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Introduction: Antibiotics are frequently prescribed for neonates and children. However, this can be excessive
with inappropriate prescribing leading to increased antimicrobial resistance (AMR). Paediatricians are key initia-
tors of antibiotics. Consequently, their awareness, perceptions, readiness and potential barriers towards hos-
pital-based antimicrobial stewardship programmes are of considerable importance, especially in Pakistan
with high rates of AMR.

Materials and methods: A web-based cross-sectional survey among paediatricians from June to August 2023
using a validated questionnaire. Paediatricians from all four Provinces and the capital territory of Pakistan were
invited from randomly selected public and private sector hospitals.

Results: 383 paediatricians participated (79.8% response rate). Most were male (87.7%), aged 35 years or less
(55.4%), working in tertiary care hospitals (68.4%) and undertaking 51-100 child consultations every day (45%).
Only 15% reported obtaining training on antibiotic usage, AMR and/or antimicrobial stewardship. Only 7.6% con-
firmed functional antimicrobial stewardship programmes in their institutions. Most had adequate knowledge of
antibiotic use and AMR. However, key issues were not fully understood with only 27.4% believing antibiotics were
being overused among children. Paediatricians with less experience, and who undertook fewer consultations per
day, had significantly lower knowledge scores. Most participants were prepared to initiate antimicrobial stew-
ardship programmes; however, perceived barriers included a lack of online learning sources, treatment guide-
lines and support from hospital administration.

Discussion: Paediatricians had appropriate knowledge about antibiotic use and AMR although concerns with
antibiotic use. Important barriers to integrating antimicrobial stewardship programmes were identified, which
need addressing for these to become routine.

deaths, with the highest mortality in sub-Saharan African and
South-Asian countries.” There are also appreciable morbidity
and economic consequences associated with AMR, which is high-
est among low- and middle-income countries (LMICs).5™

Introduction

Antibiotics are one of the most frequently prescribed medicines
among neonates and children.™? However, over time, antibiotics

have become less effective through increasing antimicrobial
resistance (AMR) arising from their overuse and misuse.** AMR
is currently one of the greatest threats to global health. It was
estimated that in 2019, AMR accounted for 1.27 million

Neonates and children are at particular risk of AMR including
from resistance attributable to neonatal sepsis, which accounted
for an estimated 25692 deaths in 2015 (16486 to 39660).1°
When this risk is combined with higher mortality rates, generally
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from infectious diseases in neonates and children, there is an in-
creasing need to carefully manage this age group.***? Overall,
20%-30% of paediatric patients are reported to have multi-drug
resistant organisms, with higher rates of 66%-90% in Africa and
the Middle East.'*7'® In Pakistan, the data concerning AMR, its
economic consequences, and mortality are scarce;'® however,
a few studies have revealed high rates of AMR in children.!’2°

The excessive and inappropriate use of antibiotics are one of
the principal factors associated with AMR.**?! A cohort study
conducted among eight LMICs, including Pakistan, revealed
4.7 antibiotic episodes per child in a year.?? Other studies in
Pakistan have also documented considerable prescribing and dis-
pensing of antibiotics among neonates and children. Excessive
prescribing of antibiotics has been observed in up to 100% of chil-
dren with upper respiratory tract infections (URTIs) treated by
physicians in ambulatory care clinics in Pakistan, including hos-
pital outpatients.?>=?” These high inappropriate rates of antibiotic
prescribing have been exacerbated by requests from parents.?*2®

Alongside ongoing concerns with inappropriate prescribing of
antibiotics for children, there are also concerns with current
extensive dispensing of antibiotics without a prescription
in Pakistan.?>? This includes antibiotics for self-limiting condi-
tions such as URTIs and acute diarrhoea.?%2%3% In addition,
appreciable dispensing of antibiotics from the World Health
Organization’s’ (WHO) ‘Watch’ list of antibiotics with their greater
resistance potential.?® There has also been extensive inappropri-
ate prescribing of antibiotics among neonates and children in
both secondary and tertiary hospitals in Pakistan, with up to
97% of hospitalized children being prescribed antibiotics.?*~3°
This includes an increase in the prescribing of antibiotics from
the WHO Watch list as part of the AWaRe (Access, Watch and
Reserve) classification, which is similar to other LMICs.31:3436
Antibiotics from the Watch group, including azithromycin and a
number of the cephalosporins and quinolones, should ideally
only be prescribed in critical conditions due to their greater
chance of resistance development.?” Antibiotics in the ‘Reserve’
category, which include fifth-generation cephalosporins and
some carbapenems, should only prescribed in multi-drug resist-
ance cases.>”*® This is important with the United Nations
General Assembly (UN GA) on AMR recommending that ‘Access’
antibiotics should now constitute a minimum of 70% of antibio-
tics prescribed and dispensed to reach AMR mortality goals.>%*°
This is up from a previous WHO recommendation of 60% of anti-
biotics used in a sector being from the Access group.>~3%

The COVID-19 pandemic further increased antibiotic utiliza-
tion in Pakistan including Watch antibiotics, despite limited evi-
dence of bacterial co-infections or secondary infections in these
patients.“*™* This increase in prescribing of antibiotics from the
Watch list has further enhanced AMR in Pakistan, considering
their increased potential for resistance.*3%4®

In view of increasing AMR rates, particularly in LMICs, inter-
national organizations such as the WHO initiated a number of activ-
ities to reduce AMR,”*” including the WHO Global Action Plan
(GAP).”® In line with the recommendations of the WHO, the
Government of Pakistan formulated its ‘National Action Plan
(NAP)’ against AMR, which emphasizes appropriate antibiotic use
to reduce AMR.*>° However, there have been issues and
challenges with the implementation of Pakistan’s NAP.>' A key
element of NAPs is the encouragement of antimicrobial

stewardship activities to improve future antibiotic use given global
concerns.”™? This includes the implementation and integration of
antimicrobial stewardship programmes into prescribing activities
where these have not taken place, or where antimicrobial steward-
ship activities have been limited. To date, hospital-based antimicro-
bial stewardship programmes have been developed and
implemented in many countries to improve antibiotic prescribing
and reduce AMR.>>~>® However, there have been concerns regard-
ing available resources and personnel to effectively implement
and undertake antimicrobial stewardship programmes in LMICs.>’
This is changing, however, with an increasing number of antimicro-
bial stewardship programmes now being implemented across mul-
tiple LMICs.>>°%°8-61 Alongside this, there are also an increasing
number of online educational initiatives, including accreditation
programmes, to help with the implementation of antimicrobial
stewardship programmes and subsequently reduce the develop-
ment of AMR.6%7%*

Currently, >40% of the population in Pakistan are below
18 years of age.®® Consequently, in view of currently high rates
of inappropriate prescribing of antibiotics among this population
group in Pakistan, implementation of antimicrobial stewardship
programmes is critical to improve future antibiotic utiliza-
tion.?*3173> As a result, reduce rising rates of AMR in the coun-
try.'®19°0 This is particularly important given the current high
levels of inappropriate prescribing of antibiotics in Pakistan,
fuelled by the recent COVID-19 pandemic, and concerns that
these high rates will continue unless addressed.*?=4“4®

Previous studies have shown insufficient awareness,
training and implementation of antimicrobial stewardship
programmes among healthcare workers (HCWSs) in general in
Pakistan.'®2866-70 Haying said this, we are not aware of any
study that has been undertaken specifically among paediatri-
cians in Pakistan, regarding their perceptions, preparedness, in-
volvement and barriers with implementing antimicrobial
stewardship programmes among neonates and children admit-
ted to their hospitals. Consequently, we sought to address this
important evidence gap, given the continuing concerns with cur-
rent prescribing practices of antibiotics in this vulnerable popula-
tion.?973> Subsequently, we will seek to use the findings to provide
future guidance to all key stakeholder groups in Pakistan who are
involved in managing this priority group.

Materials and methods

Study design, location and population

We conducted a cross-sectional survey using a web-based questionnaire.
The target population included paediatricians from all four provinces and
the capital territory of Pakistan, working in both the public and private
sectors, and in secondary and tertiary care hospitals, but not currently
practising in primary care settings. We targeted hospitals for this study
as these are the health facilities in Pakistan where sick children are typic-
ally treated. We also concentrated on paediatricians as they are a key
group of healthcare professionals (HCPs) in Pakistan, influencing non-
paediatricians with respect to the prescribing of antibiotics in neonates
and children. Consequently, if there are concerns with antibiotic use
and antimicrobial stewardship initiatives among paediatricians, these
kind of issues and concerns are likely to be greater among other HCPs.
Paediatricians in Pakistan currently only work in hospitals and not in pri-
mary healthcare centres (PHCs); however, their influence is much wider.
This includes physicians involved with treating children in PHCs, who are
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influenced by local paediatricians. This scenario is typical of several LMICs
where nurses and other HCWs generally treat patients in PHCs under the
guidance of other clinicians.”*~"3

In Pakistan, the Department of Health of the Punjab Government has
two divisions. First, the Specialized Health and Medical Education
Department, which is the controlling authority of tertiary/teaching hospi-
tals, and mainly established in metropolitan cities of the province, serving
referral hospitals. The second division is the Primary and Secondary
Healthcare Department, which comprises secondary hospitals, where
sick neonates and children are typically treated. This incorporates district
headquarters, tehsil headquarters, ambulatory care health settings in-
cluding rural health centres and basic health units.

Data collection tool

We used a previously validated data collection tool for this study.
The reliability or internal consistency of the study instrument was as-
sessed using Cronbach’s Alpha, obtaining a value of >0.7. In addition, a
pilot study was conducted among 20 paediatricians before initiation of
the main study. All pilot study participants stated that they fully under-
stood the contents of the questionnaire. However, minor amendments
were suggested, which were subsequently incorporated into the final
study instrument. The final questionnaire was made available as a survey,
using Google Forms, and consisted of the following sections:

70,74-77

Section I contained questions about the demographic characteristics of
the respondents, including any training/research related to antimicro-
bial stewardship programmes and the current status of antimicrobial
stewardship programmes in their hospital.

Section II consisted of 10 questions to evaluate knowledge about anti-
biotic use and AMR. Each question had three options, namely ‘Yes’ ‘No’
and ‘Don’t know’. Each correct answer was scored as 1, while the other
two responses, i.e. an incorrect answer and ‘Don’t know’, were scored
as zero. A total knowledge score was calculated for each respondent
with a score >7 considered as good, <5-7 as moderate and <5 as
poor, similar to previous studies.”®”>~"7

Section III comprised 10 statements to evaluate respondents’ percep-
tions regarding the potential causes of AMR in their hospitals.
Respondents were requested to select a suitable option from a 5-point
Likert scale.”® A total score was computed by adding the scores of all 10
items, with higher scores indicating better perceptions regarding the
potential causes of AMR.

Section IV evaluated respondents’ perceptions about antibiotic use and
AMR. In this section, nine statements were provided with again a
5-point Likert response scale. A total score (up to a maximum of 45)
was computed by adding the scores of all items. Scores >33 were con-
sidered as good scores, <32-22 as moderate and <22 as poor scores,
again similar to previous studies.”®”>=77

Section V contained a list of different sources of information on appro-
priate antibiotic use.

Section VI dealt with respondents’ preparedness towards implement-
ing antimicrobial stewardship programmes in their hospitals.

Section VII consisted of 10 statements about possible to ways to re-
duce AMR and subsequently implement antimicrobial stewardship pro-
grammes in respondents’ hospitals.

Section VIII contained 11 statements about possible barriers with the
implementation of antimicrobial stewardship programmes in hospitals.
Respondents could select any number of appropriate statements indi-
cating ‘Yes’ or ‘No’ as applicable to their hospitals. The same validated
scoring metrics were used, as used in previous studies.”®”>~"7

Sample size determination

At the time of the study, the total number of paediatricians working in
Pakistan was unknown. Consequently, we contacted a representative
from the Pakistan Pediatric Association to collect this information.

According to their estimates, nearly 5000 paediatricians were practising
in Pakistan at that time, including across all hospital types and sectors.
A sample size calculation was performed using Raosoft online sample
size calculator 206-525-4025 (USA). Assuming a total paediatrician popu-
lation of 5000, with an expected response distribution of 50%, a confi-
dence interval of 95% and a margin of error of 5%, the minimum
calculated sample required for the current study was 357. However, we
distributed questionnaires to 480 participants in secondary and tertiary
hospitals to account for paediatricians not responding.

Data collection procedures and analysis

Overall, in Pakistan, there are ~1200 public sector hospitals, principally
secondary care hospitals,” with just over 500 private hospitals operation-
alin the country. Out of these, 21 tertiary care hospitals and 36 secondary
care hospitals were randomly selected throughout the country for this
study, principally targeting hospitals where paediatricians will be most
likely practising. Most of the hospitals targeted for the study were in
Punjab Province since currently >70% of paediatricians in Pakistan work
in Punjab. In other provinces, at least one tertiary care hospital and two
secondary care hospitals were targeted for the study. For instance, at
the time of the study in Sindh and KPK, ~900 and 600 paediatricians, re-
spectively, were working in these two provinces, with ~10% of the pae-
diatricians in these provinces targeted for the study. By using this
approach, we sought to limit any bias in our findings by including both
public and private sector secondary and tertiary hospitals, and subse-
quently targeting paediatricians based on the anticipated number of pae-
diatricians working in that province at the time of the study. Following
this, all potential participants in the targeted hospitals were contacted
through email and WhatsApp with the assistance of the Pakistan
Pediatric Association and personal contacts. This translated to typically
10-15 paediatricians per targeted tertiary hospital (both public and pri-
vate sectors) alongside 5-8 paediatricians per secondary care hospital
(both public and private). Participants were contacted between June
and August 2023. A link to the online version of the questionnaire was
shared through email and WhatsApp, with the support of institutional so-
cieties and the administrative departments of the relevant institutions. To
increase the response rate, a gentle reminder was sent to all potential re-
spondents after 1 week.

Statistical analysis

We used SPSS version 22 for performing the statistical analysis.
Frequencies and percentages were calculated for categorical variables,
with median (quartiles) for continuous variables. To summarize ordinal
data and facilitate interpretation, responses to the 5-point Likert scale
items, i.e. ‘Strongly agree’ and ‘Agree’ were collapsed into one category,
while ‘Disagree’ and ‘Strongly disagree’ were collapsed into one category.
Similarly, for section VI, “Very poor’ and ‘Poor’ were collapsed into one cat-
egory, and ‘Good’ and ‘Very good’ also collapsed into one category. The
association of demographic variables with outcome variables (knowledge
and perception scores), e.g. awareness of antibiotic use and AMR, causes
of AMR, perceptions of AMR, preparedness towards antimicrobial stew-
ardship programmes, and approaches to combat AMR, were assessed
using the Mann-Whitney U-test and/or Kruskal-Wallis Test, where
appropriate. P values <0.05 (two-sided) were considered statistically
significant.

Ethical considerations

Ethical approval for the current study was obtained from the Office
of Research, Innovation and Commercialization, Lahore College for
Women University, Lahore, Pakistan, and from the ethics committees/of-
fice of the administrators of the participating hospitals. Informed consent
was obtained from all respondents before participation by requesting
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them to click on an ‘Agree’ button on the online platform before proceed-
ing with completing the questionnaire. This step was mandatory for their
active participation. Furthermore, no personal information was recorded.
Data was subsequently coded and stored in a password protected
Microsoft Excel® sheet, which was accessible only to the researchers.

Results

Demographic characteristics of study participants

Out of the 480 questionnaires distributed via email, 383
paediatricians replied, translating into a response rate of
79.8%. Table S1 (available as Supplementary data at JAC-AMR
Online) (Supplementary Material) provides further detail on the
number of hospitals contacted in each province and the total
number of paediatricians who replied, e.g. in Punjab nearly
3000 paediatricians were working in the province at the time,
with ~10% contacted for the study. Response distributions
were similar in the other provinces. Participants’ characteristics
are summarized in Table 1. There was a preponderance of male
paediatricians and those aged 35years or younger, while
43.1% had 6 to 10years professional experience. Most

Table 1. Demographic details of the sample

Number
Variable (%)
Age (years)
<35 212 (55.4)
36-45 122 (31.9)
>45 49 (12.8)
Sex
Male 336 (87.7)
Female 47 (12.3)
Experience (years)
<5 157 (41.0)
6-10 165 (43.1)
>10 61 (15.9)
Healthcare institute
Secondary care 121 (31.6)
Tertiary care 262 (68.4)
Number of paediatric consultations per day
<25 20 (5.2)
26-50 77 (20.1)
51-100 173 (45.2)
>100 113 (29.5)
Locality
Rural 38 (9.9)
Urban 345 (90.1)
Training on antibiotics use/antibiotic resistance/
antimicrobial stewardship in previous year
Yes 58 (15.1)
No 325 (84.9)
Institution/department has a functional paediatric
antimicrobial stewardship programme
Yes 29 (7.6)
No 354 (92.4)

paediatricians were providing medical care at tertiary healthcare
settings throughout Pakistan (68.4%) and 45.2% reported provid-
ing consultations to between 51 and 100 children per day. Only
15.1% of the study participants reported obtaining training on
antibiotic use, AMR and/or antimicrobial stewardship in the past
year. Furthermore, only 7.6% stated that their institution had a
functional antimicrobial stewardship programme at the time of
completing the questionnaire.

Paediatricians’ awareness about antibiotic use and
antibiotic resistance

An appreciable number of paediatricians knew antibiotics were
not usefulness in treating viral infections (96.6%) and 83.3%
also knew these agents can cause secondary infections by de-
stroying the body’s normal flora (Table 2). All participants were
aware that antibiotics can cause allergic reactions. Only 65.8%
of surveyed paediatricians knew that skipping antibiotic doses
can contribute to AMR, and only 62.9% provided correct re-
sponses to the question assessing knowledge of antibiotic cross-
resistance. While all the study participants reported being aware
of AMR, only 41.3% reported that they were taught about AMR in
their undergraduate or postgraduate curricula. Moreover, 25.3%
stated that they were aware of antimicrobial stewardship; how-
ever, only 11.2% reported they were taught about antimicrobial
stewardship in their curriculum (Table 2). The median (IQR)
knowledge score within this domain was 7 (6-8).

Potential causes for antibiotic resistance according to
paediatricians

Paediatricians perceived the top three causes of AMR were: (i) pa-
tients’ non-compliance with treatment, (ii) the availability of anti-
biotics without a prescription and (iii) poor infection-control
practices by HCWs (Figure 1a). However, a relatively small per-
centage agreed that excessive use of antibiotics, excessive use
of broad-spectrum antimicrobials and a longer duration of anti-
biotic treatment were all linked with increasing AMR. Overall,
the median (IQR) knowledge score within this domain was 28
(25-30).

Paediatricians’ perceptions about antibiotic use and
antibiotic resistance

Most study participants believed AMR is a global issue, 95.0% per-
ceived AMR as a serious concern in Pakistan and 85.1% that AMR
is a significant problem in their hospital (Figure 2a). Despite this,
only 27.4% thought antibiotics were being overused, and
73.1% that new antibiotics will soon be made available to coun-
teract AMR. Encouragingly, most paediatricians showed willing-
ness to learn more about AMR (Figure 2a). The median (IQR)
score within this domain was 39 (36-42).

Resources used for learning about antibiotic use and
antibiotic resistance

The top three most commonly employed sources to stay
up-to-date with current antibiotic recommendations were text-
books or study guides, infectious disease specialists or seniors,
and fellow doctors/colleagues (Figure S1).
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Table 2. Respondents’ awareness about antibiotics and antibiotic resistance

Number (%)

Statements/questions Correct/yes Incorrect/no Don’t know
Antibiotics can be useful in treating viral infections 370 (96.6) 13 (3.4) —
Antibiotics can cause secondary infections by killing normal flora 319 (83.3) 23 (6.0) 41 (10.7)
Antibiotics can cause allergic reactions 383 (100) — —
A resistant bacterium cannot spread in healthcare institutions 269 (70.2) 32 (8.4) 82 (21.4)
Skipping one or two doses does not contribute to the development of antibiotic resistance 252 (65.8) 76 (19.8) 55 (14.4)
Cross-resistance is the condition in which the resistance occurs to a particular antibiotic that 241 (62.9) 35(9.2) 107 (27.9)
often results in resistance to other antibiotics, usually from a similar class
Pain and inflammation without any possibility of infection are indications for antimicrobial 321 (83.8) 51(13.3) 11 (2.9)
therapy?
Are you aware of antibiotic resistance? 383 (100.0) — —
Have you been taught antibiotic resistance in your curriculum? 158 (41.3) 197 (51.4) 28 (7.3)
Are you aware of antibiotic stewardship? 97 (25.3) 276 (72.1) 10 (2.6)
Have you been taught antibiotic stewardship in your curriculum? 43 (11.2) 328 (85.6) 12 (3.1)
(a) (b)
Patient non-compliance with antibiotic _ Lack of access to quick online learning platforms _
treatment for health care professionas
Antibiotic sale without prescription from Non adherence towards treatment form _
community pharmacies _ parents/caregivers
Poor infection-control practices by Lack of local infectious diseases treatment
rattes percsionsts T priines I
Excessive use of antibiotics in livestock _ Lack of admini strative’'m anagement support _
Excessive use of broad-spectrum _ Lack of co-ordination between health care —
antibiotics 1 professionals
Notremoving the focus of infection (e.g., Lack of sufficient knowledge/training among _
medical devices or catheters) - health care professionals
Very long durations of antibiotic treatment - Poor audit/surveillance of antibiotics use _
Misleading claims/advertising of antibiotic - Patients'/caregivers’ pressure on prescribersto _
manufecturers prescribe antibiotics
Sub-therapentic dosing of antibiotics - Wit i“f“?x:‘;ff:n g
0%  20%  40%  60%  80%  100% 0% 20%  40%  60%  BO%  100%

m Agree mNeutral Disagree

Figure 1. Perceived causes of AMR (a) and barriers to implementing antimicrobial stewardship programmes (b).

Paediatricians’ perceptions of preparedness
in antimicrobial stewardship

Participants’ perceptions of their preparedness to implement
antimicrobial stewardship programmes are shown in Figure 2b.
Overall, study participants felt they were quite good at accurately
diagnosing and providing treatment, interpreting laboratory data
and understanding the basic mechanisms of antibiotic resist-
ance. Participants also felt they were quite good at knowing
when to start or end antibiotic treatment, choosing the right anti-
microbial, as well as knowing how to de-escalate antibiotics and
switch from IV to oral antibiotic therapy. There was, however,

considerable variation with interpreting antibiograms. The me-
dian (IQR) score within this domain was found to be 45 (43-47).

Ways to reduce antibiotic resistance according
to paediatricians

As shown in Figure 2c, study participants believed the principal
strategies to tackle AMR are to develop standard treatment
guidelines, curb prescribing of antibiotics without a prescription,
discourage self-medication with antibiotics and improving diag-
nostic facilities.
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Antibiotic resistance isa global issue |
Antibiotic resistance is a sefious problem in Pakistan |
Antibiotics are overused at the bospitals | NN
Antibiotic resistance isa significant problem at the hospitals _
Strong knowledge of antibiotic is mportant for health professionals’ career _
Inagpropriate use of antibiotic is professionally unethica! |
Inapproprite e of antitiotic can barm patents |
1 would like to get more education on antivioticresstance [ s
New antibiotics will be developed i the future that will counter the problem of.._
Accurte iagaasis weatmentof nfecion
Interpreting pathology and microbiclogy resulrs |
Knowing when to start'stop ansibiotics |
Choosing the correct antbiotic |
Knowledge of dose and duration of antibiotics |
Howto de-sscalate to narrower pectrum antiviotics [ s
Howand when to ransition from intravenous to oral antibiotics [ NENENENERNREGEGEGEEEEEEE
Howto interpret antitiograms - |
Undersanding spectrums of activity of antiviotics [
Understanding basic mechanisms of resistance of antibiotics _
Edecating heathcars yeoBadonl in teans of wpmpdstsssstistcprescsitio. TN
Formal teaching on proper usage of antimicrobial agents among healthcare students _
Implementing antitiotic stewardships programs - |
Rationalizing antibioti s use in veterinary sector _
s S e |
Development of institutional standard treatment guidetines [ R AN
Prescribing antibiotics over the phone _
Patient should be advised not to keep part ofthe antibiotic course for anctheroccasion [ NG
Pharmacists/Drug store personnels should be discowraged to dispense antbictics to.. || |
Self-mediation with antibiotics in community should be discouraged _

0.0%

20.0% 40.0% 60.0% 80.0% 100.0%

Figure 2. Respondents’ perceptions towards antibiotic use and antibiotic resistance (a), preparedness for antimicrobial stewardship (b) and ways to

reduce antibiotic resistance (c). The colour code is the same as Figure 1.

Perceived barriers towards implementing antimicrobial
stewardship programmes

Perceived barriers to implementing antimicrobial stewardship
programmes among surveyed paediatricians included lack of ac-
cess to quick online learning programmes/courses and patients’
non-adherence to prescribed medication (Figure 1b).

Female physicians had significantly higher scores related
to appropriate prescribing of antibiotics and AMR; however,
they had lower scores regarding their preparedness
towards implementing antimicrobial stewardship pro-
grammes (Table 3). Paediatricians with fewer years of medic-
al experience had significantly lower knowledge scores
regarding antibiotics and AMR, compared to those with a
longer duration of experience. Physicians who were providing
consultations to a larger number of paediatric patients had
better knowledge scores regarding antibiotics and reported
better preparedness towards implementing antimicrobial
stewardship programmes. Encouragingly, those who reported
having received training regarding antimicrobial stewardship
programmes were more prepared to implement these pro-
grammes (P=0.008).

Discussion

We believe this is the first study conducted among paediatricians
in Pakistan to ascertain their knowledge, awareness, perceptions,
readiness and involvement towards implementing antimicrobial
stewardship programmes in their hospitals. This is important gi-
venrising rates of AMR in Pakistan as well as high levels of inappro-
priate prescribing of antibiotics among neonates and children,
including during the recent pandemic.?”31:3443-46.66.80 Concerns
also include high rates of prescribing of antibiotics from the
WHO Watch list. 343446 This situation urgently needs addressing
to meet the new UN GA AMR target for Access antibiotics.®#“?
Encouragingly, there was a high response rate of 79.8%
among participating paediatricians. We believe the high response
rate was facilitated by obtaining contact details from the profes-
sional society and through personal contacts. Most participating
paediatricians also considered AMR a global concern, and par-
ticularly in hospitalized settings. However, they typically pos-
sessed insufficient knowledge of antibiotic use and AMR.
Participating paediatricians were aware of the potential causes
of AMR, including non-compliance among patients, antibiotics
being readily available without a prescription and poor infection
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Table 3. Association of demographic variables and knowledge of antibiotics, AMR and antimicrobial stewardship

General knowledge
of antibiotics and

Preparedness
towards

antimicrobial Approaches to

AMR Causes of AMR Perception of AMR stewardship tackle AMR
Mean Mean P Mean P Mean Mean P

Variables rank P value rank value rank value rank P value rank value
Age (years) 0.056 0.299 0.667 0.872 0.658

<35 180.26 199.81 196.52 189.73 189.58

36-45 209.08 183.33 186.84 199.15 199.15

>45 200.27 179.80 185.27 184.66 184.66
Sex 0.011¢ 0.034 0.424 0.002 0.240

Male 186.70 187.54 193.88 185.55 194.47

Female 229.87 223.85 179.98 238.11 174.36
Experience (years) <0.001 0.527 0.183 0.774 0.884

<5 163.04 199.17 202.85 188.07 189.25

6-10 214.55 188.80 188.47 196.60 192.66

>10 205.57 182.22 173.61 189.67 197.31
Healthcare institute 0.132 0.089 0.504 0.049 0.113

Secondary care 204.29 177.90 186.47 208.35 178.88

Tertiary care 186.32 198.51 198.51 184.45 198.06
Paediatric consultations/day <0.001 0.529 0.364 <0.001 0.064

<25 145.98 177.60 163.15 139.40 224.83

26-50 170.69 179.07 205.39 183.51 210.68

51-100 181.24 193.41 186.28 176.55 192.11

>100 231.14 201.20 196.73 230.74 173.30
Locality 0.648 0.472 0.676 0.903 0.175

Rural 199.64 204.21 184.91 194.07 214.96

Urban 191.16 190.66 192.78 191.77 189.47
Antimicrobial stewardship training during 0.117 0.123 0.190 0.008 0.006

past year

Yes 212.58 212.56 174.56 227.13 155.73

No 188.33 188.33 195.11 185.73 198.47
Functional paediatric antimicrobial 0.062 0.605 0.642 0.026 0.968

stewardship programme at hospital

Yes 228.17 181.81 182.86 235.98 191.22

No 189.04 189.04 192.83 188.40 192.06

“Bold font is statistically significant.

prevention and control activities among HCWSs, which is similar to
other LMICs.>”¢%81:82 pgediatricians with longer work experience
also showed better antibiotic use and awareness compared to
their colleagues with less experience, which is similar to the find-
ings from Nepal.®® Having said this, most participating paediatri-
cians did not believe that any over prescribing of antibiotics in
their hospitals was a major driver of AMR. This needs to be ad-
dressed, with antibiotic use among hospital clinicians an ongoing
concern. A number of studies have demonstrated excessive pre-
scribing of antibiotics among hospitalized neonates and children
in Pakistan, which includes Watch and Reserve antibio-
tics.?/31:32:3466:80 This includes rates up to 99% among young
children and neonates in paediatric intensive care units and neo-
natal medical wards in tertiary hospitals in Pakistan, and 91%
among children in paediatric medical wards.? These rates dem-
onstrate appreciable differences in reality between knowledge

scores regarding antibiotics and AMR and paediatricians’ actual
prescribing practices. This discrepancy may arise from the fact
that only a limited number of participating paediatricians re-
ceived education on AMR and antimicrobial stewardship pro-
grammes as part of their undergraduate and postgraduate
curriculum, and had received any training on these aspects in
the last year. This is similar to a study from Iran where there
was also insufficient knowledge among physicians regarding
antibiotic use and AMR.®* In addition, in Nigeria only 28.2% of
physicians in leading hospitals had heard of antimicrobial stew-
ardship.®° Similarly in Zambia, there was relatively limited knowl-
edge regarding antimicrobial stewardship activities among
physicians and pharmacists even in leading tertiary hospitals.®®
Encouragingly, an Egyptian study showed that with sufficient
training, prescriber practices regarding antimicrobial stewardship
activities can be improved,®” with similar findings in other
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LMICs.60:66:8889 Consequently, periodic training and inclusion
of AMR and antimicrobial stewardship modules in the
curriculum, coupled with professional development activities
post-qualification, can improve paediatricians’ knowledge about
the rational use of antibiotics. Promisingly, most study partici-
pants reported that they felt prepared to initiate and execute
antimicrobial stewardship programmes in their hospitals, which
includes addressing current barriers. This is important with only
7.6% of institutions among the study participants currently hav-
ing functional groups performing antimicrobial stewardship ac-
tivities, which is very different from European hospitals.”
However, this is an improvement over previous studies and their
findings in Pakistan.®®7!

Current barriers to implementing antimicrobial stewardship ac-
tivities include concerns with de-escalating antibiotics and rapidly
shifting from parenteral to oral routes as well as accurately inter-
preting antibiograms. These issues need to be addressed going for-
ward with appropriate training and continuing professional
development activities, especially if paediatricians are to effective-
ly lead the introduction of appropriate antimicrobial stewardship
programmes in their hospitals. Alongside this, subsequently moni-
tor antibiotic utilization patterns. Practical activities to successfully
implement appropriate antimicrobial stewardship programmes
included addressing the current lack of support from hospital
administrators, overcoming a lack of culture and sensitivity testing
facilities even in tertiary hospitals, as well as addressing
limited availability of online sources to guide treatment deci-
sions.21:32:3468:92 1n gddition, overcoming patients’ non-adherence
to prescribed antibiotics, although this is less of an issue in the hos-
pital environment. The current lack of online treatment guidelines
should now be less of an issue following the online publication of
the WHO AWaRe Book and guidance.®’® The lack of hospital
administrator support, including a lack of culture and sensitivity
testing facilities, can also potentially be addressed by pointing
out the need to appreciably improve antibiotic prescribing as
part of the NAP as well as to meet the Access and AMR goals in
the UN GA proclamation.?>*®*° However, it is important to
acknowledge that considerable barriers still remain with imple-
menting antimicrobial stewardship programmes in hospitals in
Pakistan.

Potential antimicrobial stewardship activities could include
the introduction and monitoring of compliance rates to infectious
diseases treatment guidelines based on the AWaRe Book, includ-
ing agreed quality indicator targets.?”*%9% This builds on the
study by Shakeel et al. among paediatricians.?* Alongside this, in-
vestment in appropriate diagnostic and surveillance facilities to
reduce current high rates of empiric antibiotic prescribing in hos-
pitals 2134446695 These proposed activities can build on recent
educational activities across LMICs to increase the number of
antimicrobial stewardship programmes.®*~°3 Yet, care is needed
when instigating antimicrobial stewardship programmes in neo-
nates and children, because children are not just little adults due
to their unique body composition which changes over time. These
issues must be taken into consideration when designing and im-
plementing any antimicrobial stewardship programme in this tar-
get population.**“® Pharmacokinetics and pharmacodynamics
properties of medications including antibiotics are also variable
in children,®” with a number of antibiotics causing frequent ad-
verse drug reactions in this population compared to minimal

adverse drug reactions in adults.”® Alongside this, usually chil-
dren are not included in drug dose-determination studies, poten-
tially leading to their off-label use. Doses of antibiotics for
children may also well be determined by extrapolation from the
adult dose, which can be an issue, with similar concerns regard-
ing the optimal duration of antibiotic therapy in this popula-
tion.?>99190  Consequently, extra care is needed when
introducing and integrating antimicrobial stewardship pro-
grammes among neonates and children. Furthermore, children’s
growth patterns and dietary habits can present challenges, e.g.
the chelation of fluoroquinolones with milk and formula.'®?
Finally, the long-term effects of antibacterial therapy may also
result in alterations in gut microbiome, immune system and ato-
pic diseases, affecting possible antimicrobial stewardship pro-
grammes and their monitoring.*%?

Alongside encouraging antimicrobial stewardship pro-
grammes among paediatricians as part of the NAP, the
Government of Pakistan also needs to instigate activities to ad-
dress current high rates of purchasing of antibiotics without a
prescription.?>29:30:103.10% Thjs glso includes addressing appre-
ciable dispensing of antibiotics without a prescription from the
Watch and Reserve list, which is not helped by current regula-
tions.?#2930:10%105 A nymber of activities have now been pro-
posed to address these concerns. This includes greater
education of community pharmacists and their assistants re-
garding antibiotics, AMR and antimicrobial stewardship pro-
grammes, changes in the current Drug List as well as greater
monitoring of dispensing practices.?*#%1%1%7 This is similar to
suggestions for paediatricians.?*3%3%3>

The Government and other key stakeholders, including pae-
diatricians, also need to consider educational interventions
among parents.'%>% The rationale for this approach is that if
parents become more aware of the lack of effectiveness of anti-
biotics in essentially viral infections, and their harm if overused,
they may exert less pressure on HCPs to prescribe or dispense
antibiotics for self-limiting conditions such as URTIs,93108-110
We will be following this up in future research projects involving
parents.

We are aware of several limitations with our study. First, we re-
cruited study participants through contacts of the professional
society and co-authors; consequently, some degree of bias exists.
Second, issues of coverage error and selective participation may
exist from online surveys.*'! However, there was a high response
rate at the randomly selected hospitals (79.8%). We also did not
ascertain the extent of any financial and administrative support
as well as rewards for study participants to develop and imple-
ment antimicrobial stewardship programmes in their hospitals.
Finally, we are aware that only a limited number of female pae-
diatricians took part; however, this reflects the current situation
in Pakistan where the number of female paediatricians is less
compared to male paediatricians. Despite these limitations, we
believe our findings will be helpful to key stakeholders in
Pakistan to address the ongoing crisis of AMR among neonates
and children.

Conclusions

Most paediatricians working in public and private sectors of
Pakistan possessed insufficient knowledge of antibiotic use and
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AMR. They were aware of the potential causes of AMR, identifying
non-compliance from patients, availability of antibiotics without
prescriptions and poor infection prevention and control measures
among HCWs. However, most did not identify that overprescrib-
ing of antibiotics in the hospitals in Pakistan is a major driver of
AMR. Overall, antibiotic prescribing among paediatricians remains
a concern with high rates of prescribing, which includes antibio-
tics from the Watch list. Most of the study participants were pre-
pared to initiate and execute antimicrobial stewardship activities
in their hospitals including addressing current barriers. However,
practical barriers remain, including the lack of online learning
sources, lack of indigenous treatment guidelines and insufficient
support from hospital administration. An additional measure,
likely to prove helpful, is to monitor antibiotic prescribing patterns
against agreed quality targets based on the recently launched
AWaRe Book. Going forward, these areas need to be prioritized
to urgently reduce AMR in neonates and children as part of the
NAP of Pakistan.
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