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Abstract 

Antimicrobial resistance (AMR) is increasingly becoming a threat to global public health, not least in low- and middle-
income countries (LMICs) where it is contributing to longer treatment for illnesses, use of higher generation drugs, 
more expenditure on antimicrobials, and increased deaths attributed to what should be treatable diseases. Some of 
the known causes of AMR include misuse and overuse of antimicrobials in both humans and animals, unnecessary 
use of antimicrobials in animals as growth promoters, and lack of awareness among the public on how to protect 
antimicrobials. As a result, resistant organisms are circulating in the wider environment, and there is a need to con-
sider the One Health approach  to minimise the continuing development of AMR. Environmental Health, specifically 
water, sanitation and hygiene (WASH), waste management, and food hygiene and safety, are key components of 
One Health needed to prevent the spread of antimicrobial-resistant microorganisms particularly in LMICs and reduce 
the AMR threat to global public health. The key Environmental Health practices in the prevention of AMR include: 
(1) adequate WASH through access and consumption of safe water; suitable containment, treatment and disposal of 
human excreta and other wastewater including from health facilities; good personal hygiene practices such as wash-
ing hands with soap at critical times to prevent the spread of resistant microorganisms, and contraction of illnesses 
which may require antimicrobial treatment; (2) proper disposal of solid waste, including the disposal of unused and 
expired antimicrobials to prevent their unnecessary exposure to microorganisms in the environment; and (3) ensuring 
proper food hygiene and safety practices, such as sale and consumption of animal products in which adequate anti-
microbial withdrawal periods have been observed, and growing vegetables on unpolluted soil. Environmental Health 
is therefore crucial in the prevention of infectious diseases that would require antimicrobials, reducing the spread of 
resistant organisms, and exposure to antimicrobial residues in LMICs. Working with other professionals in One Health, 
Environmental Health Practitioners have a key role in reducing the spread of AMR including health education and 
promotion, surveillance, enforcement of legislation, and research.
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Background
Antimicrobials have contributed to a reduction in 
infectious diseases, saving lives and increasing produc-
tivity. However, due to the extensive misuse of antimi-
crobials in humans and animals, there is an increasing 
development of antimicrobial resistance (AMR) which 
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has escalated into a global health problem [1]. AMR 
leads to difficulty in controlling infections, increased 
treatment costs, and increased risk of death among 
patients. Globally, it is estimated that 700,000 people 
die annually due to drug-resistant infections [2], and 
the sustained increase in AMR may lead to 10 million 
deaths annually by 2050 worldwide [3]. In low- and 
middle-income countries (LMICs), infectious diseases 
account for more than half of the disease burden [4], 
and progress to reduce this high occurrence is now 
being hindered by increasing levels of resistant infec-
tions [5]. This concern is compounded by the lack of 
surveillance and up-to-date information regarding 
AMR among LMIC populations [6], which is needed 
for both the prevention and treatment of resistant 
infections.

To date, AMR prevention has largely focussed on anti-
microbial stewardship, which promotes the appropri-
ate use of antimicrobials in the management of patients. 
High-income countries have well established steward-
ship programmes but less so in LMICs [7]. Indeed, there 
remains a high level of improper use of antimicrobials 
in LMICs, including the unregulated sale of medicines, 
self-medication, non-adherence to treatment guidelines 
and prescriptions, and inappropriate use in animals and 
agriculture [6]. However, control of AMR is more than 
stewardship, as outlined in the WHO Global Action Plan 
[8]. This plan requires the development and support of 
National Action Plans across all countries using a One 
Health approach. This approach takes into considera-
tion the complex interactions between humans, animals 
and the environment (including aquaculture) [9], rec-
ognising not only health but also the economic implica-
tions of widespread AMR. Recent evidence shows that 
AMR could cost low-income countries 5% of their gross 
domestic product and lead 28 million people into poverty 
by 2050 [10].

In the past two decades, researchers have been involved 
in understanding AMR mechanisms affecting clinical set-
tings, and it is only recently that they have widened their 
focus to include the environment as a source of AMR 
[11]. Current evidence emphasises the need for a context 
appropriate One Health approach to address the grow-
ing development of AMR [12]. However, implementation 
of such an approach is extremely complex and requires a 
wide perspective. Environmental Health provides such an 
opportunity particularly in LMICs, with a focus on pre-
ventive health through a risk-based lens which encom-
passes the assessment and control of physical, chemical 
and biological factors in the environment that are likely 
to affect human health. As such, Environmental Health is 
well placed to understand the mechanisms for the mitiga-
tion and control of resistant organisms as they circulate 
within the wider population and environment. There is 
now significant evidence to suggest that improved Envi-
ronmental Health factors such as water, sanitation and 
hygiene (WASH), waste management, as well as food 
hygiene and safety play a crucial role in the control of 
AMR [9, 13]. Understanding environmental pathways of 
AMR is vital for health professionals and communities to 
interrupt the development and spread of resistant organ-
isms, including ingestion of antimicrobial residues. This 
commentary describes key Environmental Health factors 
and the role of the discipline in the prevention of AMR in 
LMICs (Table 1).

Water, sanitation, and hygiene
Nearly 827,000 deaths annually in LMICs are attributed 
to poor WASH conditions [14]. This represents 60% of 
the total diarrhoeal deaths, reported as the second lead-
ing cause of mortality in children under the age of five 
years, and accounting for over half a million deaths in this 
age group alone [14]. LMICs suffer a substantial burden 
of WASH-related diseases including cholera, dysentery, 
diarrhoea, hepatitis A, and typhoid that are habitually 

Table 1 Environmental Health factors and the role of Environmental Health Practitioners in prevention of antimicrobial resistance in 
low- and middle-income countries

Environmental Health factors in the prevention of AMR Environmental Health Practitioners’ role in reducing the spread of 
AMR

    1. Water, sanitation and hygiene
    - Access and consumption of safe water
    - Containment, treatment and disposal of human excreta and other 
wastewater including from health facilities
    - Personal hygiene such as washing hands with soap at critical times
    2. Solid waste management, including disposal of unused and expired 
antimicrobials
    3. Food hygiene and safety
    - Observance of antimicrobial withdrawal periods in animals
    - Growing vegetables on unpolluted soil

- Water sampling and analysis
- Sanitary inspection of water sources
- Inspection of premises including schools, markets, landing sites, and other 
institutions
- Inspection of food, abattoirs and public eating places
- Medical examination of food handlers
- Health education and promotion
- Surveillance
- Enforcement of legislation
- Research
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treated with antimicrobials [15]. However, most diar-
rhoeal diseases are caused by viruses and not bacteria, 
yet most people use antibiotics, often self-medicating, 
against these illnesses. The use of antimicrobials could be 
reduced by 60% if there was universal access to improved 
WASH services in LMICs [16].

Due to the over-consumption of antimicrobials by 
humans, excreta is known to be a major source of both 
antimicrobial agents and resistant genes [13]. As such, 
lack of sufficient sanitary facilities such as latrines and 
basic hygiene practices, particularly handwashing in 
LMICs, can lead to the spread of resistant organisms 
in the environment. The WHO estimates that globally, 
two billion people do not have basic sanitation facilities 
such as latrines, out of which 673 million practice open 
defaecation in street gutters, behind bushes, or into open 
water bodies [14]. This contributes to over 524 billion kil-
ogrammes of human faecal biomass produced in LMICs, 
where open defaecation plays a significant role in releas-
ing resistant organisms into the environment  [15]. Even 
when faeces are contained, in many LMICs, the major-
ity of the population use onsite sanitation facilities such 
as pit latrines and septic tanks. When human and animal 
excreta containing resistant microorganisms is disposed 
of indiscriminately, it is easily washed by rain into surface 
water sources such as rivers and lakes, and groundwater 
through seepage leading to the spread of resistant infec-
tious diseases. Although wastewater treatment plants 
are deemed effective in eliminating many pathogens, 
evidence shows that they are not ordinarily designed 
for removal of antimicrobial residues or resistant organ-
isms [17]. Therefore, discharge of treated wastewater into 
the environment also contaminates water bodies lead-
ing to the spread of resistant infections. This is of par-
ticular concern at institutional level, where high use of 
antimicrobials in hospitals has been shown to result in 
a large concentration of antimicrobial residues in efflu-
ent released into the environment, where it has been 
described as a key driver of AMR [18].

Consideration must also be given to the role of animal 
faeces, as this equates to 80% of the total faecal biomass in 
the world [19]. There is growing evidence of a high level 
of carriage of resistant organisms in livestock in LMICs, 
where animals are accommodated in people’s homes for 
security and other reasons [20]. Animals poorly absorb 
antibiotics in their guts, yet their waste does not usually 
undergo the secondary treatment human waste may be 
subject to, leading to the excretion of high concentra-
tions of antibiotic residues in their faeces and urine. As 
a result, indiscriminate defaecation and urination by 
domesticated animals and livestock leads to a high num-
ber of antimicrobial-resistant genes being released into 
the environment including water bodies [13].

Taking into consideration the current status of WASH 
infrastructure and behaviours, LMIC environments are 
likely to remain heavily contaminated for the foresee-
able future. As such, acceleration of WASH interventions 
(both infrastructure and behaviours) including proper 
handwashing with soap, clean play environments for 
children, animal containment, and clean water for drink-
ing are critical for reducing both diarrhoeal diseases and 
the widespread distribution of resistant organisms and 
genes within the environment [15]. There is also a grow-
ing public health concern of resistant organisms from 
human and animal waste getting into water sources. If 
such water is not sufficiently treated before being used 
for drinking, washing and other domestic purposes, it 
exposes individuals to these resistant microorganisms 
[13]. Therefore, ensuring appropriate disposal of health 
facility effluent is not only vital for breaking the chain of 
transmission of pathogens between humans and the envi-
ronment, but also impeding the spread of antimicrobial-
resistant organisms.

Wastewater is known to be one of the common sources 
of a multitude of bacteria and other microbes such as E. 
coli, Klebsiella spp., Shigella spp., Salmonella spp., Vibrio 
spp., Acinetobacter spp., and Enterococcus spp. including 
those which are resistant to antimicrobials. The increased 
incidence of infections from such microorganisms leads 
to a high demand for the use of antimicrobials, which if 
not handled properly, contributes to the development of 
resistance. When wastewater is not sufficiently managed 
in the environment, it is believed that soil becomes a 
hotspot for transfer of the antimicrobial-resistant organ-
isms to plants. This process occurs through transpiration 
and capillary action, providing a pathway of resistance 
through the food chain to both humans and animals. 
However, there is inadequate evidence to support human 
exposure to soil-born resistance [9]. Nonetheless, soil 
receives a large proportion of excreted antimicrobials 
from manure, human faeces, and sewage sludge as fer-
tilisers. These antimicrobial residues are believed to be 
absorbed by food crops grown in manure applied soils 
[13]. For instance, wheat has been reported to take up 
chlortetracycline [13] which when consumed by humans 
creates pressure that enhances resistance of pathogenic 
organisms to antimicrobials.

Solid waste management
While per capita waste generation is highest among 
high income countries, their improved solid waste man-
agement practices minimise health risks. However, in 
LMICs solid waste management remains an immense 
public health challenge, particularly in urban areas [21]. 
The rapid urbanisation of LMICs, which has led to over-
crowding and growth of slums, contributes significantly 
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to poor household solid waste management, alongside 
improper disposal from commercial businesses, indus-
tries, farms, clinics and hospital settings. This is particu-
larly concerning when we consider that there is increased 
disposal of unused and expired antimicrobials together 
with other household waste in the environment [22]. This 
indiscriminate disposal of antimicrobials and general 
waste leads to contamination of various water sources 
including rivers and lakes. In addition, improper solid 
waste disposal in streets, rivers and drainage channels 
leads to flooding and accumulation of waste water. This 
creates favourable breeding places for mosquitoes which 
transmit infections such as malaria, dengue and yellow 
fever. Such conditions also favour the growth, survival 
and transmission of many organisms that cause infec-
tious diseases such as cholera, diarrhoea, dysentery and 
respiratory complications [21]. These diseases account 
for high rates of morbidity in LMICs resulting in over use 
and reliance on antimicrobials [15]. Thus, the importance 
of solid waste management in the prevention of AMR 
cannot be overemphasised.

Food hygiene and safety
Globally, it is estimated that unsafe food causes about 600 
million cases of foodborne diseases and 420,000 deaths 
annually, resulting in the loss of 33 million healthy life 
years [23]. Immunocompromised individuals such as 
the elderly and children are most affected, with 40% of 
the foodborne disease burden occurring among children 
under the age of five years, leading to 125,000 deaths 
annually [23]. There is an increasing occurrence of food-
borne illnesses in many LMICs, which continue to affect 
health and wellbeing of the population [24]. Besides 
health implications, foodborne illnesses hinder socio-
economic development by harming economies, tourism 
and trade [25], and straining health care systems [23]. 
These concerns indicate that foodborne conditions are of 
significant public health importance as their high occur-
rence increases the need for use of antimicrobials during 
treatment.

Food from animals plays an important role in the 
spread of resistant microorganisms where food contami-
nation can occur along the food production chain from 
the farm to consumption [25], including during slaugh-
tering of animals. Food can contain resistant pathogens 
when the animal was infected, or when food was con-
taminated with unsafe fluids, flies, dirty fingers or uten-
sils. In addition, the high volume of antimicrobials used 
among food-producing animals mainly for their growth 
and development as well as disease prevention contrib-
utes to the growth of resistant microorganisms. Another 
key concern in animal husbandry is the non-obser-
vance of adequate withdrawal periods which leads to 

accumulation of antimicrobial residues in animal prod-
ucts such as meat, milk and eggs. These residues, when 
taken up by humans through consumption of such foods, 
can enhance resistance of microorganisms to antimicro-
bials. There is also an inordinate spread of foodborne 
infections at households, some of which may be resist-
ant, due to cross-contamination of foods particularly 
vegetables and fruits. Other contributors to foodborne 
infections in households include poor personal hygiene, 
improper food handling and preparation, inadequate 
cooking, and lack of awareness of food safety measures 
[25]. It is therefore imperative to create awareness on 
appropriate food hygiene and safety practices to prevent 
the occurrence of foodborne diseases which will contrib-
ute to reduction in the spread of resistant microorgan-
isms in many LMICs.

Contribution of Environmental Health Practitioners 
to preventing antimicrobial resistance
Environmental Health Practitioners (EHPs) in LMICs 
carry out several roles that contribute to the prevention 
of AMR. As part of their work in WASH, EHPs conduct 
water sampling and analysis to identify contaminated 
water sources, and advise community members on water 
treatment and the safe water chain from source to the 
point of consumption in order to prevent WASH-related 
diseases. EHPs are also involved in sanitary inspection 
of water sources to identify origins of contamination, 
and work with local leaders, community health workers, 
and community members to address the identified risks. 
Through health education, EHPs also increase awareness 
on sanitation and hygiene practices such as handwash-
ing with clean water and soap at critical times. They also 
carry out education on other topics such as solid waste 
and wastewater management, food hygiene and safety, 
as well as pollution control. They also enforce compli-
ance to public health legislation through the inspection 
of premises including schools, markets, landing sites, and 
other institutions to ensure they have sufficient and satis-
factory sanitary and other WASH facilities [26]. Through 
enforcement of legislation by EHPs, nuisances such as 
open defecation, poor hygiene practices, and improper 
disposal of solid and liquid waste, which all contribute to 
the development of AMR, are abated. These various roles 
of EHPs contribute to the prevention of WASH-related 
diseases particularly in LMICs which would otherwise 
lead to the use of antimicrobials hence reducing the 
occurrence of AMR.

A key role of EHPs is the inspection food and food 
products, abattoirs and public eating places to guaran-
tee that food sold for human consumption conforms 
to quality and safety standards, and hygienic require-
ments [26]. Indeed, EHPs prohibit the manufacture, 
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preparation, storage and sale of food products that 
are unfit for human consumption. Therefore, they are 
involved in assessing whether animal products such as 
meat, milk and eggs are suitable for human consump-
tion especially regarding observance of withdrawal 
periods on farms in some LMICs. In addition, EHPs 
ensure medical examination of food handlers to prevent 
transmission of infections in many LMICs (including 
those caused by resistant organisms). Through obser-
vance of medical examination by food handlers, trans-
mission of food-borne infections such as those caused 
by Salmonella, Clostridium perfringes, and Campylo-
bacter are reduced which limits the use of antimicro-
bials. These roles of EHPs ensure hygiene and safety 
of food, and prevent the spread of resistant foodborne 
infections.

EHPs also carry out research related to AMR, con-
tributing to the body of knowledge on the subject. 
For example, research related to the WASH drivers of 
AMR is being carried out in Malawi and Uganda as 
part of the Drivers of Resistance in Uganda and Malawi 
(DRUM) research consortium [27]. Through research, 
EHPs are involved in collection, analysis and dissemi-
nation of data related to AMR and the environment. 
Such data not only supports AMR surveillance but also 
informs decision making at local, national and interna-
tional levels. With more evidence on the contribution 
of Environmental Health to the fight against AMR, it 
is anticipated that more attention will be given to this 
profession as part of the One Health approach. Indeed, 
more resources including funding could be allocated by 
governments in LMICs and donors to address the Envi-
ronmental Health drivers of AMR including WASH, 
waste management, as well as food hygiene and safety.

Conclusion
Environmental Health is crucial in the prevention 
of infectious diseases including the spread of resist-
ant organisms and antimicrobial residues in LMICs. 
Improvement in WASH, waste management, as well 
as food hygiene and safety can significantly contribute 
to the prevention of AMR. Working with other profes-
sionals in One Health including veterinarians, clini-
cians and laboratory scientists, EHPs have a key role in 
preventing the occurrence of AMR including through 
health education and promotion, surveillance, enforce-
ment of legislation, and research.

Abbreviations
AMR: Antimicrobial Resistance; EHP: Environmental Health Practitioner; LMIC: 
Low- and middle-income country; WASH: Water, sanitation and hygiene; WHO: 
World Health Organization.

Acknowledgements
Our appreciation goes to all partners and stakeholders in Environmental 
Health, One Health and Antimicrobial Resistance in Uganda, Malawi and the 
UK that we have worked with in recent years. We also acknowledge the Driv-
ers of Resistance in Uganda and Malawi (DRUM) research consortium that has 
supported our research on the WASH drivers of AMR in the 2 countries.

Authors’ contributions
DM conceptualised the manuscript. CN wrote the first version of the manu-
script. GBL, FN, JG, KC, SN, RN, and TM participated in reviewing literature. 
All authors were involved in writing the manuscript and approved the final 
version.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Disease Control and Environmental Health, School of Public 
Health, College of Health Sciences, Makerere University, Kampala, Uganda. 
2 Department of Environmental Health, University of Malawi, Polytechnic, Blan-
tyre, Malawi. 3 Department of Civil and Environmental Engineering, University 
of Strathclyde, Glasgow, UK. 

Received: 1 July 2021   Accepted: 24 September 2021

References
 1. Dadgostar P. Antimicrobial resistance: implications and costs. Infect Drug 

Resist. 2019;12:3903 https:// dx. doi. org/ 10. 2147% 2FIDR. S2346 10.
 2. WHO. New report calls for urgent action to avert antimicrobial resistance 

crisis: World Health Organization; 2019. Available from: https:// www. who. 
int/ news/ item/ 29- 04- 2019- new- report- calls- for- urgent- action- to- avert- 
antim icrob ial- resis tance- crisis. [Accessed 11 Dec 2020].

 3. Quintela-Baluja M, Chan C, Alnakip ME, Abouelnaga M, Graham DW. Sani-
tation, water quality and antibiotic resistance dissemination. In: Méndez-
Vilas A, editor. The Battle Against Microbial Pathogens: Basic Science, 
Technological Advances Educational Programs. Newcastle University: 
Fomatex Research Center; 2015. p. 965–75.

 4. Clift C. Review of progress on antimicrobial resistance: background and 
analysis. In: Security CoGH, editor. London: Chatham House; 2019. Avail-
able: https:// www. chath amhou se. org/ sites/ defau lt/ files/ publi catio ns/ 
resea rch/ 2019- 10- 11- AMR- Full- Paper. pdf [Accessed 11 Feb 2021].

 5. Allcock S, Young E, Holmes M, Gurdasani D, Dougan G, Sandhu M, et al. 
Antimicrobial resistance in human populations: challenges and oppor-
tunities. Glob Health Epidemiol Genom. 2017;2 https:// doi. org/ 10. 1017/ 
gheg. 2017.4.

 6. Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial 
resistance in developing countries: causes and control strategies. 
Antimicrob Resist Infect Control. 2017;6(1):1–8 https:// doi. org/ 10. 1186/ 
s13756- 017- 0208-x.

 7. Charani E, Smith I, Skodvin B, Perozziello A, Lucet J-C, Lescure F-X, et al. 
Investigating the cultural and contextual determinants of antimicro-
bial stewardship programmes across low-, middle-and high-income 

https://dx.doi.org/10.2147/IDR.S234610
https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis
https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis
https://www.who.int/news/item/29-04-2019-new-report-calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis
https://www.chathamhouse.org/sites/default/files/publications/research/2019-10-11-AMR-Full-Paper.pdf
https://www.chathamhouse.org/sites/default/files/publications/research/2019-10-11-AMR-Full-Paper.pdf
https://doi.org/10.1017/gheg.2017.4
https://doi.org/10.1017/gheg.2017.4
https://doi.org/10.1186/s13756-017-0208-x
https://doi.org/10.1186/s13756-017-0208-x


Page 6 of 6Musoke et al. Environ Health Prev Med          (2021) 26:100 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

countries—A qualitative study. PloS One. 2019;14(1):e0209847 https:// 
doi. org/ 10. 1371/ journ al. pone. 02098 47.

 8. WHO. Global action plan on antimicrobial resistance. World Health 
Organization; 2015. Available from: https:// www. who. int/ publi catio ns/i/ 
item/ 97892 41509 763. [Accessed 22 Jan 2021].

 9. Fletcher S. Understanding the contribution of environmental factors 
in the spread of antimicrobial resistance. Environ Health Prev Med. 
2015;20(4):243–52 https:// dx. doi. org/ 10. 1007% 2Fs12 199- 015- 0468-0.

 10. Adeyi OO, Baris E, Jonas OB, Irwin A, Berthe FC, Le Gall FG, Marquez PV, 
et al. Drug-resistant infections: a threat to our economic future. World 
Bank Group: Washington, DC, USA. 2017. Available: http:// docum ents. 
world bank. org/ curat ed/ en/ 32331 14933 96993 758/ final- report [Accessed 
28 Mar 2021].

 11. Huijbers PM, Blaak H, de Jong MC, Graat EA, Vandenbroucke-Grauls 
CM, de Roda Husman AM. Role of the environment in the transmission 
of antimicrobial resistance to humans: a review. Environ Sci Technol. 
2015;49(20):11993–2004 https:// doi. org/ 10. 1021/ acs. est. 5b025 66.

 12. Kahn LH. Antimicrobial resistance: a One Health perspective. Transactions 
of the Royal Society of Tropical Medicine Hygiene. 2017;111(6):255–60 
https:// doi. org/ 10. 1093/ trstmh/ trx050.

 13. Singer AC, Shaw H, Rhodes V, Hart A. Review of Antimicrobial Resistance 
in the Environment and Its Relevance to Environmental Regulators. Front 
Microbiol. 2016;7(1728). https:// doi. org/ 10. 3389/ fmicb. 2016. 01728

 14. WHO. Diarrhoeal disease :Key Facts 2017 [Available from: https:// www. 
who. int/ news- room/ fact- sheets/ detail/ diarr hoeal- disea se. [Accessed 14 
February 2021].

 15. Araya P, Hug J, Joy G, Oschmann F, Rubinstein S. The Impact of Water 
and Sanitation on Diarrhoeal Disease Burden and Over-Consumption of 
Antibiotics. 2016. Available from: https:// amr- review. org/ sites/ defau lt/ 
files/ LSE% 20AMR% 20Cap stone. pdf. [Accessed 17 Mar 2021].

 16. O’Neill J. Infection prevention, control and surveillance: limiting the 
development and spread of drug resistance : the review on antimicrobial 
resistance. 2016. Available from: https:// iiif. wellc omeco llect ion. org/ file/ 
b2855 2593_ Infec tion% 20pre venti on% 20con trol% 20and% 20sur veill ance. 
pdf. [Accessed 22 Apr 2021].

 17. Manaia CM, Rocha J, Scaccia N, Marano R, Radu E, Biancullo F, et al. Anti-
biotic resistance in wastewater treatment plants: tackling the black box. 
Environ Int. 2018;115:312–24 https:// doi. org/ 10. 1016/j. envint. 2018. 03. 044.

 18. Riaz L, Yang Q, Sikandar A, Safeer R, Anjum M, Mahmood T, et al. Antibiot-
ics use in hospitals and their presence in the associated waste. Antibiotics 
and Antimicrobial Resistance Genes: Springer; 2020. p. 27–49.

 19. Berendes DM, Yang PJ, Lai A, Hu D, Brown J. Estimation of global recover-
able human and animal faecal biomass. Nat Sustain. 2018;1(11):679–85 
https:// doi. org/ 10. 1038/ s41893- 018- 0167-0.

 20. Palmeira JD, Ferreira HMN. Extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae in cattle production–a threat around the 
world. Heliyon. 2020;6(1):e03206 https:// doi. org/ 10. 1016/j. heliy on. 2020. 
e03206.

 21. Ziraba AK, Haregu TN, Mberu B. A review and framework for understand-
ing the potential impact of poor solid waste management on health in 
developing countries. Arch Public Health. 2016;74(1):1–11 https:// doi. 
org/ 10. 1186/ s13690- 016- 0166-4.

 22. Insani WN, Qonita NA, Jannah SS, Nuraliyah NM, Supadmi W, Gatera VA, 
et al. Improper disposal practice of unused and expired pharmaceutical 
products in Indonesian households. Heliyon. 2020;6(7):e04551 https:// 
doi. org/ 10. 1016/j. heliy on. 2020. e04551.

 23. WHO. Food safety: Key facts 2020 [Available from: https:// www. who. int/ 
news- room/ fact- sheets/ detail/ food- safety. [Accessed 26 April 2021].

 24. Paudyal N, Anihouvi V, Hounhouigan J, Matsheka MI, Sekwati-Monang 
B, Amoa-Awua W, et al. Prevalence of foodborne pathogens in food 
from selected African countries–A meta-analysis. Int J Food Microbiol. 
2017;249:35–43 https:// doi. org/ 10. 1016/ s0140- 6736(15) 00474-2.

 25. Odeyemi OA. Public health implications of microbial food safety 
and foodborne diseases in developing countries. Food Nutr Res. 
2016;60:29819 https:// dx. doi. org/ 10. 3402% 2Ffnr. v60. 29819.

 26. Musoke D, Ndejjo R, Atusingwize E, Halage AA. The role of environmental 
health in one health: a Uganda perspective. One Health. 2016;2:157–60 
https:// doi. org/ 10. 1016/j. onehlt. 2016. 10. 003.

 27. UKRI. Drivers of Resistance in Uganda and Malawi: The DRUM Consor-
tium. 2021 [Available from: https:// gtr. ukri. org/ proje cts? ref= MR% 2FS00 
4793% 2F1. [Accessed 16 July 2021].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0209847
https://doi.org/10.1371/journal.pone.0209847
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://dx.doi.org/10.1007/s12199-015-0468-0
http://documents.worldbank.org/curated/en/323311493396993758/final-report
http://documents.worldbank.org/curated/en/323311493396993758/final-report
https://doi.org/10.1021/acs.est.5b02566
https://doi.org/10.1093/trstmh/trx050
https://doi.org/10.3389/fmicb.2016.01728
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://amr-review.org/sites/default/files/LSE%20AMR%20Capstone.pdf
https://amr-review.org/sites/default/files/LSE%20AMR%20Capstone.pdf
https://iiif.wellcomecollection.org/file/b28552593_Infection%20prevention%20control%20and%20surveillance.pdf
https://iiif.wellcomecollection.org/file/b28552593_Infection%20prevention%20control%20and%20surveillance.pdf
https://iiif.wellcomecollection.org/file/b28552593_Infection%20prevention%20control%20and%20surveillance.pdf
https://doi.org/10.1016/j.envint.2018.03.044
https://doi.org/10.1038/s41893-018-0167-0
https://doi.org/10.1016/j.heliyon.2020.e03206
https://doi.org/10.1016/j.heliyon.2020.e03206
https://doi.org/10.1186/s13690-016-0166-4
https://doi.org/10.1186/s13690-016-0166-4
https://doi.org/10.1016/j.heliyon.2020.e04551
https://doi.org/10.1016/j.heliyon.2020.e04551
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://doi.org/10.1016/s0140-6736(15)00474-2
https://dx.doi.org/10.3402/fnr.v60.29819
https://doi.org/10.1016/j.onehlt.2016.10.003
https://gtr.ukri.org/projects?ref=MR%2FS004793%2F1
https://gtr.ukri.org/projects?ref=MR%2FS004793%2F1

	The role of Environmental Health in preventing antimicrobial resistance in low- and middle-income countries
	Abstract 
	Background
	Water, sanitation, and hygiene
	Solid waste management
	Food hygiene and safety
	Contribution of Environmental Health Practitioners to preventing antimicrobial resistance

	Conclusion
	Acknowledgements
	References


