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The global move towards universal health coverage, and within that journey 
the urgent need to develop and implement feasible models of primary care 
for the billions of people who still lack access, are central themes in the 
health and development dialogue. Meanwhile, the declining effectiveness of 
antibiotics in treating common bacterial pathogens because of antimicrobial 
resistance (AMR) is an increasing concern and a major threat to global 
health.

The relationship between AMR and primary health care is bidirectional. 
Good-quality primary care, which includes vaccination, the rational use 
of medicines and the availability of effective antibiotics, is one way to 
reduce the inappropriate use of antibiotics. At the same time, preserving 
the effectiveness of antibiotics through improved stewardship is central to 
providing primary care. In this paper, we consider the bidirectional linkages 
between AMR and primary care and explore how the problems of AMR and 
lack of access to primary care can be addressed synergistically.

The promotion and protection of the health of the people is essential 
to sustained economic and social development and contributes to a 
better quality of life and to world peace.

Declaration of Alma-Ata, 1978 (1)

The time may come when penicillin can be bought by anyone in 
the shops. Then there is the danger that the ignorant man may 
easily underdose himself and by exposing his microbes to non-lethal 
quantities of the drug make them resistant.

Sir Alexander Fleming, Nobel lecture, 1945 (2)
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Introduction
Forty years ago, the Declaration of Alma-Ata enshrined 
primary health care as the basic approach to addressing 
health needs (1). The social, economic and demographic 
context of health care has since changed, with huge 
reductions in poverty, dramatic population growth, a 
changing age structure of populations, mass population 
displacement because of migration and natural disasters, 
and a shift from infectious to noncommunicable diseases 
as the major cause of disease burden. Life expectancy has 
risen in low- and middle-income countries and is now 
converging with that in high-income countries. Medical 
insurance has become commonplace, and new technologies 
have redefined what health care can offer. However, health 
inequities within some countries exceed those between 
countries, and despite efforts to improve the quality of 
health care, unregulated fee-for-service providers continue 
to be the primary source of care in many low- and middle-
income countries (3). 

The 2018 Declaration of Astana builds on the 1978 
Declaration of Alma-Ata, which called for health for all. The 
new declaration enjoins a renewed commitment to primary 
health care to achieve universal health coverage and the 
Sustainable Development Goals (SDGs). It urges better 
primary care, identifies essential public health functions, and 
emphasizes disease prevention and health promotion.1 

This reaffirmation of the importance of primary care is 
timely, given the growing threat of antimicrobial resistance 
(AMR). AMR describes the situation where infections 
caused by microbes no longer respond to treatment. The 
emergence and spread of drug resistance poses a serious 
threat to modern medicine (4). World Bank research 
suggests that AMR could cost low-income countries more 
than 5% of their gross domestic product and push 28 
million people, mostly in the developing world, into poverty 
by 2050 (4). Rising incomes, high background rates of 
infectious diseases and easy, over-the-counter access to 
antibiotics, driven in part by lack of access to good-quality 
primary care, are exacerbating the problem of resistance in 
low- and middle-income countries. Low-income countries 
are particularly vulnerable because the second-line 
antibiotics needed to combat the most resistant infections 
are often unaffordable (4).

1   �The World Health Organization differentiates primary health care, a whole-of-
society approach to health to maximize the level and distribution of health and 
well-being by acting simultaneously on three components: 1) primary care and 
essential public health functions as the core of integrated health services, 2) 
multisectoral policy and action, and 3) empowering people and communities, from 
primary care, health services that are first-contact, continuous, comprehensive, and 
coordinated.
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Just as access to effective antimicrobials — alongside 
poverty reduction, greater agricultural productivity, 
water and sanitation infrastructure, perinatal and 
maternal care, HIV/AIDS and malaria treatment, and 
community health and vaccination programmes — 
underpinned progress towards the UN Millennium 
Development Goals (Appendix, Box A1) (5), continued 
access to antimicrobials will be essential to achieving the 
SDGs. The poorest are hardest hit by resistant infections, 
and increasing health care costs have the potential to 
push people back into poverty, reversing the gains of 
the past 40 years (4). Thus, the rise of AMR poses a 
challenge to societal development.

Antibiotics are often used as a substitute for basic 
public health. When formal primary care is missing, 
patients obtain antibiotics from pharmacists or lay 
providers (6,7). In poor regions with ineffective 
infection prevention and control and limited 
access to clean water and sanitation, health care 
has come to depend on cheap antibiotics (8). 
Increasing resistance undermines the quality of care 
and services. Conversely, primary health care can 
dramatically reduce AMR through simple, cost-effective 
interventions.

To date, the response to AMR has focused on infection 
prevention and control in tertiary care, alongside 
antimicrobial stewardship and better surveillance, 
including detection of resistant strains. Yet the 
elements essential to combat AMR are the basic 
components of a well-functioning primary health care 
system that improves cost-effectiveness, efficiency, 
health outcomes and patient satisfaction (9). 

These align with the three pillars of primary health 
care: primary care and essential public health functions 
as the core of integrated health services, engaged 
and empowered people, and multisectoral policy and 
action to improve health (10). 
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�Primary care and essential public 
health functions as the core of 
integrated health services
An effective AMR response requires access to clean, 
safe primary care facilities, supported by essential public 
health functions, with effective infection prevention and 
control procedures, adequate water and sanitation, and 
well-resourced, trained health care workers. Patients’ 
first contact with the health system should involve 
comprehensive, continuous, coordinated and patient-
centred care. To ensure rational prescribing, this primary 
care must be integrated with systems that monitor 
antibiotic use and emergent resistance at the community 
level. Prescribing can then be based on accurate diagnosis 
and local resistance patterns.

The five elements of essential public health functions 
in primary health care are: health protection, health 
promotion, disease prevention (service delivery), 
surveillance and preparedness (intelligence). These 
functions are key to effective prevention and management 
of infection as well as more appropriate use of antibiotics, 
which underpins AMR control.

Engaged and empowered people
People and communities should be the “owners” of their 
own health, advocates of policies that promote and protect 
health, and architects of the services that contribute 
to health. If engaged and empowered, people will use 
antibiotics more appropriately, demand reductions in 
antibiotic use in food animals, practice infection control 
measures, such as hygienic food preparation and hand-
washing, and promote toilet use and construction of 
sanitation infrastructure. 

Multisectoral action on health
All policies with health ramifications should be coordinated. 
AMR is a threat to livestock production as well as human 
health, and it is driven by inappropriate antimicrobial use 
in agriculture and food production as well as in human 
health care. Globally, more antibiotics are used in livestock 
production than in human health. A coherent, coordinated 
response by government agencies at both national and 
local levels is needed to strengthen the regulation of 
medicines and prevent and manage infection across 
human, animal and environmental sectors.
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Scale and nature of the 
problem of antimicrobial 
resistance

Antimicrobial resistance is an increasingly 
severe threat to health worldwide
Studies of drug resistance are often conducted in hospitals, but resistance is commonly 
found in community settings (11,12). In a recent study of serious, community-acquired 
infections in young children in South-East Asia, 17% of blood culture isolates were not 
susceptible to penicillin, ampicillin, gentamicin, or a combination of these drugs (13). Drug 
resistance in syphilis, gonorrhoea and chlamydia is an emerging threat (14). Gonorrhoea, 
with 106 million new cases worldwide each year (15), has recently made headlines for 
being resistant to multiple antibiotics (16). 

Drug resistance makes infections more difficult and expensive to treat and reduces the 
likelihood of treatment success. Treatment for drug-susceptible tuberculosis (TB) costs 
US$ 40 per patient, lasts six months, and has a success rate of at least 85%. In contrast, 
treatment for multidrug-resistant TB costs more than US$ 1000 per patient and lasts nine 
to 12 months, and has a success rate of 54% (17). 

�Increasing antimicrobial resistance will 
force people into poverty
The effects of AMR extend beyond health into poverty. In countries that have lessened 
the gaps in health care coverage and inequality, emerging resistance threatens to widen 
them (4). Despite the shift in the global burden of disease to noncommunicable diseases, 
infectious diseases disproportionately affect those living in poverty. An additional 28 
million people could face extreme poverty by 2030 because of AMR, and most of this 
burden will afflict low- and middle-income countries (4). Health systems in the developing 
world rely on the availability of cheap antibiotics and are not equipped to cope with 
the increasing burden of resistant infections. The high treatment costs associated with 
resistant infections, in addition to worse health outcomes, have severe consequences in 
developing countries, where the proportion of health care expenses paid out of pocket 
can be high — for example, 67% in both India and Nepal (17,18). The number of people 
pushed into poverty each year by out-of-pocket health expenditure is not known; in India 
alone the estimates range from 46 million households (19) to 57 million people (18). 
Out-of-pocket expenditure is predominantly — perhaps 80% in India — for medicines, 
including antibiotics and other drugs, mainly in outpatient care (18). This is the case in 
other countries as well; in Nepal, 77.1% of out-of-pocket payments are for medicines, 
and in Timor-Leste, 70% (18). In low- and middle-income countries, an increase of 
10% in out-of-pocket health care expenditure has been associated with a 3.1% 
increase in resistant isolates, apparently because co-payments in the public health sector 
drive patients to the private market, where financial incentives increase inappropriate 
prescribing, and drug quality is poorly regulated (20).

Universal health coverage has the potential to bring people out of poverty by enabling 
adults to work and children to attend school (21). Containment of AMR would augment 
this benefit: access to effective antibiotics would reduce disease burden, rapid diagnostics 
would promote appropriate prescribing, and patients could afford to pay for their 
prescribed courses of antibiotics.

7



The burden of disease has shifted but 
antibiotics remain essential
From 2000 to 2016, the percentage of deaths worldwide caused by communicable diseases and 
maternal, perinatal and nutritional conditions dropped from 31% to 20% (22), in part because 
of access to antibiotics, whereas deaths attributable to noncommunicable diseases increased. 
Communicable and noncommunicable diseases are interrelated and cannot be dealt with in 
isolation. Multiple conditions may occur in the same patient, and one disease may increase 
susceptibility to another, making patients vulnerable to secondary infections. Lung cancer, 
diabetes and chronic obstructive pulmonary disease are among the leading causes of death 
worldwide (23). Both cancer chemotherapy and surgery require prophylactic antibiotics (24), 
and patients with chronic obstructive pulmonary disease may also require regular antibiotic 
treatment (25). In addition, many diseases linked to diabetes, such as TB, are alleviated by 
antibiotics, as are infections in patients with undiagnosed diabetes (26). 

The antibiotic consumption conundrum: 
essential to care but a driver of resistance
Expanded access to health care in recent decades has increased both appropriate and 
inappropriate use of antibiotics (27). The 65% increase in antibiotic consumption worldwide 
between 2000 and 2015 (28) is associated with mounting resistance. Antibiotic consumption has 
increased by 114% in low- and middle-income countries (28), but more children still die from a 
lack of access to antibiotics than from resistant infections (29). Paradoxically, progress towards 
universal health coverage risks undermining the efficacy of antibiotics. Universal coverage aims to 
ensure access to good-quality antimicrobials when needed, but this must be balanced with more 
robust systems to prevent inappropriate use.

Antibiotic overuse hastens the emergence of 
resistance 
Overprescribing by health care professionals is one driver of AMR. In South-East Asia, antibiotics 
are available over the counter without a prescription in all countries except Bhutan. Furthermore, 
two-thirds of antibiotics in this region are consumed without a prescription (30), even though 
the practice is prohibited everywhere except Thailand and Timor-Leste (31). Public awareness 
of AMR is often low; community studies have found that many people cannot correctly define 
“antibiotic” (12,32). Ease of access has resulted in rates of self-medication as high as 42.5% in 
Jordan (33) and 73% in some parts of India (34). Often, self-prescribers have limited knowledge 
of when antibiotics are indicated and how they should be used (32). Online pharmacies have 
increased inappropriate access to antibiotics. One study found 36.2% of 138 online vendors sold 
antibiotics without a prescription. These vendors were also most likely to sell quantities in excess 
of a single course, and antibiotics often took more than seven days to reach the customer, giving 
the infection an opportunity to progress (35).

In rural areas, medical professionals may be expensive, clinics may be long distances away, or 
patients may doubt clinicians’ medical ability. In rural India, 50% of people go directly to a 
pharmacy for antibiotics as a first choice (32). Doctors may fear losing business if they do not 
meet patients’ expectations by prescribing antibiotics (36). In some health systems, doctors 
receive commissions from medicine sales and thus have incentives to overprescribe (37). 

8



�Inappropriate use of antibiotics contributes to 
antibiotic resistance and fails patients
According to a 2014 study, 81.3% of medical and pharmacy students in Malaysia incorrectly 
believed that antibiotics could treat influenza and 81.3% believed dispensing antibiotics to meet 
patient demand and prescribing antibiotics over the telephone constituted good patient care (38). 
Even when antibiotics are appropriately prescribed, failures in supply, particularly in the developing 
world, frequently lead to missed doses or incomplete antibiotic courses (39). Antibiotic choices 
may be governed by practical limitations, such as what drugs are available or not yet expired (40). 
Improvements to the entire health system and medicine supply chain are necessary to tackle these 
problems (41). 

Antibiotics are often administered to treat diarrhoea and acute respiratory infections, although in 
many cases these conditions are viral and do not need antibiotics. For children in low- and middle-
income countries, inappropriate antibiotic prescribing has increased from 42% before 1990 to 72% 
in 2006–2009 for viral upper respiratory tract infections (42). In these countries, diagnostic tests 
are often not affordable, accessible, or reliable, and human resources and laboratory infrastructure 
may not be available (37). Microbial samples take time to culture whereas first-line antibiotics are 
cheap; where resources are limited, it can seem more cost-efficient to test for resistance empirically 
by administering treatment. Although 4.1% of new cases and 19% of previously treated cases of 
TB worldwide are multidrug resistant, 61% of individuals with a confirmed diagnosis for TB are not 
tested for resistant strains, and only 22% of those with multidrug-resistant TB receive treatment (43).

9





Health care workers may not 
understand the issue or have 
sufficient resources
Some health care workers consider AMR a national or 
international problem but not something that affects their 
day-to-day practice (44–47). In the United States, 92% of 
medical students agreed that knowledge of antimicrobials 
was extremely important for all medical practitioners, 
but only a third felt adequately aware of the principles 
of antimicrobial use, and 90% said they needed more 
education on appropriate use (48). In some settings nurse 
practitioners receive minimal education about AMR and 
appropriate antibiotic prescribing (49), and may prescribe 
antibiotics inappropriately (50). 

Even with high awareness of AMR, health care workers 
operating in settings with limited resources have to strike a 
difficult balance in practice (37). They know that antibiotic 
prescriptions should not be written indiscriminately, but the 
risk of infection may be high because of limited infection 
prevention and control or poor hygiene and sanitation. They 
may also lack information about local resistance patterns, 
be unable to provide follow-up care to patients, or not have 
the time or the diagnostic tests to determine the cause of 
an ailment (37). Human resource shortages are common 
in primary care, particularly in low- and middle-income 
countries. In West Bengal, India, some outpatient clinics 
have only one doctor yet have as many as 800 patients 
needing attention in a single day (37). Thailand has 0.5 
doctors per 1 000 population, in contrast to 2.6 per 1 000 
in the United States (51); with so few doctors limiting 
antibiotic access to prescription only in many LMICs is not 
feasible. Shortages of trained health care professionals, 
particularly in rural areas, have created an opportunity for 
alternative medicine and unregistered medical practitioners. 
In developing countries, up to 80% of the population may 
turn to such providers (52), who often tie into the culture 
of the community and may be more available or more 
trusted. Traditional medicine may offer a useful alternative 
to antibiotics, particularly for viral illnesses, such as influenza; 
however, unlicensed medical providers, including traditional 
medicine healers, use antibiotics even though they lack 
appropriate training (32). 
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Unsafe water and poor sanitation 
increase antimicrobial resistance 
Inadequate water, sanitation and hygiene (WASH) in the developing world contributes to the 
spread of infectious disease and antibiotic use. In least developed countries, only 32% of people 
have access to basic sanitation, and only 27% have access to hand-washing facilities with soap and 
water (53). In the least-developed countries, as classified by the UN, 20% of people still defecate in 
the open (22). Inadequate WASH causes more than half of diarrhoeal disease; this burden could be 
reduced by an estimated 47% to 50% through access to safe water and by 69% to 72% through 
improved sanitation (54). Although only 15% of diarrhoea cases are bacterial in origin and treatable 
with antibiotics, in the developing world 40% to 80% of cases are given antibiotics. Improved WASH 
services could mean 590 million fewer cases of diarrhoea treated with antibiotics in India alone by 2030 
(54), thereby reducing the spread of resistant infections (Box 1). 

Box 1. A movement to improve sanitation in India

Swachh Bharat Abhiyan (the “Clean India Mission”) is an initiative of the Government of India 
to end open defecation, achieve universal sanitation coverage, promote village cleanliness, and 
improve access to clean drinking water by October 2019. More than 77 million toilets have 
been built since the mission was conceived in 2014 (55). The programme could avert up to 
30 000 deaths from diarrhoea and malnutrition if complete sanitation coverage is achieved (56). 
Deficiencies in sanitation coverage caused 199 million cases of diarrhoea annually before the 
initiative began, but if the programme meets targets, it could avoid the loss of up to 14 million 
disability-adjusted life years between 2014 and 2019 (56). Swachh Bharat is reducing the spread 
of antimicrobial resistance in India (57) by creating open defecation–free zones and promoting 
hygienic practices in communities. This will lower the disease burden and reduce both appropriate 
and inappropriate antibiotic consumption (58). 

12



Poor-quality services contribute to AMR. Many primary care facilities do not follow the basic sanitation 
measures of aseptic technique, hand-washing and use of personal protective equipment, such as gloves 
and masks (59). In low- and middle-income countries, 38% of facilities lack onsite water, 19% lack 
improved sanitation and 35% lack soap for hand-washing (60). Only 58% of sampled facilities across 
24 countries had adequate systems to safely dispose of health care waste, which may contain both 
antibiotics and resistant bacteria. South-East Asia was the region with the lowest levels of safe health 
waste disposal, at 44% (60). Both antibiotics and resistant bacteria may be present in untreated hospital 
waste. Inadequate health waste disposal mechanisms put staff and patients at risk of infection and 
contribute to AMR. Contamination of the water supply promotes the spread of both susceptible and 
resistant infections and thus has implications for antibiotic effectiveness (61).
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Changing context of health 
and health care 

Primary care for ageing populations 
requires antibiotics 
By 2050, about a quarter of the world’s people will be 60 years or older in all 
WHO regions except Africa (62). Ageing populations present specific challenges 
to primary health care. Older people are more commonly affected by chronic 
illnesses — diabetes, stroke, heart disease, arthritis, dementia and cancer — which 
may cause disability and reduce mobility (63). Elderly patients often have implants, 
catheter infections, joint replacement surgeries and chemotherapy whose associated 
acute ailments may require antibiotic treatment. Older people may be prescribed 
long-term antibiotics to prevent recurring infections (64), such as chronic urinary 
tract infections in some elderly women (65). Furthermore, elderly patients may take 
multiple medications, leading to low adherence to drug schedules (66). In addition 
to the cumulative effects of long-term alcohol and tobacco use, low levels of exercise 
and poor diet make elderly people more vulnerable to infection. The resulting high 
levels of antibiotic use can increase selection for resistance in this population (67).
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People are moving to cities and creating 
new health needs 
More than half of the world’s population lives in an urban environment (22). 
Between 2018 and 2050, India alone will add 416 million urban dwellers (68). 
Dense populations, combined with higher antibiotic consumption in urban areas, 
are correlated with increased resistance (69). For example, increasing population 
density has been associated with a rise in AMR in the Chao Phraya River basin in 
Thailand (70). Waste management and WASH can be challenging in large cities, 
and urban areas have been associated with many outbreaks of infectious diseases, 
particularly those transmitted by the faecal-oral route. High population density also 
increases exposure to airborne infectious diseases, such as influenza, measles and 
TB (71).

Primary care must adapt to tackle the growing challenges of urban life. As just 
one example, urban residents can choose among many health care providers, and 
the increased competition may pressure providers to keep their clients satisfied by 
unnecessarily prescribing antibiotics (72). Strong regulation is needed to prevent such 
effects and their consequences for AMR.

Commercial health care increases 
patients’ costs and antibiotic use
In many low- and middle-income countries, health care is privately financed: out-of-
pocket payments dropped just 5% between 2000 (49%) and 2015 (44%) (22). In 
India, 70% of disease episodes are treated in the private sector, and in Sri Lanka, more 
than 40% of out-of-pocket payments are fees for private medical practitioners (18). 
Seventy years ago, the Indian health system was 8% private; today, 80% to 85% 
of the licensed physicians, 93% of the hospitals and 80% of the outpatient clinics 
operate at least in part in the for-profit private sector (73). Services at private facilities 
often fall short of those at public facilities (42), which are less likely to prescribe 
antibiotics inappropriately (74). 

Technology is reshaping primary care
The 1978 Alma-Ata Declaration describes primary health care as essential care 
based on “practical, scientifically sound and socially acceptable methods and 
technology” (75). The Astana Declaration has now reinforced the role of technology 
as an essential tool in good-quality primary care services (10). Technological 
innovations are improving surveillance, prescribing patterns and public awareness. 
Rapid diagnostic tests would enable physicians to prescribe specific antibiotics 
rather than broad-spectrum antibiotics (76) and to distinguish between viral and 
bacterial infections. Machine learning has made it possible to track and classify 
antibiotic resistance genes from different sources (77) and to understand patterns in 
consumption. This ability to track the origin and spread of antimicrobial resistance 
genes will facilitate the development of AMR control strategies (77). 

Even in remote regions, mobile applications can address a range of health needs. 
BugWise, an application rolled out in South Africa in late 2017, gives patients 
information on their diagnosis, the appropriate use of antimicrobials and infection 
prevention; doctors can enter a patient’s characteristics and symptoms to obtain 
guidance on their diagnosis and the local prevalence of resistance (78). 
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The Internet improves access to 
good-quality primary care but also 
spreads misinformation
Across the world, educational attainment has risen (22), and increasing 
numbers of people with Internet access are educating themselves to 
manage their own health (79). Health care workers now have opportunities 
to promote health messages, appropriate antibiotic use and hygiene 
practices at the community level (80). In 2017 there were 2.46 billion social 
media users worldwide, and the number is projected to increase to 3.01 
billion by 2021 (81). Online social networks can help extend public health 
awareness (82) but may also promote misinformation on health issues, such 
as use of antibiotics to treat colds and influenza (83) and the supposed 
danger of vaccines (84). In France, a seasonal public health campaign 
to spread public awareness of viral respiratory infections and antibiotic 
resistance led to a 27% reduction in antibiotic use over five years (85). 
Public health messaging through mass media campaigns (82) has also been 
successful in reducing the spread of infections by raising public awareness 
about sexual health and increasing condom use.

Growing populations need to be fed
As populations become richer, so do their diets. Growing demand for 
animal protein is causing a shift from traditional mixed farms to large, 
industrial-scale farms, which tend to administer antibiotics extensively both 
for livestock growth promotion and as prophylaxis (86). Antimicrobial use 
in pig and poultry production is predicted to double in line with increasing 
global meat consumption (87). Already the majority of antibiotic use occurs 
in the farming sector (88). Antibiotic use in livestock has been linked to the 
emergence of resistance (89,90), and the transfer of resistant bacteria has 
been seen among farm workers, animals and the environment at poultry 
and pig farms in Ethiopia and Denmark (91,92). Even low concentrations 
of antibiotics can select for resistant bacteria of animal origin, which then 
spread to humans through the environment, food products and agricultural 
workers (93). 

Population growth has put pressure on food resources and malnutrition 
is still a problem in the developing world. Undernourished people have 
compromised immune systems and hence are more vulnerable to infection; 
conversely, infection can also cause malnutrition by impairing nutrient 
absorption (94). Bacterial infections, including those that cause diarrhoea 
and pneumonia, circulate in malnourished populations, increasing the 
burden of resistant and susceptible disease alike (94). Food scarcity can lead 
people to pay less attention to food safety, and the resulting infections from 
contaminated food can both increase antibiotic consumption and facilitate 
the spread of AMR. The high prevalence of bacterial infections in underfed 
populations also increases antibiotic consumption. In short, access to 
adequate nutrition would reduce antibiotic use. 
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��Role of primary health care in an 
effective response to antimicrobial 
resistance

Community-based actions are needed

Community engagement and empowerment can raise awareness and 
change behaviour 
Community-based approaches, which view people and communities as owners and advocates of their own 
health, can be an effective tool to reduce antibiotic use and improve hygiene practices. In Laos, for example, 
a campaign to promote hygiene distributed educational materials through families considered to be leaders in 
the community (95). Changes to the labelling of antibiotic medicines can also raise public awareness (96) and 
indicate that antibiotics are protected drugs. In India, the “redline campaign” labelled antibiotic packaging with 
a red line, in an effort to increase public awareness of antibiotic resistance and to decrease inappropriate use. 
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Online sales are a problem for regulators because the Internet is a prohibitively large space to regulate, 
and sellers work across borders more easily than do the regulators charged with protecting the public from 
antibiotic misuse and counterfeit and falsified medications (97–99). Consumers and primary care prescribers 
should be made aware of the risks of using uncertified retailers and encouraged to buy from certified online 
pharmacies (100). 

Antimicrobial resistance must also be addressed in the food chain
Reducing antibiotic use in animal husbandry has financial consequences for farmers, particularly where hygiene 
and nutrition for animals are poor. Nevertheless, primary care providers should be informed about agricultural 
use of antimicrobials through specific training or educational materials. Raising public awareness of the risks 
of AMR has already driven change in antibiotic use where consumers have expressed their preference for a 
sustainable and safe food supply (101). Awareness of the role of farming and agriculture in the emergence of 
AMR can also prompt better hygiene and reduced antibiotic use on farms, thereby reducing the potential for 
transfer of resistant infections between farm and community. 
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Primary care can reduce 
antimicrobial resistance

Primary care facilities should set the 
example for community hygiene
Without basic water, sanitation and hygiene, primary care 
facilities become points of exposure to infection, for both 
patients and staff. Such facilities can act as the starting point 
for AMR transmission in the community and elsewhere, and 
may lead staff to lose confidence in their practice. Hand 
hygiene stations, sanitary toilets and water treatment not 
only improve the quality of care but also increase the uptake 
of health care services, encourage mothers to give birth in 
facilities, improve staff morale and become the model for 
WASH practices in the community (60). Both infrastructure 
and awareness are needed. Primary care facilities need 
adequate water and sanitation, a built environment that 
allows thorough cleaning and hygiene practices, and a staff 
culture of consistent safe hygiene. Health workers must be 
trained in infection prevention and control and supported 
with adequate resources, policies and systems that entrench 
good hand-washing practice, wearing of gloves where 
appropriate, use of sterile equipment, safe waste disposal 
and cleaning of contaminated laundry (102). Standards 
for and monitoring of the disposal of unused antibiotics, 
effluent and solid waste are also needed (60). 

Maintaining access to antibiotics 
requires good supply chain 
management
Antibiotic supply chains are complex. For some antibiotics, 
the number of suppliers has increased, which has made 
effective management, regulation and quality assurance 
more difficult (103). For example, in some African countries, 
more than 200 amoxicillin products are registered. In other 
cases, low prices have reduced the number of manufacturers 
and wholesalers of other essential medicines, creating 
vulnerabilities in the supply chain. For example, benzathine 
penicillin, usually the first treatment for syphilis, has been in 
short supply in 39 countries, including Germany, India and 
the United States, since 2015 (103).
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Antibiotic shortages are particularly common in low- and middle-income countries, where 
supply chains may be weak, pharmaceutical management capacity poor, procurement 
systems ineffective and rural facilities isolated. In addition, inadequacies in distribution 
systems may prevent antibiotic supplies from reaching peripheral facilities and cause 
stock-outs (104), or drugs may degrade and become less effective because of inadequate 
storage. A dependence on only one or a few producers can make the global supply of 
certain antibiotics highly vulnerable to manufacturing process errors and fluctuations in the 
availability of active ingredients (103).

An estimated 7.2% of antibiotics worldwide are falsified or substandard. Such products 
may cause as many as 72 430 childhood pneumonia deaths each year (105). Substandard 
drugs may select for resistance if they provide a subinhibitory dose because the active 
pharmaceutical ingredient is insufficient or degraded. The Internet has provided 
opportunities for the sale of substandard and falsified drugs (106). Infections not managed 
with effective treatment are more likely to be transmitted and spread. Such treatment 
failures, in the absence of diagnostic tests, may be attributed to resistance and lead to the 
use of second-line antibiotics that should be conserved for resistant infections (107).
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Training health workers is essential 
to rational antibiotic use
Currently, many health workers receive all their updates 
and continuing medical education from pharmaceutical 
representatives, who have incentives to increase drug 
sales, particularly of more expensive drugs (37). One 
remedy may be to provide unqualified and unregistered 
health workers with training courses, as is being done 
in India (108). More preservice training on AMR, in 
addition to continuing education modules and prescribing 
guidelines based on reliable, independent information, 
would improve adherence to best practices for antibiotic 
prescribing. Ideally, data on local patterns of antimicrobial 
use and consumption should be used to optimize use; 
providing feedback to overprescribers on local prescribing 
patterns successfully reduced prescribing in the United 
Kingdom (109). However, even with good information, 
health workers may prescribe antibiotics unnecessarily if 
they do not have time to diagnose an illness and provide 
follow-up care. Restricting antibiotic access without 
addressing fundamental weaknesses in primary care will 
not be a long-term solution to the AMR crisis. 

Simple diagnostic tests and 
other technologies help control 
antimicrobial resistance 
Reducing underdiagnosis and overtreatment in primary 
care through the provision of low-cost rapid diagnostics 
could reduce resistance rates (8). However, such tests 
for bacterial infections are still not widely available (110) 
and would require health care workers to be trained in 
their use. In the case of malaria, rapid diagnostic tests 
doubled the diagnosis rate in Africa between 2010 and 
2016, and insecticide-treated nets have been shown to 
reduce malaria mortality rates in children under five by 
55% (111). Access to primary care facilities has reduced 
the frequency of malaria morbidity by up to 66% (112). 
The most effective means of preventing a mild case of 
malaria from developing into a severe disease is through 
prompt diagnosis and treatment (113). The deployment 
of these simple technologies in primary care is therefore 
crucial.
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Conserving antimicrobial 
effectiveness should be part 
of an integrated approach to 
health care
Strengthening health systems through primary health care 
has a synergistic effect on different causes of disease. 
Primary health care, which emphasises early intervention 
and disease prevention, can thereby be an efficient 
allocation of limited health care resources. To maximise the 
benefits, messaging on AMR needs to be consistent across 
programmes, from the management of childhood illness and 
maternal care to immunization.
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�Integrated programmes can effectively tackle 
antimicrobial resistance
Integrated community case management (iCCM) at the community level and integrated 
management of childhood illness (IMCI) at the facility level have both successfully 
used an integrated health systems approach to treat children with infections. iCCM 
provides a simple treatment algorithm for community health workers treating children 
with fever, diarrhoea, coughing, or breathing difficulties (114). IMCI offers clinical 
guidelines to health care facilities, as well as training and standardised medical practices 
for providers (115), such as criteria for referring a child to a health care centre and for 
prescribing antibiotics (116). The programmes have reduced mortality rates and costs for 
both families and health systems (117–119). 

ICMI has also reduced antibiotic use even where facilities lack adequate diagnostics 
for infections (120). Health care workers who have completed IMCI modules are more 
likely to prescribe antimicrobials appropriately, to administer the first dose in the facility, 
and to give patients information on proper use (115,117,120–123). In many countries, 
community health workers can dispense amoxicillin for specific acute childhood illnesses; 
in Pakistan, health care workers with iCCM training who gave oral amoxicillin to children 
with severe pneumonia had a lower treatment failure than those who referred patients to 
a health facility, in part because the treatment began sooner (124). 

�Immunization reduces infection, transmission and 
antibiotic use
Vaccines prevent 2 million to 3 million deaths from diphtheria, tetanus, pertussis 
(whooping cough) and measles each year. An additional 1.5 million deaths could be 
avoided if vaccination coverage were increased (125). Vaccines can reduce AMR by 
lowering the disease burden and thereby reducing both disease transmission and 
antibiotic use. Introduction of the first pneumococcal conjugate vaccine reduced 
resistant invasive pneumococcal disease by 57% in the children vaccinated; it also 
reduced the disease in adults over 65 years by 49%, even though this population was 
not vaccinated (126). In Israel, children who had received the pneumococcal conjugate 
vaccine used antibiotics for 17% fewer days than children who had not received it (127). 
The inclusion of pneumococcal conjugate vaccine in childhood vaccination schedules 
could reduce the amount of antibiotics used for pneumonia cases by 47%, the equivalent 
of 11.4 million antibiotic days globally (28). 
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�Policies, regulations and monitoring 
are needed to control antimicrobial 
resistance 

�Improving access to primary care should not 
mean overuse of antibiotics 
At least half of the world’s people still do not have their essential health 
needs met (128). This lack of access coexists with widespread inappropriate 
antibiotic use in many health systems, particularly affecting the poorest 
populations (129). Universal health coverage aims to improve access to 
primary care, but if this increases inappropriate antibiotic consumption, it 
could also increase antibiotic resistance, thereby reducing the effectiveness 
of these essential drugs and burdening health systems with higher costs. In 
combination with other factors, free provision of essential medicines to all 
patients has been shown to increase the use of good-quality medicines by as 
much as 10%. However, studies in China, Indonesia and the United States 
indicate that antibiotic use rises if insured patients are no longer limited by 
medicine costs (28). Policy-makers need to regulate which antibiotics are 
available at different tiers of health service so that increased access does not 
exacerbate AMR.

One way to balance access and overuse is to promote access to some 
antibiotics while reserving others for the treatment of resistant infections. 
In its most recent Model List of Essential Medicines, WHO categorized 
antibiotics as 1) access antibiotics, which should be widely available and 
quality-assured, 2) watch antibiotics, which are recommended for a limited 
set of specific indications, and 3) reserve antibiotics, which should be used 
only as a last resort (130). Primary care providers would need a reliable 
supply of good-quality antibiotics from the access group and then limit their 
use of antibiotics in the watch and reserve groups.
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Several policies can help reduce inappropriate prescribing 
in primary care 
Policies on essential medicines have been shown to reduce the use of antibiotics to treat 
upper respiratory tract infections. After the national policy in the Republic of South Korea 
was changed to prohibit doctors from dispensing drugs, antibiotic prescribing for patients 
with viral illness fell from 81% to 73% (131). More generally, WHO essential medicines 
policies have improved medicine use, especially in low- and middle-income countries. 
However, evidence for the success of such policies is context specific, and ongoing 
monitoring and evaluation are needed to ensure that interventions are effective and 
appropriate to the given context.

Another policy intervention, restrictions on over-the-counter dispensing of medicines 
without prescription, has been associated with reduced antibiotic consumption in Brazil 
and Mexico (132). In addition, greater regulation of the private sector can reduce industry 
incentives to overprescribe and ensure that health services achieve an acceptable standard 
of care. 

Successful interventions in higher-income countries include shared decision-making, test-
guided management and point-of-care testing to reduce prescribing for acute respiratory 
infections in primary care (133). Economic interventions, such as changing the pricing 
strategy, should also be investigated as ways to improve prescribing. In Nepal, charging 
fees per medication, rather than per prescription, was associated with lower drug wastage 
from inappropriate drug prescribing and a greater proportion of prescriptions that 
adhered to guidelines (134). Encouraging membership in professional organizations is 
another way of promoting good practices in the private sector.

�Without maps of resistance and consumption, prescribers 
are lost 
Specific data on resistance and consumption at the community level are needed to 
monitor resistance, inform treatment guidelines and patient treatment (13), and 
understand prescribing patterns. Moreover, data are needed on total consumption, the 
proportion of consultations that result in antibiotics being prescribed and the proportion 
of antibiotics prescribed that are in the “access” group, which should be the most widely 
available, as defined in the WHO Model List of Essential Medicines. The data must then be 
used by trained community health care workers to inform treatment. 

The prevalence and patterns of resistance seen in primary care could be different from 
those seen in tertiary hospitals, where patients are often treated for recurrent infections 
that are more likely to be drug resistant. In addition, treatment failure is not always a 
reliable indicator of antibiotic resistance, since the failure may be caused by misdiagnosis 
or the use of substandard or falsified drugs (107). According to the report of the WHO 
Global AMR Surveillance System (GLASS)2, AMR rates were significantly higher in 
infections of hospital origin compared with those in community settings (138). These 
results indicate that there should be caution in basing prescribing in the community on 
hospital AMR profiles because first-line antibiotics may still be effective in these settings. 

2  �Launched in 2016, GLASS is the first global AMR surveillance system, with 66 countries enrolled as of August 2018. 
Regional AMR surveillance networks, including CAESAR in central Asia, RELAVRA in Latin America and EARS-NET in Europe, 
support country participation in GLASS and provide global information on antibiotic use and resistance patterns for human 
infections (135–137). The system requests that countries provide data from both hospital and community levels; however, data 
are often obtained at the hospital level or from outpatient clinics supported by clinical laboratories, which have susceptibility 
testing facilities and traceable drug-ordering systems.
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�Multisectoral action on 
antimicrobial resistance should be 
emphasized at the local level

Antibiotic use in agriculture must be addressed
Antibiotics are widely used in food production to promote animal growth and prevent disease in 
intensive farming. This constant selection pressure heightens the risk that resistance will develop in 
animals and that the resistant bacteria can be transmitted to humans through food, contact with 
animals, or environmental contamination. Action to reduce the overuse of antibiotics must therefore 
extend beyond the human sector. 

The global action plan published by WHO and endorsed by the UN Food and Agriculture Organization 
(FAO) and the World Organisation for Animal Health (OIE) sets out the actions needed in each sector 
and national action plan (27). Ministries of agriculture, fisheries, environment and others may coordinate 
their work at the national level; however, collaboration must extend to local levels. Countries are being 
encouraged to phase out the use of antibiotics as growth promoters and to avoid the widespread use 
of those antibiotics that are critical to human health. Support from the primary health community and 
coordination with the agricultural sector will be essential. 
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Environmental contamination is a concern
When microbes are in contact with antimicrobial agents, resistance can develop. A large proportion of 
antibiotics’ active ingredients is excreted in the urine of humans and animals (93), and environmental 
contamination with antibiotic residues can occur from pharmaceutical manufacturing or from the 
effluent of hospitals or farm animal feed lots. Untreated human and animal faeces create opportunities 
for resistance to develop or be transmitted. Bacterial contamination of drinking water should always be 
prevented; however, the presence of resistant bacteria heightens the risks posed by contamination.
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Action on antimicrobial resistance must involve all sectors
The Global Antibiotic Resistance Partnership (GARP), set up by the Center for Disease Dynamics, 
Economics & Policy (CDDEP) with the support of the Bill & Melinda Gates Foundation, is an example of 
the impact working across the one-health spectrum can have. GARP has established multisectoral national 
level working groups on AMR in 16 low- and middle-income countries. This has fostered momentum 
and advocacy at a grassroots level which has connected academics directly to policy-makers and enabled 
interventions to be country specific (139–140). 

Global and national action plans emphasize education
WHO’s global action plan on AMR calls on countries to develop national action plans to manage their 
response through health care, food production and the environment (27). The objectives outlined in the 
global action plan align with the elements of primary care, as defined by the 1978 Alma-Ata Declaration 
(Table 1). Primary health care, the most common point of contact between health services and the public, 
provides an opportunity to empower citizens to reduce AMR. Education is the connection between 
primary health care and AMR: educating doctors and patients that antibiotics are effective only against 
bacterial infections, educating farmers and veterinarians not to use antibiotics to promote growth 
in livestock, and educating households in personal hygiene and safe food practices that reduce the 
transmission of infection. All these messages can be delivered by primary health care workers.

Table 1. �Alignment of 1978 Declaration of Alma-Ata and 2018 Declaration of Astana with WHO’s 
global action on antimicrobial resistance

Primary health care 
elements in 1978 Alma-Ata 
Declaration (1)

Components of primary 
health care in 2018 Astana 
Declaration (10)

WHO global action plan on 
antimicrobial resistance (27)

1. �Education on prevailing 
health problems and 
methods of preventing and 
controlling them

2. �Promotion of adequate food 
supply and proper nutrition 

3. �Adequate supply of safe 
water and basic sanitation

4. Maternal and child care 

5. �Immunization against main 
infectious diseases

6. �Prevention and control of 
locally endemic diseases

7. �Appropriate treatment 
of common diseases and 
injuries

8. Provision of essential drugs

1. �Primary care and essential 
public health functions as 
core of integrated health 
services

2. �Multisectoral policy and 
action 

3. �Empowered individuals, 
families and communities 

1. �To improve awareness 
and understanding of 
antimicrobial resistance 
through effective 
communication, education 
and training

2. �To strengthen knowledge 
and the evidence base 
through surveillance and 
research

3. �To reduce the incidence of 
infection through effective 
sanitation, hygiene and 
infection prevention 
measures

4. �To optimize use of 
antimicrobial medicines in 
human and animal health

5. �To develop economic case 
for sustainable investment 
that takes account of 
needs of all countries and 
to increase investment in 
new medicines, diagnostic 
tools, vaccines and other 
interventions

32





The components of the national action plan that include awareness of AMR, rational use of 
antimicrobials, infection prevention and control, and One Health (encompassing human, environmental 
and animal sectors) depend on a primary care approach: AMR cannot be effectively tackled through a 
vertical programme. Successful strategies such as iCCM and IMCI provide useful models for a combined 
approach. The United Nations Children’s Fund (UNICEF) has also noted that AMR poses a real threat to 
maternal, neonatal and child health, as recognized in UNICEF’s 2016–2030 global health strategy, which 
highlights approaches and actions to respond to this threat (141).

In the 2018/19  WHO FAO OIE survey 129 of 194 WHO member countries reported having a national 
action plan (142). Countries with national action plans have started by targeting AMR in tertiary care, 
where infections are diagnosed, but attention to AMR at the community level will be essential for these 
plans to be effective. Of the 11 countries in South-East Asia, only the Democratic People’s Republic of 
Korea, India, Indonesia and the Maldives explicitly mention primary health care (Appendix, Table A1). 
Strategies to address AMR in national action plans at the primary care level include raising awareness 
among the public and health care professionals, establishing surveillance systems, implementing 
guidelines on antibiotic use, improving infection prevention and control and WASH, as well as training 
health care professionals. 

Approaches to address the growing threat of AMR are shifting from vertical disease programmes to 
strengthening of health systems and resilience at the community, subnational and national levels. 
Tackling AMR requires more data and information and better surveillance systems; good procurement 
and supply chain management; higher-quality services delivered in the home, the community and 
the health facility, with standard protocols and trained health providers; a regulated private sector for 
better engagement and alignment; and social and health insurance schemes that both protect patients 
from financial risk and prohibit the overuse of antibiotics. Addressing AMR is clearly a multisectoral 
responsibility: it goes beyond the health sector and requires not only WASH services, infection prevention 
and control and health-seeking behaviours but also food security, agricultural and environmental 
policies, and community awareness. Multisectoral national action plans should encompass all these 
dimensions and build on the successful country experiences in evidence-based strategies (e.g., iCCM, 
IMCI and the Expanded Programme on Immunization). Policies should pay particular attention to poor 
and marginalised people, including impoverished mothers and children — the people who will be most 
affected by AMR because they lack accessible, affordable and good-quality medical services.
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�Concluding thoughts and 
next steps
The Global Conference on Primary Health Care in Astana in October 
2018 provided an opportunity to refocus global attention on the primary 
health care approach and how it will help achieve universal health 
coverage — including universal access to effective antibiotics — as part 
of progress towards the SDGs. Despite the rise in noncommunicable 
diseases, the burden of infectious disease remains substantial and is a 
significant proportion of the overall avoidable disease burden. AMR must 
be tackled in tandem with the continued development of resilient and 
accountable health systems that deliver high-quality primary care to those 
in need without imposing financial hardships. 

Moving forward, the contribution of primary care and public health 
services to combatting AMR needs to be better reflected in national 
action plans on AMR. In low- and middle-income countries, actions to 
revitalize primary health care need to include stronger systems to prevent 
and manage infection both in the community and in health facilities. 
Community engagement and empowerment are the keys to effective 
behaviour change in preventing and managing common diseases without 
the unnecessary use of antimicrobials.

Primary care services will be trusted and used if facilities have skilled 
health workers and reliable supplies of good-quality diagnostics 
and medicines, including first-line antimicrobials. Nongovernmental 
organizations and private providers must be engaged in efforts to address 
AMR, especially by encouraging more appropriate use of antimicrobials. 
Better community-based monitoring systems are essential for tracking 
antimicrobial consumption. 

Multisectoral action on AMR is essential because the agricultural sector 
uses antibiotics intensively. Given that farmers’ livelihoods are at stake, 
local community leaders and platforms must be involved. Intersectoral 
action may be easier at the community level, even if mandated at the 
national level. 

There are many reasons to promote primary health care, from improving 
people’s health to protecting them from financial risk. The threat of 
AMR only underscores the urgency of good-quality primary care. The 
twin challenges of increasing access to care — especially for poor and 
vulnerable people — and reducing AMR can be addressed through 
effective primary care. If AMR continues unabated, even the best primary 
health care will become ineffective.

35



References
1. �    ��Beard TC, Redmond S. Declaration of Alma-Ata. Lancet. 1979;313(8109):217–8. doi: 10.1016/S0140-

6736(79)90622-6

2. �    ���Fleming A. Penicillin. Nobel Lecture. 1945:83–93 (https://www.nobelprize.org/uploads/2018/06/fleming-lecture.
pdf, accessed 18 October 2018).

3. �    ���The World Health Report 2008: primary health care. Now more than ever. Geneva: World Health Organisation; 
2008. 

36



4. �  ���  Drug-resistant infections: a threat to our economic future. Washington DC: World Bank; 2017. 

5. �  ��  �United Nations. News on Millennium Development Goals (http://www.un.org/millenniumgoals/, accessed 18 
October 2018).

6. �  ��  �Smieszek T, Pouwels KB, Dolk FCK, Smith DRM, Hopkins S, Sharland M, et al. Potential for reducing 
inappropriate antibiotic prescribing in English primary care. J Antimicrob Chemother. 2018;73(Suppl 2):ii36–ii43. 
doi: 10.1093/jac/dkx500

7. �    ��Chem ED, Anong DN, Akoachere JKT. Prescribing patterns and associated factors of antibiotic prescription in 
primary health care facilities of Kumbo East and Kumbo West Health Districts, North West Cameroon. PLoS One. 
2018;13(3):1–18. doi: 10.1371/journal.pone.0193353

8. �  ��  �O’Neill J. Tackling drug-resistant infections globally: final report and recommendations. The Review on 
Antimicrobial Resistance; 2016 (https://amr-review.org/sites/default/files/160525_Final paper_with cover.pdf, 
accessed 18 October 2018).

9. �    ��Starfield B, Shi L. Policy relevant determinants of health: an international perspective. Health Policy (New York). 
2002;60(3):201–18. 

10. �  �Draft Astana Declaration on Primary Health Care: From Alma-Ata towards Universal Health Coverage and 
the Sustainable Development Goals. World Health Organization, 2018. (http://www.who.int/primary-health/
conference-phc/DRAFT_Declaration_on_Primary_Health_Care_28_June_2018.pdf, accessed 30 December 2018).

11.   ��Akram M, Shahid M, Khan AU. Etiology and antibiotic resistance patterns of community-acquired urinary tract 
infections in JNMC Hospital Aligarh, India. Ann Clin Microbiol Antimicrob. 2007;6:1–7. 

12.   ��Alsan M, Kammili N, Lakshmi J, Xing A, Khan A, Rani M, et al. Poverty and community-acquired antimicrobial 
resistance with extended-spectrum β-lactamase-producing organisms, Hyderabad, India. Emerg Infect Dis. 
2018;24(8):1490–6. doi: 10.3201/eid2408.171030 

13.   �Saha SK, Schrag SJ, El Arifeen S, Mullany LC, Shahidul Islam M, Shang N, et al. Causes and incidence of 
community-acquired serious infections among young children in south Asia (ANISA): an observational cohort 
study. Lancet. 2018;392(10142):145–59. doi: 10.1016/S0140-6736(18)31127-9

14.   �World Health Organization. Growing antibiotic resistance forces updates to recommended treatment for sexually 
transmitted infections. 30 August 2016 (http://www.who.int/news-room/detail/30-08-2016-growing-antibiotic-
resistance-forces-updates-to-recommended-treatment-for-sexually-transmitted-infections, accessed 18 October 
2018).

15.   �Emergence of multi-drug resistant Neisseria gonorrhoeae – threat of global rise in untreatable sexually 
transmitted infections. World Health Organization; June 2012 (Fact sheet). (http://apps.who.int/iris/
bitstream/10665/70603/1/WHO_RHR_11.14_eng.pdf, accessed, accessed 18 October 2018).

16.   �Bever L. “Our greatest fear”: Highly drug-resistant gonorrhea confirmed by health officials. The Washington 
Post. 29 March 2018 (https://www.washingtonpost.com/news/to-your-health/wp/2018/03/29/our-greatest-
fear-highly-drug-resistant-gonorrhea-confirmed-by-health-officials/?noredirect=on&utm_term=.4c7767e6190f, 
accessed).

17.   �Global tuberculosis report 2017. Geneva: World Health Organization; 2017 (http://apps.who.int/medicinedocs/
documents/s23360en/s23360en.pdf, accessed 18 October 2018).

18.   �Financial protection in the South-East Asia region: determinates and policy implications. New Delhi: World 
Health Organization Regional Office for South-East Asia; 2017. 

19.   �Selvaraj S, Farooqui HH, Karan A. Quantifying the financial burden of households’ out-of-pocket payments on 
medicines in India: a repeated cross-sectional analysis of National Sample Survey data, 1994–2014. BMJ Open. 
2018;8(5):e018020. doi: 10.1136/bmjopen-2017-018020

20.   �Alsan M, Schoemaker L, Eggeleston K, Kammili N, Kolli P, Bhattacharya J. Out-of-pocket health expenditures and 
antimicrobial resistance in low- and middle-income countries. Lancet Infect Dis. 2015;15(10):1203–1210. doi: 
10.1016/S1473-3099(15)00149-8

21.   �Bhatia R. Universal health coverage framework to combat antimicrobial resistance. Indian J Med Res. 
2018;147(3):228–32. doi: 10.4103/ijmr.IJMR_1462_17

37



22.   World Bank. Indicators (http://data.worldbank.org/indicator, accessed 30 December 2018).

23.   �World Health Organization. The top 10 causes of death. 24 May 2018 (http://www.who.int/news-room/
fact-sheets/detail/the-top-10-causes-of-death, accessed 18 October 2018).

24.   �Teillant A, Gandra S, Barter D, Morgan DJ, Laxminarayan R. Potential burden of antibiotic resistance on 
surgery and cancer chemotherapy antibiotic prophylaxis in the USA: a literature review and modelling 
study. Lancet Infect Dis. 2015;15(12):1429–37. doi: 10.1016/S1473-3099(15)00270-4

25.   �Miravitlles M, Anzueto A. Antibiotics for acute and chronic respiratory infection in patients with 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2013;188(9):1052–7. doi: 10.1164/
rccm.201302-0289PP

26.   �Mikkelsen KH, Knop FK, Frost M, Hallas J, Pottegård A. Use of antibiotics and risk of type 2 diabetes: a 
population-based case-control study. J Clin Endocrinol Metab. 2015;100(10):3633–40. doi: 10.1210/
jc.2015-2696

27.   �Global action plan on antimicrobial resistance. Geneva: World Health Organization; 2015;1–28 (http://
apps.who.int/iris/bitstream/handle/10665/193736/9789241509763_eng.pdf?sequence=1, accessed 18 
October 2018).

28.   �Klein EY, Van Boeckel TP, Martinez EM, Pant S, Gandra S, Levin SA, et al. Global increase and 
geographic convergence in antibiotic consumption between 2000 and 2015. Proc Natl Acad Sci USA. 
2018;10(1073):1–8. doi: 10.1073/pnas.1717295115

29.   �Laxminarayan R, Matsoso P, Pant S, Brower C, Røttingen JA, Klugman K, et al. Access to effective 
antimicrobials: A worldwide challenge. Lancet. 2016;387(10014):168–75. doi: 10.1016/S0140-
6736(15)00474-2

30.   �Singh PK. A universal good: How increased health coverage can help beat back antimicrobial resistance. 
World Health Organization Regional Office for South-East Asia. 2017. (http://www.searo.who.int/
mediacentre/features/2017/how-increased-health-coverage-can-help-beat-back-amr-resistance/en/, 
accessed 18 October 2018).

31.   �Holloway KA, Kotwani A, Batmanabane G, Puri M, Tisocki K. Antibiotic use in South East Asia and 
policies to promote appropriate use: Reports from country situational analyses. BMJ. 2017;358:9–13. doi: 
10.1136/bmj.j2291

32.   �Barker AK, Brown K, Ahsan M, Sengupta S, Safdar N. Social determinants of antibiotic misuse: a 
qualitative study of community members in Haryana, India. BMC Public Health. 2017;17(1):1–9. doi: 
10.1186/s12889-017-4261-4

33.   �Alkhatatbeh MJ, Alefan Q, Alqudah MAY. High prevalence of self-medication practices among medical 
and pharmacy students: a study from Jordan. Int J Clin Pharmacol Ther. 2016;54(5):390–8. doi: 10.5414/
CP202451

34.   �Bennadi D. Self-medication: A current challenge. J Basic Clin Pharm. 2014;5(1):19–23. doi: 
10.4103/0976-0105.128253

35.   �Mainous AG 3rd, Everett CJ, Post RE, Diaz VA, Hueston WJ. Availability of antibiotics for purchase 
without a prescription on the Internet. Ann Fam Med. 2009;7(5):431–5. doi: 10.1370/afm.999.

36.   �Radyowijati A, Haak H. Improving antibiotic use in low-income countries: an overview of evidence on 
determinants. Soc Sci Med. 2003;57(4):733–44. doi: 10.1016/S0277-9536(02)00422-7

38



37.   �Pearson M, Doble A, Glogowski R, Ibezim S, Lazenby T, Haile-Redai A, et al. Antibiotic prescribing and 
resistance: Views from low-and middle-income prescribing and dispensing professionals. Report to World 
Health Organization AMR Secretariat. Antimicrobial Resistance Centre at the London School of Hygiene 
&Tropical Medicine. 2018 (http://www.who.int/antimicrobial-resistance/LSHTM-Antibiotic-Prescribing-
LMIC-Prescribing-and-Dispensing-2017.pdf, accessed 18 October 2018).

38.   �Lamshed SQ, Elkalmi R, Rajiah K, Al-Shami AK, Shamsudin SH, Siddiqui MJA, et al. Understanding of 
antibiotic use and resistance among final-year pharmacy and medical students: a pilot study. J Infect Dev 
Ctries. 2014;8(6):780–5. doi: 10.3855/jidc.3833

39.   �Kiguba R, Karamagi C, Bird SM. Extensive antibiotic prescription rate among hospitalized patients in 
Uganda: but with frequent missed-dose days. J Antimicrob Chemother. 2016;71(6):1697–706. doi: 
10.1093/jac/dkw025

40.   �Medicines in healthcare delivery. Nepal. Situational analysis. World Health Organization Regional Office 
for South-East Asia; 2014 (http://www.searo.who.int/entity/medicines/nepal_situational_analysis_2014.
pdf, accessed 18 October 2018).

41.   �Årdal C, Outterson K, Hoffman SJ, Ghafur A, Sharland M, Ranganathan N, et al. International 
cooperation to improve access to and sustain effectiveness of antimicrobials. Lancet. 
2016;387(10015):296–307. doi: 10.1016/S0140-6736(15)00470-5

42.   �Holloway KA, Ivanovska V, Wagner AK, Vialle-Valentin C, Ross-Degnan D. Prescribing for acute childhood 
infections in developing and transitional countries, 1990–2009. Paediatr Int Child Health. 2015;35(1):5–
13. doi: 10.1179/2046905514Y.0000000115

43.   �Drug-resistant TB surveillance & response. Supplement. Global tuberculosis report 2014. Geneva: World 
Health Organization; 2014 (http://apps.who.int/medicinedocs/documents/s21635en/s21635en.pdf, 
accessed 18 October 2018).

44.   �Wood F, Phillips C, Brookes-Howell L, Hood K, Verheij T, Coenen S, et al. Primary care clinicians’ 
perceptions of antibiotic resistance: A multi-country qualitative interview study. J Antimicrob Chemother. 
2013;68(1):237–43. doi: 10.1093/jac/dks338

45.   �Simpson SA, Wood F, Butler CC. General practitioners’ perceptions of antimicrobial resistance: A 
qualitative study. J Antimicrob Chemother. 2007;59(2):292–6. doi: 10.1093/jac/dkl467

46.   �Pulcini C, Naqvi A, Gardella F, Dellamonica P, Sotto A. Résistance bactérienne et prescription antibiotique: 
perceptions, attitudes et connaissances d’un échantillon de médecins généralistes [Bacterial resistance 
and antibiotic prescriptions: perceptions, attitudes and knowledge of a sample of French GPs]. Med Mal 
Infect. 2010;40(12):703–9. doi: 10.1016/j.medmal.2010.09.018

47.   �Abbo L, Smith L, Pereyra M, Wyckoff M, Hooton TM. Nurse practitioners’ attitudes, perceptions, 
and knowledge about antimicrobial stewardship. J Nurse Pract. 2012;8(5):370–6. doi: https://doi.
org/10.1016/j.nurpra.2012.01.023

48.   �Abbo LM, Cosgrove SE, Pottinger PS, Pereyra M, Sinkowitz-Cochran R, Srinivasan A, et al. Medical 
students’ perceptions and knowledge about antimicrobial stewardship: How are we educating our future 
prescribers? Clin Infect Dis. 2013;57(5):631–8. doi: 10.1093/cid/cit370

49.   �Sym D, Brennan CW, Hart AM, Larson E. Characteristics of nurse practitioner curricula in the United 
States related to antimicrobial prescribing and resistance. J Am Acad Nurse Pract. 2007;19(9):477–85. 
doi: 10.1111/j.1745-7599.2007.00240.x

50.   �Hart AM. Infectious diseases, nurse practitioners, and appropriate antibiotic prescribing. J Nurse Pract. 
2007;3(9):580. doi: https://doi.org/10.1016/j.nurpra.2007.07.022

39



51.   �World Health Organization. Global Health Observatory (GHO) data. (http://apps.who.int/gho/data/node.main.
A1444, accessed 30 December 2018).

52.   �Bodeker G, Kronenberg F. A public health agenda for traditional, complementary, and alternative medicine. Am 
J Public Health. 2002;92(10):1582–91. 

53.   �World Health Organization and United Nations Children’s Fund. Progress on Drinking Water, Sanitation and 
Hygiene: 2017 Update and SDG Baselines. Geneva: World Health Organization; 2017. (https://www.who.int/
mediacentre/news/releases/2017/launch-version-report-jmp-water-sanitation-hygiene.pdf, accessed 10 December 
2018)

54.   �Araya P, Hug J, Joy G, Oshmann F, Rubinstein S. The impact of water and sanitation on diarrhoeal disease 
burden and over-prescription of antibiotics. Presented to the Review on Antimicrobial Resistance; 2016 (https://
amr-review.org/sites/default/files/LSE%20AMR%20Capstone.pdf, accessed 18 October 2016). 

55.   �Ministry of Drinking Water and Sanitation. Swachh Bharat Mission – Gramin (All India) (http://sbm.gov.in/
sbmreport/home.aspx, accessed 18 October 2018). 

56.   �Summary of preliminary estimations of potential health impacts from increased sanitation coverage through the 
Swachh Bharat Mission. Government of India and World Health Organization. 2018 (http://www.searo.who.int/
india/mediacentre/events/2018/swachh-bharat-report-web.pdf, accessed 30 December 2018). 

57.   �Gandra S, Joshi J, Trett A, Sankhil Lamkang A, Laxminarayan R. Scoping report on antimicrobial resistance in 
India. Washington, DC: Center for Disease Dynamics, Economics & Policy; 2017 (https://cddep.org/wp-content/
uploads/2017/11/AMR-INDIA-SCOPING-REPORT.pdf, accessed 18 October 2018).

58.   �Antimicrobial resistance and its containment in India. Government of India, Ministry of Health and Family 
Welfare and World Health Organization, 2016; (http://www.searo.who.int/india/topics/antimicrobial_resistance/
amr_containment.pdf?ua=1, accessed 30 December 2018).

59.   �Collins A. Preventing health care-associated infections. In: Hughes R, editor. Patient safety and quality: an 
evidence-based handbook for nurses. Rockville, MD: Agency for Healthcare Research and Quality (US); 2008 
(https://www.ncbi.nlm.nih.gov/books/NBK2683/, accessed 18 October 2018).

60.   �World Health Organization and United Nations Children’s Fund. Water, sanitation and hygiene in health care 
facilities: status in low- and middle-income countries and way forward. Geneva: World Health Organization; 
2015 (http://apps.who.int/iris/bitstream/handle/10665/154588/9789241508476_eng.pdf?sequence=1, accessed 
18 October 2018). 

61.   �Center for Disease Dynamics Economics and Policy. Water, sanitation, and hygiene interventions to reduce 
healthcare-associated infections among mothers and neonates: A cost-effectiveness analysis for the Indian public 
healthcare system. 2018. 

62.   �World population prospects: the 2017 revision. Key findings and advance tables. New York: United Nations; 
2017 (https://esa.un.org/unpd/wpp/Publications/Files/WPP2017_KeyFindings.pdf, accessed 18 October 2018).

63.   �Ageing and the health system: challenges, opportunities and adaptations. In: Australia’s health 2014. Canberra: 
Australian Institute of Health and Welfare; 2014:256–70 (https://www.aihw.gov.au/getmedia/d2946c3e-9b94-
413c-898c-aa5219903b8c/16507.pdf.aspx?inline=true, accessed 18 October 2018).

64.   �Ahmed H, Davies F, Francis N, Farewell D, Butler C, Paranjothy S. Long-term antibiotics for prevention of 
recurrent urinary tract infection in older adults: systematic review and meta-analysis of randomised trials. BMJ 
Open. 2017;7(5):e015233. doi: 10.1136/bmjopen-2016-015233

65.   �Kodner CM, Thomas Gupton EK. Recurrent urinary tract infections in women: Diagnosis and management. Am 
Fam Physician. 2010;82(6):638–43. 

66.   �Augustine S, Bonomo RA. Taking stock of infections and antibiotic resistance in the elderly and long-term care 
facilities: A survey of existing and upcoming challenges. Eur J Microbiol Immunol (Bp). 2011;1(3):190–7. doi: 
10.1556/EuJMI.1.2011.3.2

67.   �Gavazzi G, Krause KH. Ageing and infection. Lancet Infect Dis. 2002;2(11):659–66. doi:https://doi.org/10.1016/
S1473-3099(02)00437-1

68.   �World urbanization prospects: the 2018 revision. New York: United Nations; 2018 (https://www.un.org/
development/desa/publications/2018-revision-of-world-urbanization-prospects.html, accessed 18 October 2018). 

69.   �Bruinsma N, Hutchinson JM, van den Bogaard AE, Giamarellou H, Degener J, Stobberingh EE. Influence of 
population density on antibiotic resistance. J Antimicrob Chemother. 2003;51(2):385–90. doi: 10.1093/jac/
dkg072

40



70.   �Honda R, Watanabe T, Sawaittayotin V, Masago Y, Chulasak R, Tanong K, et al. Impacts of urbanization on the 
prevalence of antibiotic resistant Escherichia coli in the Chaophraya River and its tributaries. Water Sci Technol. 
2016;73(2):362–74. doi: 10.2166/wst.2015.502

71.   �Alirol E, Getaz L, Stoll B, Chappuis F, Loutan L. Urbanisation and infectious diseases in a globalised world. Lancet 
Infect Dis. 2011;11(2):131–41. doi: 10.1016/S1473-3099(10)70223-1

72.   �Bennett D, Hung CL, Lauderdale TL. Health care competition and antibiotic use in Taiwan. J Ind Econ. 
2015;63(2):371–93. doi: 10.1111/joie.12075

73.   �Loh L, Ugarte-Gil C, Darko K. Private sector contributions and their effect on physician emigration in the 
developing world. Bull World Health Organ. 2013;(91):227–33. doi: 10.2471/BLT.12.110791

74.   �Medicines use in primary care in developing and transitional countries: fact book summarizing results from 
studies reported between 1990 and 2006. Geneva: World Health Organization; 2009. (http://www.who.int/
medicines/publications/primary_care_8April09.pdf, accessed 18 October 2018).

75.   �Park K. Park’s textbook of preventative and social medicine, 24th edition. India: Banarsidas Bhanot; 2017. 

76.   �Laxminarayan R, Duse A, Wattal C, Zaidi AKM, Wertheim HFL, Sumpradit N, et al. Antibiotic resistance-the need 
for global solutions. Lancet Infect Dis. 2013;13(12):1057–98. doi: 10.1016/S1473-3099(13)70318-9

77.   �Li L-G, Yin X, Zhang T. Tracking antibiotic resistance gene pollution from different sources using machine-
learning classification. Microbiome. 2018;6(1):93. doi: 10.1186/s40168-018-0480-x

78.   �PharmaDynamics. BugWise (http://bugwise.co.za, accessed 24 October 2018).

79.   �Tonsaker T, Bartlett G, Trpkov C. Health information on the Internet: Gold mine or minefield? Can Fam 
Physician. 2014;60(5):407–8. 

80.   �Evaluation of antibiotic awareness campaigns. World Health Organization (Hôpitaux Universitaires Genève 
WHO Collaborating Centre); 2016 (http://www.who.int/selection_medicines/committees/expert/21/applications/
s6_antibiotic_awareness_campaigns.pdf, accessed 18 October 2018). 

81.   �Statistica. The Statistics Portal. Number of social media users worldwide from 2010 to 2021 (in billions). 2017 
(https://www.statista.com/statistics/278414/number-of-worldwide-social-network-users/, accessed 6 August 
2018).

82.   �Wakefield MA, Loken B, Hornik RC. Use of mass media campaigns to change health behaviour. Lancet. 
2010;376(9748):1261–71. doi: 10.1016/S0140-6736(10)60809-4

83.   �Scanfeld D, Scanfeld V, Larson EL. Dissemination of health information through social networks: Twitter and 
antibiotics. Am J Infect Control. 2010;38(3):182–8. doi: 10.1016/j.ajic.2009.11.004

84.   �Gu Z, Badger P, Su J, Zhang E, Li X, Zhang L. A vaccine crisis in the era of social media. Natl Sci Rev. 2018;5(1):8–
10. https://doi.org/10.1093/nsr/nwx098

85.   �Sabuncu E, David J, Bernede-Bauduin C, Pepin S, Leroy M, Boelle P-Y, et al. Significant reduction of antibiotic 
use in the community after a nationwide campaign in France, 2002-2007. PLoS Med. 2009;6(6):e1000084. doi: 
10.1371/journal.pmed.1000084

86.   �Schar D, Sommanustweechai A, Laxminarayan R, Tangcharoensathien V. Surveillance of antimicrobial 
consumption in animal production sectors of low- and middle- income countries : Optimizing use and addressing 
antimicrobial resistance. PLoS Med. 2018;15(3):1–9. doi: 10.1371/journal.pmed.1002521

87.   �Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al. Global trends in antimicrobial use 
in food animals. Proc Natl Acad Sci USA. 2015;112(18):5649–54. doi: 10.1073/pnas.1503141112

88.   �O’Neill J. Antimicrobials in agriculture and the environment: reducing unnecessary use and waste. The 
Review on Antimicrobial Resistance; 2015 (https://amr-review.org/sites/default/files/Antimicrobials%20in%20
agriculture%20and%20the%20environment%20-%20Reducing%20unnecessary%20use%20and%20waste.
pdf, accessed 18 October 2018). 

41



89.   �Reardon S. Resistance to last-ditch antibiotic has spread farther than anticipated. Nature news. 12 
June 2017 (https://www.nature.com/news/resistance-to-last-ditch-antibiotic-has-spread-farther-than-
anticipated-1.22140, accessed 18 October 2018).

90.   �Mole B. MRSA: Farming up trouble. Nature news. 24 July 2013 (https://www.nature.com/news/mrsa-
farming-up-trouble-1.13427, accessed 18 October 2018).

91.   �Abdi RD, Mengstie F, Beyi AF, Beyene T, Waktole H, Mammo B, et al. Determination of the sources and 
antimicrobial resistance patterns of salmonella isolated from the poultry industry in Southern Ethiopia. BMC 
Infect Dis. 2017;17(1):352. doi: 10.1186/s12879-017-2437-2

92.   �Moodley A, Guardabassi L. Transmission of IncN plasmids carrying blaCTX-M-1 between commensal 
Escherichia coli in pigs and farm workers. Antimicrob Agents Chemother. 2009;53(4):1709–11. doi: 
10.1128/AAC.01014-08

93.   �Andersson DI, Hughes D. Microbiological effects of sublethal levels of antibiotics. Nat Rev Microbiol. 
2014;12(7):465–78. doi: 10.1038/nrmicro3270

94.   �Katona P, Katona-Apte J. The interaction between nutrition and infection. Clin Pract. 2008;46(10):1582–8. 
doi: 10.1086/587658

95.   �Meadley T. Community design of hygiene promotion IEC materials. Presented at Water Week, The World 
Bank, Washington, DC, 4–6 March 2003 (http://siteresources.worldbank.org/EXTWAT/Resources/4602122-
1213366294492/5106220-1213366309673/9.5LaoPDRExperience-CommunityDesign_San_Hygiene.pdf, 
accessed 18 October 20918)

96.   �Evidence for action on antimicrobial resistance. Wellcome; 2016 (https://wellcome.ac.uk/sites/default/files/
evidence-for-action-on-antimicrobial-resistance-wellcome-sep16.pdf, accessed 18 October 2018). 

97.   �Lavorgna A. The online trade in counterfeit pharmaceuticals: New criminal opportunities, trends and 
challenges. Eur J Criminol. 2015;12(2):226–41. doi: 10.1177/1477370814554722

98.   �Forster K. Unregulated sale of antibiotics online risks creating untreatable superbugs. Independent. 11 March 
2017 (https://www.independent.co.uk/life-style/health-and-families/health-news/uk-medicines-regulator-
mhra-completely-impossible-illegal-online-pharmacies-antibiotic-resistance-a7623546.html, accessed 18 
October 2018).

99. � � �Jackson G, Patel S, Khan S. Assessing the problem of counterfeit medications in the United Kingdom. Int J 
Clin Pract. 2012;66(3):241–50. doi: 10.1111/j.1742-1241.2011.02826.x

100. �Boyd SE, Moore LSP, Gilchrist M, Costelloe C, Castro-Sánchez E, Franklin BD, et al. Obtaining antibiotics 
online from within the UK: A cross-sectional study. J Antimicrob Chemother. 2017;72(5):1521–8. doi: 
10.1093/jac/dkx003

101. �PEW. Major food companies committed to reducing antibiotic use. 27 July 2016. (http://www.pewtrusts.
org/en/multimedia/data-visualizations/2016/major-food-companies-committed-to-reducing-antibiotic-use, 
accessed 18 July 2018).

102. �Fight antimicrobial resistance: protect mothers and newborns. World Health Organization. 2016. (http://
www.who.int/drugresistance/activities/Women-Deliver-AMR-side-event-Handout-May2016.pdf?ua=1, 
accessed 18 October 2018) 

103. �Shortages, stockouts and scarcity. Access to Medicine Foundation. 2018. (https://
accesstomedicinefoundation.org/media/atmf/Antibiotic-Shortages-Stockouts-and-Scarcity_Access-to-
Medicine-Foundation_31-May-2018.pdf, accessed 18 October 2018)

104. �Kotwani A, Ewen M, Dey D, Iyer S, Lakshmi PK, Patel A, et al. Prices & availability of common medicines at six 
sites in India using a standard methodology. Indian J Med Res. 2007;125(5):645–54. 

105. �A study on the public health and socioeconomic impact of substandard and falsified medical products. 
Geneva: World Health Organisation; 2017 (http://www.who.int/medicines/regulation/ssffc/publications/SE-
Study_EN_web.pdf?ua=1, accessed 18 October 2018). 

106. �Kelesidis T, Falagas ME. Substandard/counterfeit antimicrobial drugs. Clin Microbiol Rev. 2015;28(2):443–64. 
doi: 10.1128/CMR.00072-14

107. �Pisani E. Antimicrobial resistance: What does medicine quality have to do with it? The 
Review on Antimicrobial Resistance; 2015 (https://amr-review.org/sites/default/files/
ElizabethPisaniMedicinesQualitypaper.pdf, accessed 18 October 2018).

108. �Pulla P. India is training ‘quacks’ to do real medicine. This is why. The Wire. 3 November 2015(https://
thewire.in/government/india-is-training-quacks-to-do-real-medicine-this-is-why, accessed 18 November 
2018).

42



109. �Hallsworth M, Chadborn T, Sallis A, Sanders M, Berry D, Greaves F, et al. Provision 
of social norm feedback to high prescribers of antibiotics in general practice: A 
pragmatic national randomised controlled trial. Lancet. 2016;387(10029):1743–52. 
doi: 10.1016/S0140-6736(16)00215-4

110. �Peeling R, Boeras D. Diagnostic innovation for antimicrobial resistance. AMR 
control. 2016. (http://resistancecontrol.info/2016/diagnostics/diagnostic-innovation-
for-antimicrobial-resistance/, accessed 18 November 2018).

111. �Nugent R, Back E, Beith A. The race against drug resistance: a report of the Center 
for Global Development’s Drug Resistance Working Group. 2010 (https://www.
cgdev.org/sites/default/files/1424207_file_CGD_DRWG_FINAL.pdf, accessed 18 
October 2018). 

112. �O’Meara WP, Noor A, Gatakaa H, Tsofa B, McKenzie FE, Marsh K. The impact of 
primary health care on malaria morbidity--defining access by disease burden. Trop 
Med Int Health. 2009;14(1):29–35. doi: 10.1111/j.1365-3156.2008.02194.x

113. �World malaria report 2017. Geneva: World Health Organization; 2017 (http://
apps.who.int/iris/bitstream/handle/10665/259492/9789241565523-eng.
pdf?sequence=1, accessed 18 October 2018). 

114. �Black R, Laxminarayan R, Temmerman M, Walker N, editors. Reproductive, 
maternal, newborn, and child health. Disease control priorities, third edition 
(Volume 2). Washington, DC: The World Bank; 2016. 

115. �Bryce J, Gouws E, Adam T, Black RE, Schellenberg JA, Manzi F, et al. Improving 
quality and efficiency of facility-based child health care through Integrated 
Management of Childhood Illness in Tanzania. Health Policy Plan. 2005;20(Suppl 
1):i69–i76. 10.1093/heapol/czi053

116. �Tulloch J. Integrated approach to child health in developing countries. Lancet. 
1999;354(Suppl 2):SII16–I20. doi: 10.1016/S0140-6736(99)90252-0

117. �Ahmed HM, Mitchell M, Hedt B. National implementation of Integrated 
Management of Childhood Illness (IMCI): Policy constraints and strategies. Health 
Policy. 2010;96(2):128–33. doi: 10.1016/j.healthpol.2010.01.013 10.1016/j.
healthpol.2010.01.013

118. �Guenther T, Sadruddin S, Chimuna T, Sichamba B, Yeboah-Antwi K, Diakite B, et al. 
Beyond distance: an approach to measure effective access to case management for 
sick children in Africa. Am J Trop Med Hyg. 2012;87(5 Suppl):77–84. doi: 10.4269/
ajtmh.2012.11-0747

119. �Sadruddin S, Shehzad S, Bari A, Khan A, Ibad-ul-Haque, Khan A, et al. Household 
costs for treatment of severe pneumonia in Pakistan. Am J Trop Med Hyg. 
2012;87(5 Suppl):137–43. doi: 10.4269/ajtmh.2012.12-0242.

120. �Khan MM, Saha KK, Ahmed S. Adopting integrated management of childhood 
illness module at local level in Bangladesh: Implications for recurrent costs. J Heal 
Popul Nutr. 2002;20(1):42–50. 

121. �Naimoli JF, Rowe AK, Lyaghfouri A, Larbi R, Lamrani LA. Effect of the Integrated 
Management of Childhood Illness strategy on health care quality in Morocco. Int J 
Qual Heal Care. 2006;18(2):134–44. doi: 10.1093/intqhc/mzi097

122. �Zhang Y, Dai Y, Zhang S. Impact of implementation of Integrated Management 
if Childhood Illness on improvement of health system in China. J Paediatr Child 
Health. 2007;43(10):681–5. doi: 10.1111/j.1440-1754.2007.01187.x

123. �Gouws E, Bryce J, Habicht J-P, Amaral J, Pariyo G, Schellenberg JA, et al. Improving 
antimicrobial use among health workers in first-level facilities: results from the 
multi-country evaluation of the Integrated Management of Childhood Illness 
strategy. Bull World Health Organ. 2004;82(7):509–15. 

124. �Bari A, Sadruddin S, Khan A, Khan I ul H, Khan A, Lehri IA, et al. Community 
case management of severe pneumonia with oral amoxicillin in children aged 
2–59 months in Haripur district, Pakistan: a cluster randomised trial. Lancet. 
2011;10(1016):1–8. doi: 10.1016/S0140-6736(11)61140-9

125. �World Health Organization. Immunization coverage. 16 July 2018 (fact sheet) 
(http://www.who.int/mediacentre/factsheets/fs378/en/, accessed 18 October 2018).

43



126. �Orenstein WA, Gellin BG, Beigi RH, Despres S, Lynfield R, Maldonado Y, et al. A call for greater consideration 
for the role of vaccines in national strategies to combat antibiotic-resistant bacteria: Recommendations from the 
National Vaccine Advisory Committee. Public Health Rep. 2016;131(1):11–6. 

127. �Dagan R, Sikuler-Cohen M, Zamir O, Janco J, Givon-Lavi N, Fraser D. Effect of a conjugate pneumococcal vaccine 
on the occurrence of respiratory infections and antibiotic use in day-care center attendees. Pediatr 

128. �Tracking universal health coverage: 2017 global monitoring report. Geneva: World Health Organization and 
the International Bank for Reconstruction and Development/The World Bank; 2017 2017. (http://pubdocs.
worldbank.org/en/193371513169798347/2017-global-monitoring-report.pdf, accessed 18 October 2018). 

129. �Bloom G, Merrett GB, Wilkinson A, Lin V, Paulin S. Antimicrobial resistance and universal health coverage. BMJ 
Glob Heal. 2017;2(4):e000518. doi: 10.1136/bmjgh-2017-000518 

130. �WHO The selection and Use of Essential Medicines 2017  https://www.who.int/medicines/publications/
essentialmedicines/EML_2017_ExecutiveSummary.pdf?ua=1

131. �McGettigan P, Roderick P, Kadam A, Pollock AM. Access, Watch, and Reserve antibiotics in India: challenges for 
WHO stewardship. Lancet Glob Heal. 2017;5(11):e1075–6. doi: 10.1016/S2214-109X(17)30365-0

132. �Park S, Soumerai SB, Adams AS, Finkelstein JA, Jang S, Ross-Degnan D. Antibiotic use following a Korean 
national policy to prohibit medication dispensing by physicians. Health Policy Plan. 2005;20(5):302–9. doi: 
10.1093/heapol/czi033

133. �Santa-Ana-Tellez Y, Mantel-Teeuwisse AK, Dreser A, Leufkens HGM, Wirtz VJ. Impact of over-the-counter 
restrictions on antibiotic consumption in Brazil and Mexico. PLoS One. 2013;8(10):e75550. doi: 10.1371/journal.
pone.0075550

134. �Tonkin-Crine S, Tan P, Van Hecke O, Wang K, Roberts N, Mccullough A, et al. Clinician-targeted interventions 
to influence antibiotic prescribing behaviour for acute respiratory infections in primary care: an overview of 
systematic reviews. Cochrane Database Syst Rev. 2017;9. doi: 10.1002/14651858.CD012252.pub2

135. �Red Latinoamericana de Vigilancia de la Resistencia Antimicrobiana (ReLAVRA) [Internet]. Available from: http://
www.paho.org/data/index.php/es/temas/resistencia-antimicrobiana.html

136. �European Antimicrobial Resistance Surveillance Network (EARS-Net) [Internet]. Available from: https://ecdc.
europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/ears-net

137. �Central Asian and Eastern European Surveillance of Antimicrobial Resistance (CAESAR) [Internet]. Available from: 
http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/about-amr/central-asian-
and-eastern-european-surveillance-of-antimicrobial-resistance-caesar

138. �Tornimbene B, Eremin S, Escher M, Griskeviciene J, Manglani S, Pessoa-Silva CL. WHO Global Antimicrobial 
Resistance Surveillance System early implementation 2016–17. Lancet Infect Dis. 2018;18(3):241–2. doi: 
10.1016/S1473-3099(18)30060-4.

139. �GARPNet News. Volume 2, Issue 2. March 2016 (https://cddep.org/wp-content/uploads/2017/06/garpnet_news_
volume_2_issue_2-1.pdf, accessed 30 December 2018).

140. �GARPNet News. Volume 3, Issue 3. May 2017 (https://cddep.org/wp-content/uploads/2017/06/
garpnet_3_3_16-1.pdf, accessed 30 December 2018).

141. �UNICEF’s strategy for health (2016–2030). United Nations Child Fund. 2015 (https://www.unicef.org/health/files/
UNICEF_Health_Strategy_Final.pdf, accessed 18 October 2018). 

142. �Country progress in the implementation of the global action plan on antimicrobial resistance: WHO, FAO and 
OIE global tripartite database. WHO Geneva (https://www.who.int/antimicrobial-resistance/global-action-plan/
database/en/)

44



Appendix

Box A1. Millennium Development Goal gains from antibiotic access

Goal 1: Eradicate extreme poverty and hunger

•  �Extreme poverty in developing countries has decreased from an average of 47% of the 
population in 1990 to 14% in 2015 (1). Access to antimicrobials substantially improved 
over the same period, particularly in low- and middle-income countries (2). People 
living in poverty may receive ineffective treatment (3) or may not be able to afford a full 
course of antibiotics, which creates the conditions for drug resistance to emerge. Access 
to antibiotics helps the poor escape from a vicious circle of illness and poverty.

•  �The proportion of undernourished people in the developing world dropped from 
23% in 1990 to 13% in 2015 (1). Malnutrition is often linked to vaccine-preventable 
diseases (see MDG 6): not only can HIV/AIDS, TB and malaria cause malnutrition, but 
malnutrition can also increase susceptibility to these infectious diseases (4). Increasing 
access to antibiotics helps break this cycle of disease and malnutrition.

•  �AMR particularly threatens people who cannot afford a full course of treatment or the 
more expensive drugs for resistant infections (5). People living in poverty often have 
unsafe water, sanitation and hygiene services, which facilitate the spread of disease 
transmission and resistance (6).

Goal 4: Reduce child mortality

•  �The global mortality rate for children under 5 years declined from 90 deaths per 1 000 
live births in 1990 to 43 in 2015 (1). Antibiotic treatment is essential for children with 
severe pneumonia (7), the leading cause of death in this age group (8). Overall, more 
than half of the decline in child mortality can be attributed to better treatment of 
pneumonia, diarrhoea, measles and malaria (5). However, growing resistance to drugs 
for these conditions threatens to roll back the gains and affects the poorest regions 
most: the under-5 mortality rate in low-income countries (73 deaths per 1 000 live 
births) is almost 14 times the average rate in high-income countries (5 deaths per 1 000 
live births) (9).

Goal 5: Improve maternal health

•  �The maternal mortality rate declined from 380 deaths per 100 000 live births in 1990 
to 210 in 2013 (1). Antibiotics can prevent avoidable maternal deaths caused by sepsis 
and other infections (10). One important intervention to reduce maternal mortality is 
emergency obstetric care, which often requires parenteral antibiotics (11). Good-quality 
care, particularly in conflict zones like Chad, Iraq and the Syrian Arab Republic depends 
on antibiotics to treat infection.

•  �Sustaining and further improving maternal health, especially in low- and middle-income 
countries, requires effective antibiotics, which are a precious resource in light of the 
emergence of AMR (5). 

Goal 6: Combat HIV/AIDS, malaria and other diseases

•  �The number of new HIV infections dropped from 3.5 million in 2000 to 2.1 million in 
2013 (1). Globally, malaria incidence dropped by 37% and the mortality rate by 58% 
between 2000 and 2015 (1). 

•  �Antibiotics have been essential to the treatment of TB, which is still the leading cause 
of death from a single infectious agent (12). New drugs, such as bedaquiline and 
delaminid, are used to treat drug-resistant TB, but access will need to be balanced 
against preventing the emergence of resistance.

•  �AMR threatens the sustainability of gains that have been made towards eliminating HIV/
AIDS, malaria and other diseases (5).
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Table A1. �Primary health care (PHC) in the national action plans of countries in South-East 
Asia 

Country PHC provisions

Bangladesh •  Primary care is not explicitly mentioned

•  �Commits to making antimicrobials available at all health care facilities 
and to developing an AMR policy

•  �Recognizes the need for enhanced, enforced regulation of antibiotic use 
and sale 

•  Plans to establish an AMR-surveillance system

•  Plans to improve IPC programmes 

Bhutan •  Primary care is not explicitly mentioned

•  No auditing system for antimicrobial prescription exists

•  �Will increase AMR awareness through educational and public campaigns 
in university curricula, in-service professional training and media-
facilitated campaigns

•  �Plans to promote rational use of antibiotics at all health care levels 
through auditing, training and awareness-raising

• � �IPC practices will be strengthened by developing guidelines, enhancing 
coordination with antimicrobial stewardship team, capacity building and 
training of health professionals on hospital-acquired infections

•  IPC committees have been assigned and numerical targets set

Democratic 
People’s 
Republic of 
Korea

•  �Commits to better AMR in PHC; aligns with Juche philosophy of the 
State

•  �Constitution ensures universal free health care; AMR is a part of 
preventive care focus 

•  Commits to establishing and implementing an AMR surveillance system

•  �Has begun disseminating AMR research and information on rational use 
through a telemedicine system 

•  Plans to revise school curricula to make AMR a core component

•  �Plans to increase awareness through television broadcasting, AMR 
awareness week, vaccination posters and flyers and knowledge surveys 

•  �Aims to reduce infection incidence through effective hygiene and IPC 
measures and by promoting better behaviours at the community level, as 
well as improving infection control in health care settings 

•  �Is implementing awareness campaigns and education curricula, alongside 
surveillance systems to meet these aims

•  IPC subcommittees have been assigned
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Timor-Leste •  Primary care is not explicitly mentioned

•  �Has begun regular communications between national agencies (i.e. 
national hospitals) and other health care facilities to promote rational use 

•  Taskforce committees (on public awareness and IPC) are outlined

•  �Has improved WASH and IPC to minimize spread of infection in 
community, ambulatory services, and animal and food production; 
vaccines are affirmed as effective form of intervention 

•  �National stewardship, vaccination, sanitation and hygiene, and social 
mobilization programmes have been established to minimize poor 
hygiene and sanitation, which contributes to the development of AMR 

•  IPC committees have been assigned 

India •  �Will survey public and professional knowledge of and attitudes to 
AMR periodically; has set a target of a 50% increase in scores after 
awareness campaigns

•  Commits to review AMR curricula for health care professionals 

•  �Will write general terms of reference for multidisciplinary 
antimicrobial stewardship committees and teams

•  �National Authority for Containment of AMR will develop a strategy to 
reduce the effect of AMR through risk assessment and establishment 
of best practices; it will be disseminated in phases in selected 
hospitals and PHC centres by the Ministry of Health & Family Welfare

•  �Identifies the need and guidelines for implementing IPC standards 
at all levels of health care, not just tertiary care; hospital infection 
committees will form the leadership for institutional-level IPC 
programmes that reduce the spread of disease and AMR in animals, 
food, the community and the environment 

•  �Launched the Antimicrobial Stewardship, Prevention of Infection and 
Control programme in 2012; surveys indicate programmes in private 
institutions were better able to deal with AMR and outbreaks of 
hospital-acquired infection

•  �Infection prevention through hand hygiene, clean water, sanitation, 
biosafety on farms will be promoted

•  �Has started the swachh bharat abhiyaan, kayakalp and swachh 
swasth sarvatra initiatives

•  �Will increase awareness of good hygiene and biosafety (krishi vigyan 
kendras) practices and ensure appropriate immunizations KAP studies 
and media campaigns to ensure change
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Indonesia •  �Guidelines, regulations and awareness campaigns for rational 
use have been enacted; however, analysis showed efforts were 
not adequately linked to AMR control and lacked multisectoral 
coordination

•  �Technical working groups are being formalized for all AMR goals, 
including education and awareness, prudent use and surveillance (by 
clinical staff)

•  �Timelines for initiatives, knowledge assessments and pilot campaigns 
are being formalized

•  �Aims to have a national IPC programme implemented in the 
community and in health care, animal husbandry, fishing and food 
industries, coupled with improved WASH and hospital-acquired 
infection surveillance programmes 

•  Responsible agencies are in place 

•  �Although sanitation, infection prevention and hygiene, including 
vaccination, are being pursued in the human health sector, little 
progress has been made in animal health and food production 
sectors, with the exception of the export-oriented aquaculture 
industry 

Maldives •  �Aims to conduct a national KAP study of AMR for health care 
professionals in 2017–2018, commissioned by the AMR taskforce 

•  �Aims to incorporate AMR and related topics into health care 
undergraduate and postgraduate curricula between 2020 and 2022

•  Responsible agencies and stakeholders are in place 

•  �Activities of infection control committees have been limited to 
education and training in hand hygiene, and setting and promoting 
standard precautions (including those related to transmission) 

•  �Technical subcommittee formed for IPC will conduct a KAP survey in 
professional groups and renew and implement IPC-related courses 
and undergraduate and postgraduate curricula

•  Recognizes IPC in hospitals as especially important
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Myanmar •  Primary care is not explicitly mentioned

•  National standard treatment guidelines being drafted for rational use 

•  �Notes current treatment guidelines are rarely guided by local AMR 
surveillance data, with no analysis of hospital-associated infection 
data, AMR surveillance, or data on antimicrobial use to prevent 
infections and improve rational use

•  IPC committee is in place but with limited activity 

•  �A situation analysis has revealed that many AMR awareness 
programmes are not formalized and trainings are not provided in 
many health care facilities

•  �National awareness campaign will be organized by 2022, with 
regular monitoring and evaluation

•  �AMR will be incorporated into undergraduate curricula by 2020–
2022

•  �Plans to conduct KAP studies to assess national awareness on issues 
including hygiene and IPC

•  �National action plan establishes IPC in hospitals as important 
but suggests better WASH and IPC to minimize the spread of 
infections in community and ambulatory services, and animal and 
food production; vaccines are highlighted as an effective form of 
intervention to improve health and reduce AMR 

•  �National stewardship, vaccination, sanitation and hygiene and social 
mobilization programmes have been initiated to minimize poor 
hygiene, sanitation, which contributes to the development of AMR

Nepal •  Primary care is not explicitly mentioned

•  �Rational use of antimicrobials will be promoted through appropriate 
media, government organizations and nongovernmental 
organizations

•  �Rational use will be incorporated into various levels of education, and 
continued education programmes will be instituted for health care 
professionals

•  �Notes the need for improved IPC in both health care settings and the 
community. 

•  �Plans to audit current practices and promote sanitation, biosafety, 
biosecurity and hygiene (including hand-washing) through IPC 
committees, education, hygiene awareness and demonstration events 
and campaigns, vaccinations, behavioural guidelines with minimum 
standards set and tracked, regulation of health care infrastructure, 
and optimized use of antimicrobials in humans and animals through 
regulation and national standards 
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Sri Lanka •  Primary care is not explicitly mentioned

•  �Outlines two- and five-year plans to strengthen in-service 
antimicrobial training of hospital staff and then all health care 
professionals

•  �Plans to optimize antimicrobial use within two years through better 
regulation and monitored stewardship in all health care facilities 
under the Ministry of Health’s direction 

•  Aims to improve prescription legislation within five years

•  �IPC measures aim at developing standard IPC practices, capacity-
building for IPC implementation in health care and animal sectors, 
infection surveillance, assessments of IPC compliance, and public 
awareness campaigns

• Two- and five-year timelines for implementation have been developed

Thailand •  Primary care is not explicitly mentioned

•  �Notes current weaknesses of actions to address AMR: discontinuity 
of AMR policies; lack of direction, shared goals and national 
coordination; no national policy to specifically address AMR; 
ineffective law enforcement and health care regulation; and 
inefficient and fragmented resource databases on AMR

•  �Aims to equip health care facilities with effective point-of-care 
systems 

•  �Aims to increase public knowledge on AMR by 20% 

•  �Affirms that limiting antimicrobial access because prescription drugs 
may not currently be applied in Thailand

•  �Personnel are being put in place for implementing and monitoring 
stewardship in health care facilities, pharmacies and the agricultural 
sector

AMR = antimicrobial resistance, IPC = infection prevention and control, KAP = knowledge, attitudes and 
practices, WASH = Water, sanitation and hygiene.

Source: World Health Organization Regional Office for South-East Asia. Antimicrobial resistance. Library of 
national action plans (http://www.searo.who.int/entity/antimicrobial_resistance/national-action-plans/en/, 
accessed 24 October 2018).
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