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Abstract

Background: The increasing use of antimicrobial agents and resistance is becoming a serious problem in pediatric patients. Hence,
antimicrobial stewardship program (ASP) is implemented to lessen the consequences.
Objectives: This report aimed to demonstrate the impact of ASP on antimicrobials utilization in a referral and tertiary pediatric
hospital in Isfahan, Iran.
Methods: We launched an ASP for inpatients in March 2018 at the Imam Hussain Hospital, which is a 186-bed pediatrics hospital.
Data was collected by ASP multidisciplinary team and using hospital records during February 2017-January 2018 (pre-intervention)
and February 2019-January 2020 (post-intervention) periods. Consumption data were expressed as defined daily doses (DDDs) per
100 patient-days (PD). Independent sample t-test and paired t-test were used to assess the significance of differences. The rates of
antimicrobials resistance for the most common hospital pathogens were also tracked.
Results: Utilization of total antimicrobials decreased meaningfully by 12.41% (from 62.11 DDDs/100 PD in February 2017-January 2018
to 54.40 DDDs/100 PD in February 2019-January 2020; P = 0.024). The results showed that the reduction in non-restricted antimicro-
bials was less (5.43%) than restricted antimicrobials (27.6%).
Conclusions: According to our results, the use of antimicrobials, especially the broad-spectrum ones, and the health burden costs
significantly decreased after implementing ASP. Thus, continuous monitoring and educational programs are recommended to re-
duce the negative effects of using antimicrobials.
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1. Background

Antimicrobial stewardship is a program for ensur-

ing cost-effective antimicrobials therapy and reducing an-

timicrobial resistance (AMR) rate in hospitalized patients

(1). Many successful antimicrobial stewardship programs

(ASP) have been implemented in adult patients to im-

prove antimicrobials prescription accuracy, lower local re-

sistance rates, and reduce healthcare costs (2-6). In several

adult studies, ASP was successful in assisting physicians in

selecting the appropriate antimicrobials, as well as the ap-

propriate dose and duration of therapy. However, few pe-

diatric hospitals have adopted the ASP system. The num-

ber of studies conducted on the effects of ASP in children

is scarce (7-9). Since antimicrobial agents are among the

most widely prescribed medications in hospitalized chil-

dren (10), implementing an effective ASP for pediatric pop-

ulations is essential. Misuse and long-term exposure to an-

timicrobial agents such as vancomycin, meropenem, etc.,

in pediatric centers could induce multidrug resistance

bacterial species (such as vancomycin-resistant Enterococ-

cus spp. and carbapenem-resistant Gram-negative bacte-

ria) and increase healthcare costs.

2. Objectives

In March 2018, an ASP was developed in our pediatric

center to monitor the utilization and costs of antimicro-

bial agents and reduce multidrug-resistant bacteria. Ac-

cordingly, this study aimed to investigate how an ASP was

able to affect antimicrobial agents’ utilization, costs, and

AMR in the second year of implementation in a pediatric

hospital in Isfahan, Iran.
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3. Methods

3.1. Study Design

The current prospective cross-sectional study was per-

formed by analyzing the results of hospital data before and

after ASP implementation at Imam Hussein Hospital in Is-

fahan, Iran. The hospital is a university-affiliated referral

center for pediatric patients. Data was collected from Oc-

tober 2020 to January 2021. The Infection Control Commit-

tee of the hospital introduced an ASP for inpatients to en-

courage guideline-concordant care for antimicrobials uti-

lization to reduce rates of using antimicrobials, as well as

antimicrobial resistance (11, 12). A multidisciplinary ASP

non-dedicated staff team including two infectious diseases

physicians, two pharmacists (a hospital pharmacist and a

clinical pharmacist), two consultant clinical microbiolo-

gists, and two infection control nurses collaborated with

some nominated clinicians who worked in clinical depart-

ments.

The protocol of the study was approved by the Ethics

Committee of the hospital. We extracted baseline informa-

tion about patient days (PD) and admissions from hospital

administration center. Patient days was defined as the total

number of patients occupying beds in a long-term care fa-

cility for all days in the calendar period for which an assess-

ment was being reported and paid. The data were analyzed

based on the anatomic therapeutic chemical (ATC) classi-

fication system of the World Health Organization (WHO)

(13). We measured the utilization of antimicrobials based

on defined daily doses (DDD) per 100 PD. According to the

WHO guideline, although DDD for pediatrics is not accu-

rate due to variability of children doses, weights, and diffi-

culty to identify these parameters, general DDD could be a

standardized measuring instrument for overall dose com-

parisons (13).

In addition, the AMR data for the pathogens that were

predominate in the hospital (Enterococcus spp., Escherichia

coli, Klebsiella spp., Enterobacter spp., Citrobacter spp., Pseu-

domonas spp., Acinetobacter baumannii, Staphylococcus spp.,

Streptococcus spp.) was collected from all clinical speci-

mens’ records (blood, urine, cerebrospinal fluid, dialysis

fluid, abscess wound, and bronchoalveolar lavage), which

was extracted from WHONET software 2020 (Boston, MA,

USA). WHONET is an effective computerized microbiology

laboratory data management and analysis program that

can provide guidance for empirical therapy of infections,

alert clinicians about antimicrobial resistance, and help to

make drug-policy decisions and perform preventive mea-

sures.

3.2. Antimicrobial Stewardship Program

In March 2018, the Infection Control Committee de-

cided to select several broad-spectrum antimicrobials and

identified them as "restricted antimicrobials agents," and

implemented an ASP for these antimicrobials to control

their consumption. The main technique used in imple-

menting ASP was prospective audit and feedback, which in-

cluded contact and feedback among an infectious disease

physician and the prescribers (14). In accordance with the

ASP, all specialists who had prescribed broad-spectrum an-

timicrobials agents such as carbapenems, vancomycin, te-

icoplanin, colistimethate sodium, and linezolid were ex-

pected to seek advice from an infectious disease special-

ist within 72 hours of the antimicrobial’s administration

to ensure that the treatment was optimized based on pa-

tients’ data and results of microbiological tests. Expert

assistance (infectious disease specialist and pharmacists)

was available on a daily basis, but not 24 hours a day. For

emphasis, two nurses were required to sign the order for

these antimicrobials selections. Within 72 hours, blood

cultures were sent to a clinical microbiologist.

The ASP team used small-group education to empha-

size that it is important to notice antimicrobial steward-

ship and discontinue surgical prophylaxis in a timely man-

ner (15). The team also ensured that ASP was implemented

properly by implementing pharmacists’ audit in hospi-

tal units on a regular basis. The team focused on educat-

ing prescribers through disseminating educational mate-

rials, holding meetings, and sending verbal and written re-

minders to improve their assistance to ASP. Finally, data on

antimicrobials utilization were checked regularly to recog-

nize strength and weaknesses, and monitor the effective-

ness of the treatments and cost reduction programs after

implementing ASP.

3.3. Statistical Analysis

The paired t-test and independent samples t-test were

applied to analyze differences in antimicrobials utilization

before the intervention (February 2017-January 2018) and

after the intervention (February 2019-January 2020). The

chi-square test was used to analyze the variations in AMR

before and after the intervention. A P-value less than 0.05

was considered as statistically significant. All statistical

analysis was carried out by Statistical Package for the So-

cial Sciences (SPSS) software version 23 (SPSS Inc., Chicago,

IL, USA).
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4. Results

Table 1 shows the antimicrobials utilization in DDDs

per 100 PD before and after the intervention. Total an-

timicrobials utilization decreased by 12.41% (from 62.11

DDDs/100 PD to 54.40 DDDs per 100 PD; P = 0.024). The re-

duction was lower in non-restricted antimicrobial agents

(5.43%) than restricted ones (27.6%) (Table 2). According to

our findings, the use of vancomycin and carbapenems de-

creased substantially (Table 1). Vancomycin use, in partic-

ular, decreased from 11.84 DDDs/100 PD before the inter-

vention to 8.29 DDDs/100 PD after the intervention (29.98%,

P < 0.001), while prescription of carbapenems decreased

from 6.78 to 4.55 (32.89%, P < 0.001). On the other hand,

the use of antibiotics such as teicoplanin and colistin did

not show any significant reduction (teicoplanin 0.4 and

colistin 0.17 DDDs/100PD before and after the intervention,

respectively).

Linezolid was the only restricted antimicrobial agent

utilization of which increased after the intervention; how-

ever, overall linezolid prescription in our hospital was low

and negligible. Table 2 shows the approximate average cost

reductions of antimicrobial agents per 100 PD before and

after the intervention. The changes in antimicrobial prices

were scant during the time of ASP implementation. De-

spite a decline in DDD/100 PD for total administrative an-

timicrobial agents, the overall antimicrobial agents’ cost

increased from 14873833 to 15482933 rials/100 PD (+4.09%).

In terms of pre-and post-intervention resistance rates, our

data for the second-year intervention revealed a reduc-

tion in vancomycin-resistant enterococci (VRE) from 4.80%

to 2.60% (P = 0.024) and linezolid-resistant Staphylococcus

spp. and Streptococcus spp. from 2.20% to 1.80% (P = 0.225).

Importantly, meropenem and imipenem resistance rates

declined significantly for Gram negative microorganisms

from 8.90% to 7.60% (P = 0.017) and 25% to 14.40% (P =

0.006), respectively. Linezolid-resistant Staphylococcus sp.

and Streptococcus sp. decreased from 2.20% to 1.80% (P =

0.225). Other AMR did not differ significantly from the

baseline after the implementation of ASP (Table 1).

5. Discussion

Our study aimed to assess the impact of ASP implemen-

tation on broad-spectrum antimicrobials administration

in one of the largest and referral pediatric hospitals in Is-

fahan, Iran. According to previous studies, 3.4 - 3.5% of an-

timicrobial prescriptions in pediatric patients were noted

to be unnecessary and over-prescribed (16, 17). Due to in-

appropriate prescription and consumption of antibiotics,

the number of multidrug resistant pathogens like pseu-

domonas aeroginosa is increasing, and critical restrictions

like implementing practical guide antibiotic stewardship

is essential for managing this problem (18, 19). In a primary

overview of our hospital documents, we figured out that

expensive and broad-spectrum antimicrobial agents had

been overused, which could lead to antibiotic-resistant in-

fections and increase the economic burden of healthcare

system. Furthermore, for the first time in our center, we

decided to introduce the ASP for managing the utilization

of several broad-spectrum antibiotics.

Anvarinejad et al. reported a decline in antibiotic-

resistant microorganisms (20). They found that for con-

trolling the rate of resistant microorganisms, clinicians

should consider culture specimens before initiation of

antibiotic therapy and supervise the prescribed antibi-

otics periodically. The results of our study demonstrated

that there was a substantial decrease in overall antimi-

crobial utilization after two years of intervention (exclud-

ing linezolid) because of cooperation of majority of pre-

scribers with ASP. Similar to our findings, Pakyz et al. (21)

noted that linezolid and macrolide antibiotics utilization

increased dramatically while other antimicrobial utiliza-

tion remained unchanged after ASP implementation.

The threat of AMR is reaching an alarming rate, while

the situation is worsening in developing countries due

to frequent abuses of antimicrobials (1). It has been

demonstrated that even appropriate and justified use of

antibiotics can contribute to the development of AMR;

thus, widespread and excessive use makes the situation

much worse. On the other hand, AMR is a multi-factorial

problem, which can be influenced by infection control

strategies such as ASP. For instance, a recent publication

demonstrated that implementing ASP can lead to ratio-

nal use of antibiotics, reduce antimicrobial resistance,

as well as improve patients’ overall outcome (22). Our

study also indicated that ASP implementation could re-

duce broad-spectrum antibiotics resistance in numerous

hospital pathogens such as VRE. However, some studies re-

ported that implementing an ASP had no effects on chang-

ing antimicrobials resistance rate (23).

It is worth mentioning that, although ASP was ef-

fectively performed in our study, due to the sanctions-

induced inflation, the costs of antimicrobial agents in-

creased dramatically; so, we did not witness any cost sav-

ings for antimicrobials after the intervention. However,
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Table 1. Antibiotics Utilization in DDDs/100 PD Before the Intervention (February2017-January 2018) and After the Intervention (February 2019- January 2020)

Antibiotics
DDDs/100 Patient Days

Percentage Change P-Value
2019 - 2020 2017 - 2018

Vancomycin 8.29 11.84 -29.98 0.033

Carbapenems 4.55 6.78 -32.89 0.001

Teicoplanin 0.44 0.43 +2.32 NS

Linezolid 0.64 0.26 +146.15 0.001

Colistimethate sodium 0.17 0.17 0 NS

Table 2. Estimated Reductions in Total Antibiotics Utilization and Costs Before the Intervention February 2017-January 2018) and After the Intervention (February 2019- January
2020) a

Measure 2017 - 2018 2019 - 2020 Reduction (%)

Total hospital days 49983 49664 -0.63

Mean length of hospital stay (days) 2.5 3.02 +20.8

Restricted antibiotics DDDs/100 PD 19.48 14.09 -27.6

Other antibiotics DDDs/100 PD 42.63 40.31 -5.43

Total antibiotics DDDs/100 PD 62.11 54.40 -12.41

Restricted antibiotics’ cost, R/100
PD

10058643 8216272 -18.31

Non-restricted antibiotics’ cost,
R/100 PD

4815190 7266661 +50.91

Total antibiotics’ cost, R/100 PD 14873833 15482933 +4.09

Abbreviations: DDDs, daily defined doses; R, rials.
a Prices were computed in rials

the overall cost of antimicrobials could be declined by 5.2%

in a normal situation. In the second year of ASP imple-

mentation, the cost of restricted antimicrobials was re-

duced by 18.31%, which was critical in Iran’s current finan-

cial situation. The cost saving results demonstrated that

hiring full-time infectious disease specialists and clinical

microbiologists minimized antimicrobial costs and well-

compensated the burden of hiring staff (4, 24, 25). In addi-

tion, the leaders of ASP, especially clinical microbiologists,

are responsible for providing reports of antimicrobial sus-

ceptibility for health care professionals (26).

Pharmacists also play a significant role in implement-

ing the ASP (27, 28). Similar to other centers, in our hospi-

tal, the pharmacists were part of ASP team, and their efforts

showed the significant impacts on successful implementa-

tion of team’s protocol. By the aim of the involved phar-

macist, the majority of whole physicians’ orders were re-

checked again according to ASP-prepared charts and tried

to find any disagreements based on patients or labora-

tory’s documents. According to a related study (29). Im-

plementing ASP resulted in substantial reductions in both

restricted and non-restricted antimicrobial agents, as well

as changes in antimicrobial usage patterns. We found

that the reduction in utilizing restricted antimicrobials

was greater than non-restricted ones, possibly because

physicians replaced restricted antimicrobials with non-

restricted antimicrobials based on microbiological find-

ings of patients.

In the second year after implementing ASP, the new

strategy effectively lowered restricted antimicrobials uti-

lization and cost burden due to broad-spectrum antibi-

otics utilization. It should also be noted that linezolid

consumption is an alarming issue, and clinicians must

be consulted not to over-prescribe this antibiotic. Finally,

in this study, we assessed the impact of ASP on antibi-

otics prescription in terms of AMR and cost burden; also,

we showed the positive effect of ASP implementation and

guideline-based recommendations. The main limitations

of this study included low sample size, the lack of physi-

cians’ cooperation, and some missing lab data.

5.1. Conclusions

The current study, which is one of the first-of-its-kind

reports on an ASP implementation in an Iranian pediatric
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hospital, found that ASP expenditure reduced the AMR and

antimicrobial agents’ prescription, especially for broad-

spectrum antibiotics. For maintaining the positive results,

recruiting a multidisciplinary full-time ASP team includ-

ing pharmacists, clinical microbiologists, and infectious

disease specialists along with other educated healthcare

professions is recommended.
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