
Antibiotic Smart Communities- 34 initial indicators 

Domain Indicator Measurement Categories Reason for inclusion 

Human 

Health 

Awareness 

about antibiotic 

use and 

antibiotic 

resistance 

among general 

public 

Standardised 10 point 

questionnaire administered 

to 100 residents using a 

stratified random sampling 

methodology. The 

stratification can be done 

based on gender and 

occupational background. 

Average Scores above 

66.6% will be classified as 

high awareness, 33.4% to 

66.6% as reasonable 

awareness and up to 

33.3% as low awareness 

High (3) 

Reasonable 

(2) 

Low (1) 

Improving awareness and understanding 

of Antibiotic Resistance (ABR) is one of 

the strategic objectives of the Global 

Action Plan on Antimicrobial Resistance, 

published by the World Health 

organization.(1) Also, there has been 

multiple surveys to gauge the level of 

awareness of general public about ABR 

and most of them have shown a need for 

incorporating this into public health 

initiatives. The awareness about the 

issue is lower in low-resource settings(2)  

Human 

Health 

Over-the-

counter 

availability of 

antibiotics in 

retail 

pharmacies in 

the area 

Personal visit up to 10 

retail pharmacies to buy 

commonly used antibiotic 

‘Amoxicillin+Clavulanic 

Acid’ for Upper respiratory 

Infection.Exhaustive 

sampling if the number of 

retail pharmacies are less 

than 10. Classification 

based on the responses 

given by dispensers about 

giving antibiotics without 

prescription. a) Up to 30% 

pharmacies- Poor OTC 

availability b) 31% to 80% 

pharmacies- Partial OTC 

Availability c) 81% or 

more- OTC freely available  

Poor OTC 

availability(3) 

Partial OTC 

availability(2) 

Free OTC 

availability(1) 

Self medication with antibiotics and over-

the-counter sales of antimicrobial 

products are a problem which 

exacerbates the ABR issue in many 

countries with poor regulatory 

systems.(3) This kind of antibiotic use is 

often irrational and contributes to the 

environmental selection pressure for 

development of resistance. We have 

now ample evidence to show that higher 

consumption of antimicrobials is 

associated with a higher incidence of 

resistance. This can be true for the 

individuals, community and the country; 

and increases in consumption increases 

the probability of resistant infections. (4) 

Therefore, measuring the over-the-

counter antibiotic sales using surrogate 

makers become an essential step.  



Human 

Health 

 
Proportion of 
HCFs which 
has  
implemented 
a written 
Infection 
Prevention and 
Control (IPC) 
plan 

A short audit of at least 10 

healthcare facilities for the 

presence of a written 

Infection Prevention and 

Control plan. All healthcare 

facilities with a medical 

practitioner or 

administering injections 

will be included in the 

sampling frame. 

Exhaustive sampling will 

be done if the number of 

HCFs is less than 10. The 

classification will be done 

as below:  a) Up to 30% 

HCFs- Poor IPC 

implementation 

b) 31% to 80% 

pharmacies- Reasonable 

OTC implementation  

c) 81% or more- Good IPC 
implementation   

Good (3) 

Reasonable 

(2) 

Poor (1) 

Healthcare Associated Infections (HAIs) 

contribute to increased antibiotic use, 

especially those considered as reserve 

drugs. This is because the resistance 

profile of HAIs are consistently worse 

than Community Acquired Infections.(5) 

Due to this reason, Infection Control 

programs are generally complementary 

to Antimicrobial Stewardship, in 

rationalizing/reducing antibiotic use in 

healthcare settings.(6)  

Human 

Health 

Proportion of 

population 

using safely 

managed 

drinking water 

services 

Short survey of 30 

households selected using 

some random sampling 

methodology. 

WHO/UNICEF JMP 

definition for Safely 

managed drinking water 

services will be used 

“Drinking water from an 

improved water source 

which is located on 

premises, available when 

needed and free of faecal 

and priority chemical 

contamination”. If 100% 

households have access, it 

will be classified as All. 

Any value between 51% to 

99% will be classified as 

Most, and up to 50% will 

be classified as Some. 

All (3) 

Most (2) 

Some (3) 

The Global Action Plan on AMR 

mentions that better hygiene and 

infection prevention measures are 

needed to limit the transmission of 

antibiotic resistant microorganisms. 

Better food and water safety is an 

important pillar of infection prevention in 

the community.(1) Poor quality of 

drinking water is associated with higher 

incidence of diarrheal illnesses and 

enteric fever in many developing 

countries; and these are independent 

risk factors for increased use of 

antibiotics. Also, there is increasing 

evidence that water has a role in 

propagating antibiotic resistance.(7) In 

many cases, water also carries Antibiotic 

Resistant Genes (ARGs) bringing them 

to households; and septic tanks often act 

as genetic reactors for development of 

new resistance patterns.(8) Therefore, 

quality of water is an integral component 

of any holistic intervention on AMR.   



Human 

Health 

Proportion of 

healthcare 

facilities with a 

written 

antibiotic 

protocol for at 

least three 

disease/syndro

me conditions 

caused by 

bacteria. 

A short audit of 10 

randomly selected 

healthcare facilities for the 

presence of a written 

antibiotic protocol for at 

least three 

disease/syndrome 

conditions caused by 

bacteria. All healthcare 

facilities with a medical 

practitioner or 

administering injections 

will be included in the 

audit. Exhaustive sampling 

will be done if the number 

of HCFs is less than 10. 

Antibiotic protocols which 

has not been re-evaluated 

or revised in the last 5 

years will not be 

considered. 

All (3) 

Some (2) 

None (1) 

Antibiotics are highly prescribed in 

primary and secondary care settings in 

low-middle income countries. Though 

most of the prescribed antibiotics are 

from the Access group (as per WHO’s 

AWaRe classification), the increased use 

of antibiotics contribute to greater 

selection pressure in the environment.(9) 

The impact of treatment protocols or 

standard treatment guidelines on 

streamlining care for infectious diseases 

and reduction of antibiotic prescriptions, 

has been well demonstrated in 

studies.(10) Hence regularly updated 

treatment guidelines form an important 

component of any antimicrobial 

stewardship efforts in healthcare 

facilities.      

Human 

Health 

Percentage of 

Access 

antibiotics (as 

per AWaRe 

classification of 

WHO) in total 

antibiotics 

dispensed in 

out-patient 

settings at 

healthcare 

facilities 

Data collected from 30 

consecutive antibiotic 

prescriptions which are 

dispensed from each 

healthcare facility. The 

percentage of Access, 

Watch and Reserve 

antibiotics will be 

calculated. If the 

proportion of Access 

antibiotics is 60% or 

above, the area will be 

classified as High. If the 

value is between 30% and 

60%, it is reasonable. If 

the overall DoT is less 

than 30%, it is Low. 

High (3) 

Reasonable 

(2) 

Low (1) 

WHO introduced AWaRe (Access, 

Watch and Reserve) classification of 

antibiotics in 2017, as a part of its 

Essential Medicines List. The objective 

was to ensure access to quality assured 

and affordable antibiotics to all; and 

ensure rational use of antibiotics. WHO 

also said that at least 60% of the overall 

antibiotic consumption at a country level 

should be from the ‘Access’ list.(11) 

Some studies have shown that ‘Watch’ 

antibiotics are available and used more 

often than ‘Access’ antibiotics, in 

countries like India.(12)  



Human 

Health 

Proportion of 

Healthcare 

facilities which 

are accredited 

by any 

standard 

agency 

(government/pr

ivate) for 

quality 

assurance in 

delivery of 

services 

A short audit at least 10 

randomly selected 

healthcare facilities for 

their accreditation status. 

Exhaustive sampling will 

be done if the total number 

of HCFs is less than 10. 

The accreditation shall be 

for quality assurance in 

service delivery and 

should be done by any 

standard 

government/private 

agency. The accreditation 

should be valid at the time 

of audit. All healthcare 

facilities with a full time 

medical practitioner will be 

included in the audit. 

All (3) 

Some (2) 

None (1) 

There is evidence that accreditation of 

healthcare facilities is one of the key 

factors in creating an enabling 

environment for rollout of antimicrobial 

stewardship. The process of 

accreditation requires preparation of 

several guidelines, especially around 

infection control and standardized care. 

This can improve the quality of service 

delivery and possibly the healthcare 

associated infections.(13) Also, some 

accreditation processes require 

formation of bodies like antimicrobial 

stewardship committee and hospital 

infection control committee, which are 

essential to rationalize antibiotic use in 

hospital settings.  

Human 

Health 

 
Percentage of 
suspected 
Urinary Tract 
Infections 
(community or 
healthcare-
associated), 
being 
subjected to 
culture and 
sensitivity 
testing.  

 
“Data collected from 10 
consecutive out-patient 
records of suspected/ 
confirmed Urinary Tract 
Infections from each 
healthcare facility. 
Exhaustive sampling to be 
followed if the number of 
HCFs is less than 10. If 
more than 50% of cases 
have a urine 
culture/sensitivity report, it 
is classified as “High”. If its 
between 25% to 50%, it is 
“Reasonable” and less 
than 25% is “Low”.  

High (3) 

Reasonable 

(2) 

Low (1) 

Surveillance of resistance is one of the 

measures in quantifying the problem in 

the community and also for evaluating 

the impact of the interventions. Over the 

years, several bacterial markers have 

been used for surveillance, like 

Streptococcus pneumoniae, 

Staphylococcus aureus and gram 

negative organisms.(14) Optimal use of 

culture and sensitivity is also needed to 

ensure that antibiotics are not used 

empirically all the time. Though it is 

difficult to arrive at a consensus 

regarding the proportion of patients 

subjected to culture and Drug Sensitivity 

Testing, (15) 



Human 

Health 

Prevalence of 

stunting (height 

for age <-2 

standard 

deviation from 

the median of 

the World 

Health 

Organization 

(WHO) Child 

Growth 

Standards) 

among children 

under 5 years 

of age 

Data will be collected from 

local self-government 

bodies, local health 

authorities or agencies 

with public nutrition as 

mandate (like ICDS in 

India). If no organised data 

is available, a public 

survey with 30 randomly 

selected children can be 

undertaken. The results 

can be analysed using 

WHO Anthro software. If 

less than 20% of the 

children are stunted, the 

area is classified as Low, if 

20% to 40% are stunted it 

is Significant and If more 

than 40% are stunted, it is 

High 

Low (3) 

Significant (2) 

High (1) 

Stunting is generally considered as a 

marker for social inequalities and a 

reflection of the overall well-being of 

children. The global health community 

has started to focus on this issue, as 

stunting can also lead to long term 

neurocognitive and physical problems. 

Stunting has been used by several 

development programs as an indicator of 

impact; though can be crude.(16) 

Conversely, antibiotics can act as a 

growth stimulant in pre-pubertal children. 

The effect of antibiotics is felt more in 

ponderal than linear growth; and the 

impact is pronounced in African 

countries.(17) Therefore infections, 

antibiotic use and child nutrition has a 

very complex relationship.   

Human 

Health 

Average 

under-5 

mortality rate 

(number of 

deaths among 

children under 

5 years of age 

compared to 

number of live 

births) in the 

area for the 

last 3 years 

Data will be collected from 

local self-government 

bodies, local health 

authorities or registration 

offices. If the under-5 

mortality rate is at least 10 

per thousand below the 

national statistic, it is 

classified as Low. If the 

rate is +/- 10 per thousand 

of national statistic, it is 

classified as Reasonable. 

If it is at least 10 per 

thousand higher than the 

national rate, it is classified 

as High. 

Low (3) 

Reasonable 

(2) 

High (1) 

Under Five mortality is influenced by 

poverty, access to healthcare, 

educational status of mothers, nutrition, 

access to safe drinking water and quality 

of healthcare services.(18) Studies have 

shown that in low resource settings, child 

mortality is strongly influenced by access 

to healthcare and health seeking 

behavior. Though access to health is 

multidimensional in nature, it has a 

protective effect on child mortality and 

morbidity.(19) This shows that Under 

Five Mortality Rate (U5MR) is a robust 

indicator to show the strength of health 

systems in developing countries.  



Human 

Health 

Average Out-

Of-Pocket 

expenditure on 

healthcare by 

households in 

the area 

Short survey of at least 30 

households, to find out the 

amount of money spent by 

them for accessing 

healthcare services. The 

survey should collect 

information on direct 

expenditure of all 

individuals in a household 

with reference to 

hospitalization episodes 

and out-patient visits in the 

last one year. Any 

reimbursement, if availed, 

should be adjusted later. 

This expenditure should be 

compared against the total 

household expenditure 

during the period. If 

average proportion is less 

than 5%, it is classified as 

Low, 5% to 10% is 

classified as Reasonable. 

And, more than 10% is 

classified as High. 

Low (3) 

Reasonable 

(2) 

High (1) 

Out Of Pocket (OOP) expenditure in 

healthcare has significant implications on 

poverty and future access to healthcare. 

Increase in OOP can result in an 

increase in poverty headcount and 

deepening of poverty, especially in the 

most economically vulnerable 

regions.(20) Some studies have shown 

that more than 15% of the households in 

developing countries incur catastrophic 

health expenditure, pushing most of 

them into deep poverty.(21) This shows 

the need for financial risk protection 

against OOP and catastrophic health 

expenditures.  Universal Health 

Coverage is seen as a possible solution 

to these issues though it involves 

significant investments from the country 

governments. The Alma Ata declaration 

of 1978 called for ‘Health for All’; and this 

message was reinforced by the 

Millennium Development Goals and 

Sustainable Development Goals. 

Universal Health Coverage is now seen 

as an ‘indicator and instrument’ of 

national development.(22)  

Human 

Health 

Coverage for 

paediatric 

vaccines listed 

in the 

immunization 

schedule 

published by 

the competent 

national 

authority. 

Data will be collected from 

local self-government 

institutions or local health 

authorities. If the age-

appropriate coverage of all 

vaccines listed in the 

national schedule is above 

95%, it is classified as 

High. If the coverage of all 

vaccines are above 85%, it 

is classified as reasonable. 

If at least one vaccine has 

a coverage of less than 

85%, it is classified as 

Low. 

High (3) 

Reasonable 

(2) 

Low (1) 

Vaccines have a role in reducing the use 

of antibiotics and thereby slowing the 

emergence of AMR. For example, 

Haemophilus influenzae Type b and 

Streptococcus pneumoniae vaccines 

have shown efficacy in preventing fatal 

infections and reducing the use of 

antibiotics in children.(23) In some High 

Income Countries, there is evidence that 

influenza vaccines have managed to 

reduce influenza-related antibiotic 

prescriptions.(24) Therefore, a robust 

vaccination coverage among children 

may be associated with lower levels of 

antibiotic use.  



Human/An

imal/Envir

onmental 

Health 

Educational 

initiatives in the 

last one year to 

increase 

awareness 

about antibiotic 

or biocide use 

among farmers 

The information can be 

collected from farmers’ 

representatives, local self-

government institutions 

and local agriculture 

extension workers. If there 

is a written plan for 

educational campaign and 

at least three contact 

sessions were organised 

in the last one year, it is 

classified as Fully 

Functional. If one or two 

sessions were organised 

and/or if a written plan is 

not prepared, it will be 

classified as Semi-

Functional. No contact 

sessions and/or no written 

plan, it is labelled as Not 

Functional. 

Fully 

Functional(3) 

Semi-

functional(2) 

Not 

functional(1) 

Educational initiatives directed at various 

target groups are effective in reducing 

use of antibiotics. However, some 

groups have deeply established views 

and behaviors on antibiotic use. This 

necessitates constant efforts to reinforce 

the messages on prudent use of 

antibiotics.(25) Some studies have 

shown that inadequate knowledge 

among farmers result in poor practices 

related to antibiotic use in farms.(26) 

Though the literature available in this 

regard is scarce, there is evidence to 

show that training of farmers is 

associated with reduced use of 

antibiotics in LMICs.(27)   

Human/An

imal/Envir

onmental 

Health 

Use of Highest 

Priority 

Critically 

Important 

Antibiotics in 

agriculture 

Short survey of at least 10 

farms, using some random 

sampling methodology. 

Ask the farmers, inspect 

the premises or look at 

labels (including feeds) for 

Highest Priority Critically 

Important Antibiotics.If use 

is found in 50% and above 

farms, it is labelled as 

High, 1-49% being Some 

and 0 being None.  

None(3) 

Some (2) 

High (1) 

The World Health Organization has been 

publishing a list of antibiotics since 2005 

and classifying them into 3 based on 

their importance to human medicine. The 

Critically Important medicines in the list 

has been further sub-classified into 

Highest Priority and High Priority.(28) 

Studies done in developing countries 

have demonstrated high rates of use of 

polymyxins, 3rd & 4th generation 

cephalosporins and quinolones, all of 

which is classified among Highest 

Priority Critically Important antibiotics for 

human medicine.(29) This shows the 

need to assess and document the nature 

of antibiotic use in farms of a region.   



Human/An

imal/Envir

onmental 

Health 

Regulatory 

oversight 

regarding best 

farm 

management 

practices and 

biosecurity 

measures 

Short survey of at least 10 

farms, using some random 

sampling methodology. 

Ask the farmers about 

visits or inspections from 

government bodies in the 

last one year to evaluate 

farm management 

practices and biosecurity 

measures. If 80% or more 

farms report visits, the 

classification is High. If up 

to 80% farmers report 

visits, classification used is 

Some. If no farm is 

reporting visits from 

government agencies, the 

area can be classified as 

None.  

High (3) 

Some (2) 

None (1) 

It has been observed that some form of 

quality assurance at the farm level 

through any good farm practice system 

or routine oversight, results in better 

animal health, higher animal welfare 

practices and improved environmental 

hygiene.(30) Training of farmers on 

prudent use of antibiotics is now a part of 

efforts undertaken by several High 

Income Countries to reduce overall use 

of antibiotics in the farm sector.(31) 

Countries like Denmark has achieved 

low levels of antibiotic use in livestock 

production because of more efficient 

farming systems and low incidence of 

infections. This was done primarily 

through better cooperation between 

farmers and the government.(32) 

Human/An

imal/Envir

onmental 

Health 

Presence of 

veterinary 

health facilities 

in the 

community 

The information can be 

collected from farmers’ 

representatives, local self-

government institutions 

and local agriculture 

extension workers. If there 

is veterinary centre with a 

qualified veterinarian, it is 

classified as Fully 

Functional. If there is 

services of a veterinary 

extension worker and no 

qualified veterinarian, it will 

be classified as Semi-

Functional. Absence of a 

veterinary centre, 

veterinarian and extension 

workers will qualify as Not 

Functional. 

Fully 

Functional(3) 

Semi-

functional(2) 

Not 

functional(1) 

Access to veterinary care can be limited 

by economic, geographic and knowledge 

based barriers, even in the context of 

High Income Countries. In developing 

countries, there are several individual, 

institutional and systemic problems 

which complicate the issue of access to 

veterinary care.(33) Robust access to 

veterinary professionals is essential to 

maintain the health of livestock and 

livelihood of people. But there are 

serious access issues in low-resource 

setting, which can affect the productivity 

of farms. Some of this gap between 

demand and supply can be bridged by 

veterinary paraprofessionals and 

community animal health workers.(34) 

Several papers have argued for a 

comprehensive policy for human 

resource development in veterinary 

sector in Low Middle Income Countries, 

with an aim of increasing access.(35)   



Human/An

imal/Envir

onmental 

Health 

Vaccination 

coverage  for 

farm animals in 

the community 

Short survey of at least 10 

farms, using some random 

sampling methodology. 

Ask the farmers about 

vaccine coverage of farm 

animals, with reference to 

recommended vaccines for 

that particular region. If at 

least 80% of the farms are 

fully immunized as per 

local recommendations, it 

is classified as High. If 

there is full vaccination 

coverage in farms is 

between 40% and 79%, it 

is Reasonable. If the 

coverage is less than 40%, 

it is low. 

High (3) 

Reasonable 

(2) 

Low (1) 

Several studies have shown that 

vaccines are effective in decreasing 

morbidity among farm animals and 

reduce the use of antibiotics. But not all 

animal vaccines are cheap or easy-to-

use, making the vaccine coverage sub-

optimal in many low-resource 

settings.(36) While vaccines are not 

meant to replace antibiotics fully, the 

wider use of safe and effective vaccines 

can reduce antibiotic use in farm 

animals. This is the reason behind 

several emerging international 

collaborations for vaccine R&D in 

agricultural sector.(37) There are several 

examples of vaccination drastically  

reducing the use of antibiotics like 

Atlantic Salmon farming in Norway.(38) 

Human/An

imal/Envir

onmental 

Health 

Government 

Subsidies or 

Incentives for 

infrastructural 

improvement in 

farms for better 

infection 

control 

practices 

The information can be 

collected through 

triangulation from farmers’ 

representatives, local self-

government institutions 

and local agriculture 

extension workers. If 

government subsidies or 

incentives are available to 

all farmers, it is classified 

as Freely Available. If 

government subsidies are 

incentives are available 

only to certain type of 

farmers, it is classified as 

Partially available. If no 

such schemes are 

available, it is labelled as 

Not available. 

Freely 

available(3) 

Partially 

available(2) 

Not 

available(1) 

  

Various economic instruments have 

been used historically to cover for 

sustainability costs incurred by farmers, 

especially with regards to environmental 

degradation, waster usage and human-

wildlife conflicts. Usually the costs 

involved in such measures are minimal 

when compared to the larger benefits 

expected from the initiative.(39) It is a 

well-known fact that various 

infrastructural and operational 

biosecurity measures in farms will 

reduce the need for antibiotics in farms. 

But many of them are human resource 

intensive or require investment.(40) This 

is difficult in many developing country 

contexts where farm incomes are 

stagnating and rural small holder farmers 

struggle for their livelihood.(41) 

Therefore, government subsidies in 

improvement of farm infrastructure may 

be vital in ensuring proper biosecurity in 

farms in LMICs. 



Human/An

imal/Envir

onmental 

Health 

Availability of 

veterinary 

laboratory 

services for 

disease 

diagnostics 

The information can be 

collected from farmers’ 

representatives, local self-

government institutions 

and local agriculture 

extension workers. If there 

is a system to collect 

samples from possible 

infections and send it to 

the nearest lab, it is 

classified as Fully 

Functional. If some 

samples are sent through 

ad-hoc mechanisms, it is 

called Semi-Functional. If 

no provision is available to 

send samples, it is labelled 

as Not Functional 

Fully 

Functional(3) 

Semi-

functional(2) 

Not 

functional(1) 

Robust laboratory systems for human 

and animal health is needed for 

antimicrobial susceptibility testing and 

surveillance of drug resistance. The 

susceptibility testing is critical for 

rationalizing the use of antibiotics. 

However, these systems are deficient in 

many developing countries and the 

biggest gap is seen in the case of animal 

disease diagnostic facilities.(42) The 

reports from Veterinary Diagnostic 

Laboratories are used for taking 

management decisions. But in several 

contexts, the laboratories are not quality 

assured and the reporting is not 

standardized.(43) In some other regions, 

particularly in rural contexts, there is very 

poor diagnostic capacity in the veterinary 

sector.  

Human/An

imal/Envir

onmental 

Health 

Incentive 

system for 

farmers who 

make products 

without routine 

use of 

antibiotics 

Short survey of at least 10 

farms, using some random 

sampling methodology. 

The farmers will be asked 

about any system in place 

to certify their produce or 

offer them incentives, if 

they decided to stop 

routine use of antibiotics. 

The certification system 

can be international, 

national or local; and need 

not be linked to any 

laboratory tests. The 

incentives for farmers can 

be financial or non-

financial. If more than 80% 

of the farmers report such 

a system, it is classified as 

Functional. If up to 80% 

farmers are aware of it, it 

is Semi-Functional. If no 

farmer is aware, it is 

classified Not-functional 

Fully 

Functional(3) 

Semi-

functional(2) 

Not 

functional(1) 

The food safety angle of AMR has been 

highlighted in several policy documents. 

This approach can potentially mobilize 

consumer advocacy groups and 

consumers; and can possibly translate to 

an increase in awareness of AMR 

among general public.(44) There are 

several certification systems available for 

food produced without routine use of 

antibiotics. Several large poultry 

producers have adopted it and the 

system provides an independent 

verification system.(45) But these 

systems are still not accessible to most 

small farmers from developing countries. 

But farmers can earn higher prices for 

their products made without routine use 

of antibiotics, only if its linked to a 

certification system.    



Human 

Health 

Presence of 

schemes to 

promote local 

or household-

based 

production of 

food 

The information can be 

collected from farmers’ 

representatives, local self-

government institutions 

and local agriculture 

extension workers. If there 

are any schemes to 

augment or subsidise 

backyard or sustenance 

production of food, with an 

established procurement 

system, it is labelled as 

Yes. If there is such a 

scheme, but no 

procurement/distribution 

system, it is classified as 

Partial. If no such scheme 

or procurement system is 

there, the classification is 

No. 

Yes (3) 

Partial (2) 

No (1) 

  

Urban agriculture or backyard farming is 

supposed to have numerous benefits, 

including social capital, household food 

security and better health. Some studies 

have shown that those households 

engaged in such practices have a less 

mean Body Mass Index and overall 

stress levels, as compared to 

households which do not practice such 

farming.(46) There are several initiatives 

across the world which has successfully 

promoted backyard/urban farming. Some 

of them involve children in farming and 

some others focus on recycling waste for 

manure. But all of them have contributed 

positively to environmental sustainability 

and food security.(47) The Food and 

Agriculture Organization has supported 

this approach as it can reduce poverty 

and improve food security in the most 

vulnerable households.(48) 

Environm

ent 

 
Proportion of 
wastewater 
treated using 
any 
established 
wastewater 
treatment 
technologies, 
as per WHO’s 
guidelines on 
Sanitation & 
Health (2019) 

Data from local self-

government institutions 

and/or through a short 

survey of 30 households 

selected using some 

random sampling 

methodology.. The 

objective is to look at the 

percentage of waste water 

generated from 

households which are 

safely treated. If 100% 

waste water is treated, it 

will be classified as All. 

Any value between 51% to 

99% will be classified as 

Most, and up to 50% will 

be classified as Some. On-

site facilities for treatment 

are also included in the 

assessment 

All (3) 

Most (2) 

Some (3) 

Wastewater generated from households, 

farms and economic activities can be a 

potential public health threat, if not 

treated using scientific methods. Many 

water borne diseases like diarrhea and 

parasitic infections can affect the health 

of the community. Studies have also 

shown an increase in skin and 

reproductive tract infections in those 

exposed to untreated waste water.(49) 

Several aerobic and anaerobic 

methodologies have been used for 

treatment of domestic waste water; and 

most of these technologies have high 

efficiency in retention of pathogens and 

recycling of nutrients. But some of these 

are energy intensive and have obvious 

cost disadvantages.(50) Therefore, most 

of the developing countries do not have 

centralized waste water treatment plants 

and domestic waste water is used for 

minor irrigation or as surface run-off, 

risking the water quality in the area.(51) 



Environm

ent 

Biomedical 

waste 

management 

system in 

healthcare 

facilities 

A short audit of the 

healthcare facilities for the 

presence of a biomedical 

waste management plan 

or system. All healthcare 

facilities with a medical 

practitioner or 

administering injections 

will be included in the 

audit. If 100% or more 

health care facilities have 

a plan in place, the 

classification is All. If one 

or more healthcare 

facilities (but not all) , 

classification used is 

Some. If none of the 

healthcare facilities have a 

plan or system, it is 

classified as None.  

All (3) 

Some (2) 

None (1) 

Biomedical waste management is a 

public health priority as the waste 

generated from heath care facilities can 

contaminate the environment and pose a 

threat to health of people.(52) But in 

many developing countries, the level of 

awareness of Biomedical Waste 

Management Rules among healthcare 

workers seems to be low. This reflects in 

the poor attitude and practices towards 

waste management in healthcare 

facilities.(53) In some surveys, it was 

found that only around 30% of the health 

care workers seems to think that 

individuals too have a responsibility in 

biomedical waste management; and not 

just government and hospital 

managements.(54) One of the 

preliminary steps in improving adherence 

to waste management rules is to have 

proper plans in place in healthcare 

facilities and also training all levels of 

staff.(55)  

Environm

ent 

System for 

disposal of 

antibiotics and 

other medicinal 

waste 

generated from 

households  

Data from local self-

government institutions 

and/or through a short 

survey of 30 households 

selected using some 

random sampling 

methodology. If the 

community has a system 

to collect left-over or 

expired antibiotics (and 

other medicines) at regular 

intervals and dispose them 

through incineration, it is 

classified as Fully 

Functional. If there is a 

system of collecting 

antibiotic or medicinal 

waste along with general 

waste, it is labelled as 

semi-functional. If there is 

no system to collect 

antibiotics or medicines 

Fully 

Functional(3) 

Semi-

functional(2) 

Not 

functional(1) 

Improper disposal of unused, expired or 

left-over antibiotics is one of the drivers 

of antimicrobial resistance problem, 

especially in countries where antibiotics 

are freely available over-the-counter. 

Like other drugs, antibiotics are also 

thrown into garbage or sewers.(56) 

Regulatory agencies in several High-

Income Countries have put in place 

systems for safe disposal of 

antibiotics.(57) Though there has been 

initiatives in developing countries to 

collect unused or expired antibiotics from 

the public and dispose it scientifically, 

these are at very early stages.(58) 

Having a functional system to collect 

unused or expired antibiotics from 

households and retail pharmacies; and 

provision for it to be disposed without 

contaminating the environment, is the 

only way forward.   



from households, it is Not 

functional 

Environm

ent 

 
Use of 
chemical/synth
etic pesticides, 
herbicides and 
other biocides 
in farms 

Short survey of at least 10 

farms to ask about use of 

pesticides, herbicides and 

other biocides in their 

farms. If 80% or more 

farmers have used any 

one biocide in the last one 

year, it is classified as 

High. If between 20% and 

80% of farmers report use, 

it is classified as 

Significant. If less than 

20% of the farms report 

any use of biocides in the 

last one year, it is 

classified as Low.  

Low (3) 

Significant (2) 

High (1) 

There is evidence that use of biocides 

can also result in cross resistance to 

antibiotics and there is a need for greater 

stewardship of biocides.(59) Though in 

some countries, there has been a 

marginal reduction in overall pesticide 

usage after introduction of Genetically 

Modified crops, this trend is not visible 

everywhere.(60) There are several other 

healthcare issues, including cancer, 

which are associated with pesticide 

usage in crops. But the average farmer 

in developing countries tend to be 

unaware of the long term consequences 

of chronic pesticide exposure.(61) 

Environm

ent 

Farm waste 

contaminating 

water 

resources in 

the community 

Short survey of at least 10 

farms, using some random 

sampling methodology. 

Ask the farmers about 

methods followed by them 

to dispose organic waste 

generated at their farms. If 

80% or more farms 

dispose their waste as per 

standards laid down by 

national governments or 

agencies at least 40 feet 

away from water bodies, 

the classification is High. If 

less than 80% of the 

farmers dispose their 

waste at least 40 feet 

away from water bodies, 

the classification used is 

Some. If no farm is 

reporting scientifically 

sound disposal at least 40 

feet away from water 

bodies, the area can be 

classified as None.  

High (3) 

Some (2) 

None (1) 

Waste management is not seen as a 

priority in many small farms and often 

the manure end up contaminating the 

water resources around it. Farms 

discharge a lot of organic matter, 

agrochemicals and drug residues into 

the environment; and unscientific 

agricultural intensification contributes to 

water quality degradation. The FAO 

states that around 38% of the water 

bodies in Europe are under threat from 

agricultural pollution.(62) The situation 

may be much worse in developing 

countries. Studies have found the 

presence of multi-drug resistant bacteria 

in the farm environment and that can 

easily spread into the water bodies. 

Manure from farms also contribute 

significantly to antibiotic resistance as it 

serves as a medium for dissemination 

and a contributor to antibiotic selection 

pressure in the environment.(63)  



Human 

Health/En

vironment 

 
Proportion of 
households 
having access 
to Individual 
Household 
Latrine (IHHL) 
with water 
supply, within 
the premises of 
their house 

Data from local self-

government institutions 

and/or through a short 

survey of 30 households 

selected using some 

random sampling 

methodology. If 100% 

households have access 

to IHHL, it will be classified 

as All. Any value between 

51% to 99% will be 

classified as Most, and up 

to 50% will be classified as 

Some. 

All (3) 

Most (2) 

Some (3) 

In developing countries, it has been 

demonstrated that lack of access to an 

improved latrine is significantly 

associated with incidence of diarrhea 

and childhood mortality.(64) Diarrhea 

kills more people than HIV, Tuberculosis 

and Malaria combined; and more than 2 

million deaths per year can be averted if 

everyone has optimal access to safe 

latrines and clean drinking water.(65) 

The access to improved latrines has 

been increasing consistently across the 

developing world through various 

innovative methodologies and incentive 

schemes, but is still far from 100%.(66) 

Social 

Protection 

Proportion of 

population 

covered by at 

least one 

social 

insurance or 

assurance 

schemes for 

health 

protection 

Data from local self-

government institutions 

and/or through a short 

survey of 30 households 

selected using some 

random sampling 

methodology. Social 

insurance schemes for 

health protection can be 

any programme in which 

the government or the 

community fully or partially 

pay for protecting the 

health of a person. If 100% 

adults are covered, it will 

be classified as All. Any 

value between 51% to 

99% will be classified as 

Most, and up to 50% will 

be classified as Some. 

All (3) 

Most (2) 

Some (1) 

There are several social and community-

based health insurance systems working 

across the world. Many of them have 

proven to be quite successful in the 

context of High-Income Countries. But 

the quality and coverage is sub-optimal 

in many developing countries and this 

results in high Out-Of-Pocket 

expenditure.(67) Though there is little 

evidence to show that community-based 

health insurance systems improve 

efficiency of healthcare delivery, it has a 

significant impact on preventing 

catastrophic health expenditure and can 

prevent households from falling into 

poverty.(68) 

Social 

Protection 

 
Proportion of 
population 
below the 
nationally 
accepted 
poverty line 

Data from local self-

government institutions or 

through a short survey of 

30 households selected 

using some random 

sampling methodology. If 

above 90% of households 

are above poverty line, it 

Low (3) 

Reasonable 

(2) 

High (1) 

Poverty is significantly associated with ill-

health and there is a bidirectional 

causality in this relationship. Poverty 

affects a household’s capacity to buy 

healthcare services and also limits the 

quality of nutrition. Ill-health causes a 

loss of productivity and is a drain on 

household resources, driving them into 



will be classified as Low. 

Any value between 51% to 

90% will be classified as 

Reasonable, and up to 

50% will be classified as 

High. 

poverty.(69) Studies have also 

demonstrated that AMR is closely linked 

to the overall development process and 

with poverty. There is an inverse 

relationship between Gross National 

Income per-capita and rates of Methicillin 

Resistant Staphylococcus aureus or 3rd 

Generation Cephalosporin Resistant 

Escherichia coli infections.(70) 

Social 

Protection 

Proportion of 

children 

between ages 

5 and 14 

receiving 

nutritional 

support from 

government. 

Data from local self-

government institutions or 

government offices 

administering social 

security programs. If such 

data is not available, a 

short survey of 50 

randomly selected 

households can be done 

for the study. If more than 

90% of the children 

receive some form of 

nutritional support, either 

through mid-day meals or 

rations, it is classified as 

High. If between 50% and 

90% of children receive 

the same, it is classified as 

Reasonable. If less than 

50% of the children 

receive nutritional support, 

it is classified as Low. 

High (3) 

Reasonable 

(2) 

Low (1) 

There is strong evidence to show that 

community based nutritional programs 

directed at children results in healthier 

young people ‘who can thrive’. Investing 

in these programs can reduce the 

proportion of underweight children in the 

community and reduce the overall 

morbidity. Often, the most effective 

nutritional interventions are a part of a 

larger spectrum and is multi-faceted in 

character.(71) Besides, better nourished 

children are healthier and are less likely 

to suffer from infectious diseases. 

Therefore the requirement of antibiotic 

use will come down significantly.(72) In 

developing countries, nutritional support 

schemes have successfully reduced the 

prevalence of wasting, nutritional anemia 

and nutritional blindness in children, but 

the coverage is often patchy.(73) 



Human 

Health 

Female 

Literacy Rate 

Data from local self-

government institutions or 

government offices 

managing census data. If 

such data is not available, 

a short survey of 50 

randomly selected 

households can be done 

for the study. If more than 

90% of the females aged 

15 years or above can 

read and write any 

language, it is classified as 

High. If between 70% and 

90% of females can read 

and write, it is classified as 

Reasonable. If less than 

70% of the females can 

read and write any 

language, it is classified as 

Low. 

High (3) 

Reasonable 

(2) 

Low (1) 

In many developing countries, it has 

been observed that female literacy rate 

is a strong predictor for several health 

outcomes like Infant Mortality and Crude 

Birth Rate.(74) Even when we look at 

patients and not populations, those with 

low literacy are 1.5 to 3 times more likely 

to suffer from adverse health outcomes. 

This shows that overall literacy will 

significantly improve the health of 

populations and result in better health 

outcomes in patients accessing 

healthcare.(75) The rapid improvement 

of health outcomes and life-expectancy 

in countries like Sri Lanka is partly 

attributed to the benefits of increased 

literacy rates, especially in the female 

population.(76)  

Human 

Health 

Access to 

Health 

Standardised 10 point 

questionnaire administered 

to 100 residents using a 

random sampling 

methodology. The 

questionnaire will have 3 

domains- to measure 

access parameters, power 

difference between 

providers & patients and 

trust in the care provided. 

Average Scores above 

66.6% will be classified as 

high awareness, 33.4% to 

66.6% as reasonable 

awareness and up to 

33.3% as low awareness 

High (3) 

Reasonable 

(2) 

Low (1) 

Universal access to effective antibiotics 

is an integral aspect of any public health 

measure to contain the AMR threat. This 

arises from the knowledge that more 

people die of lack of access to antibiotics 

than as a result of AMR.(77) Lack of 

access also gives rise to higher level of 

treatment failures, which reduces the 

overall trust in the formal healthcare 

system.(78) In many developing 

countries, this loss of trust can drive 

people to informal healthcare providers, 

who are more likely to prescribe 

antibiotics irrationally. There are studies 

to show that more broad spectrum 

antibiotics are prescribed by informal 

care providers; and patient’s preference 

for them is influenced by various access 

issues.(79)   



Human 

Health 

Availability of 

laboratory 

services in 

HCFs within 

the community  

A short survey of at least 

10 HCFs will be done, to 

find out the presence of 

laboratory facilities. If the 

total number of HCFs is 

less than 10, exhaustive 

sampling will be 

undertaken. If at least 50% 

of the HCFs have in-house 

functional laboratories and 

there is provision of 

sending culture/sensitivity 

in any one HCF, it is 

classified as Good. If 

either of the above criteria 

is satisfied, it is classified 

as Reasonable. If both the 

criteria are not satisfied, it 

is classified as Inadequate.  

Good (3) 

Reasonable 

(2) 

Inadequate (1) 

Laboratory systems are an integral 

aspect of antimicrobial resistance 

containment efforts. It helps in judicious 

use of antibiotics and in surveillance 

efforts. It also provides critical support to 

infection prevention and control 

programs.(80) Lack of diagnostic 

capacity can increase prescription of 

broad spectrum antibiotics and most of 

the patients will be subjected to empiric 

therapy. There are studies showing that 

antibiotics are prescribed to minor 

infections of viral origin, in the absence 

of robust laboratory capacity in low 

resource settings. (81)  

Human/An

imal/Envir

onmental 

Health 

Hygiene 

facilities in 

primary and 

secondary 

schools in the 

community 

A short survey of at least 

10 primary and secondary 

schools will be undertaken, 

looking for presence of 

gender-specific latrines 

with running water supply 

and handwashing facilities 

with soap. Exhaustive 

sampling will be done if the 

total number of primary 

and secondary schools is 

less than 10. If all the 

schools have gender 

specific latrines with 

running water supply and 

handwashing facilities with 

soap, it is classified as 

Good. If all the schools 

satisfy one of the above 

criteria, it is Reasonable. If 

all schools do not have 

gender specific latrines 

with running water or if any 

school lacks handwashing 

facilities with soap, it is 

classified as Inadequate.   

Good (3) 

Reasonable 

(2) 

Inadequate (1) 

Water Sanitation and Hygiene (WASH) 

in schools presents a big challenge and 

is acknowledged in the SDG indicators. 

Besides being a foundation for 

establishing a healthy learning 

environment, it also contributes to a 

positive towards  hygiene and infection 

prevention in adulthood. It also reduces 

the likelihood of infections acquired in 

school environment and is essential for 

Menstrual Hygiene Management (MHM) 

(82) Optimal access to high quality 

handwashing facilities is a determinant 

for infectious diseases in schools and the 

quality of facilities available can affect its 

usage. There are issues with quality of 

handwashing facilities in schools even in 

the context of High-Income 

Countries.(83)  



  

Process of evaluation of each indicator  

● The indicator framework will be forwarded to a list of selected reviewers, with detailed 

instructions.  

● Appropriateness of the indicator in the overall context of AMR (Scores between 1 to 5) 

Feasibility of measurement in LMIC contexts (Scores between 1 to 5) 

Validity of the indicator in measuring changes in the community setting (Scores between 1 to 5) 

● The reviewer has to justify the scores and give specific reasons.  

● The reviewer can also suggest modifications to the indicators  

  

 Link for the notes from second call : 

https://drive.google.com/file/d/1IZG1CReLXVjXUrBXfYQmT05aiUKXD3Nh/view?usp=sharing 

 

References 

1.  WHO | Global action plan on antimicrobial resistance [Internet]. WHO. [cited 2020 Oct 5]. 
Available from: http://www.who.int/antimicrobial-resistance/publications/global-action-
plan/en/ 

2.  Kosiyaporn H, Chanvatik S, Issaramalai T, Kaewkhankhaeng W, Kulthanmanusorn A, 
Saengruang N, et al. Surveys of knowledge and awareness of antibiotic use and 
antimicrobial resistance in general population: A systematic review. PloS One. 
2020;15(1):e0227973.  

3.  Nepal G, Bhatta S. Self-medication with Antibiotics in WHO Southeast Asian Region: A 
Systematic Review. Cureus. 2018 Apr 5;10(4):e2428.  

4.  Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle M. A systematic review and 
meta-analysis of the effects of antibiotic consumption on antibiotic resistance. BMC Infect 
Dis. 2014 Jan 9;14:13.  

5.  Friedrich AW. Control of hospital acquired infections and antimicrobial resistance in Europe: 
the way to go. Wien Med Wochenschr 1946. 2019 Feb;169(Suppl 1):25–30.  

6.  Maraolo AE, Ong DSY, Cimen C, Howard P, Kofteridis DP, Schouten J, et al. Organization 
and training at national level of antimicrobial stewardship and infection control activities in 
Europe: an ESCMID cross-sectional survey. Eur J Clin Microbiol Infect Dis. 
2019;38(11):2061–8.  

7.  Sanderson CE, Fox JT, Dougherty ER, Cameron ADS, Alexander KA. The Changing Face 
of Water: A Dynamic Reflection of Antibiotic Resistance Across Landscapes. Front Microbiol 
[Internet]. 2018 Sep 6 [cited 2020 Oct 5];9. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6135886/ 

https://drive.google.com/file/d/1IZG1CReLXVjXUrBXfYQmT05aiUKXD3Nh/view?usp=sharing


8.  Zhang X-X, Zhang T, Fang HHP. Antibiotic resistance genes in water environment. Appl 
Microbiol Biotechnol. 2009 Mar;82(3):397–414.  

9.  Sulis G, Adam P, Nafade V, Gore G, Daniels B, Daftary A, et al. Antibiotic prescription 
practices in primary care in low- and middle-income countries: A systematic review and 
meta-analysis. PLoS Med [Internet]. 2020 Jun 16 [cited 2020 Oct 6];17(6). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7297306/ 

10.  Al-Eidan FA, McElnay JC, Scott MG, Kearney MP, Corrigan J, McConnell JB. Use of a 
treatment protocol in the management of community-acquired lower respiratory tract 
infection. J Antimicrob Chemother. 2000 Mar;45(3):387–94.  

11.  WHO | WHO releases the 2019 AWaRe Classification Antibiotics [Internet]. WHO. [cited 
2020 Oct 7]. Available from: 
http://www.who.int/medicines/news/2019/WHO_releases2019AWaRe_classification_antibiot
ics/en/ 

12.  Gandra S, Kotwani A. Need to improve availability of “access” group antibiotics and reduce 
the use of “watch” group antibiotics in India for optimum use of antibiotics to contain 
antimicrobial resistance. J Pharm Policy Pract [Internet]. 2019 Jul 17 [cited 2020 Oct 7];12. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636108/ 

13.  Walia K, Ohri VC, Mathai D. Antimicrobial stewardship programme (AMSP) practices in 
India. Indian J Med Res. 2015 Aug;142(2):130–8.  

14.  Johnson AP. Surveillance of antibiotic resistance. Philos Trans R Soc B Biol Sci [Internet]. 
2015 Jun 5 [cited 2020 Oct 7];370(1670). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424431/ 

15.  Schmiemann G, Kniehl E, Gebhardt K, Matejczyk MM, Hummers-Pradier E. The diagnosis 
of urinary tract infection: a systematic review. Dtsch Arztebl Int. 2010 May;107(21):361-7.  

16.  de Onis M, Branca F. Childhood stunting: a global perspective. Matern Child Nutr. 2016 May 
17;12(Suppl 1):12–26.  

17.  Gough EK, Moodie EEM, Prendergast AJ, Johnson SMA, Humphrey JH, Stoltzfus RJ, et al. 
The impact of antibiotics on growth in children in low and middle income countries: 
systematic review and meta-analysis of randomised controlled trials. The BMJ [Internet]. 
2014 Apr 15 [cited 2020 Oct 7];348. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988318/ 

18.  under_five_mortality.pdf [Internet]. [cited 2020 Dec 28]. Available from: 
https://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/health/under_five_
mortality.pdf 

19.  Me R, K M, Pc H. How access to health care relates to under-five mortality in sub-Saharan 
Africa: systematic review [Internet]. Tropical medicine & international health : TM & IH. 2010 
[cited 2020 Dec 28]. Available from: https://pubmed.ncbi.nlm.nih.gov/20345556/ 



20.  Cc G, Ak K. Reducing out-of-pocket expenditures to reduce poverty: a disaggregated 
analysis at rural-urban and state level in India [Internet]. Health policy and planning. 2009 
[cited 2020 Dec 28]. Available from: https://pubmed.ncbi.nlm.nih.gov/19095685/ 

21.  Bs A, Sm K. Out-of-Pocket Payments, Catastrophic Health Expenditure and Poverty Among 
Households in Nigeria 2010 [Internet]. International journal of health policy and 
management. 2018 [cited 2020 Dec 28]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/30316228/ 

22.  Bloom DE, Khoury A, Subbaraman R. The promise and peril of universal health care. 
Science [Internet]. 2018 [cited 2020 Dec 28];361(6404). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6510304/ 

23.  Jansen KU, Anderson AS. The role of vaccines in fighting antimicrobial resistance (AMR). 
Hum Vaccines Immunother. 2018 Jul 9;14(9):2142–9.  

24.  S E, N P. Influenza vaccination and prevention of antimicrobial resistance [Internet]. Expert 
review of vaccines. 2018 [cited 2020 Dec 28]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/30259755/ 

25.  Lee C-R, Lee JH, Kang L-W, Jeong BC, Lee SH. Educational Effectiveness, Target, and 
Content for Prudent Antibiotic Use. BioMed Res Int [Internet]. 2015 [cited 2020 Dec 
28];2015. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4402196/ 

26.  Phares CA, Danquah A, Atiah K, Agyei FK, Michael O-T. Antibiotics utilization and farmers’ 
knowledge of its effects on soil ecosystem in the coastal drylands of Ghana. PLoS ONE 
[Internet]. 2020 Feb 6 [cited 2020 Dec 28];15(2). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7004350/ 

27.  Xu J, Sangthong R, McNeil E, Tang R, Chongsuvivatwong V. Antibiotic use in chicken farms 
in northwestern China. Antimicrob Resist Infect Control. 2020 Jan 7;9(1):10.  

28.  cia2017.pdf [Internet]. [cited 2020 Dec 28]. Available from: 
https://www.who.int/foodsafety/publications/cia2017.pdf 

29.  Mohsin M, Van Boeckel TP, Saleemi MK, Umair M, Naseem MN, He C, et al. Excessive use 
of medically important antimicrobials in food animals in Pakistan: a five-year surveillance 
survey. Glob Health Action [Internet]. 2019 Dec 4 [cited 2020 Dec 28];12(Suppl 1). Available 
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6896466/ 

30.  Jp N, K F. Epidemiology and quality assurance: applications at farm level [Internet]. 
Preventive veterinary medicine. 1999 [cited 2020 Dec 29]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/10223314/ 

31.  Martin R. Antibiotics training to become mandatory for assured NI beef and lamb farmers 
[Internet]. Agriland.ie. 2019 [cited 2020 Dec 29]. Available from: 
http://www.agriland.ie/farming-news/training-on-antimicrobial-usage-to-become-mandatory-
for-nibl-fqas-members/ 

32.  Levy S. Reduced Antibiotic Use in Livestock: How Denmark Tackled Resistance. Environ 
Health Perspect. 2014 Jun;122(6):A160–5.  



33.  Lem M. Barriers to accessible veterinary care. Can Vet J. 2019 Aug;60(8):891–3.  

34.  Haakuria VM, Pyatt AZ, Mansbridge SC. Exploration of veterinary service supply to rural 
farmers in Namibia: a one health perspective. PAMJ - One Health [Internet]. 2020 Jul 23 
[cited 2020 Dec 29];2(17). Available from: https://www.one-health.panafrican-med-
journal.com/content/article/2/17/full/ 

35.  Kakkar M, Abbas SS, Kumar A, Hussain MA, Sharma K, Bhatt PM, et al. Veterinary public 
health capacity-building in India: a grim reflection of the developing world’s 
underpreparedness to address zoonotic risks. WHO South-East Asia J Public Health. 2013 
Jul 1;2(3):187.  

36.  Hoelzer K, Bielke L, Blake DP, Cox E, Cutting SM, Devriendt B, et al. Vaccines as 
alternatives to antibiotics for food producing animals. Part 1: challenges and needs. Vet Res 
[Internet]. 2018 [cited 2020 Dec 29];49. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6066911/ 

37.  Buchy P, Ascioglu S, Buisson Y, Datta S, Nissen M, Tambyah PA, et al. Impact of vaccines 
on antimicrobial resistance. Int J Infect Dis. 2020 Jan 1;90:188–96.  

38.  Be B, R W, Bn F, K L, Ke L, M B, et al. Status and future perspectives of vaccines for 
industrialised fin-fish farming [Internet]. Fish & shellfish immunology. 2013 [cited 2020 Dec 
29]. Available from: https://pubmed.ncbi.nlm.nih.gov/23769873/ 

39.  Tanentzap AJ, Lamb A, Walker S, Farmer A. Resolving Conflicts between Agriculture and 
the Natural Environment. PLoS Biol [Internet]. 2015 Sep 9 [cited 2020 Dec 31];13(9). 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4564228/ 

40.  M P, W V, S S, D M, J D. Reducing Antimicrobial Usage in Pig Production without 
Jeopardizing Production Parameters [Internet]. Zoonoses and public health. 2017 [cited 
2020 Dec 31]. Available from: https://pubmed.ncbi.nlm.nih.gov/27362766/ 

41.  State_of_Indian_Agriculture,2015-16.pdf [Internet]. [cited 2020 Dec 31]. Available from: 
http://agricoop.nic.in/sites/default/files/State_of_Indian_Agriculture%2C2015-16.pdf 

42.  Okeke IN. Laboratory systems as an antibacterial resistance containment tool in Africa. Afr J 
Lab Med [Internet]. 2016 Oct 31 [cited 2020 Dec 31];5(3). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5433813/ 

43.  Hendrix GK. The role of veterinary diagnostic laboratories in the fight against antimicrobial 
resistance. J Vet Diagn Investig Off Publ Am Assoc Vet Lab Diagn Inc. 2018 
Nov;30(6):805–6.  

44.  Pf M, S Z, Dd W, S S, Rd W, Dg W. The food safety perspective of antibiotic resistance 
[Internet]. Animal biotechnology. 2002 [cited 2020 Dec 31]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/12212946/ 

45.  New “Raised Without Antibiotics” certification introduced [Internet]. [cited 2020 Dec 31]. 
Available from: https://www.seafoodsource.com/news/supply-trade/new-raised-without-
antibiotics-certification-introduced 



46.  Audate PP, Fernandez MA, Cloutier G, Lebel A. Scoping review of the impacts of urban 
agriculture on the determinants of health. BMC Public Health [Internet]. 2019 May 31 [cited 
2021 Jan 1];19. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6545001/ 

47.  28 Inspiring Urban Agriculture Projects – Food Tank [Internet]. [cited 2021 Jan 1]. Available 
from: https://foodtank.com/news/2015/07/urban-farms-and-gardens-are-feeding-cities-
around-the-world/ 

48.  Farming in urban areas can boost food security [Internet]. [cited 2021 Jan 1]. Available from: 
http://www.fao.org/Newsroom/en/news/2005/102877/index.html 

49.  S L, H N-V, Tt T-H, H N-M, S H. Evidence for Public Health Risks of Wastewater and 
Excreta Management Practices in Southeast Asia: A Scoping Review [Internet]. 
International journal of environmental research and public health. 2015 [cited 2021 Jan 1]. 
Available from: https://pubmed.ncbi.nlm.nih.gov/26501297/ 

50.  V S, Mc T. Enhancing anaerobic treatment of domestic wastewater: State of the art, 
innovative technologies and future perspectives [Internet]. The Science of the total 
environment. 2018 [cited 2021 Jan 1]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/29660730/ 

51.  Schellenberg T, Subramanian V, Ganeshan G, Tompkins D, Pradeep R. Wastewater 
Discharge Standards in the Evolving Context of Urban Sustainability–The Case of India. 
Front Environ Sci [Internet]. 2020 [cited 2021 Jan 1];8. Available from: 
https://www.frontiersin.org/articles/10.3389/fenvs.2020.00030/full 

52.  Capoor MR, Bhowmik KT. Current perspectives on biomedical waste management: Rules, 
conventions and treatment technologies. Indian J Med Microbiol. 2017 Jun;35(2):157–64.  

53.  Njiru MW, Mutai C, Gikunju J. AWARENESS AND PRACTICE ON BIOMEDICAL WASTE 
MANAGEMENT AMONG HEALTH CARE PERSONNEL IN KENYATTA NATIONAL 
HOSPITAL. East Afr Med J. 2013 Feb;90(2):52–8.  

54.  P L, M L. Knowledge, attitude and practice of hospital staff management [Internet]. Waste 
management & research : the journal of the International Solid Wastes and Public Cleansing 
Association, ISWA. 2013 [cited 2021 Jan 1]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/23585502/ 

55.  Kumar. Bio-medical waste disposal in India: From paper to practice, what has been effected 
[Internet]. [cited 2021 Jan 1]. Available from: 
https://www.ijournalhs.org/article.asp?issn=2542-
6214;year=2019;volume=12;issue=3;spage=202;epage=210;aulast=Kumar 

56.  Anwar M, Iqbal Q, Saleem F. Improper disposal of unused antibiotics: an often overlooked 
driver of antimicrobial resistance. Expert Rev Anti Infect Ther. 2020 Aug 2;18(8):697–9.  

57.  Research C for DE and. Safe Disposal of Medicines [Internet]. FDA. 2020 [cited 2021 Jan 
1]. Available from: https://www.fda.gov/drugs/ensuring-safe-use-medicine/safe-disposal-
medicines 



58.  “PROUD”: A solution for the disposal of unused and expired drugs in Thiruvananthapuram- 
The New Indian Express [Internet]. [cited 2021 Jan 1]. Available from: 
https://www.newindianexpress.com/cities/thiruvananthapuram/2019/apr/13/proud-a-solution-
for-the-disposal-of-unused-and-expired-drugs-in-thiruvananthapuram-1963634.html 

59.  Venter H, Henningsen ML, Begg SL. Antimicrobial resistance in healthcare, agriculture and 
the environment: the biochemistry behind the headlines. Essays Biochem. 2017 Mar 
3;61(1):1–10.  

60.  Rh C, Pd C. Trends in pesticide use on soybean, corn and cotton since the introduction of 
major genetically modified crops in the United States [Internet]. Pest management science. 
2016 [cited 2021 Jan 1]. Available from: https://pubmed.ncbi.nlm.nih.gov/26194175/ 

61.  A S, A S, K A, M K, P K, A S, et al. Global trends in pesticides: A looming threat and viable 
alternatives [Internet]. Ecotoxicology and environmental safety. 2020 [cited 2021 Jan 1]. 
Available from: https://pubmed.ncbi.nlm.nih.gov/32512419/ 

62.  Agriculture: cause and victim of water pollution, but change is possible | Land & 
Water | Food and Agriculture Organization of the United Nations | Land & Water | Food and 
Agriculture Organization of the United Nations [Internet]. [cited 2021 Jan 1]. Available from: 
http://www.fao.org/land-water/news-archive/news-detail/en/c/1032702/ 

63.  Farm waste, a significant source of antimicrobial resistance [Internet]. [cited 2021 Jan 1]. 
Available from: https://www.downtoearth.org.in/news/agriculture/farm-waste-a-potentially-a-
significant-source-of-antimicrobial-resistance-60220 

64.  Semba RD, Kraemer K, Sun K, de Pee S, Akhter N, Moench-Pfanner R, et al. Relationship 
of the Presence of a Household Improved Latrine with Diarrhea and Under-Five Child 
Mortality in Indonesia. Am J Trop Med Hyg. 2011 Mar 4;84(3):443–50.  

65.  Bartram J, Cairncross S. Hygiene, Sanitation, and Water: Forgotten Foundations of Health. 
PLoS Med [Internet]. 2010 Nov 9 [cited 2021 Jan 1];7(11). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2976722/ 

66.  Jj L, K Y-A, G B, Pk R, N O, Ll S, et al. Beliefs, Behaviors, and Perceptions of Community-
Led Total Sanitation and Their Relation to Improved Sanitation in Rural Zambia [Internet]. 
The American journal of tropical medicine and hygiene. 2016 [cited 2021 Jan 1]. Available 
from: https://pubmed.ncbi.nlm.nih.gov/26787149/ 

67.  Prinja S, Kaur M, Kumar R. Universal Health Insurance in India: Ensuring Equity, Efficiency, 
and Quality. Indian J Community Med Off Publ Indian Assoc Prev Soc Med. 
2012;37(3):142–9.  

68.  Ekman B. Community-based health insurance in low-income countries: a systematic review 
of the evidence. Health Policy Plan. 2004 Sep;19(5):249–70.  

69.  Poverty and Health [Internet]. World Bank. [cited 2021 Jan 2]. Available from: 
https://www.worldbank.org/en/topic/health/brief/poverty-health 

70.  G A-U, S G, R L. Poverty and prevalence of antimicrobial resistance in invasive isolates 
[Internet]. International journal of infectious diseases : IJID : official publication of the 



International Society for Infectious Diseases. 2016 [cited 2021 Jan 2]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/27717858/ 

71.  Community Health and Nutrition Programs - Disease Control Priorities in Developing 
Countries - NCBI Bookshelf [Internet]. [cited 2021 Jan 2]. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK11726/ 

72.  Unger SA, Mark H, Pagliari C. Nutrition: the missing link in the battle against microbial 
resistance? J Glob Health [Internet]. [cited 2021 Jan 2];9(1). Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6551546/ 

73.  Kapil U, Pradhan R. Integrated Child Development Services scheme (ICDS) and its impact 
on nutritional status of children in India and recent initiatives. Indian J Public Health. 1999 
Mar;43(1):21–5.  

74.  Saurabh S, Sarkar S, Pandey DK. Female Literacy Rate is a Better Predictor of Birth Rate 
and Infant Mortality Rate in India. J Fam Med Prim Care. 2013;2(4):349–53.  

75.  DeWalt DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy and Health 
Outcomes. J Gen Intern Med. 2004 Dec;19(12):1228–39.  

76.  Primary Health Systems: Case Study from Sri Lanka [Internet]. [cited 2021 Jan 2]. Available 
from: https://www.who.int/alliance-hpsr/projects/alliancehpsr_srilankaprimasys.pdf?ua=1 

77.  Daulaire N, Bang A, Tomson G, Kalyango JN, Cars O. Universal Access to Effective 
Antibiotics is Essential for Tackling Antibiotic Resistance. J Law Med Ethics J Am Soc Law 
Med Ethics. 2015;43 Suppl 3:17–21.  

78.  Carlet J, Pittet D. Access to antibiotics: a safety and equity challenge for the next decade. 
Antimicrob Resist Infect Control. 2013 Jan 10;2:1.  

79.  Khare S, Purohit M, Sharma M, Tamhankar AJ, Lundborg CS, Diwan V, et al. Antibiotic 
Prescribing by Informal Healthcare Providers for Common Illnesses: A Repeated Cross-
Sectional Study in Rural India. Antibiot Basel Switz. 2019 Sep 5;8(3).  

80. Okeke IN. Laboratory systems as an antibacterial resistance containment tool in Africa. Afr 

J Lab Med. 2016 Oct 31;5(3):497. 

81. Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial resistance in 
developing countries: causes and control strategies. Antimicrob Resist Infect Control. 2017 
May 15;6:47.  

82. Drinking water, sanitation and hygiene in schools: Global baseline report 2018. New York: 
United Nations Children’s Fund (UNICEF) and World Health Organization, 2018 

83. Reeves LM, Priest PC, Poore MR. School toilets: facilitating hand hygiene? A review of 
primary school hygiene facilities in a developed country. J Public Health (Oxf). 2012 
Dec;34(4):483-8.   


