

Levofloxacin 9.5 11 104 6.6 7 98 5.9 7 111 0.538

Tigecycline 98.2 113 2 99 104 1 99.1 116 1 0.795

Tetracycline 60 69 46 59 62 43 58.9 69 48 0.985

Vancomycin 46 53 62 36.1 38 67 38.9 46 72 0.300

Linezolid 97.2 107 3 97 100 3 97.4 115 3 0.986

Quinopristin/dalfopristin 85.2 98 17 80 84 21 5 105 13 0.173

Continued
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most commonly used antibiotic, and its usage was reduced by 50% after the implementation of the program18. 
Another study conducted in Spain showed a similar reduction in meropenem consumption19. ASP has many 
benefits beyond the reduction in antimicrobial utilization. It can indirectly help reduce hospital stays, accelerate 
the transition from intravenous to oral antimicrobials, reduce the risk of MDR organisms, reduce the incidence 
of adverse effects, and discontinue unnecessary antimicrobial agents.

As ASPs are designed to optimize patients’ clinical outcomes, multiple factors should be considered when 
selecting the antimicrobial agent, such as demographic characteristics, the severity of the patient’s illness, provi-
sion for the healthcare provider, and the level of adherence to the ASP guidelines20.

The program’s benefits were observed not only in the clinical aspect but also in the financial aspect, where the 
mean cost of selected antimicrobials was significantly reduced by 55.5% in the post-ASP phase. Furthermore, 
the average cost saved during the intervention phase was 5669.21 USD. These results are similar to those seen 
in another study, in which the cost reduction in cost was 41.3%21. The impact of ASP in our hospital throughout 
the study period was significant in terms of reducing the consumption of the mentioned antibiotics and the 
related costs. Although there was a slight increase in overall mortality in the post-ASP period, the change in the 
mortality rate was not statistically significant, in agreement with results found in other studies22,23. The increase 
in overall mortality rate after September 2019 could be attributed to the pandemic of Coronavirus disease 2019 
(COVID-19) as the hospital provided services for COVID-19 patients through a dedicated department and ICU 
and as the study that was performed to study the impact of COVID-19 on healthcare care-associated infections 
in intensive care units in low- and middle- income countries showed mortality rates were 15.2% and 23.2% for 
2019 and 2020 (p < 0.0001), respectively24.

Cumulative antibiogram reports are necessary to monitor rising trends in resistance and to influence clinical 
decisions and infection control interventions25. Trends in antibiotic sensitivity were observed during the study 
period, between January 2018 and December 2020. Regarding P. aeruginosa, there was a significant increase 
in susceptibility to all antibiotics tested except ceftazidime, which showed no change, and imipenem, where a 
decrease in susceptibility was observed throughout the study period. A study conducted in Qatar showed that 
susceptibility to certain antimicrobials improved after the ASP was implemented in August 2015. The prevalence 
of MDR P. aeruginosa showed a sustained decrease from 2014 (9%) to 2017 (5.46%) (p = 0.019). There was a 
23.9% reduction in studied antimicrobial consumption following ASP implementation (p = 0.008)26. In contrast 
to our findings in terms of P. aeruginosa sensitivity, the resistance of P. aeruginosa to imipenem and meropenem 

Microorganism Antimicrobial agent

2018 2019 2020 P value*

% S R % S R % S R

E. faecalis

Ampicillin 98.6 149 2 97.6 165 4 99.2 140 1 0.480

Ciprofloxacin 43.9 69 88 40.8 69 100 44.6 63 78 0.761

Levofloxacin 47.1 74 83 43.1 73 96 46 65 76 0.760

Tigecycline 100 151 0 100 166 0 100 140 0 -

Tetracycline 14.7 23 133 10.7 18 151 13.6 19 120 0.521

Vancomycin 99.3 156 1 100 169 0 99.2 140 1 0.563

Linezolid 97.3 146 4 95.1 156 8 94.8 128 7 0.502

Nitrofurantoin 93.3 14 1 98.3 59 1 95 57 3 0.509

Proteus spp

Ceftriaxone 75.6 28 9 81.3 47 11 84.3 27 5 0.652

Amoxicillin/clavulanic acid 82.7 24 5 77.7 42 12 72.4 21 8 0.639

Piperacillin/Tazobactam 86.1 31 6 98.3 58 1 96.8 31 1 0.012

Trimethoprim-sulfamethoxazole 24.3 9 28 37.2 22 37 37.5 12 20 0.367

Ertapenem 96.8 31 1 100 56 0 96.8 31 1 0.411

Meropenem 89.1 33 4 96.6 57 2 96.8 31 1 0.237

Amikacin 100 37 0 98.3 58 1 100 32 0 0.555

Gentamycin 64.8 24 13 52.2 31 28 71.8 23 9 0.166

Ciprofloxacin 54 20 17 49.1 29 30 56.2 18 14 0.787

A. baumannii

Imipenem 9.3 12 117 17 15 73 8.9 7 71 0.153

Meropenem 9.3 12 117 17 15 73 8.9 7 71 0.153

Cefepime 8.5 11 118 13.6 12 76 10.2 8 70 0.482

Piperacillin/Tazobactam 7.1 9 118 15.9 14 74 10.2 8 70 0.042

Gentamycin 12.4 16 113 21.5 19 69 15.3 12 66 0.190

Tobramycin 12.7 16 110 23.2 20 66 24.3 19 59 0.057

Ciprofloxacin 8.5 11 118 13.6 12 76 7.6 6 72 0.352

Minocycline 54.5 66 55 58.6 51 36 65.3 51 27 0.317

Trimethoprim-sulfamethoxazole 39.5 49 75 37.8 13 51 28.7 21 52 0.022

Table 3.   Antibiotic Sensitivity Trends from 2018 to 2020. S, number of susceptible pathogens; R, number 
of resistant pathogens; %, susceptibility rate; –, not applicable. *Chi-square test; bold denotes decreasing 
susceptibility; bold italic denotes increasing susceptibility.
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dropped significantly from 76.0 to 38.5% (p = 0.019) and from 74.1 to 30.0% (p = 0.012), respectively in the study 
done by Abdallah et al., 2017. The susceptibility pattern of P. aeruginosa to other antibacterial was not affected 
by carbapenem restriction27.

Our study also found a significant decrease in the susceptibility of E. coli and K. pneumoniae to carbapenems. 
This is in contrast to the Greek study in which colistin-resistant K. pneumoniae decreased from 31.9% in 2015 
to 22.1% in 2016 (p = 0.10) and colistin-resistant A. baumannii from 13.8% in 2015 to 8.1% in 2016. Addition-
ally, while K. pneumoniae isolates showed decreasing amikacin susceptibility, E. coli isolates showed increasing 
amikacin susceptibility. The evidence suggests that the decrease of E. coli and K. pneumoniae sensitivity to 
meropenem is due to the prevalence of carbapenem-resistant Enterobacteriaceae in our hospital. As a referral 
hospital, we deal with a large number of patients who have been infected or colonized with these resistant bac-
teria, resulting in secondary infections. This high burden of carbapenem-resistant Enterobacteriaceae is likely 
to have contributed to the decline in meropenem sensitivity of these two bacterial species28,29. As a result, we 
must take this issue seriously and implement appropriate solutions, such as antibiotic stewardship programs and 
infection control practices. We can reduce the spread of resistant bacteria and improve the efficacy of antibiotic 
treatments for all patients by doing so. The COVID-19 pandemic has undoubtedly presented unprecedented 
challenges to the global healthcare system30. One of the most concerning consequences of the pandemic has been 
an increase in antibiotic consumption31,32, both in the community and in other hospitals. This rise in antibiotic 
use could have a significant impact on the prevalence of MDR isolates in our hospital. As a result, it is critical 
that we remain vigilant and take all necessary steps to reduce the overuse of antibiotics, which could exacer-
bate the already dire situation of antibiotic resistance. Regarding A. baumannii, our study found an increase in 
susceptibility to piperacillin/tazobactam and a decrease in susceptibility to trimethoprim-sulfamethoxazole, 
while in the study performed by Chamieh et al., 2019 the overall extensively drug-resistantA. baumanii isolation 
decreased by 64.7% from period pre to post ASP periods. In addition, isolates from post-ASP period were more 
antimicrobial-susceptible: 64.8% sensitive to ceftazidime and cefepime, 17.6% to piperacillin/tazobactam, and 
17.6% to carbapenems33.

Regarding Gram-positive bacteria, our study found a significant increase in S. aureus susceptibility to moxi-
floxacin and a non-significant decrease in the susceptibility of E. faecium to vancomycin. Meanwhile, a Greek 
tertiary care hospital study showed a reduction of vancomycin-resistant enterococci (VRE) from 22.5% in 2015 
to 18.2% in 2016 (p = 0.52)34.

Limitations.  Our study has some limitations, including the lack of demographic data of the patients and our 
study is limited to a quasi-experimental pre-and post-implementation design and is limited to a single center. In 
addition, there wasn’t a washout period while the ASP was getting up and running in the first months. Another 
limitation was the non-equality of the months between the pre- and post-intervention periods.

Conclusions
This study demonstrated that the ASP positively reduced costs and antimicrobial consumption, with no statisti-
cally significant effect on the mortality rate. However, a long-term evaluation of the ASP’s impact is needed to 
ascertain its enduring influence on antimicrobial susceptibility patterns and infection-related mortality. There-
fore, we recommend that all healthcare centers adopt ASP and its relevant interventions based on the most 
common practices in the healthcare setting, closely follow its impacts, and adjust interventions accordingly to 
combat antimicrobial resistance and preserve last-line therapeutic regimens.

Data availability
Due to privacy and ethical concerns, the data from our surveillance are not publicly available; however, anyone 
interested in using the data for scientific purposes can request permission from the corresponding authors 
(saedzyoud@yahoo.com; a.sabatin@najah.edu).

Received: 27 April 2022; Accepted: 26 March 2023

References
	 1.	 Kaki, R. et al. Impact of antimicrobial stewardship in critical care: A systematic review. J. Antimicrob. Chemother. 66, 1223–1230. 

https://​doi.​org/​10.​1093/​jac/​dkr137 (2011).
	 2.	 Hecker, M. T., Aron, D. C., Patel, N. P., Lehmann, M. K. & Donskey, C. J. Unnecessary use of antimicrobials in hospitalized patients: 

Current patterns of misuse with an emphasis on the antianaerobic spectrum of activity. Arch. Intern. Med. 163, 972–978. https://​
doi.​org/​10.​1001/​archi​nte.​163.8.​972 (2003).

	 3.	 Wenzel, R. P. The antibiotic pipeline–challenges, costs, and values. N. Engl. J. Med. 351, 523–526. https://​doi.​org/​10.​1056/​NEJMp​
048093 (2004).

	 4.	 An-Najah National University. An-Najah National University Hospital https://​www.​najah.​edu/​en/​commu​nity/​annu-​hospi​tal/ (2022).
	 5.	 Centers for Disease Control and Prevention. The Core Elements of Hospital Antibiotic Stewardship Programs: 2019, https://​www.​

cdc.​gov/​antib​iotic-​use/​healt​hcare/​pdfs/​hospi​tal-​core-​eleme​nts-H.​pdf (2019).
	 6.	 Doron, S. & Davidson, L. E. Antimicrobial stewardship. Mayo Clin. Proc. 86, 1113–1123. https://​doi.​org/​10.​4065/​mcp.​2011.​0358 

(2011).
	 7.	 Walia, K., Ohri, V. C., Madhumathi, J. & Ramasubramanian, V. Policy document on antimicrobial stewardship practices in India. 

Indian J. Med. Res. 149, 180–184. https://​doi.​org/​10.​4103/​ijmr.​IJMR_​147_​18 (2019).
	 8.	 Arman, G. et al. Frequency of microbial isolates and pattern of antimicrobial resistance in patients with hematological malignan-

cies: A cross-sectional study from Palestine. BMC Infect. Dis. 22, 146. https://​doi.​org/​10.​1186/​s12879-​022-​07114-x (2022).
	 9.	 Rabayah, R. et al. Microbial spectrum and drug resistance profile in solid malignancies in a large tertiary hospital from Palestine. 

BMC Infect. Dis. 22, 385. https://​doi.​org/​10.​1186/​s12879-​022-​07375-6 (2022).

https://doi.org/10.1093/jac/dkr137
https://doi.org/10.1001/archinte.163.8.972
https://doi.org/10.1001/archinte.163.8.972
https://doi.org/10.1056/NEJMp048093
https://doi.org/10.1056/NEJMp048093
https://www.najah.edu/en/community/annu-hospital/
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/hospital-core-elements-H.pdf
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/hospital-core-elements-H.pdf
https://doi.org/10.4065/mcp.2011.0358
https://doi.org/10.4103/ijmr.IJMR_147_18
https://doi.org/10.1186/s12879-022-07114-x
https://doi.org/10.1186/s12879-022-07375-6


8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:5040  | https://doi.org/10.1038/s41598-023-32329-6

www.nature.com/scientificreports/

	10.	 Frieri, M., Kumar, K. & Boutin, A. Antibiotic resistance. J. Infect. Public Health 10, 369–378. https://​doi.​org/​10.​1016/j.​jiph.​2016.​
08.​007 (2017).

	11.	 McDonald, L. C. Trends in antimicrobial resistance in health care-associated pathogens and effect on treatment. Clin. Infect. Dis. 
42(Suppl 2), S65-71. https://​doi.​org/​10.​1086/​499404 (2006).

	12.	 Alawi, M. M. & Darwesh, B. M. A stepwise introduction of a successful antimicrobial stewardship program. Experience from 
a tertiary care university hospital in Western, Saudi Arabia. Saudi Med. J. 37, 1350–1358. https://​doi.​org/​10.​15537/​smj.​2016.​12.​
15739 (2016).

	13.	 Nicolau, D. P. Current challenges in the management of the infected patient. Curr. Opin. Infect. Dis. 24(Suppl 1), S1-10. https://​
doi.​org/​10.​1097/​01.​qco.​00003​93483.​10270.​ff (2011).

	14.	 Doernberg, S. B., Dudas, V. & Trivedi, K. K. Implementation of an antimicrobial stewardship program targeting residents with 
urinary tract infections in three community long-term care facilities: A quasi-experimental study using time-series analysis. 
Antimicrob. Resist. Infect. Control 4, 54. https://​doi.​org/​10.​1186/​s13756-​015-​0095-y (2015).

	15.	 Schwartz, D. N. et al. An educational intervention to improve antimicrobial use in a hospital-based long-term care facility. J. Am. 
Geriatr. Soc. 55, 1236–1242. https://​doi.​org/​10.​1111/j.​1532-​5415.​2007.​01251.x (2007).

	16.	 Trautner, B. W. et al. Effectiveness of an antimicrobial stewardship approach for urinary catheter-associated asymptomatic bacte-
riuria. JAMA Intern. Med. 175, 1120–1127. https://​doi.​org/​10.​1001/​jamai​ntern​med.​2015.​1878 (2015).

	17.	 Nathwani, D. et al. Value of hospital antimicrobial stewardship programs [ASPs]: A systematic review. Antimicrob. Resist. Infect. 
Control 8, 35. https://​doi.​org/​10.​1186/​s13756-​019-​0471-0 (2019).

	18.	 Renk, H. et al. Antibiotic stewardship in the PICU: Impact of ward rounds led by paediatric infectious diseases specialists on 
antibiotic consumption. Sci. Rep. 10, 8826. https://​doi.​org/​10.​1038/​s41598-​020-​65671-0 (2020).

	19.	 Garcia-Rodriguez, J. F., Bardan-Garcia, B., Pena-Rodriguez, M. F., Alvarez-Diaz, H. & Marino-Callejo, A. Meropenem antimicrobial 
stewardship program: Clinical, economic, and antibiotic resistance impact. Eur. J. Clin. Microbiol. Infect. Dis. 38, 161–170. https://​
doi.​org/​10.​1007/​s10096-​018-​3408-2 (2019).

	20.	 Al-Omari, A. et al. The impact of antimicrobial stewardship program implementation at four tertiary private hospitals: Results of 
a five-years pre-post analysis. Antimicrob. Resist. Infect. Control 9, 95. https://​doi.​org/​10.​1186/​s13756-​020-​00751-4 (2020).

	21.	 Mahmoudi, L., Sepasian, A., Firouzabadi, D. & Akbari, A. The impact of an antibiotic stewardship program on the consumption 
of specific antimicrobials and their cost burden: A hospital-wide intervention. Risk Manag. Healthc. Policy 13, 1701–1709. https://​
doi.​org/​10.​2147/​rmhp.​S2654​07 (2020).

	22.	 Chan, Y. Y. et al. Implementation and outcomes of a hospital-wide computerised antimicrobial stewardship programme in a large 
medical centre in Taiwan. Int. J. Antimicrob. Agents 38, 486–492. https://​doi.​org/​10.​1016/j.​ijant​imicag.​2011.​08.​011 (2011).

	23.	 Rosa, R. G., Goldani, L. Z. & dos Santos, R. P. Association between adherence to an antimicrobial stewardship program and mor-
tality among hospitalised cancer patients with febrile neutropaenia: A prospective cohort study. BMC Infect. Dis. 14, 286. https://​
doi.​org/​10.​1186/​1471-​2334-​14-​286 (2014).

	24.	 Rosenthal, V. D. et al. The impact of COVID-19 on health care-associated infections in intensive care units in low- and middle-
income countries: International Nosocomial Infection Control Consortium (INICC) findings. Int. J. Infect. Dis. 118, 83–88. https://​
doi.​org/​10.​1016/j.​ijid.​2022.​02.​041 (2022).

	25.	 Hindler, J. F. & Stelling, J. Analysis and presentation of cumulative antibiograms: A new consensus guideline from the Clinical and 
Laboratory Standards Institute. Clin. Infect. Dis. 44, 867–873. https://​doi.​org/​10.​1086/​511864 (2007).

	26.	 Sid Ahmed, M. A. et al. Impact of an antimicrobial stewardship programme on antimicrobial utilization and the prevalence of 
MDR Pseudomonas aeruginosa in an acute care hospital in Qatar. JAC Antimicrob. Resist. 2, dlaa050. https://​doi.​org/​10.​1093/​
jacamr/​dlaa0​50 (2020).

	27.	 Abdallah, M. et al. Impact of carbapenem restriction on the antimicrobial susceptibility pattern of Pseudomonas aeruginosa isolates 
in the ICU. J. Antimicrob. Chemother. 72, 3187–3190. https://​doi.​org/​10.​1093/​jac/​dkx273 (2017).

	28.	 Perez, F. & Van Duin, D. Carbapenem-resistant Enterobacteriaceae: A menace to our most vulnerable patients. Cleve Clin. J. Med. 
80, 225–233. https://​doi.​org/​10.​3949/​ccjm.​80a.​12182 (2013).

	29.	 Iovleva, A. & Doi, Y. Carbapenem-resistant Enterobacteriaceae. Clin. Lab. Med. 37, 303–315. https://​doi.​org/​10.​1016/j.​cll.​2017.​
01.​005 (2017).

	30.	 Filip, R., Gheorghita Puscaselu, R., Anchidin-Norocel, L., Dimian, M. & Savage, W. K. Global challenges to public health care 
systems during the COVID-19 pandemic: A review of pandemic measures and problems. J. Pers. Med. https://​doi.​org/​10.​3390/​
jpm12​081295 (2022).

	31.	 Fukushige, M., Ngo, N. H., Lukmanto, D., Fukuda, S. & Ohneda, O. Effect of the COVID-19 pandemic on antibiotic consumption: 
A systematic review comparing 2019 and 2020 data. Front. Public Health 10, 946077. https://​doi.​org/​10.​3389/​fpubh.​2022.​946077 
(2022).

	32.	 Malik, S. S. & Mundra, S. Increasing consumption of antibiotics during the COVID-19 pandemic: Implications for patient health 
and emerging anti-microbial resistance. Antibiotics (Basel). https://​doi.​org/​10.​3390/​antib​iotic​s1201​0045 (2022).

	33.	 Chamieh, A. et al. Control and elimination of extensively drug-resistant acinetobacter baumanii in an intensive care unit. Emerg. 
Infect. Dis. 25, 1928–1931. https://​doi.​org/​10.​3201/​eid25​10.​181626 (2019).

	34.	 Chrysou, K. et al. First-year results of an antibiotic stewardship program in a Greek tertiary care hospital. Eur. J. Clin. Microbiol. 
Infect. Dis. 37, 333–337. https://​doi.​org/​10.​1007/​s10096-​017-​3137-y (2018).

Acknowledgements
The authors thank An-Najah National University Hospital for providing an opportunity to carry out this study.

Author contributions
M.A.N., A.I.A. and S.A.A. collected data, performed analysis, and wrote the first draft. A.S., S.H.Z., B.M.A. con-
ceptualised and designed the study; coordinated, supervised, and analyzed the data; reviewed the manuscript 
critically; interpreted the results and assisted in writing the final manuscript. All authors read and approved the 
final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.H.Z. or A.S.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1016/j.jiph.2016.08.007
https://doi.org/10.1016/j.jiph.2016.08.007
https://doi.org/10.1086/499404
https://doi.org/10.15537/smj.2016.12.15739
https://doi.org/10.15537/smj.2016.12.15739
https://doi.org/10.1097/01.qco.0000393483.10270.ff
https://doi.org/10.1097/01.qco.0000393483.10270.ff
https://doi.org/10.1186/s13756-015-0095-y
https://doi.org/10.1111/j.1532-5415.2007.01251.x
https://doi.org/10.1001/jamainternmed.2015.1878
https://doi.org/10.1186/s13756-019-0471-0
https://doi.org/10.1038/s41598-020-65671-0
https://doi.org/10.1007/s10096-018-3408-2
https://doi.org/10.1007/s10096-018-3408-2
https://doi.org/10.1186/s13756-020-00751-4
https://doi.org/10.2147/rmhp.S265407
https://doi.org/10.2147/rmhp.S265407
https://doi.org/10.1016/j.ijantimicag.2011.08.011
https://doi.org/10.1186/1471-2334-14-286
https://doi.org/10.1186/1471-2334-14-286
https://doi.org/10.1016/j.ijid.2022.02.041
https://doi.org/10.1016/j.ijid.2022.02.041
https://doi.org/10.1086/511864
https://doi.org/10.1093/jacamr/dlaa050
https://doi.org/10.1093/jacamr/dlaa050
https://doi.org/10.1093/jac/dkx273
https://doi.org/10.3949/ccjm.80a.12182
https://doi.org/10.1016/j.cll.2017.01.005
https://doi.org/10.1016/j.cll.2017.01.005
https://doi.org/10.3390/jpm12081295
https://doi.org/10.3390/jpm12081295
https://doi.org/10.3389/fpubh.2022.946077
https://doi.org/10.3390/antibiotics12010045
https://doi.org/10.3201/eid2510.181626
https://doi.org/10.1007/s10096-017-3137-y
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:5040  | https://doi.org/10.1038/s41598-023-32329-6

www.nature.com/scientificreports/

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

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, 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 changes were made. 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 http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Impact of an antibiotic stewardship program on antibiotic utilization, bacterial susceptibilities, and cost of antibiotics
	Methods
	Study design. 
	Study setting. 
	Study population and sample size. 
	Data collection instrument. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Discussion
	Limitations. 

	Conclusions
	References
	Acknowledgements


