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Comment

Antimicrobial resistance is associated with an estimated 4:95 million deaths annually and is
currently a leading cause of death worldwide.1 Despite numerous global initiatives to control
the surge of antimicrobial resistance, at the current rate of increase, annual deaths from
antimicrobial resistance are estimated to rise to 10 million by 2050. This puzzling
conundrum indicates that there are unknown factors that continue to increase antimicrobial
resistance at a global scale and that identifying them will be crucial in controlling the
ongoing antimicrobial resistance pandemic. There are also scarce data about the
geographical distribution and evolution of antimicrobial resistance over time in settings
outside of health-care facilities,[2,3] and more accurate scientific evidence is required to
promote optimal policies to combat antimicrobial resistance.

Opportunities for reviewing knowledge gaps and refocusing scientific, political, and funder
attention on priority antimicrobial resistance research will arise during World Antimicrobial
Awareness Week, Nov 18-24, 2022. During World Antimicrobial Awareness Week, the
quadripartite organisations— WHO, the Food and Agriculture Organization of the UN, the UN
Environment Programme, and the World Organisation for Animal Health—will promote the
multisectoral approach of preventing antimicrobial resistance together. Although the focus
will be on conventional antimicrobial resistance agendas, the neglected issue of the
globalisation of antimicrobial resistance through mass gathering religious and pride festival
events4 must now be a priority agenda at the upcoming World Antimicrobial Awareness
Week, given that these events could yield substantial exacerbating factors driving the
antimicrobial resistance pandemic. Over the past two decades, individual case and small
cohort reports indicate transmission of various pathogens in both symptomatic and
asymptomatic travellers from across the world attending recurring mass gathering events
(figure).[4-11] These findings expose huge scientific knowledge gaps on the cryptic
carriage, transmission dynamics, and ongoing evolution of antimicrobial resistance genes in
people who attend mass gathering events, and their eventual effect on amplifying the global

spread of antimicrobial resistance.[5-7,10,11]

The Kumbh Mela (India), Arba’een (Iraq), Hajj (Saudi Arabia), Grand Magal of Touba
(Senegal), and global gay pride events attract millions of people to the host countries from
across the world.4-7 Attendees of mass gathering events live and interact together,
generating a vast amount of biological waste, such as faeces, urine, sweat, and sputum,
with billions of microorganisms contaminating the environment, water, food, surfaces, and

skin. Thus, mass gathering events create ideal conditions for transmission between
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attendees, organisers, and local residents of a range of pathogens, including multidrug-
resistant bacteria that affect the respiratory tract, gastrointestinal tract, and genitalia.4,7
Men who have sex with men (MSM) are known to be at increased risk of acquiring
multidrug-resistant enteric pathogens and other sexually transmitted infections through
close contact and exchange of secretions and excreta during unprotected anal, oral, and
other sexual practices.8,9 Repeated and frequent courses of antibiotic treatments in MSM
with recurrent sexually transmitted infections drive antimicrobial resistance further,
diminishing antibiotic treatment options.[8-10]. Clinico-epidemiological studies over the
past decade have reported Neisseria gonorrhoea, Mycoplasma genitalium, Giardia
intestinalis, HIV-1, and multidrug-resistant strains of foodborne gut pathogens Shigella
sonnei and Campylobacter coli in MSM populations across diverse geographical
locations.[6,8-10]

Antimicrobial resistance is also a neglected but important issue at the Kumbh Mela and
requires proper scientific definition. Kumbh Mela is the world’s largest religious mass
gathering event7 and is held every 4 years at locations across India, with over 100 million
pilgrims from across all continents bathing together in the holy rivers of Ganga, Godavari,
Kshipra, and Sangam. The Kumbh Mela thus carries the combined risk of antimicrobial
resistance transmission from the carriage of bacteria in the skin, urinary, genital, or
gastrointestinal tracts of pilgrims during mass communal worshipping that involves bathing
together in contaminated river water under poor sanitary conditions. In 2021, a
spatiotemporal meta-analysis of bacterial communities detected in water samples from the
Godavari River showed anthropogenic multidrug-resistant bacterial strains generating in real
time during the Kumbh Mela.12 The 2022 Indian Council of Medical Research Antimicrobial
Resistance Surveillance Network annual report13 showed an upward trajectory of
antimicrobial resistance across India. Resistance of Escherichia coli to imipenem increased
from 14% in 2016 to 36% in 2021; methicillin-resistant Staphylococcus aureus rates
increased from 28-4% in 2016 to 42-6% in 2021. Whether the Kumbh Mela contributes to
exacerbating antimicrobial resistance within India and globally remains to be defined by
case-controlled cohort studies of pilgrims. The disruptions to regular health care in India
and across the world because of COVID-19 appear to have worsened challenges with
antimicrobial resistance control worldwide.14

During World Antimicrobial Awareness Week, in addition to advancing a multisectoral,
transdisciplinary approach that recognises the connection between people and their shared
environments, the organisations and international stakeholders must prioritise and
emphasise the urgent need for more political and funder investments in antimicrobial

resistance research at mass gathering events. Coordinated action must be inclusive, and
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mass gatherings must be incorporated into the global antimicrobial resistance research
agenda and more broadly in action plans, to prevent antimicrobial resistance. Given that
millions of people from across the world attend recurring religious and gay pride events,
they provide unique cohorts for taking forward a range of research and operational studies,
such as defining the prevalence of antimicrobial resistance; risk factors for the evolution of
antimicrobial resistance genes; transmission between participants; globalisation after the
event; efficacy of infection control measures; antibiotic stewardship; and trials of new rapid
diagnostics, vaccines, antibiotics, and novel therapeutic agents. Although the initiation and
coordination of these studies might appear a logistical nightmare that is seemingly
impossible, as the unprecedented but successful COVID-19 response illustrated, stakeholder
support is required to take forward these studies.

Overcoming these challenges will require increased political will; approval by the
governments of countries hosting mass gathering events; adequate resources, including
funding, to establish cross-continental networks, coordinate, and conduct these studies;
developing common study and ethics protocols; and the availability of interventions at an
affordable cost. To advance optimal participation by attendees of religious and gay pride
events in research studies will be to avoid indirect or direct anti-religious, homophobic and
racist stereotypes. This will require human-rights-based study protocols, developed with full
engagement of representatives from relevant religious, gay pride communities and host
countries organisers, to avoid stigmatization, and use of unacceptable, prejudicial language,
and content.

At the UN General Assembly on Sept 22, 2022, an important side event addressed
antimicrobial resistance; heads of government and state, government ministers, and relevant
stakeholders declared that urgent action is required to stop the spread of antimicrobial
resistance. Antimicrobial resistance is a consistent agenda item in G7 and G20 presidencies.
With such strong political support, the quadripartite organisations and relevant stakeholders
need to take up strategic organisational and visionary leadership, create capability and
capacity, and generate the required funding to advance research through cross-continental
networks. This process could be underpinned by adapting, repurposing, and utilising the
extensive existing research infrastructures, including genomics, epidemiological,
communication, and data management expertise developed across the world for COVID-19.
The quadripartite organisations must act now to find the missing data to formulate more
effective policies than we have currently and avoid another global pandemic that could cause
millions of deaths from antimicrobial resistance. The time is now ripe for global public
authorities to discuss ways in which to invest strategically in high-quality research for

obtaining an accurate evidence base and share data and experiences to reduce AMR
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transmission at MG events. This will be critical for developing effective prevention,
surveillance, and management protocols and help WHO and host countries develop
evidenced-based planning for reducing transmission and spread of MDR pathogens at all MG

events.

Author declarations:
All authors declare no conflicts of interest. The views expressed are those of the authors and

not necessarily of their respective institutions.

Acknowledgements:

Avinash Sharma is DBT Wellcome Trust Fellow.

Sir Alimuddin Zumla is co-principal investigator of The Pan-African Network on Emerging and
Re-Emerging Infections (PANDORA-ID-NET, CANTAM-3 and EACCR-3) funded by the
European and Developing Countries Clinical Trials Partnership, supported by the EU Horizon
2020 Framework Programme. Sir Zumla is in receipt of an UK-NIHR Senior Investigator award

and is a Mahathir Science Award and EU-EDCTP Pascoal Mocumbi Prize Laureate.

References

1. Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance
in 2019: a systematic analysis. Lancet. 2022 Feb 12;399(10325):629-655. doi:
10.1016/S0140-6736(21)02724-0. Epub 2022 Jan 19. PMID: 35065702

2. Zumla A, Azhar EI, Hui DS, Shafi S, Petersen E, Memish ZA. Global spread of antibiotic-
resistant bacteria and mass-gathering religious events. Lancet Infect Dis. 2018
May;18(5):488-490. doi: 10.1016/51473-3099(18)30242-1. PMID: 29695351.

3. Bokhary H, Research Team H, Barasheed O, Othman HB, Saha B, Rashid H, Hill-
Cawthorne GA, Abd El Ghany M. Evaluation of the rate, pattern and appropriateness of
antibiotic prescription in a cohort of pilgrims suffering from upper respiratory tract infection
during the 2018 Hajj season. Access Microbiol. 2022 Apr 25;4(4):000338. doi:
10.1099/acmi.0.000338. PMID: 35812707; PMCID: PMC9260093.

4. Zumla A, Traore T, Amao L, Ntoumi F, Sharma A, Azhar EI, Abbara A. Reducing
the threat of epidemic-prone infections at mass gathering religious events.

Lancet. 2022 Jul 9;400(10346):80-82. doi: 10.1016/S0140-6736(22)01194-1.
Epub 2022 Jun 27. PMID: 35772412.

5. Memish ZA, Steffen R, White P, Dar O, Azhar EI, Sharma A, Zumla A. Mass gatherings
medicine: public health issues arising from mass gathering religious and sporting events.
Lancet. 2019 May 18;393(10185):2073-2084. doi: 10.1016/50140-6736(19)30501-X.PMID:
31106753; PMCID: PMC7159069.

6. IfAigo Martinez J, Gil Montalban E, Jiménez Bueno S, Martin Martinez F, Nieto Julid A,
Sanchez Diaz ], et al. Monkeypox outbreak predominantly affecting men who have sex with

5



men, Madrid, Spain, 26 April to 16 June 2022. Euro Surveill. 2022 Jul;27(27):2200471. doi:
10.2807/1560-7917.ES.2022.27.27.2200471. PMID: 35801519; PMCID: PMC9264731.

7. Lister NA, Smith A, Tabrizi S, Hayes P, Medland NA, Garland S, et al. Screening for
Neisseria gonorrhoeae and Chlamydia trachomatis in men who have sex with men at male-
only saunas. Sex Transm Dis. 2003 Dec;30(12):886-9. doi: 10.1097/01. OLQ. 0000 099 160
.26205.22. PMID: 14646635.

8. Chiou CS, Izumiya H, Kawamura M, Liao YS, Su YS, Wu HH, Chen WC, Lo YC. The
worldwide spread of ciprofloxacin-resistant Shigella sonnei among HIV-infected men who
have sex with men, Taiwan. Clin Microbiol Infect. 2016 Apr;22(4):383.e11-383.e16. doi:
10.1016/j.cmi.2015.12.021. Epub 2016 Jan 20. PMID: 26806133.

9. Gaudreau C, Bernaquez I, Pilon PA, Goyette A, Yared N, Bekal S. Clinical and Genomic
Investigation of an International Ceftriaxone- and Azithromycin-Resistant Shigella sonnei
Cluster among Men Who Have Sex with Men, Montréal, Canada 2017-2019. Microbiol Spectr.
2022 Jun 29;10(3):e0233721. doi: 10.1128/spectrum.02337-21. Epub 2022 Jun 1. PMID:
35647695; PMCID: PMC9241791.

10. Greninger AL, Addetia A, Starr K, Cybulski RJ, Stewart MK, Salipante SJ], et al.
International Spread of Multidrug-Resistant Campylobacter coli in Men Who Have Sex With
Men in Washington State and Québec, 2015-2018. Clin Infect Dis. 2020 Nov 5;71(8):1896-
1904. doi: 10.1093/cid/ciz1060. PMID: 31665255; PMCID: PMC7643735.

11. Jani K, Bandal J, Shouche Y, Shafi S, Azhar EI, Zumla A, Sharma A. Extended Ecological
Restoration of Bacterial Communities in the Godavari River During the COVID-19 Lockdown
Period: a Spatiotemporal Meta-analysis. Microb Ecol. 2021, 82(2):365-376. doi:
10.1007/s00248-021-01781-0. Epub 2021 Jul 5. PMID: 34219185; PMCID: PMC8255117.

12. Godbole G, McCann N, Jones SM, Dallman TJ, Brown M. Ceftriaxone-resistant Salmonella
Typhi in a traveller returning from a mass gathering in Iraq. Lancet Infect Dis. 2019
May;19(5):467. doi: 10.1016/51473-3099(19)30176-8. PMID: 31034389.

13. Jani K, Bandal J, Shouche Y, Shafi S, Azhar EI, Zumla A, Sharma A. Extended Ecological
Restoration of Bacterial Communities in the Godavari River During the COVID-19 Lockdown
Period: a Spatiotemporal Meta-analysis. Microb Ecol. 2021, 82(2):365-376. doi: 10.1007
/s00248-021-01781-0. Epub 2021 Jul 5. PMID: 34219185; PMCID: PMC8255117.

14. Jani K, Srivastava V, Sharma P, Vir A, Sharma A. Easy Access to Antibiotics; Spread of
Antimicrobial Resistance and Implementation of One Health Approach in India. J Epidemiol
Glob Health. 2021 Dec;11(4):444-452. doi:10.1007/s44197-021-00008-2. Epub 2021 Sep
28. PMID: 34734384; PMCID:PMC8477994.)

Legend to Figure 1

Antibiotic resistant pathogens detected at Hajj, Kumbh Mela and Arba’een Religious

Mass Gatherings over time.






