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Executive summary

The problem

Antimicrobial resistance (AMR) is a recognized problem in the South Asian region. In Nepal, the burden 
of AMR has been increasing over the past two decades with the widespread distribution of resistant 
superbugs. Major pathogens causing health-care-associated infections (Klebsiella and Acinetobacter 
species) are resistant to many antimicrobials, including carbapenems. Resistance to common broad-
spectrum antibiotics such as ciprofloxacin and third-generation cephalosporins has increased to 60–
90% in several pathogens. Earlier reports from Nepal show that up to 95% of nosocomial isolates are 
drug resistant. The volume of veterinary antibiotic sales in Nepal rose by over 50% from 2008 to 2012, 
most through retailers without a veterinarian’s prescription.

Irrational use of antimicrobials and weak regulatory control are the major contributing factors to 
AMR in Nepal. Studies of antibiotic prescribing patterns in Nepal showed that most patients were 
unnecessarily prescribed more than one antibiotic concurrently without bacterial confirmation or 
susceptibility testing. Infections caused by resistant microbes may increase mortality and morbidity, 
health-care costs, and prolong hospital stay.

The Government of Nepal has drafted a National Action Plan on Antimicrobial Resistance (NAP-AMR) 
in line with the Global Action Plan to contain antimicrobial resistance (GAP-AMR). Though the National 
Action Plan envisions a rigorous and nationwide surveillance of AMR, it is not being prioritized by the 
Government of Nepal owing to insufficiency of resources and because it also has to deal with several 
infectious diseases. Poor enforcement of the Drug Act and inadequate monitoring of the quality of 
antimicrobials and their sales without prescription further compound the problem. 
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Options to address the problem

To address the problems outlined above, three viable policy options were chosen. These three options 
may be implemented in combination or individually.

Policy option 1: 
Raising awareness through knowledge, attitude and practice (KAP) surveys among 
stakeholders and using information, education and communication (IEC) materials in 
other sectors such as consumers and prescribers.

Policy option 2: 
Reinforcing the National Regulatory Authority, Department of Drug Administration for 
implementing the Drug Act, 1978 and the Rules thereunder and complementing it by 
reinforcing monitoring and evaluation of prescription-only medicines.

Policy option 3: 
Strengthening the undergraduate and postgraduate medical, dental and pharmacy 
curricula and providing training on prudent antibiotic use.

Implementation considerations

To successfully implement these policies, education and awareness-raising of the population are 
essential as lack of knowledge could lead to poor understanding of the impact of irrational use of 
antimicrobials. Education of drug sellers would reduce the sale of antibiotics over the counter 
without a prescription. Better enforcement of the Drug Act is needed along with strong supervision 
of pharmacies. Widespread dissemination of treatment guidelines and including the subject of AMR 
in the curricula of medical, dental, pharmacy and veterinary students is an urgent need. Ensuring the 
resources, both human and financial, to carry out these and other activities is of prime importance. 
There is also a need to increase awareness about the need to contain AMR at the higher levels of 
policy-making, so that this aspect may emerge as a priority in the health policies of the nation.







A. The problem 1

A. The problem

Problem statement 

Antimicrobial resistance (AMR)1 is a recognized problem in the South Asian region, with frequent 
reports of high levels of resistance among Gram-negative organisms (Bhatia & Narain, 2010). In 
Nepal, there has been an increasing burden of AMR over the past two decades with a growing body 
of literature highlighting the widespread distribution of resistant superbugs (Acharya, 2019; Parajuli 
et al., 2017;  Rijal et al., 2021; Acharya et al., 2019; Kosiyaporn et al., 2020). Major pathogens causing 
health-care-associated infections (Klebsiella and Acinetobacter species) are found to be resistant 
to many antimicrobials, including carbapenems. Resistance to carbapenems by these organisms 
has been reported as 51% and 88%, respectively, in 2021. Resistance to common broad-spectrum 
antibiotics such as ciprofloxacin and third-generation cephalosporins has increased to 60–90% in 
these pathogens (NPHL, n.d.). Earlier reports from Nepal have reported that up to 95% of nosocomial 
isolates are drug resistant (Parajuli et al., 2017;  Mishra et al., 2013; Khanal et al., 2013). In credible 
studies, more than half of the Escherichia coli, Klebsiella pneumoniae and Streptococcus pneumoniae 
isolates tested, and over 30% of some Shigella species (spp.) and Vibrio cholerae isolates were resistant 
to first-line antibiotics. The findings for Neisseria gonorrhoeae and hospital-acquired Staphylococcus 
aureus are similar. The volume of veterinary antibiotic sales in Nepal rose by over 50% from 2008 to 
2012, most through retailers without a veterinarian’s prescription (Basnyat et al., 2015). 

Irrational use of antimicrobials and weak regulatory control are the major contributing factors to 
AMR in Nepal. Thirteen studies of antibiotic prescribing patterns in Nepal showed that most patients 
were unnecessarily prescribed more than one antibiotic concurrently without bacterial confirmation 
or susceptibility testing (Acharya, 2019). Although there are no comprehensive data on the national 
burden of AMR, it is expected that infections caused by resistant microbes may increase mortality and 
morbidity, health-care costs, and prolong hospital stay (Naylor et al., 2018; Dadgostar, 2019). It is very 
demanding to estimate the economic impact of antibiotic resistance due to lack of sufficient data; 
however, estimates of the impact of AMR on the US economy are exceedingly high – $20 billion (2008) 
in direct health-care costs with additional indirect costs as high as $25 billion per year (CDC, 2013). 

In May 2015, the Sixty-eighth World Health Assembly came up with the Global Action Plan to contain 
antimicrobial resistance (GAP-AMR). Aligning national interests with the global context, Member 

1	 AMR occurs when microbes (bacteria, parasites, viruses, and fungi) become resistant to antimicrobials. This phenomenon threatens 
our ability to treat common infections caused by the resistant pathogens.



Addressing irrational use of antimicrobials in Nepal2

States were tasked with developing a national action plan to contain AMR (NAP-AMR), aligned with the 
GAP-AMR, by May 2017. With the aim of moving towards the vision of the World Health Organization 
(WHO), the Government of Nepal has drafted the National Action Plan on Antimicrobial Resistance 
(NAP-AMR). The WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS) was 
launched in 2015 to foster surveillance of AMR and antimicrobial consumption and use (AMC/U) 
globally to inform strategies to contain AMR (WHO, 2023). Since its launch, GLASS has expanded 
in scope and coverage and, as of May 2021, 109 countries and territories worldwide have enrolled 
in GLASS, including Nepal. Though the National Action Plan envisions a rigorous and nationwide 
surveillance of AMR, it is not being prioritized by the Government of Nepal owing to insufficiency of 
resources that need to be allocated for surveillance. There is also a need to increase awareness about 
the need to contain AMR at the higher levels of policy-making, so that this aspect may emerge as a 
priority in the health policies of the nation.

Underlying causes of the problem

System arrangement

Governance arrangement

	� There is poor enforcement of the Drug Act and inadequate monitoring of the quality of 
antimicrobials and their sales without prescription (Koirala, 2021).

	� The NAP-AMR is yet to be endorsed by the Cabinet (Acharya et al., 2019).

	� There is low priority for containing AMR and poor awareness at all levels (Acharya & Wilson, 
2019; Lambrou et al., 2021). 

	� Positive note: Despite the NAP-AMR still being in the process of endorsement, many activities 
envisioned in the NAP-AMR have been initiated. However, sustaining these accomplishments 
once funding of the projects is over is a matter of concern.

Financial arrangement

	� There is no dedicated budget for prevention, containment, training and awareness activities 
with regard to AMR (Acharya & Wilson, 2019).
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System arrangement

Delivery arrangement

	� There is a lack of an institutionalized protocol on antimicrobial treatment guidelines (Rijal et 
al., 2021; Nepal country report, 2018). 

	� There is inadequate/ineffective recording, monitoring, surveillance of sales of antibiotics/
consumption (although work on antimicrobial consumption (AMC) is in progress) (APUA, n.d.). 

	� Interaction, coordination, cooperation and collaboration is limited among clinicians/
laboratory personnel/dispensers to discuss local AMR trends to guide appropriate empirical 
antimicrobial therapy and antibiotic dispensing (Acharya et al., 2019). 

	� There is inappropriate use of antibiotics in treatment (Thakur et al., 2013). 

	� Limited stewardship activities are held in the community to advocate for the rational use of 
antimicrobials (Nepal country report, 2018). 

	� Awareness and understanding of AMR is lacking among health-care providers, patients and 
governments (Deo et al., 2018; Shah et al., 2019). 

	� There is unethical promotion of antimicrobials by manufacturers as well as importers 
(Kakchapati et al., 2021) .

	� Antibiotics are used as growth promoters in animal feed (Koirala et al., 2021) . 

	� There is inadequate implementation of policy guiding empirical treatment regimens (APUA, 
n.d.).

	� Compliance with standard norms is lacking (Acharya et al., 2019; APUA, n.d.). 

	� Patient counselling is poor (APUA, n.d.; Adhikari et al., 2021; Acharya et al., 2021).  

Degree of implementation of an agreed-upon course of action

	� Implementation of AMR activities is mostly ad hoc/need based rather than a regular activity/
routine programme, e.g. antimicrobial use point-prevalence survey in hospitals.

	� Poor implementation: the National Antibiotics Treatment Guideline, 2014 is not being used 
(rather, this has not reached end-users/prescribers not oriented on the protocol/limited 
dissemination).

	� Implementation of the Antibiotics Treatment Protocol, 2014 is poor.

	� There is ineffective implementation of the Drug Act to prohibit the sale of antimicrobials 
without the prescription of a registered medical practitioner.
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B. Options/elements to 
address the problem

Three viable policies or programmatic options/elements to address the problem are discussed below.

Option/element 1 Raising awareness through knowledge, attitude and practice (KAP) 
surveys among stakeholders and using information, education and 
communication (IEC) materials in other sectors such as consumers and 
prescribers.

Option/element 2 Reinforcing the National Regulatory Authority, Department of Drug 
Administration for implementing the Drug Act, 1978 and the Rules 
thereunder and complementing it by reinforcing monitoring and 
evaluation of prescription-only medicines.

Option/element 3 Strengthening the undergraduate and postgraduate medical, dental and 
pharmacy curricula and providing training on prudent antibiotic use.
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Option/element 1: Raising awareness through KAP surveys among 
stakeholders and using IEC materials in other sectors such as 
consumers and prescribers

Category Selected option/element

Benefits 	� The GAP-AMR states that the first strategic objective in effectively 
containing AMR is to improve awareness and understanding of 
AMR through effective communication, education and training 
(GAP-AMR, 2015). 

	� Six studies from various countries show that raising awareness 
on antibiotic resistance via television, newspapers, booklets, 
handouts, posters, etc. have a positive impact on the use of 
antibiotics (Bauraind et al., 2004; Chahwakilian et al., 2011; 
Formoso et al., 2013; Plachouras et al., 2013; Sabuncu et al., 2009; 
Wutzke et al., 2009). 

	� Two systematic reviews found that the use of patient information 
leaflets reduced antibiotic use and prescriptions (WHO, 2001; 
Pulcini et al., 2011). 

	� The literature shows that interpersonal communication between 
physicians and patients using mass media and written materials 
could be effective in improving the prudent use of antibiotics (Lee 
et al., 2015).  

	� A study has shown that interventions targeting schoolchildren and 
parents have a promising potential (Price et al., 2008). 

Potential harms 	� None of the systematic reviews provided information about the 
potential harms of programmes to raise awareness.

	� There is no direct harm but some limitations could be creating 
awareness only among practitioners and users in urban 
populations, non-involvement of all tiers of government, lack of 
reach to all communities, not a “Priority 1” programme in the 
Ministry as well as not covering all sectors (Lambrou et al., 2021; 
Lee et al., 2015). 
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Category Selected option/element

Cost  
and/or cost–
effectiveness in relation 
to the status quo

	� The outcomes can be cost effective by decreasing unnecessary 
antibiotic prescriptions, but their cost–effectiveness is yet to be 
proven.

Uncertainty  
regarding benefits 
and potential harms 
(so monitoring and 
evaluation could 
be warranted if the 
approach element was 
pursued)

	� Studies show that overall awareness of antibiotic use and 
resistance is poorly understood among respondents (Deo et al., 
2018). 

	� A study on the consequences of raising awareness on AMR casts 
doubt on the continued dominance of awareness-raising as a 
behavioural tool to address antibiotic resistance (Haenssgen et al., 
2018). 

Stakeholders’ views 	� This is not a priority when Nepal has to deal with acute infectious 
diseases such as COVID-19, dengue, cholera, which have an 
immediate effect on the community.
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Option/element 2: Reinforcing the National Regulatory Authority, 
Department of Drug Administration, for implementing the Drug Act, 
1978 and the Rules thereunder and complementing it by reinforcing 
monitoring and evaluation of prescription-only medicines

Category Selected option/element

Benefits 	� A systematic review that included 15 studies assessed policy 
impact in 10 different countries. Strategies employed to enforce 
regulations prohibiting “over-the-counter” sales of systemic 
antibiotics included retention of prescriptions for antibiotics by 
pharmacies, government inspections, engaging pharmacists in 
the design of interventions, media campaigns for the general 
public and educational activities for health-care workers. A 
comprehensive, multifaceted intervention is needed to enforce 
laws prohibiting non-prescription sales of antibiotics (Jacobs et al., 
2019). 

	� Strengthening existing laws, guidelines and national regulatory 
capacity for medicines, continuous awareness-raising 
programmes, and implementation of medicines scheduling are 
recommended to achieve more prudent use of antibiotics. Besides, 
future regulatory interventions should consider access versus 
excess use of antibiotics (Bahta et al., 2020). 

Potential harms 	� There is no direct harm but prohibiting “over-the-counter” sale of 
antibiotics without the prescription of a clinician can lead to lesser 
access to care when antibiotics are required for patients with 
infection but there is no clinician to write the prescription, leading 
to increased morbidity and mortality (Adhikari et al., 2021). 

Cost  
and/or cost–
effectiveness in relation 
to the status quo

	� Across all countries, AMR control policies deliver high value for 
money and, for a number of them, represent “best buys” as they 
generate savings for the health-care system (OECD, 2018). 
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Category Selected option/element

Uncertainty  
regarding benefits 
and potential harms 
(so monitoring and 
evaluation could 
be warranted if the 
approach element was 
pursued)

	� Regulation by the Department of Drug Administration cannot 
be done at all levels and non-availability of experienced/relevant 
human resources could lead to unsystematic regulation.

	� Marketing and incentives from the pharma industry affect 
implementation and compliance with guidelines/regulations 
(Kakchapati et al., 2021). 

Stakeholders’ views 	� All  view implementation of regulations positively but the veterinary 
sector needs to be covered by relevant regulators.
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Option/element 3: Strengthening the undergraduate and 
postgraduate medical, dental and pharmacy curricula and training 
on prudent antibiotic use

Category Selected option/element

Benefits 	� Four systematic reviews found that educational initiatives aimed 
at prescribers, primarily via antimicrobial stewardship programmes 
(ASPs), were successful in lowering the number of inappropriate 
antibiotic prescriptions. In the majority of studies, antibiotic 
prescriptions for respiratory tract infections were generally 
reduced (Drekonja et al., 2015; McDonagh et al., 2018; Roque et al., 
2015; Satterfield et al., 2020). 

	� A systematic review of digital educational interventions found 
that the use of personal digital assistants, text messages, and 
online courses boosted professional knowledge and decreased 
antibiotic prescribing in comparison to conventional education; the 
review came to the conclusion that digital education on antibiotic 
management is a useful addition to traditional educational 
sessions (Kyaw et al., 2019). 

	� A systematic review indicated that, compared to control groups, 
antibiotic prescriptions dropped on average by 34% in intervention 
groups of medical professionals receiving continuing education. 
In comparison to control groups, there were also 41% fewer 
unwarranted antibiotic prescriptions written (Lee et al., 2015). 

	� An analysis of 26 systematic evaluations on educational 
techniques revealed that interactive procedures such as peer-to-
peer consultations and audit/feedback were the most successful 
at enhancing performance and patient health outcomes (Bloom, 
2005). 

Potential harms 	� No systematic review revealed any potential harm of the 
intervention.

Cost  
and/or cost– 
effectiveness in relation 
to the status quo

	� A review of a cost–benefit analysis of a population-based 
education programme on the rational use of antibiotics showed 
significant cost savings in association with a community ASP 
focused on both the public and prescribers (Mamun et al., 2019). 
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Category Selected option/element

Uncertainty  
regarding benefits 
and potential harms 
(so monitoring and 
evaluation could 
be warranted if the 
approach element was 
pursued)

	� How knowledge is imbibed might vary so there is always some 
associated uncertainty (Shankar et al., 2003). 

	� Locally specific conceptions and counterintuitive practices around 
antimicrobials can complicate AMR communication efforts and 
entail unforeseen consequences. Overcoming “knowledge deficits” 
alone will therefore be insufficient for global AMR behaviour 
change. Expansion of behavioural AMR strategies towards 
“AMR-sensitive interventions” is needed, which address context-
specific upstream drivers of antimicrobial use (e.g. unemployment 
insurance) and complement education and awareness campaigns 
(Haenssgen, 2019). 

Stakeholders’ views 	� Stakeholders view the option positively. 
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C. Implementation 
considerations

The potential barriers that could influence the successful implementation of these policies or 
programmatic options/elements and counterstrategies to overcome these barriers are given in the 
table below.

Level Barriers Counterstrategies

Patient 	� Low education levels could 
lead to poor understanding 
(Rijal et al., 2021; Deo et al., 
2018) 

	� Preconceived notions of 
service delivery at hospitals 
versus local pharmacies 
(Rijal et al., 2021) 

	� Cheaper to go to a pharmacy 
as compared to a hospital/
clinician (Adhikari et al., 
2021) 

	� Patient issues with regard to 
compliance with antibiotic 
prescriptions (Acharya et al., 
2019; APUA, n.d.) 

	� Lack of awareness about 
the Drug Act  (Acharya et al., 
2019) 

	� Streamline with the education ministry, 
e.g. adult education programmes with 
awareness programmes

	� Service delivery made accessible at local 
levels of health care

	� Health insurance made more accessible 
and benefits shown to patients

	� Awareness-raising on need of 
compliance with antibiotic prescriptions 
(dose, timing, duration, etc.)

	� Raising awareness about the Drug Act 
among the public through various media
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Level Barriers Counterstrategies

Professional 	� Lack of awareness of the 
impact of irrational use of 
antimicrobials (Deo et al., 
2018) 

	� Dispensing of antimicrobials 
by pharmacists/
professionals without 
prescription (Nepal et al., 
2021) 

	� Curricula place little 
emphasis on the prudent use 
of antimicrobials and AMR 
(Efthymiou & Gkentzi, 2020) 

	� Lack of antimicrobial 
stewardship programmes 
(ASPs) in hospitals (Veve et 
al., 2017 

	� Pharmaceutical industry and sales 
representatives should be made aware 
about AMR

	� Regulation of sales and promotion of 
ethical marketing

	� Strong supervision and monitoring of 
pharmacies

	� Councils, associations and universities 
to take the lead for the same

	� Inclusion of AMR as a separate chapter 
in curricula

Organization 	� No dedicated budget for ASP 
(Nepal country report, 2018) 

	� No dedicated unit/personnel 
to look after ASP (Nepal 
country report, 2018) 

	� AMR often takes a 
backseat when it comes 
to organization priorities 
(Acharya, 2019)

	� Budgeted programme and inclusion in 
annual work plan

	� Organization and management survey 
revised with dedicated antibiotic 
stewards

	� Awareness created regarding its 
importance through journal clubs/
clinical meetings
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Level Barriers Counterstrategies

System 	� Lack of dissemination and 
implementation of updated 
national and institutional 
treatment guidelines as a 
reference for prescribers 
(Acharya et al., 2019) 

	� Regulatory authorities not 
represented in all provinces 

	� Limited coordination with 
curriculum development 
bodies (Education Ministry) 
(Nepal country report, 2018) 

	� Dissemination of treatment guidelines 
and periodic orientation (through virtual 
platforms as well as physical meetings)

	� Organization and management survey to 
be done

	� Involvement of curriculum development 
division in various technical committees 
(Education Ministry representative in 
technical working groups)



Addressing irrational use of antimicrobials in Nepal14

References

Acharya KP, Karki S, Shrestha K, Kaphle K (2019). One health approach in Nepal: scope, opportunities 
and challenges. One Health. 8:100101. doi:10.1016/j.onehlt.2019.100101

Acharya KP, Subramanya SH, Lopes BS (2019). Combatting antimicrobial resistance in Nepal: the need 
for precision surveillance programmes and multi-sectoral partnership. JAC-Antimicrob Resist. 
1(3):dlz066. doi: 10.1093/jacamr/dlz066.

Acharya KP, Wilson RT (2019). Antimicrobial resistance in Nepal. Front Med. 6:(2019). https://doi.
org/10.3389/fmed.2019.00105.

Acharya Y, Nepal P, Yang D, Karki K, Bajracharya D, Prentis T, et al. (2012). Economic and social drivers 
of antibiotic dispensing practices among community pharmacies in Nepal. Trop Med Int Health. 
26(5):557–71. doi: 10.1111/tmi.13555. 

Adhikari B, Pokharel S, Raut S, Adhikari J, Thapa S, Paudel K, et al. (2021). Why do people purchase 
antibiotics over-the-counter? A qualitative study with patients, clinicians and dispensers in central, 
eastern and western Nepal. BMJ Glob Health. 6(5):e005829. doi: 10.1136/bmjgh-2021-005829.

Alliance for the Prudent Use of Antibiotice (APUA) [website] (https://apua.org/, accessed 5 February 
2023).

Antibiotic resistance threats in the United States (2013). Atlanta: US Centers for Disease Control 
and Prevention (https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf, accessed 
Fenruary 2023).

Bahta M, Tesfamariam S, Weldemariam DG, Yemane H, Tesfamariam EH, Alem T, et al. (2020). 
Dispensing of antibiotics without prescription and associated factors in drug retail outlets of 
Eritrea: a simulated client method. PLoS One. 15(1):e0228013. https://doi.org/10.1371/journal.
pone.0228013.

Basnyat B, Pokharel P, Dixit S, Giri S (2015). Antibiotic use, its resistance in Nepal and recommendations 
for action: a situation analysis. J Nepal Health Res Counc. 13(30):102–11. PMID: 26744193.



References 15

Bauraind I, Lopez-Lozano JM, Beyaert A, Marchal JL, Seys B, Yane F, et al. (2004). Association between 
antibiotic sales and public campaigns for their appropriate use. JAMA. 292(20):2468–70. doi: 
10.1001/jama.292.20.2468-b. 

Bhatia R, Narain JP (2010). The growing challenge of antimicrobial resistance in the South-East 
Asia Region – are we losing the battle? Indian J Med Res. 132(5):482–6. doi: 10.4103/0971-
5916.73313.

Bloom BS (2005). Effects of continuing medical education on improving physician clinical care and 
patient health: a review of systematic reviews. Int J Technol Assess Health Care. 21(3):380–5.

Chahwakilian P, Huttner B, Schlemmer B, Harbarth S (2011). Impact of the French campaign to reduce 
inappropriate ambulatory antibiotic use on the prescription and consultation rates for respiratory 
tract infections. J Antimicrob Chemother. 66(12):2872–9. doi: 10.1093/jac/dkr387

Dadgostar P (2019). Antimicrobial resistance: implications and costs. Infect Drug Resist. 12:3903–10. 
doi: 10.2147/IDR.S234610.

Deo SK, Rijal S, Tulza KC (2018). Public awareness regarding the use and resistance of antibiotics: 
a cross-sectional study among Nepalese adults in Kathmandu valley. Journal of Kathmandu 
Medical College. 6(3):96–101.

Drekonja DM, Filice GA, Greer N, Olson A, MacDonald R, Rutks I, et al. (2015). Antimicrobial stewardship 
in outpatient settings: a systematic review. Infect Control Hosp Epidemiol.  36(2):142–52. doi: 
10.1017/ice.2014.41.

Efthymiou P, Gkentzi D, Dimitriou G (2020). Knowledge, attitudes and perceptions of medical students 
on antimicrobial stewardship. Antibiotics (Basel). 9(11):821. doi: 10.3390/antibiotics9110821. 

Formoso G, Paltrinieri B, Marata A M, Gagliotti C, Pan A, Moro M L, et al. (2013). Feasibility and 
effectiveness of a low cost campaign on antibiotic prescribing in Italy: community level, controlled, 
non-randomised trial. BMJ. 347:f5391 doi:10.1136/bmj.f5391.

Global Action Plan on Antimicrobial Resistance (GAP-AMR) (2015). Geneva: World Health Organization 
(https://www.who.int/publications/i/item/9789241509763, accessed 2 February 2023).

Haenssgen MJ, Charoenboon N, Zanello G, Mayxay M, Reed-Tsochas F, Lubell Y, et al. (2019). Antibiotic 
knowledge, attitudes and practices: new insights from cross-sectional rural health behaviour 
surveys in low-income and middle-income South-East Asia. BMJ Open. 29(8):e028224. doi: 
10.1136/bmjopen-2018-028224.



Addressing irrational use of antimicrobials in Nepal16

Haenssgen MJ, Xayavong T, Charoenboon N, Warapikuptanun P, Khine Zaw Y. (2018).  The 
consequences of AMR education and awareness raising: outputs, outcomes, and behavioural 
impacts of an antibiotic-related educational activity in Lao PDR. Antibiotics (Basel). 7(4):95.  
doi: 10.3390/antibiotics7040095. 

Jacobs TG, Robertson J, van den Ham HA, Iwamoto K, Pedersen HB, Mantel-Teeuwisse AK (2019). 
Assessing the impact of law enforcement to reduce over-the-counter (OTC) sales of antibiotics in 
low- and middle-income countries; a systematic literature review. BMC Health Serv Res. 19(1):536. 
https://doi.org/10.1186/s12913-019-4359-8.

Jha N, Bajracharya O, Shankar PR (2013). Knowledge, attitude and practice towards medicines among 
school teachers in Lalitpur district, Nepal before and after an educational intervention. BMC Public 
Health. 13(1):652. doi: 10.1186/1471-2458-13-652.

Kakchapati S, Rijal A, Saugat KPC (2021). Antimicrobial resistance in Nepal: the next invisible pandemic. 
Health Prospect. 20(1):22–4. doi: 10.3126/hprospect. v20i1.41210.

Khanal S, Joshi DR, Bhatta DR, Devkota U, Pokhrel BM (2013). β-Lactamase-producing multidrug-
resistant bacterial pathogens from tracheal aspirates of intensive care unit patients at National 
Institute of Neurological and Allied Sciences, Nepal. ISRN Microbiol. 2013:847569. doi: 
10.1155/2013/847569. 

Koirala A, Bhandari P, Shewade HD, Tao W, Thapa B, Terry R, et al. (2021). Antibiotic use in broiler 
poultry farms in Kathmandu Valley of Nepal: which antibiotics and why? Trop Med Infect Dis. 
6(2):47. doi: 10.3390/tropicalmed6020047. 

Kosiyaporn H, Chanvatik S, Issaramalai T, Kaewkhankhaeng W, Kulthanmanusorn A, Saengruang N, et 
al. (2020). Surveys of knowledge and awareness of antibiotic use and antimicrobial resistance 
in general population: a systematic review. PLoS One. 15(1):e0227973. doi: 10.1371/journal.
pone.0227973.

Kyaw BM, Tudor Car L, van Galen LS, van Agtmael MA, Costelloe CE, Ajuebor O, et al. (2019). Health 
professions digital education on antibiotic management: systematic review and meta-analysis by 
the Digital Health Education Collaboration. J Med Internet Res. 21(9):e14984. doi: 10.2196/14984. 

Lambrou AS, Innes GK, O’Sullivan L, Luitel H, Bhattarai RK, Basnet HB, et al. (2021). Policy implications 
for awareness gaps in antimicrobial resistance (AMR) and antimicrobial use among commercial 
Nepalese poultry producers. Glob Health Res Policy. 6(1):6. https://doi.org/10.1186/s41256-021-
00187-2.

Lee CR, Lee JH, Kang LW, Jeong BC, Lee SH (2015). Educational effectiveness, target, and content for 
prudent antibiotic use. Biomed Res Int. 2015:214021. doi: 10.1155/2015/214021. 



References 17

Mamun A, Zhao B, McCabe M, Dreher K, Otterstatter M, Smith N, et al. (2019). Cost-benefit analysis 
of a population-based education program on the wise use of antibiotics. Can J Public Health. 
110(6):732–40. doi: 10.17269/s41997-019-00245-w. 

McDonagh MS, Peterson K, Winthrop K, Cantor A, Lazur BH, Buckley DI (2018). Interventions to reduce 
inappropriate prescribing of antibiotics for acute respiratory tract infections: summary and update 
of a systematic review. J Int Med Res. 46(8):3337–57. doi: 10.1177/0300060518782519. 

Mishra SK, Rijal BP, Pokhrel BM (2013). Emerging threat of multidrug resistant bugs – Acinetobacter 
calcoaceticus baumannii complex and methicillin resistant Staphylococcus aureus. BMC Res 
Notes. 6:98.

National Public Health Laboratory (NPHL) [website] (https://nphl.gov.np/main, accessed 2 February 
2023).

Naylor NR, Atun R, Zhu N, Kulasabanathan K, Silva S, Chatterjee A, et al. (2018). Estimating the burden 
of antimicrobial resistance: a systematic literature review. Antimicrob Resist Infect Control. 7:58. 
https://doi.org/10.1186/s13756-018-0336-y.

Nepal A, Hendrie D, Selvey LA, Robinson S (2021). Factors influencing the inappropriate use of 
antibiotics in the Rupandehi district of Nepal. Int J Health Plann Mgmt. 36:42–59. https://doi.
org/10.1002/hpm.3061.

Organisation for Economic Co-operation and Development (OECD) (2018). Stemming the superbug 
tide: just a few dollars more. Paris: OECD Health Policy Studies, OECD Publishing (https://www.
oecd.org/health/stemming-the-superbug-tide-9789264307599-en.htm, accessed 2 February 
2023).

Parajuli NP Acharya SP, Mishra SK, Parajuli K, Rijal BP, Pokhrel BM (2017). High burden of antimicrobial 
resistance among gram negative bacteria causing healthcare associated infections in a critical 
care unit of Nepal. Antimicrob Resist Infect Control. 6(1):67. https://doi.org/10.1186/s13756-017-
0222-z.

Plachouras D, Antoniadou A, Giannitsioti E, Galani L, Katsarolis L, Kavatha D, et al. (2014). Promoting 
prudent use of antibiotics: the experience from a multifaceted regional campaign in Greece. BMC 
Public Health. 14:866. https://doi.org/10.1186/1471-2458-14-866.

Price L, Gozdzielewska L, Young M, Smith F, MacDonald J, McParland J, et al. (2018). Effectiveness 
of interventions to improve the public’s antimicrobial resistance awareness and behaviours 
associated with prudent use of antimicrobials: a systematic review. J Antimicrob Chemother. 
73(6):1464–78. doi: 10.1093/jac/dky076. PMID: 29554263.



Addressing irrational use of antimicrobials in Nepal18

Pulcini C, Williams F, Molinari N, Davey P, Nathwani D (2011). Junior doctors’ knowledge and perceptions 
of antibiotic resistance and prescribing: a survey in France and Scotland. Clin Microbiol Infect. 
17(1):80–7. doi: 10.1111/j.1469-0691.2010.03179.x. 

Rijal KR, Banjara MR, Dhungel B, Kafle S, Gautam K, Ghimire B, et al. (2021). Use of antimicrobials 
and antimicrobial resistance in Nepal: a nationwide survey. Sci Rep. 11(1):11554. https://doi.
org/10.1038/s41598-021-90812-4.

Roque F, Herdeiro MT, Soares S, Teixeira Rodrigues A, Breitenfeld L, Figueiras A (2014). Educational 
interventions to improve prescription and dispensing of antibiotics: a systematic review. BMC 
Public Health. 14:1276. doi: 10.1186/1471-2458-14-1276. 

Sabuncu E, David J, Bernède-Bauduin C, Pépin S, Leroy M, Boëlle P-Y, et al. (2009). Significant reduction 
of antibiotic use in the community after a nationwide campaign in France, 2002–2007. PLoS 
Med. 6(6):e1000084. https://doi.org/10.1371/journal.pmed.100008432.

Satterfield J, Miesner AR, Percival KM (2020). The role of education in antimicrobial stewardship. J 
Hosp Infect. 105(2):130–41.  doi: 10.1016/j.jhin.2020.03.028.

Shah P, Shrestha R, Mao Z, Chen Y, Chen Y, Koju P, et al. (2019). Knowledge, attitude, and practice 
associated with antibiotic use among university students: a survey in Nepal. Int J Environ Res 
Public Health. 16(20):3996. doi: 10.3390/ijerph16203996. 

Shankar RP, Partha P, Shenoy NK, Easow JM, Brahmadathan KN (2003). Prescribing patterns of 
antibiotics and sensitivity patterns of common microorganisms in the internal medicine ward of 
a teaching hospital in western Nepal: a prospective study. Ann Clin Microbiol Antimicrob. 2:7. doi: 
10.1186/1476-0711-2-7. 

Thakur S, Pokhrel N, Sharma M (2013). Prevalence of multidrug resistant enterobacteriaceae and 
extended spectrum β lactamase producing Escherichia coli in urinary tract infection. Res J Pharm 
Biol Chem Sci. 4:1615–24.

Veve MP, Kaljee LM, Prentiss T, Joshi RD, Rai SM, Shrestha B, et al. (2017). Implementing antimicrobial 
stewardship in two community Nepali Hospitals. Open Forum Infect Dis. 4(Suppl 1):S20. doi: 
10.1093/ofid/ofx162.051. 

World Health Organization (2001). WHO Global Strategy for Containment of Antimicrobial Resistance. 
Geneva: World Health Organization.



References 19

World Health Organization (2018). Resource mobilization for AMR: getting AMR into plans and budgets of 
government and development partners. Nepal country report. Geneva: World Health Organization 
(https://medbox.org/document/resource-mobilisation-for-amr-getting-amr-into-plans- 
and-budgets-of-government-and-development-partners-nepal-country-report#GO, accessed 2 
February 2023).

World Health Organization (2023). WHO Global Antimicrobial Resistance and Use Surveillance System 
(GLASS). In: World Health Organization [website] (https://www.who.int/initiatives/glass, accessed 
5 February 2023).

Wutzke SE, Artist MA, Kehoe LA, Fletcher M, Mackson JM, Weekes LM (2007). Evaluation of a national 
programme to reduce inappropriate use of antibiotics for upper respiratory tract infections: 
effects on consumer awareness, beliefs, attitudes and behaviour in Australia. Health Promot Int. 
22(1):53–64. doi: 10.1093/heapro/dal034. 



Addressing irrational use of antimicrobials in Nepal20

Annex: Documentation 
of search strategy 

A. The problem 

Name of 
databases 
searched

Search terms used Number of 
relevant 
studies 
retrieved

Google Scholar OTC use of antimicrobials  Four

Google Scholar Raising awareness on antibiotic use  Four

PubMed Antimicrobials resistance, consequences on health Three

PubMed Prevalence of antibiotic resistance Seven
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B. Options/elements and implementation considerations  

Name of 
databases 
searched

Search terms used Number of 
relevant 
studies 
retrieved

 Google Scholar Implementation strategies for antibiotic use in Nepal  Six

 PubMed Antimicrobials resistance, awareness campaign  Five

 Pubmed Educational interventions, antimicrobials  Four

Health systems 
evidence

Antimicrobials consequences Two




