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Abstract: Antimicrobial Stewardship Program (ASP) has been implemented in major public hospitals
in Malaysia, with pharmacists playing a key role in ensuring the appropriate use of antibiotics.
This survey aimed to assess the practices, perceptions, and knowledge of public hospital pharmacists
on antibiotic use and resistance. A cross-sectional survey involving pharmacists from six public
hospitals in Penang was conducted using a self-administered validated questionnaire. The majority of
pharmacists perceived that polypharmacy (92%, n = 270) and overuse of broad-spectrum antibiotics
(85%, n = 252) can potentially induce resistance of microorganisms and that ensuring the rational use
of antibiotics is a shared responsibility between clinicians and pharmacists (94%, n = 278). A large
majority of the pharmacists think that formal training in infectious disease should be a pre-requisite
for pharmacists in ASP (93%, n = 273). In terms of antibiotic selection, the availability of antibiotics in
hospital (81%, n = 234) and patient’s clinical condition (68%, n = 196) are more of a concern to the
pharmacists. A total of 65% of the respondents (n = 192) demonstrated good levels of knowledge
with a mean knowledge score of 10.1 out of 13 (95% CI: 9.95; 10.31). Pharmacists from the managerial
level, ward pharmacy, in-patient, and medication therapy adherence clinic (MTAC) unit had better
knowledge of antibiotics compared to pharmacists from other units (p < 0.001). Antibiotic knowledge
gap had been identified among pharmacists in different work settings, and longer years of service
does not warrant good antibiotic knowledge.
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1. Introduction

The increased usage of antibiotics and inappropriate prescribing have exerted a selective pressure
on clinically relevant bacteria, leading to the development of antimicrobial resistance (AMR). The AMR
rate in Malaysia is reported to be on an increasing trend [1,2]. It will render the first-line antimicrobial
ineffective, which leads to an overuse of second or third-line antimicrobials. The Ministry of Health
Malaysia has started to implement policy and strategies to curb AMR in the public hospitals since
early 2000s. The adaptation of the Malaysian National Antibiotic Guideline since 2008, with the
implementation of the Antimicrobial Stewardship Program (ASP) in 2014 have augured well for the
local AMR situation. The second edition of the Malaysian National Antibiotic Guideline was published
in 2014, and the third National Antimicrobial Guideline was launched recently in 2019 [1]. Since the
year 2014, ASP has been implemented in many of the state hospitals and primary care settings in
Malaysia [1,2]. Following the implementation of ASP, it has been demonstrated that there was an overall
22-36% reduction in antimicrobial use [3]. Pharmacists, alongside with the Antimicrobial Stewardship
(AMS) team consisting of infectious disease (ID) physicians, microbiologists, and ID nurses, play an
important role in ASP [3,4]. Hospital pharmacists need to assume a role in AMS as part of their
daily routine. Previous studies reported on the knowledge, attitude, and practice of antimicrobial use
and resistance, factors affecting perception and attitudes towards antibiotic use mainly involved the
general public, house officers, medical practitioners, community pharmacists, medical, and pharmacy
undergraduates [5-17]. Insight into the pharmacists’ perspective and knowledge of AMS and AMR
are essential to revise plans to augment their contribution in this field. Therefore, this cross-sectional
multicenter survey was conducted among the pharmacists in Penang public hospitals to assess the
practices, perceptions, and knowledge of antibiotic use and resistance.

2. Methods

2.1. Study Design

This was a multicenter cross-sectional survey using a self-administered printed questionnaire.
All registered pharmacists and pre-registration pharmacists working at the public hospitals located in the
state of Penang, Malaysia, were included in this survey. Based on the information given by the Penang
Pharmaceutical Services Division, the total number of pharmacists practicing at the six public hospitals
in Penang was 330. The six public hospitals were Penang General Hospital, Seberang Jaya Hospital,
Balik Pulau Hospital, Bukit Mertajam Hospital, Kepala Batas Hospital, and Sungai Bakap Hospital.
The pharmacists working in the private sectors (hospitals, health clinics), community pharmacy law
enforcement unit, and academia were excluded from this survey. The pharmacists whom were on study
leave or maternity leave were also excluded. The study respondents consisted of pharmacists from
different pharmacy units, which included outpatient pharmacy, inpatient pharmacy, ward pharmacy,
logistic, medication therapy adherence clinic (MTAC), Pharmacy Resources and Information Center
(PRIC), management, and specialized units, i.e., therapeutic drug monitoring (TDM)), clinical nutrition
services, cytotoxic drug reconstitution (CDR), and pharmaceutical compounding/manufacturing.
Printed questionnaires were distributed by one designated research coordinator from each hospital to
the pharmacists that fulfilled the inclusion criteria. Questionnaires were recollected within the same
day to discourage cross-referencing and discussion among respondents.

2.2. Study Instrument

The questionnaire was developed based on the study by Abbo et al. [18] Modifications were made
to the questionnaire by referring to other similar questionnaires [6,8,12,15,19]. The sentence structure
and content of most questions were changed to tailor to the hospital pharmacist instead of medical
and pharmacy students. An initial version of the questionnaire was subjected to content validation.
For content validity, the questionnaire was sent to three subject experts practicing in the state of Penang
(One ID physician, one public hospital ID pharmacist, and a senior clinical pharmacy lecturer) for their



Antibiotics 2020, 9, 311 3of11

opinion on the relevance and importance of the content. Necessary modifications were made based on
the comments and suggestions given by the experts. The modified questionnaire was then trialed to
eight pre-registered pharmacists in order to detect ambiguous questions, misinterpretation of items,
and obscure statements. Face validation was also performed, and question structure was adjusted to
enhance the comprehension without affecting the intended construct.

A pilot study was done with a group of 47 pharmacists from the general hospital of the Kedah state
in Malaysia. The final questionnaire consisted of 53 items. Based on data from the pilot study,
the internal reliability coefficient was tested, and an average Cronbach’s alpha value of 0.7 was
obtained for each domain, i.e., perceptions section and practices section. However, Cronbach’s alpha
for dichotomous scores in the knowledge section calculated using KR-20 was relatively low at 0.6.
This probably was due to the presence of several more technical questions on antibiotic knowledge
whereby respondents chose the wrong answers. The validated questionnaire consisted of four sections
(53 items), which included six questions on demographic data (e.g., age, gender, years of practice,
current work setting), 16 questions on “pharmacy practices”, 18 questions on “perceptions towards
antibiotic use and resistance”, 13 questions on basic and specific “knowledge on antibiotic use and
resistance”. The responses of the participants on the “perceptions towards antibiotic use and resistance”
section were measured using a five-point Likert scale of agreement. A score of 1 was given to strongly
agree, two to agree, three to neutral, four to disagree, and five to strongly disagree. In the “pharmacy
practices” section, a five-point Likert scale of frequency was used with a score of one given to always,
2 to often, 3 to sometimes, 4 to rarely, and 5 to never. “Pharmacy practices” section consisted of seven
basic general questions and six technical, clinical questions. Based on the finding from our pilot study,
we categorized 13-item knowledge score into “Good” (>ten correct answers), “Moderate” (six to nine
correct answers), and “Poor” (<six correct answers).

2.3. Data Analysis

Data were analyzed by using SPSS v20. Descriptive analyses were employed to present the data
as frequencies and percentages. The association between variables was analyzed using Pearson’s
Chi-square (v2) test and the findings were reported with 95% confidence intervals (Cls). Items that
were not answered by respondents were excluded from the analysis. The main outcomes measured
were pharmacists’ antibiotic utilization knowledge, perceptions, and practices.

2.4. Ethical Approval

Ethical approval for this study was obtained from the Medical Research and Ethics Committee
(MREC), Ministry of Health Malaysia.

3. Results

The response rate was 90.6%, with 299 questionnaires collected (294 questionnaires with complete
answer in the knowledge section one with incomplete answer in the knowledge section). Four incomplete
questionnaires were excluded. Out of the 295 completed questionnaires, 79% were females, and 21%
were males. Mean age was 29.1 (+Standard deviation 3.94) years old, median (First quartile,
third quartile) year of practice in the hospital was 3 (1.5, 7) years, and 91% of them have bachelor
pharmacy degree as their highest qualification. In term of involvement in antibiotic dispensing,
the majority (93%) claimed that they performed antibiotic dispensing in the hospital whereby on
average per week, 36% of these pharmacists estimated encountering more than 20 prescriptions
containing antibiotics, 35% estimated handling 10-20 prescriptions with antibiotics, and 29% estimated
handling less than 10 prescriptions with antibiotics. The distribution of pharmacists according to their
respective work settings is presented in Table 1.
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Table 1. Distribution of respondents according to the type of pharmacy settings.

Pharmacy Services Number of Pharmacists (n = 295) Percentage %
Outpatient unit 102 34.6
Inpatient unit 33 11.2
Ward pharmacy unit 33 11.2
Logistic unit 27 9.1
Medication Therapy Adherence Clinic (MTAC) 15 5.1
Management and administration unit 10 34
Pre-registration pharmacist on rotation 44 15.0
Pharmacy resources and information center 12 4
Other units (TDM, CDR, manufacturing, clinical nutrition) 19 6.4

Footnote: TDM—Therapeutic Drug Monitoring unit, CDR—Cytotoxic Drug Reconstitution unit.

3.1. Knowledge on Antibiotic Use and Resistance

From the total of 294 respondents, 65.3% had a good level (score more than 10) of knowledge on
antibiotic use and resistance with a mean knowledge score of 10.1 out of 13 (95% CI: 9.95; 10.31), and only
a small percentage (0.3%) scored below six. Pharmacists from the in-patient and ward pharmacy units
(86%, n = 57 out of 66) had better antibiotic knowledge compared to pharmacists from other units
(59%, n = 135 out of 228) (p < 0.001). The majority of the pharmacists answered the basic questions on
antibiotic use and resistance correctly (Table 2), but the average percentage of correct answers was
significantly lower (p < 0.001) for a set of specific questions on clinical use of antibiotics. More than half
of the pharmacists did not get the correct answer for the clinical use of antibiotics related to surgical
prophylaxis, hospital-acquired pneumonia, and understanding of pharmacokinetic/pharmacodynamic
properties of antibiotics. Besides, the percentage of correct answers for specific questions related to
carbapenem usage was noted to be relatively low (64%) compared to questions relating to the treatment
of Methicillin-resistant Staphylococcus aureus (MRSA) and bacterial meningitis.

Table 2. Respondents’ knowledge on antibiotic use and resistance (1 = 294 **).

No Statement and Questions Correct Answer

Respondents answered either TRUE or FALSE for each statement Number (%)
1 Antibiotic utilization is measured in the World Health Organization defined daily doses. 253 (86) True
2 Antibiotic is prescribed as prophylactic measured to fight infection caused by multiple drug-resistance pathogens. 188 (64) False
3 Resistant bacteria cannot be easily spread in healthcare institutions and communities. 265 (90) False
4 Resistant genes can be transferred from one bacterium to another via plasmid transfer. 270 (92) True
5 Crc'xss—resistance is the-cc'm('iition in which the r'esi‘stance occurs to a particular antibiotic that often results in 279 (95) True

resistance to other antibiotics, usually from a similar chemical class.

6 Antimicrobial resistance can be minimized by de-escalation therapy based on culture and sensitivity results. 282 (96) True
7 To curb the progression of antibiotic resistance, the two major interventions are infection control (to prevent 288 (98) True

transmission), and judicious antibiotic use.

Specific questions on clinical use of antibiotic
Respondents required to choose the best answer

8 Choice of first-line antibiotic for Methicillin-Resistant Staphylococcus aureus (MRSA) bacteremia. 285 (97)
Most appropriate antibiotic to treat extended spectrum beta-lactamases (ESBL) Klebsiella pneunonia sepsis. 188 (64)

10 Empirical treatment of acute bacterial meningitis based on Malaysia National Antibiotic Guideline 2014. 253 (86)

11 The most appropriate antibiotic for surgical prophylaxis is in a total knee replacement surgery. 144 (49)

12 Ab%lity to ‘recognize the hospital-associated infection and suggest empirical treatment for hospitalized older 138 (47)
patients diagnosed with pneumonia.

13 Based on antimicrobial killing properties, suggest the antibiotics that would exert maximum efficacy if extended 123 (42)

infusion time from 30 min to 3 hours.

** One respondent was excluded due to incomplete answers to the knowledge section.

The knowledge score between different pharmacy service settings was significantly different.
The results showed that more than 70% of pharmacists from the ward pharmacy unit (100%), pharmacy
management unit (100%), in-patient unit (73%), and MTAC units (73%) had significantly higher
knowledge score (>10). It was followed by specialized units (67%), i.e., therapeutic drug monitoring,
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clinical nutrition services, cytotoxic drug reconstitution and manufacturing, out-patient unit (62%),
pharmacy resources and information center (42%), logistic unit (37%), and pre-registered junior
pharmacist (provisionally registered pharmacist) (55%) (Table 3).

Table 3. Knowledge score breakdown according to the different pharmacy settings.

Number of Respondents Based on Pharmacy Service Settings

Knowledge Ward Specialized Pre-Registered

Score Pharmacy Management In-Patient MTAC  Out-Patient Logistic Units PRIC Junior
<10 0 0 9 4 39 17 6 7 20
=10 33 10 24 11 63 10 12 5 24

Total 33 10 33 15 102 27 18 12 44

Percent, % 100 100 73 73 62 37 67 42 55

Footnote: Pearson Chi-Square = 39.383, Cramer’s V value = 0.366; p-value < 0.001. MTAC—Medication Therapeutic
Adherence Clinic; PRIC-Pharmacy Resources and Information Center.

3.2. Perceptions of Antibiotic Use and Resistance

The majority of the pharmacists perceived that polypharmacy of antibiotics could cause
unnecessary adverse effects, and overuse of broad-spectrum antibiotics may potentially increase
antibiotic resistance. The respondents had mixed responses concerning the overuse of antibiotics in
the hospital; many of them remained optimistic that antibiotic resistance has yet to be a significant
problem. The overall pharmacists’ perceptions were positive towards AMS as the majority agreed that
ensuring the rational use of antibiotics is a shared responsibility between clinicians and pharmacists,
as well as the patients. The summary of the findings is presented in Table 4.

Table 4. Summary of pharmacists” perceptions of antibiotic use and resistance.

Strongly

Statement on Antibiotic Use and Resistance

Strongly Agree/Agree

Disagree/Disagree/Neutral

Antibiotics are overused in my hospital

45% (n = 132)

55% (1 = 162)

Antibiotic resistance is a significant problem in hospital

34% (1 = 100)

66% (1 = 195)

Polypharmacy of antibiotics: Unnecessary adverse effect and induce
resistant microorganism

92% (n = 270)

8% (n = 24)

Over use of broad-spectrum antibiotic may increase antibiotic resistance

85% (n = 252)

15% (n = 43)

Higher potency antibiotic will be developed in future

33% (1 = 98)

76% (n = 197)

Antibiogram should be made available in hospital to ensure proper
antibiotic selection

82% (n = 241)

18% (n = 54)

Ensuring rational use of antibiotics is a shared responsibility between
clinician and pharmacist

94% (n = 278)

6% (1 = 17)

Formal training in ID or AMS should be a prerequisite for pharmacist in

93% (n = 273)

7% (n =22)

order to be part of the ASP

Footnote: Item not answered by respondents was excluded for analysis. ID—Infectious disease, AMS—Antimicrobial
Stewardship, ASP—Antimicrobial Stewardship Program.

More than 80% of hospital pharmacists agreed that the presence of the AMS program would affect
antibiotic use and resistance in hospitals, whereby the ID team should be consulted at an early stage and
pharmacist should be actively intervening inappropriate antibiotic use. The variability and availability
of antibiotics in each hospital drug formulary was perceived to be one of the main factors affecting
antibiotic use. Generally, the majority of hospital pharmacists also agreed that continual in-house audits
on antibiotic use, the presence of National Antibiotic Guidelines, and the implementation of newer
broad-spectrum antibiotic use restriction by pharmacists would impact antibiotic use and resistance.
However, our findings indicated a mixed response concerning whether clinician’s preference for
innovator antibiotics and pressure from the patients to prescribe antibiotics would have any influence
on antibiotic use in the hospital (Table 5).
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Table 5. Perceptions towards factors affecting antibiotic use and resistance in the hospital.

Factors Affecting Antibiotic Use and Resistance in Hospital

Presence of ASP

Strongly Agree/Agree
90% (n = 266)
81% (1 = 238)
80% (n = 236)
80% (1 = 235)
79% (n = 231)
78% (1 = 229)
72% (n = 211)
65% (1 = 192)
49% (n = 144)
48% (n = 143)

Strongly Disagree/Disagree/Neutral
10% (n = 29)
19% (1 = 57)
20% (n = 58)
20% (n = 58)
21% (n = 63)
22% (n = 66)
28% (1 = 84)
35% (n = 102)
51% (n = 151)
52% (1 = 152)

Early referral to ID team

Intervention by hospital pharmacist

Variability & availability of antibiotics in hospital

Continuous in-house audit on antibiotic use

Presence of National Antibiotic Guideline

Restriction on antibiotic use by pharmacists

Interactions between drug representative & doctors

Clinician’s preference for innovator antibiotic

Pressure from patients to prescribe antibiotic

Footnote: ASP—Antimicrobial Stewardship Program, ID—Infectious disease.

3.3. The Practice of Hospital Pharmacist Towards Antibiotic Recommendations

The variability in the types and availability of antibiotics in hospitals were the number one
factors which influenced pharmacist’s recommendation to doctors on the choice of antibiotic (Table 6).
Public hospital pharmacists had placed a considerably equal amount of attention to each aspect (patient,
disease, and drug factor) when giving a recommendation to doctors regarding the choice of antibiotic,
i.e., the severity of patient’s clinical condition (68%), risk of missing an infection (63%) and toxicity
profile of the antibiotic (63%). However, only 50% of the respondents were concerned about the use
of specific groups of antibiotics, which in turn may increase the risk of inducing resistant pathogens.
Up to 63% of the respondents took into account the current stock level of antibiotics before offering
recommendations on the choice of antibiotic. On the other hand, only a small proportion was concerned
about cost savings for the hospital and whether the antibiotic is a generic or innovator product.

Table 6. Affecting the pharmacist’s recommendation of antibiotic choice.

Factors Affecting Pharmacist’s Recommendation Always/Often Never/Rarely/Sometimes

Variability in types and availability of antibiotics in hospital
Critically ill/immunocompromised patients
Risk of missing an infection
Toxicity profile of the particular antibiotic
The stock level of antibiotics
Risk of inducing resistant pathogens
Cost savings for hospital

81% (n = 234)
68% (n = 196)
63% (n = 185)
63% (n = 183)
61% (n = 178)
51% (n = 149)
32% (n = 93)

19% (1 = 55)
32% (n = 94)
37% (n = 108
37% (n = 108
39% (n = 116

68% (1 = 201

)
)
)
49% (n = 143)
)
)

Generic vs Innovator brand 15% (n = 44) 85% (n = 248

Before the release of the 3rd Malaysian National Antibiotic Guideline, the 2nd edition of the
National Antibiotic Guideline 2014 was the primary source of information for public hospital
pharmacists and the majority (>90%) of the respondents used the National Antibiotic Guideline
as one of their sources of information during practice in the hospital. Second to it was the continuous
medical education sessions provided by the hospital pharmacy colleagues or doctors, followed by the
past clinical attachment to a ward pharmacy unit, antibiotic updates from medical journals, seminars
provided by pharmaceutical companies, and international guidelines (Infectious Diseases Society of
America guideline, Sanford guideline). In contrary to their positive perception towards ASP, only a
small proportion (24%) of hospital pharmacists claimed that they obtained their source of information
via consultation with the hospital ID team. Interestingly, pharmacists who claimed that they were
exposed to the Infectious Disease Society of America and Sanford guidelines or consultations with the
ID teams during practice were associated with a higher antibiotic knowledge score.
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4. Discussion

This is the first documented study in Malaysia targeting only the pharmacists practicing in public
hospitals, which include both tertiary hospitals and secondary hospitals. Overall, the current sample
was appropriate to represent the hospital pharmacists who were directly or indirectly involved in
antibiotic use.

The majority of hospital pharmacists demonstrated good knowledge on antibiotic use and
resistance. This should enable the pharmacist working in the public hospital to educate the general
public in the region as more than half of the general public in Malaysia still have inadequate knowledge
of antibiotic use [9,20], especially those with a lower education level [9]. However, not all pharmacists
demonstrated sound technical knowledge on clinical use of antibiotic (e.g., antibiotic for extended
spectrum beta-lactamases, producing pathogens, hospital-acquired pneumonia, surgical prophylaxis,
and the pharmacodynamic aspect of specific antibiotics). Unpublished data from a similar study which
involved doctors from the same public hospitals in the region also showed lower percentage of correct
answers for technical questions related to antibiotic use in surgical prophylaxis, extended spectrum
beta-lactamases (ESBL) pathogens, hospital-acquired infection and appropriate use of vancomycin.
With good technical knowledge on antibiotic use and resistance, hospital pharmacists who had direct
interaction with the general public at the dispensing counters, in the pharmacist-run clinics, and in
the wards could assume the role to promote prudent use of antibiotics. In spite of this, it should be
highlighted that the technical knowledge reported in this study did not cover topics such as appropriate
choice of empirical antibiotics for various common diseases, interpreting resistant patterns of pathogens
based on laboratory cultures and sensitivity reports, identifying inappropriate combination of certain
antibiotics, renal dosing for important antibiotics, and intravenous to oral conversion of certain
antibiotic groups. Public health campaigns on antibiotic use and resistance covering hospitals, media,
supermarkets, religious places, schools, and community halls might help to increase the knowledge of
the general public, and reach out to those high-risk groups who were prone to misconceptions about
antibiotic use [9,16].

The number of years of pharmacy practice in the hospital, similar to other studies [7,14,17,21],
was not significantly associated with antibiotic knowledge. This probably was due to the fact that
antibiotic practice guidelines change from time to time depending on the continuously evolving
epidemiology of infections and the emergence of new antibiotic research findings. Hence, hospital
pharmacists need to keep abreast with the latest antibiotic practice recommendations. When senior
pharmacists are more involved in the managerial aspect, they may gradually lose touch with the more
recent updates of antibiotic dosing and infectious disease management.

Interestingly, the knowledge gap among hospital pharmacists from different work settings was
identified with pharmacists from the in-patient and ward pharmacy units who had better antibiotic
knowledge compared to pharmacists from other units. This probably due to the fact that ward
pharmacists and in-patient department pharmacists had more exposure to complex antibiotic use
in ward throughout their work routine. This particular group of pharmacist’s acts as a good point
of reference on antibiotic use and resistance. Furthermore, selected pharmacists, especially those
practicing in the ward and the in-patient department, could be trained as ID pharmacists in line with a
recommendation by the Infectious Disease Society of America ASP Guidelines that suggested that
ASP should be administered by either the ID physician or ID pharmacist [22]. Nevertheless, the task
of building the AMS team in all public hospitals remains challenging as most of the well-trained ID
physicians were assigned to the large referral tertiary hospitals.

The majority of the pharmacists agreed that polypharmacy of antibiotics increased patient’s risk
of adverse drug effects. Local data reported that the incidence of the adverse drug reactions among
patients prescribed with antibiotics was about 1.1%, with beta-lactam antibiotics, cephalosporins,
vancomyecin, and trimethoprim/sulfamethoxazole topped the list as the major contributors to such
incidences [23]. Most commonly reported adverse drug reactions involved the skin, gastrointestinal



Antibiotics 2020, 9, 311 8of 11

system, and kidney function [23]. Positive perceptions held by the hospital pharmacists towards this
issue could help to prevent overuse of antibiotics in the public hospitals.

Based on the National Surveillance of Antibiotic Resistance data [2], there was an increase in
cases of meropenem-resistant Acinetobacter baumanii, emergence of ESBL among enterobacteriaceae,
cases of carbapenem-resistant enterobacteriaceae, vancomycin resistant Enterococcus faecium,
and erythromycin-resistant Streptococcus pneumoniae. Although the majority of pharmacists perceived
that the overuse of broad-spectrum antibiotics may potentially increase antibiotic resistance, there was
a mixed response concerning the overuse of antibiotics in the public hospitals. Many of the hospital
pharmacists remained optimistic that antibiotic resistance has yet to be a significant problem in hospital.
This false optimism could be due to a few possibilities. First of all, the hospital pharmacists may not
be aware of the information of the increasing defined daily dose and resistance pattern published in
the National Antibiotic Guideline 2014. It could also be possible that hospital pharmacists are not
interested in taking note of these alarming statistics. On the other hand, many of the pharmacists
agreed that an antibiogram should be made available in the hospital to ensure proper selection of
antibiotics. However, the availability of an antibiogram for each hospital depends on the capacity of
the microbiology lab of each hospital to produce it. It is worth mentioning that the antibiogram was
not available in all public hospitals.

In accordance with findings from other studies [6,19,22,24,25], majority of hospital pharmacists
had positive perception towards AMS where there was high percentage of agreement that ensuring
rational use of antibiotics is a shared responsibility between clinicians and pharmacists, and formal
training in ID and AMS should be a pre-requisite for pharmacists to be part of the ASP. Although our
national AMS policy mentioned that core members of the AMS team should be multidisciplinary,
training and certification requirements for infectious diseases-trained clinical pharmacists have not
been established. Most of the pharmacists appointed to join AMS team had to develop their interest in
infectious diseases by self-directed learning or on-the-job experiences. This mode of training, however,
is not considered feasible or sufficient for reliable training of future clinical specialists in infectious
diseases [26].

The development of the AMS protocol by the Ministry of Health and implementation of AMS
in public hospitals had successfully forced a downward trend in antibiotic utilization in 2016 [2].
Several measures were implemented and monitored by the pharmacist in hospital, such as the “72-h
stop order for carbapenem, vancomycin, and some selected high-end antibiotics” which requires
physicians to review and justify continuation of treatment with the broad-spectrum antibiotic, audit
on IV Cefuroxime usage in surgical & orthopedic departments, restrictions on usage of injection
Colistimethate, establishment of policy on surgical antimicrobial prophylaxis, etc. Given the support
from the Ministry of Health, the pharmacist as part of the clinical support team in the hospital should
serve as advisors to doctors in antibiotic decision-making and there should be mutual understanding
as partners in the effort to curb the proliferation of AMR [25].

In terms of pharmacist perception towards factors affecting antibiotic use and resistance, a majority
of the respondents agreed that variability and availability of antibiotics in each hospital drug formulary
would affect antibiotic use. In contrast to perceptions of medical practitioners [14,17], hospital pharmacists
believed that pressure from patients to prescribe antibiotics no longer have much impact on the
prescriber’s decision to use an antibiotic. Furthermore, there was mixed response concerning whether
the clinician’s preference for innovator antibiotics will affect antibiotic use.

Generally, the majority of hospital pharmacists also agreed that continual in-house audits on
antibiotic use, presence of National Antibiotic Guideline, and implementation of broad-spectrum
antibiotic use restriction by pharmacists will impact on antibiotic use and resistance. These findings
were supported by other studies [4,24,27,28], whereby the hospital pharmacists considered restrictions
as a reasonable method to control antibiotic use, and pharmacists assumed responsibility in providing
audit and feedback regarding antibiotic use. Consistent with unpublished data which involved doctors
from the same public hospitals in the region, perception of hospital pharmacists was unanimous
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that the presence of ASP is essential and will affect antibiotic use and resistance in hospital whereby
an ID team should be consulted at an early stage. The pharmacist should be actively involved in
the monitoring of inappropriate antibiotic use, especially those working at the dispensing counter,
in-patient pharmacy, and in the ward treating hospitalized patients.

A recent systematic review [29] identified several factors known to affect the prescribing of
antibiotics, i.e., the demands from patients, pharmaceutical company marketing activities, economic
factors, availability and supply of antibiotics, instructions at organizational level to clear near-expiry
antibiotics, and limited up-to-date information sources. In contrast, only a small proportion of
hospital pharmacists would consider cost savings for the hospital and whether the antibiotic is an
innovator or generic brand before recommending an antibiotic. The lack of sensitivity towards generic
or innovator brands among public hospital pharmacists was probably due to the frequent brand
switch from innovator to generic products as part of cost-saving measures. On the other hand, the
availability and variability of antibiotics in hospital were checked by the pharmacists before giving
recommendation on the choice of antibiotic because some district public hospitals may not have the
first-line antibiotic. Hence, pharmacists need to be able to recommend a suitable alternative caused by
stock-out. Pharmacists in the public hospital are held responsible for the good governance of antibiotic,
especially in the control of availability of drugs and the stock level. New drugs that were proposed to
be listed into the hospital formulary would need to be adequately justified by the clinician and then
reviewed by the pharmacist. Besides, in general clinical practice, the pharmacist’s recommendation for
antibiotics should always be based on a patient’s clinical condition, including immunocompromised
status, site of infection, possible pathogens, coverage, and toxicity profile of the selected antibiotic.

Since the first publication of the Malaysian National Antibiotic Guideline in 2008, it had gradually
become the primary source of reference for many public hospital pharmacists. The second edition of
the National Antibiotic Guideline published in 2014 had become more favorable among pharmacists
in public hospitals. Both the National Antibiotic Guideline softcopies had been made available for free
online download. It is not surprising to find that only a small proportion of public hospital pharmacists
claimed that they obtained their source of information via consultation with the hospital ID team.
This was because a well-established ID team was not readily available in certain hospitals in the state of
Penang. At the time of discussion, ID consultant is only available at Penang General Hospital. In view
of the high usage of Malaysian National Antibiotic Guideline 2014 among the hospital pharmacists,
it is hoped that the latest Malaysian 3rd edition National Antibiotic Guideline 2019 would be adopted
as a standard practice among all healthcare providers in the public hospitals.

5. Conclusions

Generally, pharmacists” perceptions were positive towards the AMS program as the majority
agreed that ensuring rational use of antibiotics is a shared responsibility between clinicians and
pharmacists. This study also reveals that pharmacists in public hospitals have good basic knowledge
on antibiotic use and resistance. Longer years of service do not warrant good antibiotic knowledge,
and the antibiotic knowledge gap had been identified among pharmacists in the different work settings.
The AMS program, early ID referral, pharmacist intervention, audit on antibiotic use, restrictive policy
by pharmacy departments, and timely updates of the National Antibiotic Guideline are perceived as
the important factors that may affect antibiotic use and resistance in hospitals.

Author Contributions: Conceptualization, P.P.L. and T.ET.; methodology, WPK., TT.O., S.Y.O.,K.L.T.,, PP.L., and
A HK,; software, K.L.T.; validation, K.L.T., 5.5.A.T. and A.HK,; formal analysis, K.L.T.; investigation, S.A.K,,
S.S.A.T,PPC, Y.C.C,PPL. S.G.,, WS.F. and T.ET.; resources, S.A K., TET, Y.C.C, PPL.,S.G.,, WS.E. and L.C.M.;
data curation, W.PK, T.T.O, S.Y.O., TET. and K.L.T.; writing—original draft preparation, K.L.T.; writing—review
and editing, K.L.T., L.C.M. and A.H.K; visualization, K.L.T. and L.C.M.; supervision, K.L.T. and L.C.M.; project
administration, K.L.T.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We would like to thank the Director-General of Health, Malaysia for his permission to
publish this manuscript. Also, our sincere appreciation goes to the following for their participation, assistance,



Antibiotics 2020, 9, 311 10 of 11

and support: Ministry of Health (Kementerian Kesihatan Malaysia, KKM); Director of Health, Penang State Health
Department; Deputy Director of Health (Pharmacy), Penang State Health Department; ID Department in Penang
Hospital (Wong Peng Shyan); Pharmacy Department of Hospital Sultanah Bahiyah, Alor Star, Kedah. We thank
all the R&D coordinators from each hospital in the state who helped to distribute and recollect all questionnaires
within defined time. We thank the 295 public hospital pharmacists who participated in the multicenter study in
January 2017.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

National Antimicrobial Guideline. Pharmaceutical Services Programme; Ministry of Health Malaysia:
Putrajaya, Malaysia, 2019.

Ministry of Health. Malaysian Action Plan on Antimicrobial Resistance (MyAP-AMR) 2017-2021; Ministry of
Health, and Ministry of Agriculture & Agro-Based Industry Malaysia: Putrajaya, Malaysia, 2017.

Ministry of Health. Protocol on Antimicrobial Stewardship Program in Healthcare Facilities, Pharmaceutical Services
Division; MOH: Singapore, 2014.

Wickens, H.J.; Farrell, S.; Ashiru-Oredope, D.A.IL; Jacklin, A.; Cooke, J.; Sharland, M.; Ashiru-Oredope, D.;
McNulty, C.; Dryden, M.; Fry, C.; et al. The increasing role of pharmacists in antimicrobial stewardship in
English hospitals. |. Antimicrob. Chemother. 2013, 68, 2675-2681. [CrossRef] [PubMed]

Guerra, C.M.; Pereira, C.A.P,; Neto, A.R.N.; Cardo, D.M.; Corréa, L. Physicians’ perceptions, beliefs,
attitudes, and knowledge concerning antimicrobial resistance in a Brazilian teaching hospital. Infect. Control
Hosp. Epidemiol. 2007, 28, 1411-1414. [CrossRef] [PubMed]

Khan, M.U,; Hassali, M.A.A; Ahmad, A.; Elkalmi, R.M.; Zaidi, S.T.R.; Dhingra, S. Perceptions and Practices
of Community Pharmacists towards Antimicrobial Stewardship in the State of Selangor, Malaysia. PLoS ONE
2016, 11, e0149623. [CrossRef] [PubMed]

Srinivasan, A.; Song, X.; Richards, A.; Sinkowitz-Cochran, R.; Cardo, D.; Rand, C. A Survey of Knowledge,
Attitudes, and Beliefs of House Staff Physicians From Various Specialties Concerning Antimicrobial Use and
Resistance. JAMA Inter. Med. 2004, 164, 1451-1456. [CrossRef]

Dhingra, S.; Khan, M.U.; Maharaj, S.; Pandey, S.; Patel, I.; Ahmad, A. Knowledge, attitude and practice of
B.Sc. Pharmacy students about antibiotics in Trinidad and Tobago. J. Res. Pharm. Pract. 2015, 4, 37-41.
[CrossRef]

Oh, A.L.; Hassali, M.A.; Al-Haddad, M.S.; Sulaiman SA, S.; Shafie, A.A.; Awaisu, A. Public knowledge and
attitudes towards antibiotic usage: A cross-sectional study among the general public in the state of Penang,
Malaysia. J. Infect. Dev. Ctries. 2011, 5, 338-347.

Del Fiol, ED.S.; Barberato-Filho, S.; Lopes, L.C.; da Cassia Bergamaschi, C.; Boscariol, R. Assessment of
Brazilian pharmacists’ knowledge about antimicrobial resistance. ]. Infect. Dev. Ctries 2015, 9, 239-243.
[CrossRef]

Abbo, L.M.; Cosgrove, S.E.; Pottinger, P.S.; Pereyra, M.; Sinkowitz-Cochran, R.; Srinivasan, A.; Webb, D.J.;
Hooton, T.M. Medical students’ perceptions and knowledge about antimicrobial stewardship: How are we
educating our future prescribers? Clin. Infect. Dis. 2013, 57, 631-638. [CrossRef]

Jamshed, S5.Q.; Elkalmi, R.; Rajiah, K.; Al-Shami, A K.; Shamsudin, S.H.; Siddiqui, M.].A.; Aziz, M.A.B.A;
Bin Hanafi, M.B.; Shariff, N.L.B.M.; Bin Ramlan, N.H.; et al. Understanding of antibiotic use and resistance
among final-year pharmacy and medical students: A pilot study. J. Infect. Dev. Ctries 2014, 8, 780-785.
[CrossRef]

Rajiah, K.; Ren, W.S.; Jamshed, S.Q. Evaluation of the understanding of antibiotic resistance among Malaysian
pharmacy students at public universities: An exploratory study. J. Infect. Public Health 2015, 8, 266-273.
[CrossRef]

Thriemer, K.; Katuala, Y.; Batoko, B.; Alworonga, J.-P.; Devlieger, H.; Van Geet, C.; Ngbonda, D.; Jacobs, J.
Antibiotic prescribing in DR Congo: A knowledge, attitude and practice survey among medical doctors and
students. PLoS ONE 2013, 8, €55495. [CrossRef] [PubMed]

Roque, F.; Soares, S.; Breitenfeld, L.; Figueiras, A.; Herdeiro, M.T. Influence of community pharmacists
attitudes on antibiotic dispensing behavior: A cross-sectional study in Portugal. Clin. Ther. 2015, 37, 168-177.
[CrossRef] [PubMed]


http://dx.doi.org/10.1093/jac/dkt241
http://www.ncbi.nlm.nih.gov/pubmed/23825383
http://dx.doi.org/10.1086/523278
http://www.ncbi.nlm.nih.gov/pubmed/17994525
http://dx.doi.org/10.1371/journal.pone.0149623
http://www.ncbi.nlm.nih.gov/pubmed/26901404
http://dx.doi.org/10.1001/archinte.164.13.1451
http://dx.doi.org/10.4103/2279-042X.150057
http://dx.doi.org/10.3855/jidc.4853
http://dx.doi.org/10.1093/cid/cit370
http://dx.doi.org/10.3855/jidc.3833
http://dx.doi.org/10.1016/j.jiph.2014.11.003
http://dx.doi.org/10.1371/journal.pone.0055495
http://www.ncbi.nlm.nih.gov/pubmed/23441152
http://dx.doi.org/10.1016/j.clinthera.2014.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25482306

Antibiotics 2020, 9, 311 11 0f 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lim, K.K.; Charn Teh, C. A Cross Sectional Study of Public Knowledge and Attitude towards Antibiotics in
Putrajaya, Malaysia. South Med. Rev. 2012, 5, 26-33.

Tan, W.L,; Siti, R.; Shahfini, I.; Zuraidah, A. Knowledge, attitude and practice of antibiotics prescribing
among medical officers of public health care facilities in the state of Kedah, Malaysia. Med. ]. Malays. 2015,
70,307-311.

Abbo, L.; Sinkowitz-Cochran, R.; Smith, L.; Ariza-Heredia, E.; Gomez-Marin, O.; Srinivasan, A.; Hooton, T.M.
Faculty and resident physicians’ attitudes, perceptions, and knowledge about antimicrobial use and resistance.
Infect. Control. Hosp. Epidemiol. 2011, 32, 714-718. [CrossRef]

Rehman, I.U.; Asad, M.M.; Bukhsh, A.; Ali, Z.; Ata, H.; Dujaili, ].A.; Blebil, A.Q.; Khan, TM. Knowledge and
Practice of Pharmacists toward Antimicrobial Stewardship in Pakistan. Pharmacy (Basel Switz.) 2018, 6, 116.
[CrossRef]

Ab Halim, N.A.A ; Chang, C.-T.; Chan, H.K,; Hassali, M.A.; Nouri, A. Knowledge and Attitudes Concerning
Antibiotic Use and Resistance among the Public in Pulau Pinang, Malaysia. Malays. ]. Med. Sci. 2018,
25,141-147. [CrossRef]

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.
[CrossRef]

Dellit, TH.; Owens, R.C.; McGowan, J.E.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.;
Paterson, D.L.; Fishman, N.O.; Carpenter, C.F; et al. Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America guidelines for developing an institutional program to enhance
antimicrobial stewardship. Clin. Infect. Dis. 2007, 44, 159-177.

Arulappen, A.L.; Danial, M.; Sulaiman, S.A.S. Evaluation of Reported Adverse Drug Reactions in Antibiotic
Usage: A Retrospective Study From a Tertiary Care Hospital, Malaysia. Front. Pharm. 2018, 9, 809. [CrossRef]
Buckel, WR.; Hersh, A.L.; Pavia, A.T.; Jones, P.S.; Owen-Smith, A.A.; Stenehjem, E. Antimicrobial Stewardship
Knowledge, Attitudes, and Practices among Health Care Professionals at Small Community Hospitals.
Hosp. Pharm. 2016, 51, 149-157. [CrossRef]

Broom, A.; Plage, S.; Broom, J.; Kirby, E.; Adams, J. A qualitative study of hospital pharmacists and antibiotic
governance: Negotiating interprofessional responsibilities, expertise and resource constraints. BMC Health
Serv. Res. 2016, 16, 43. [CrossRef] [PubMed]

Ernst, EJ.; Klepser, M.E.; Bosso, J.A.; Rybak, M.].; Hermsen, E.D.; Segarra-Newnham, M.; Drew, R.H.
Recommendations for Training and Certification for Pharmacists Practicing, Mentoring, and Educating
in Infectious Diseases Pharmacotherapy Joint Opinion of the Society of Infectious Diseases Pharmacists
and the Infectious Diseases Practice and Research Network of the American College of Clinical Pharmacy.
Pharmacotherapy 2009, 29, 482—488. [PubMed]

Ingram, P.R.; Seet, ].M.; Budgeon, C.A.; Murray, R. Point-prevalence study of inappropriate antibiotic use at
a tertiary Australian hospital. Intern. Med. J. 2012, 42, 719-721. [CrossRef] [PubMed]

Wickens, H.J.; Jacklin, A. Impact of the Hospital Pharmacy Initiative for promoting prudent use of antibiotics
in hospitals in England. J. Antimicrob. Chemother. 2006, 58, 1230-1237. [CrossRef] [PubMed]

Rezal, R.5.M.; Hassali, M.A.; Alrasheedy, A.A.; Saleem, F.; Yusof, F.A.M.; Godman, B. Physicians” knowledge,
perceptions and behaviour towards antibiotic prescribing: A systematic review of the literature. Expert Rev.
Anti Infect. Ther. 2015, 13, 665-680. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1086/660761
http://dx.doi.org/10.3390/pharmacy6040116
http://dx.doi.org/10.21315/mjms2018.25.6.15
http://dx.doi.org/10.1111/j.1469-0691.2010.03179.x
http://dx.doi.org/10.3389/fphar.2018.00809
http://dx.doi.org/10.1310/hpj5102-149
http://dx.doi.org/10.1186/s12913-016-1290-0
http://www.ncbi.nlm.nih.gov/pubmed/26852016
http://www.ncbi.nlm.nih.gov/pubmed/19323625
http://dx.doi.org/10.1111/j.1445-5994.2012.02809.x
http://www.ncbi.nlm.nih.gov/pubmed/22697156
http://dx.doi.org/10.1093/jac/dkl405
http://www.ncbi.nlm.nih.gov/pubmed/17030518
http://dx.doi.org/10.1586/14787210.2015.1025057
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Design 
	Study Instrument 
	Data Analysis 
	Ethical Approval 

	Results 
	Knowledge on Antibiotic Use and Resistance 
	Perceptions of Antibiotic Use and Resistance 
	The Practice of Hospital Pharmacist Towards Antibiotic Recommendations 

	Discussion 
	Conclusions 
	References

