S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Journal of Infectious Diseases 111 (2021) 322-325

Contents lists available at ScienceDirect

International Journal of Infectious Diseases

journal homepage: www.elsevier.com/locate/ijid

Perspective

Antimicrobial resistance: A challenge awaiting the post-COVID-19 era )

Check for
updates

Tekle Airgecho Lobie *, Aklilu Abrham Roba?, James Alexander Booth ',
Knut Ivan Kristiansen', Abraham Aseffa? Kirsten Skarstad ', Magnar Bjgras '

1 Department of Microbiology, University of Oslo and Oslo University Hospital, Rikshospitalet, Oslo, Norway

2 Department of Cancer Research and Molecular Medicine, Norwegian University of Science and Technology, Trondheim, Norway
3 College of Health and Medical Sciences, Haramaya University, Harar, Ethiopia

4 Armauer Hansen Research Institute, Addis Ababa, Ethiopia

ARTICLE INFO ABSTRACT

Article history:

Received 24 May 2021
Revised 31 August 2021
Accepted 2 September 2021

Microbe exposure to pharmaceutical and non-pharmaceutical agents plays a role in the development of
antibiotic resistance. The risks and consequences associated with extensive disinfectant use during the
COVID-19 pandemic remain unclear. Some disinfectants, like sanitizers, contain genotoxic chemicals that
damage microbial DNA, like phenol and hydrogen peroxide. This damage activates error-prone DNA repair
enzymes, which can lead to mutations that induce antimicrobial resistance. Public health priority pro-
grams that have faced drug-resistance challenges associated with diseases, such as tuberculosis, HIV, and
malaria, have given less attention to risks attributable to the COVID-19 pandemic. Pathogen-specific pro-
AMR grams, like the directly observed treatment strategy designed to fight resistance against anti-tuberculosis
CQ\_/ID-]9 drugs, have become impractical because COVID-19 restrictions have limited in-person visits to health

Disinfectants c . . . .. .
pharmaceuticals 1r_15t1tut10ns. Here, we summarized the lfey findings of s_tL!dles on the currept. state of antlml_croblal re-
non-pharmaceuticals sistance development from the perspective of current disinfectant use. Additionally, we provide a brief
overview of the consequences of restricted access to health services due to COVID-19 precautions and

their implications on drug resistance development.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
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This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Recent findings have identified mechanisms that link antibiotic-
resistance dissemination to the use of non-antibiotic pharmaceu-

Introduction

Antimicrobial resistance (AMR) is a global public health concern
(Prestinaci, Pezzotti, & Pantosti, 2015). The main drivers of AMR
include excess microbial exposure to antibiotic agents, mainly due
to their overuse in agriculture and health facilities (Capozzi et al.,
2013; Levy, 1998). On the other hand, progress in developing new
antibiotics has remained stagnant due to scientific challenges, clin-
ical hurdles, and low economic returns (Payne, Miller, Findlay, An-
derson, & Marks, 2015). In addition to well-established factors that
influence AMR, the overuse and misuse of existing antimicrobial
agents have contributed to accelerating the spread of AMR during
and beyond the COVID-19 pandemic (Fig. 1).

Abbreviations: BAC, Benzalkonium chloride; DNA, Deoxyribonucleic Acid; DOTs,
Directly Observed Treatment Strategy; HIV, Human Immunodeficiency Virus; NDM1,
New Delhi Metallo-S-lactamase 1; SARS-COV2, Severe Acute Respiratory Syndrome
Coronavirus 2; TB, Tuberculosis; TLS, Translesion Synthesis Polymerase; WHO,
World Health Organization.
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ticals (Wang et al., 2020). Those findings are essential for under-
standing AMR in the context of the SARS-COV-2 pandemic, which
has led to extensive use of non-pharmaceuticals (e.g., alcohol-
based sanitizers) as a measure to prevent infection (Hui et al.,
2020). The marked increase in the use of hand sanitizers and en-
vironmental cleaners, without proof of their short and long-term
side effects, is a potential concern for human, animal, and envi-
ronmental health (Campos et al., 2017; Mantlo et al., 2020). De-
veloping countries and regions with limited resources, a flawed
pharmaceutical supply chain, and poor health service management
systems might contribute most to AMR spread because the qual-
ity of pharmaceutical products remains questionable (CDC., 2020)
(Chokshi, Sifri, Cennimo, & Horng, 2019). Here, we briefly provide
insight into how COVID-19 preventive measures, such as the use
of disinfectants and disruptions in treatment modalities of AMR-
targeted diseases, could potentially lead to an increase in AMR be-
yond the pandemic.
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Figure 1. The main drivers of antimicrobial resistance. Inappropriate use of antimicrobial agents for clinical and non-clinical applications accelerates the rate at which

drug resistance develops.

The current state of antimicrobial resistance

In 2017, the World Health Organization (WHO) released a re-
port on drug-resistant bacterial pathogens that merit priority in re-
search and development (WHO., 2017). Most pathogens on the list
included bacteria that carry the enzyme New Delhi metallo-beta-
lactamase 1 (NDM1), which confers resistance to a broader spec-
trum of mainstay antibiotics used for treating antibiotic-resistant
bacteria (Kumarasamy et al., 2010; D. L. Paterson & Doi, 2007). Un-
fortunately, shortly after the release of the report, COVID-19 was
recognized as a pandemic and required the full attention of the
scientific community, which limited their capacity to fight AMR
(Choudhury, Panda, & Singh, 2012; Ferri, Ranucci, Romagnoli, & Gi-
accone, 2017; Morehead & Scarbrough, 2018).

One of the WHO strategies for mitigating SARS-COV-2 infec-
tion was the use of hand sanitizers and disinfectants as frequently
as, and whenever possible (CDC., 2020; Kratzel et al., 2020). As a
result, the unseen microbial population is being continuously ex-
posed to pharmaceutical and non-pharmaceutical agents at vary-
ing frequencies, concentrations, and doses (Haiderali, 2020). Re-
gardless of composition, these products’ long and short-term ef-
fects on microbial genetics and human health have apparently
been overlooked; however, we believe that current practices may
have a potential impact. Therefore, based on the lessons learned
from biophysical and molecular responses of microbes to differ-
ent stressors, we might infer that to the use of pharmaceutical
and non-pharmaceutical agents may contribute to the emergence
and spread of AMR via mutagenic mechanisms that introduce mi-
crobial genome instability (Booth et al., 2020; Cohen, Lobritz, &
Collins, 2013; Dorr, Vulic, & Lewis, 2010; Gullberg et al., 2011; L
K. Paterson, Hoyle, Ochoa, Baker-Austin, & Taylor, 2016).

Mechanisms related to COVID-19 consequences that contribute
to AMR

Previous studies have described the emergence of bacte-
rial pathogens that became tolerant to alcohol-based sanitizers
through unknown genetic and molecular mechanisms (Pidot et al.,
2018). This tolerance could be induced by the constituents of
sanitizers, such as alcohol, quaternary ammonium compounds,
phenols, hydrogen peroxide, and surfactants, which cause micro-
bial DNA damage, or benzalkonium chloride (BAC) and triclosan,
which have antimicrobial properties (Carey & McNamara, 2015;
McDonnell et al., 2013; Pereira & Tagkopoulos, 2019). BAC has a
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broad spectrum antimicrobial activity against bacteria, fungi, and
viruses. It has been well documented that BACs create a selec-
tive environment that favors some microbial phenotypes, and thus,
exposure to it can confer cross-resistance to various antimicrobial
agents (Pereira & Tagkopoulos, 2019).

Most homemade and purchased cleaning and hand sanitiz-
ing products contain chemicals, such as phenol and hydrogen
peroxides, that induce microbial DNA damage (da Silva, 2016;
Akimitsu et al,, 1999; WHO, 2010). The bacterial response to DNA
damage by induction of translesion synthesis polymerases (TLS)
tolerates and bypasses unrepaired DNA lesions creating mutations
that contribute to the development of antimicrobial resistance
(Choi, Kim, Motea, & Berdis, 2017; Fuchs & Fujii, 2013; Ghosal &
Chen, 2013).

Upon exposure to antibiotic-based disinfectants, bacteria re-
spond by forming a subpopulation that persists and can become
highly tolerant to antibiotics. This “selected” subpopulation plays
an essential role in the recalcitrance of biofilm infections (Fig. 2
)(Dorr et al., 2010). Therefore, microbes can undergo both phe-
notypic and genotypic changes that can alter antibiotic targets
(Lewis, 2007).

Moreover, the use of antibiotics has increased in current efforts
to ameliorate COVID-19. Indeed, antibiotics were administered in
nearly 70% of COVID-19 related hospital admissions and 80-100%
of COVID-19 related intensive care unit admissions (Langford et al.,
2020). For instance, individuals received antibiotics when they pre-
sented with either mild COVID-19 without pneumonia, or moder-
ate COVID-19 with pneumonia (WHO., 2020a).

Health system challenges related to COVID-19

The pandemic has posed a challenge to the preventive and
control programs for public health priority diseases, such as tu-
berculosis (TB), HIV, and malaria. For instance, fighting the noto-
riously drug-resistant bacterial infection, TB, with a directly ob-
served treatment strategy (DOTs), has become practically impossi-
ble because COVID-19 related restrictions have prevented patients
with TB from visiting health service centers (WHO., 2020b).

In developing countries, where infectious diseases and other
chronic illnesses are prevalent, the WHO global strategy and the
recommendation for digital health interventions have remained
elusive due to low and limited internet coverage (Labrique, Agar-
wal, Tamrat, & Mehl, 2020). These countries are burdened with far
worse illnesses than COVID-19; thus, perhaps in that context, the
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Figure 2. Classical curve showing biphasic killing by antibiotics that leaves a fraction of the bacterial subpopulation that enters into dormancy or becomes resistant. Pharma-
ceutical and non-pharmaceutical agents, such as antibiotics, sanitizers, and stress conditions, affect (A) actively replicating bacteria (green), which leads to (B and C) depletion
of the sensitive clones (grey). A small proportion of surviving bacteria enters into (E) a dormant, persistent state (light green) or (D) a resistant state (red). The dormant,
persistent fraction reactivates when antibacterial agents are removed (G), and become susceptible. The resistant subpopulation continues to multiply in the presence of the

antimicrobial agent(s) that are designed to kill them (F).

COVID-19 measures are too strict compared to methods for man-
aging other illnesses. Consequently, the number of empirical treat-
ments has increased due to the lack of medical, physical, and lab-
oratory examinations.

The consequences of undoing global efforts

Several global strategies have been established for combating
AMR through the tremendous collaborative efforts of international
agencies, including the US Center for Disease Control and Preven-
tion, the European Center for Disease Prevention and Control, the
WHO, the United Nations interagency coordination group on AMR,
and the Global antibiotic resistance partnership (Chaudhary, 2016).
If these achievements are undermined due to COVID-19 manage-
ment strategies, we could experience even worse health, economic,
social, and political crises.

Conclusions

Exposure of microbes to disinfectants and non-pharmaceutical
agents contributes to the microbial ability to evolve mechanisms
that increase AMR. Furthermore, the COVID-19 related restrictions
to health services limited access for proper diagnosis, treatment,
and management of patients with infectious diseases that need
antibiotic-based interventions. Cognizance and actions are desper-
ately needed to confront the existing and emerging public health
threats from drug-resistant, multidrug-resistant, and total drug-
resistant microbes.

Recommendations

Therefore, because the course of the COVID-19 pandemic re-
mains enigmatic, we argue that the strategies for combating the
emergence and spread of AMR should be incorporated into the
pandemic response through different approaches.
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A robust expert recommendation, as well as research on the
formulations of disinfectants in current use, specifically for select-
ing, introducing, and regulating microbicides that have shown no
or low selective pressure for inducing AMR, is critical. For exam-
ple, investigations should focus on disinfectant constituents, mech-
anisms of action, genetic targets, and short and long-term ef-
fects on the environment, humans, and the microbial population.
Furthermore, strategies should be designed and implemented to
reach patients with chronic infections like TB that require antibi-
otic management. In this regard, it is indispensable to strengthen
the capacity of community health care providers to follow and as-
sist patients without compromising safety and infection prevention
measures. In our opinion, alternatives to digital health (e-health)
should be sought for areas with no or limited internet access. Here,
we argue that internet expansion into remote areas is feasible pro-
vided there is an investment and political commitment.

The time is at hand to launch coordinated, collaborative mea-
sures to stem the further emergence and spread of untreatable in-
fections and diseases, which could eventually lead to another pub-
lic health emergency.
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