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ABOUT COVID-END

To help Canadian decision-makers as they respond to unprecedented challenges related to the
COVID-19 pandemic, COVID-END in Canada is preparing evidence syntheses like this one. This
living evidence synthesis was commissioned by the Office of the Chief Science Officer, Public
Health Agency of Canada, and was funded by the COVID-19 Evidence Network to support
Decision-making (COVID-END) through an investment from the Government of Canada through
the Canadian Institutes of Health Research (CIHR). The opinions, results, and conclusions are
those of the team that prepared the evidence synthesis, and independent of the Government of
Canada, CIHR, and the Public Health Agency of Canada. No endorsement by the Government of
Canada, Public Health Agency of Canada or CIHR is intended or should be inferred.

The AMR Policy Accelerator at Global Strategy Lab (GSL) and the Knowledge Synthesis and
Application Unit (KSAU) team at the University of Ottawa conducted this living evidence review to
explore how (1) antimicrobial use, (2) infection prevention, and (3) health system changes have
impacted the emergence, transmission, and burden of AMR during the COVID-19 pandemic (1).
For more on the Global Strategy Lab and Knowledge Synthesis and Application Unit project team
see page 65.

THIRD-PARTY MATERIALS

If you wish to reuse non-textual material from this report that is attributed to a third party, such
as tables, figures, or images, it is your responsibility to determine whether permission is required
for such use and to obtain necessary permission from the copyright holder. The risk of claims
resulting from infringement of any third party-owned material rests solely with the user.

GENERAL DISCLAIMER

This report was prepared by the AMR Policy Accelerator at GSL and the KSAU team at the
University of Ottawa on behalf of the SPOR Evidence Alliance and COVID-END. It was developed
through the analysis, interpretation, and synthesis of scientific research and/or health technology
assessments published in peer-reviewed journals, institutional websites, and other distribution
channels. It also incorporates selected information provided by experts and patient/citizen
partners with lived experience on the subject matter. This document may not fully reflect all the
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scientific evidence available at the time this report was prepared. Other relevant scientific
findings may have been reported since completion of this synthesis report.

SPOR Evidence Alliance, COVID-END, and the project team make no warranty, express or implied,

nor assume any lega

| liability or responsibility for the accuracy, completeness, or usefulness of any

information, data, product, or process disclosed in this report. Conclusions drawn from, or actions
undertaken based on, information included in this report are the sole responsibility of the user.

ABBREVIATIONS
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CRA
CRPA
CRE
ESBL
HAI
HICs
ESBL
HIV
ICU
IPAC
ITS
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MDR
MRSA
MSSA
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NPIs
PPE
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TB
VRE
WHO
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PUBLIC SUMMARY
How did the COVID-19 pandemic impact antimicrobial resistance (AMR)?

What is this study about?

Antimicrobials are medicines meant to treat infections.
Antimicrobial resistance (AMR) occurs when bacteria, viruses,
and other microbes stop responding to these antimicrobial
medicines. AMR is a serious global public health issue. In 2019
alone, AMR contributed to the deaths of close to 5 million people
around the world.

Hospital use of

antimicrobials refers
to the antimicrobials used or
prescribed inside a hospital or
emergency-room setting.

In this study, key questions we wanted to answer were (1) if the
COVID-19 pandemic changed how antimicrobials are used and
(2) if AMR was higher or lower than before the COVID-19
pandemic. To measure this, we looked at data on AMR rates and
rates of hospital and community use of antimicrobials before and
during the pandemic. Data was used from the following example, through community
countries: Australia, Canada, England, the European Union (EU), pharmacies.

Japan, Norway, Denmark, and the United States of AMerica (US).  Suuueecesscssssssssssssssssssnsnnnnnnns
We also looked at whether actions that prevent infection like hand washing, wearing face masks,

and lockdowns increased or decreased AMR during the pandemic. Finally, we looked at how

changes to how people use medical systems, may have impacted AMR, for example, through

reduced use of healthcare systems. As part of our analysis, we looked at whether studies collected

data on age, race, ethnicity, or other factors to determine how the pandemic and AMR may have
impacted different groups of people including different genders, minorities, and equity-seeking

groups.

Community use of
antimicrobials refers to the
antimicrobials used or
prescribed outside of a hospital
or emergency-room setting, for

Why is this study important?
It is important to understand what actions during the COVID-19 pandemic increased or decreased
AMR. We can use this information to provide recommendations to slow down AMR and save lives.

Results: How did COVID-19 impact antimicrobial use?

e In 2020, all countries used fewer antimicrobials than before the start of the pandemic.
Some countries used more antimicrobials in hospitals to treat COVID-19 patients. In all
countries, there was less community use of antimicrobials.

e We only have information on antimicrobial use from a few countries for 2021. In Denmark,
England, and the US, community antimicrobial use increased from 2020 levels. In the US,
community antimicrobial use increased to more than before the pandemic. In Canada and
Norway, the community use of antimicrobials in 2021 did not increase.

Results: How did COVID-19 impact AMR?
e Different countries showed different trends in AMR and we did not consistently find that
AMR either increased or decreased because of changes in antimicrobial use during COVID-
19. The various ways that countries responded to try to slow the spread of COVID-19, like
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lockdowns, travel restrictions, and mandatory face masking, may explain why some
countries found that AMR increased, while others found it decreased or stayed the same.

e Measures meant to stop the spread of COVID-19, like wearing face masks and lockdowns,
reduced AMR.

e Changes to how people used the medical system during the pandemic like reduced
diagnostic testing, may have increased resistance of community-associated infections.
Changes like higher ICU admission rates may also have increased resistance of hospital-
associated infections. Additional studies are needed, since only a few studies examining
health system use in either setting were found.

What is needed now?
1. More studies to find out how the COVID-19 pandemic has impacted AMR after the initial
pandemic wave.
2. In all countries, better systems are needed to track antimicrobial use and AMR.
3. More studies on how the pandemic and AMR may have impacted different groups of
people including different genders and minority groups.

EXECUTIVE SUMMARY

Antimicrobial resistance (AMR) is a critical threat to global public health. This report is the third
edition of a living evidence review aimed at identifying linkages and evidence gaps to determine
how three drivers —antimicrobial use (AMU), infection prevention and control (IPAC), and use of
healthcare and related systems— have impacted the emergence of new drug-resistant strains
(AMR emergence), the spread of antimicrobial resistant organisms between hosts (AMR
transmission), and the number and nature of infections due to antimicrobial resistant organisms
(AMR burden). The first and second editions were published November 2022 and May 2023,
respectively.

This third edition includes fifteen new studies, for a total of sixty-three studies and includes
updated national surveillance data on AMU and AMR. This report also includes risk of bias
assessments for the included studies; most were found to be at high risk of bias. In addition, this
report explored national AMR trends across WHO priority pathogens (Appendix 1, Figure 1).

National surveillance data shows a significant decrease in AMU in 2020 driven by reductions in
community prescribing. Whether, or for how long, these reductions will be sustained remains to be
seen: while Canada, England, the European Union, and Norway continued to report lower than
pre-pandemic level of community AMU in 2021, the US and Denmark may already be experiencing
a return to (or above) pre-COVID-19 levels of community prescribing. Different community AMU
trends may be explained by national differences in timing and speed at which COVID-19
restrictions (like lockdowns and travel restrictions) were eased. Trends in community AMU may
become more apparent as 2022 data is released.

Conclusions in this report were consistent with our May 2023 update: changes in AMU were not
consistently associated with increasing or decreasing levels of AMR while COVID-19-driven IPAC
measures have reduced AMR. Research studies found an increase in AMU in some hospital
settings (e.g., ICU or COVID wards), decreases in other hospital settings or when looking at whole
hospital AMU, and decreases in community settings.
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Health system use changed significantly during the COVID-19 pandemic through increased ICU
admissions, raised threshold for seeing a general practitioner for symptoms, and shifting in-
person appointments to telemedicine ones all of which may have also impacted AMR. However,
we found few studies which examined these factors as a driver of AMR. The studies we did find
suggest that changes to health system use during the COVID-19 pandemic including limited
capacity to provide service delivery and diagnosis for community-associated diseases like human
immunodeficiency virus (HIV), tuberculosis (TB), malaria, and STIs, as well as reduced global
vaccination coverage may have negatively affected AMR.

IPAC measures in the community, including travel restrictions, lockdowns, social distancing
requirements, and mandatory masking, consistently contributed to a reduction in resistant
community-associated infections (CAls). However, impact of hospital IPAC measures on AMR and
resistant hospital-associated infections (HAIs) was more varied; studies reporting increasing,
decreasing and no change in HAI rates.

The impact of reduced diagnostic testing in the community and an increased number of sick
patients in hospital ICUs were generally associated with increasing AMR. However, since few
studies were identified, this remains a consistent knowledge gap from the first version of this
report that requires further research and investigation. Furthermore, few studies investigated the
impact of any COVID-19-driven changes on AMR transmission and emergence. The lack of data
about either dimension represents an opportunity area for future research.

The COVID-19 pandemic compounded existing equity challenges at both the individual and global
level. COVID-19 disproportionally affected people based on age, income, race or ethnicity, gender
and sexual orientation, and migrant status. Many of these populations faced barriers to access
testing and other services (eg, reduced access to sexually transmitted and blood borne infection
(STBBI)) due to COVID-19. As well, globally, many countries faced limited or reduced access to
vaccinations, reduced access to laboratory materials, and reduced staff availability —all of which
may drive inequitable AMR transmission. Despite these known impacts, we found no studies
included in this study direct mentioned equity or social determinants of health.

Five policy implications emerged from this review:

1. Improve AMR surveillance systems. Effective and timely policy decisions require improved
AMR surveillance systems to ensure robust data collection during future pandemics, and
that AMR trends are identified in an appropriate timeframe.

2. Address AMR as part of pandemic preparedness. The COVID-19 pandemic has had
profound implications for AMR, and we should expect that future pandemics will also
impact and be impacted by AMR. Policymakers working in pandemic preparedness must
ensure that AMR is addressed.

3. Develop Antimicrobial Stewardship (AMS) programs that evolve alongside changes to
health system use. Policymakers can draw important lessons from the changes seen during
the COVID-19 pandemic. For example, the decrease in community AMU observed at the
start of the pandemic could be maintained by implementing stewardship activities that
target outpatient and community prescribing.
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4. Build stronger links between IPAC and AMS programs. Effective IPAC is key to reducing
demand for antimicrobial use and therefore reducing AMR. There is a need to integrate
IPAC and AMS programs in settings which influence and inform the development and
uptake of preventive measures.

5. Determine the inequitable impacts of the pandemic on AMR. This will allow the
implementation of effective IPAC measures, particularly for populations disproportionately
impacted by AMR (e.g., remote and isolated communities, long-term care residents) by
developing, updating and promoting uptake of guidelines/best practices including
stewardship programs for human health.

BACKGROUND
Context

The COVID-19 pandemic has reshaped the landscape of healthcare around the world.
Antimicrobial resistance (AMR) was already a critical pre-pandemic issue, and the COVID-19
pandemic has only accelerated the need for global action to address rising AMR rates (2). In 2019
alone, bacterial AMR contributed to almost 5 million deaths (3). The World Health Organization
(WHO) estimates that AMR has caused at least one-third as many deaths as COVID-19 in 2020
(4). Whether the COVID-19 pandemic will have a net negative or positive impact on AMR has
been widely debated (5,6).

Historically, AMR has been accelerated by widespread antimicrobial use (AMU). In the context of
COVID-19, the development and spread of AMR has also likely been impacted by changes in
infection prevention and control measures (IPAC), and changes to health system use around the
world (1). These drivers, including self-medication, handwashing, use of personal protective
equipment, and changes to modes of access to healthcare services such as remote prescribing,
can affect AMR through different mechanisms. Inappropriate or increased use of antimicrobials to
treat secondary or co-infections (with bacterial, fungal, and other viral infections) in COVID-19
patients may directly influence AMR rates (7) by concurrently promoting AMR emergence and
burden (5). Policy measures in response to the COVID-19 pandemic, such as reduced travel and
improved infection prevention and control practices (in community and across healthcare
systems), may have reduced AMR transmission (6). While in hospital IPAC measures may have
been negatively impacted by the re-distribution of resources from AMR to control of COVID-19
(8). The COVID-19 pandemic has also compounded existing societal and health inequities, such as
limited or reduced access to vaccinations (9), reduced access to laboratory consumables, and
reduced staff availability in healthcare systems in low-resource settings, which may in turn drive
inequitable AMR transmission (6,8).
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METHODS

National surveillance data on AMR and AMU

We conducted a targeted scan of national
surveillance reports that were published using data
from March 2020 or later to provide background data
on AMU and AMR rates. We searched for surveillance
reports from key countries identified by the Public
Health Agency of Canada: Australia, Canada,
England, EU countries, Japan, Norway, and the US.
The Global Strategy Lab (GSL) completed the data
extraction in Excel, and results were descriptively
summarized in Table 1.

What’s new?

- Fifteen new studies were included in
this report.

- A second reviewer verified the inclusion
of studies and risk of bias assessments
were completed for all studies.

- National AMR trends were explored for
WHO priority pathogens.

The impact of COVID-19 on AMR drivers: AMU, IPAC and health system use

Search strategy

A detailed search strategy was developed in consultation with an information specialist (Appendix
4). A PRESS peer review (10) was completed for this search strategy. Electronic searches were
carried out using MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials and

Cochrane Database of Systematic Reviews. Studies published to September 1%, 2023 were
included in this review.

Eligibility criteria

Studies published in English between March 2020 and September 2023 were eligible for inclusion.
Studies that directly measured the impact of the driver on AMR rates (e.g., the impact of COVID-
19 IPAC programs on AMR) or that attempted to show an association by measuring changes in
the driver and AMR rates before and during the COVID pandemic (e.qg., presenting AMU trends and
AMR trends) were included. Non-systematic reviews, case reports, case series, surveys, modelling
studies, commentaries, letters, conference abstracts, and qualitative studies were excluded.

Study selection and data extraction

Study selection and data extraction were completed by a single reviewer. The reviewer completed
both title and abstract screening and full-text screening. A second reviewer validated 30% of
single reviewer screenings and did not identify any missed studies. Data extraction and charting
was completed in Covidence and Excel, respectively, and results summarized descriptively
(Appendix 1, Table 2).

Risk of bias assessment

Risk of bias assessments for non-randomized studies (including retrospective data linkage and
interrupted time series designs) were completed with the ROBINS-I tool (11). Cohort studies were
evaluated using the Newcastle Ottawa Scale (NOS) for cohort studies (12). The three
environmental sampling studies (no samples from human participants) were evaluated using the
Collaboration for Environmental Evidence Critical Appraisal Tool (13).

Equity: PROGRESS-Plus framework

AMR Policy Accelerator 9



Health inequities were also considered for each study using the PROGRESS-Plus framework and
PROGRESS-Plus factors were extracted for each study (Appendix 2, Table 1). The PROGRESS-Plus
framework identifies characteristics that stratify health opportunities and outcomes (14) including
place of residence, race/ethnicity/culture/language, occupation, gender/sex, religion, education,
socioeconomic status and social capital. “Plus” factors, include those used to refer to personal
characteristics associated with discrimination (e.g., age, disability), features of relationships (e.g.,
smoking parents, excluded from school) and time-dependent relationships (e.g., leaving the
hospital, respite care, other instances where a person may be temporarily at a disadvantage).

Synthesis

Evidence was synthesized using the Knight et al. (1) framework which describes three dimensions
of AMR which may have been, and may continue to be, affected by the COVID-19 pandemic. The
framework identifies three dimensions of AMR: the emergence of new drug-resistant strains (AMR
emergence), the spread of antimicrobial resistant organisms between hosts (AMR transmission),
and the number and nature of infections due to antimicrobial resistant organisms (AMR burden).
Included studies were classified using this analytic framework (Figure 1) according to both the
driver of AMR measured or reported and the dimension of AMR that was considered. Drivers are
defined in accordance with Knight et al.’s framework as: AMU; community or hospital IPAC
measures such as masking, improved hand hygiene, lockdowns, and travel restrictions; and/or
changes to health systems use such as reduced numbers of elective procedures. Studies were
classified under transmission only if they included a measure of horizontal transmission.
Additionally, studies were classified under health system use only if they considered a measure of
health system use, for example a change in admission rates or testing rates.

RESULTS
The impact of COVID-19 on AMR and AMU: National trends

National trends in AMU

AMU surveillance data from high-income countries (HICs) including Canada (15), Japan (16),
Norway (17), England (18), Denmark (19), and other countries in the EU (20) all reported overall
decreases in AMU in 2020 due to substantial reductions in community antimicrobial consumption
(Appendix 1, Table 1) (16,17). Most countries also reported decreased hospital AMU in 2020,
though England reported an overall decrease in AMU despite increased hospital prescribing (18).
In 2021, the EU (21), Canada (15), Norway (17), England (18) and Denmark (19) continued to
report that total AMU remained below 2019 levels. However, the US reported an increase in AMU
in 2021 compared with 2019 due to increased community AMU. Surveillance data from 2022 was
not available at the time of writing.

Community or outpatient use is the largest contributor to human AMU in most countries (22). The
US (23) found an initial decrease in community AMU during 2020 followed by an increase in 2021
to higher than 2019 levels (23) (Table 1). In England total antibiotic consumption had been
decreasing prior to the COVID-19 pandemic, and a sharp decrease was seen during the COVID-19
pandemic (between 2019 and 2020). Between 2020 and 2021, overall AMU in England saw only a
minor reduction (24). Denmark also reported a substantial decrease in AMU during the first wave
of the COVID-19 pandemic (March-May 2020) and into 2021. However, AMU slowly increased
from August 2021, following the lifting of COVID-19-related restrictions in the country and rose to
similar levels seen in corresponding months in 2018 and 2019 (25). In Norway, community AMU
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did not show a significant change between 2020 and 2021 (17). In Canada between 2017 and
2021, a decrease in community antimicrobial consumption was observed which was most
pronounced during the COVID-19 pandemic (2019 to 2021). In 2021 antimicrobial consumption in
the community sector in Canada continued to decline from 2020, remaining below pre-pandemic
levels (26). In the European Union, which saw a dramatic decrease in community AMU during
2020, community AMU did not change between 2020 and 2021.

Table 1. Community AMU trends for countries from before 2020 to 2021

Country Pre-2020 AMU trend 2020 AMU trend 2021 AMU trend
Canada Decreasing Significant decrease between = Decreasing
2019 and 2020
United Decreasing Significant decrease between | Increasing
States 2019 and 2020
England Decreasing Significant decrease between | Minor decrease
2019 and 2020
European | Decreasing Significant decrease between = No change from 2020
Union 2019 and 2020
Denmark | Decreasing Significant decrease between | Increasing
2019 and 2020
Norway Decreasing Significant decrease between | No change from 2020

2019 and 2020

National Trends in AMR

Most national surveillance programs track AMR trends in priority pathogens, a list of 12 species of
bacteria classified by the WHO as having critical, high, and medium rates of antibiotic resistance
(27). Across countries, surveillance data showed increasing, decreasing, and mixed trends in
resistance rates among priority pathogens in 2020 and 2021 for countries reporting 2021 data
(Figure 1).

Trends in other

Antimicrobial resistance trends in WHO Priority Pathogens pathogens
Staphyloco
ccus Neisseria
aureus, gonorrhoe
Acinetob Pseudom Enterobac metbhicillin- ae,
acter onas teriaceae, Enterococ resistant, Campy! cephalosp Haemoph Drug-
baumanni aeruginos carbapen cus vancomycin Helicobac obacter Salmonell orin- Streptococcus ilus Shigella resistant
i, a, em- faecium, - ter pylori, spp., ae, resistant, pneumoniae, influenza spp., Mycobacteriu Antifungal-
carbapen carbapen resistant, vancomyc intermediat clarithro fluoroqu fluoroquin fluoroquin penicillin- e, fluoroquin m resistant
Data em- em- ESBL- in- eand mycin- inolone- olone- olone- non- ampicillin olone- tuberculosis Candida
Country Year resistant resistant producing resistant resistant resistant resistant resistant resistant susceptible -resistant resistant infections albicans
HAI
Canada 2021 cAl
United HAI
States 2020 cal
England 2021
Denmark 2021
Australia 2020
European
Union 2021
Norway 2021
Japan 2021
. . . . . M
Figure 1. AMR trends for countries for WHO priority pathogens, drug-resistant . Loge
ncreasing
Mycobacterium tuberculosis and anti-fungal resistant Candida albicans. Decreasing
_ . . . . . _ . . . H No change
HAI = Hospital-associated infections; CAl =community-acquired infections. " 9 .
ot reporte:
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For 9 of their 18 priority pathogens the US noted a 15% increase in the rates of HAls in 2020
compared to 2019. Data is currently unavailable for the remining pathogens (23). In 2020, Canada
reported an increase in AMR for most priority organisms, except for hospital-associated MRSA
infections which have been declining since 2018 (26). England had also observed an increase in
AMR burden in key pathogens causing blood stream infections since 2017 before AMR rates fell in
2020. This lower level of resistance was maintained in 2021 (24). The European AMR Surveillance
Network found most bacterial species—antimicrobial combinations under surveillance showed
either a significantly decreasing trend or no significant trend in AMR rates with the exception
being Acinetobacter spp, VRE and Streptococcus pneumonia where resistance significantly
increased (20). Denmark (19), Norway (17) and Japan (16) reported variable increasing,
decreasing or no change in resistance across their HAI pathogens.

The US reported that community MRSA incidence was decreasing in 2020 compared to 2019
(15,23), but reported increasing resistance among community-associated infections with ESBL-
producing Enterobacterales (23). Denmark (19) also reported decreasing incidence of community-
associated MRSA infections. The EU (20), Norway (17) and Japan (16) did not separate MRSA
trends into community and hospital but did report overall decreasing MRSA trends. Canada
concurrently found that community MRSA was increasing in 2020 compared to 2019 while rates of
community-associated Vancomycin-resistant Enterococcus remained consistent during 2019 and
2020 (15), while rates of resistant TB remained unchanged during the pandemic. In Australia(28),
resistance to ciprofloxacin and other fluoroquinolones rose in 2020 among isolates from
community-associated E.coli infections, while Carbapenem resistance in community
Enterobacterales isolates decreased in 2020.

The impact of COVID-19 driven changes in AMU, IPAC and health system use
on AMR emergence, transmission and burden

Sixty-three studies were identified (Appendix 1, Table 2) that collected data on one of the three
drivers (Appendix 1, Table 3) and AMR (Figure 2).

Twenty-four studies explored the link between AMU and AMR burden (30-52), thirty-four studies
investigated the link between COVID-19 related changes in IPAC measures and AMR burden
(16,41,42,52-79) and six studies considered changes in health system use as a driver of AMR
burden (80-85). Two studies collected data on two drivers (IPAC and AMU) and AMR burden
(41,52). Significantly fewer studies looked at the impact of COVID-19 related changes in relation
to AMR transmission and emergence; we identified three studies that looked at changes in IPAC
measures as a driver of AMR transmission (86-88) and one that looked at emergence (89). We
found no studies that looked at change in AMU as driver of AMR transmission and only one that
considered AMU as a driver of AMR emergence (90). No studies attempted to measure changes in
health system use as a driver of AMR transmission or emergence.

Most included studies looked at changes in AMR burden during the first 12 months of the
pandemic, starting in March 2020, (2021). Twenty-one studies (30,43,44,53,59,62,66,68—
71,73,74,76,78,79,82,83,89-91) explored resistant CAls; most studies were single-site hospital-
based studies focused on HAls. Eight studies collected data on both HAIs and CAls
(30,44,53,62,66,68,73,80).
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Figure 2. Map of study classification in accordance with the Knight et al. (29) framework, and risk
of bias. Bubble size reflects number of studies while bubble colour reflects risk of bias assessment.

AMR burden

The majority (fifty-eight) of studies included in this review explored the impact of COVID-19

drivers on AMR burden (16,30,32-37,39-41,41-57,59-73,76-78,80-84,91-95). Of these, twenty-

four studies explored the link between AMU and AMR burden (30-52,91), and thirty two studies
investigated the link between COVID-19 related changes in IPAC measures and AMR burden

(16,41,42,52-79).

AMU and AMR burden

We identified twenty-four studies which explored the link between changes in AMU driven by

COVID-19 and the number and nature of infections due to antimicrobial resistant organisms (AMR

burden) (30-52,91).

Four studies (30,43,44,91) looked at the impact of decreasing community-based AMU on AMR

burden. In Hong Kong researchers found a decrease in antimicrobial sales in 2020-2021 compared
with 2012-2019 that coincided with a significant decrease in community-onset bacteremia caused

by Streptococcus pyogenes, Streptococcus pneumoniae, Haemophilus influenzae, and Neisseria

meningitidis as well as scarlet fever and air-borne infections, including tuberculosis and

chickenpox, but found increasing rates of community-onset bacteremia due to methicillin-
sensitive Staphylococcus aureus (MSSA), MRSA and Escherichia coli (30). In Italy, researchers
found overall antibiotic consumption decreased by 28% from 2019 to 2020 while susceptibility to
amoxicillin/clavulanate increased among Enterobacterales isolates (43). Similarly in Slovenia, a
reduction in resistance to macrolides by 42% and 40% in 2021 and 2022 respectively among
invasive pneumococcal diseases was significantly associated with a 20% decrease in the use of

macrolides (91). While in Northern Ireland, an analysis of all primary care (community) AMU found

a reduction community AMU from 25.56 to 20.53 defined daily doses (DDDs) per 1000 occupied -

bed days but no change in hospital AMR or community-associated MRSA pre-pandemic to during

the pandemic (44).
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Hospital

Hospital-based studies, by contrast, largely found an increase in AMU (31-40,45); however,
changes in AMU still did not consistently correspond to higher or lower rates of AMR. Eight of the
studies reporting increased AMU are from ICU or COVID-19 referral settings
(31,33,34,37,40,42,45,47). For example, studies from a medical centre in Taiwan, which measured
change in density of MRSA, VRE, CRA, carbapenem-resistant Klebsiella pneumonia, and CRPA
(46), an interrupted time series analysis of all hospitals Sao Paulo city in Brazil which looked at
change in resistance of MRSA, VRE, CRA, and Enterobacterales (47) and an interrupted time series
of a university hospital in the US looking at change in resistance to CRPA, CRA and
Enterobacterales (33) all found no change in resistance despite increasing AMU. A study from the
US also found that despite an increase antibiotic prescriptions, patients admitted during the
pandemic (2020 — 2021) had significantly lower rates of a number of resistant infections including
MRSA, VRE, and resistant E.Coli, Klebsiella spp, Enterococcus spp, and Streptococcus pneumoniae
than those admitted pre-pandemic (2019) (35).

Other studies found an increase in resistant HAls along increasing AMU during the pandemic. For
example a study from an Italian hospital which looked at changes in resistance to MRSA, CRA,
and carbapenem-resistant Klebsiella pneumonia (42), a study examining resistance in MRSA,
VRE, CRE and CRA from four university hospitals in Korea (31), a study looking at extended
spectrum beta-lactamase-producing (ESBL) in K. pneumoniae and E. coli and carbapenem-
resistant Klebsiella pneumonia from an ICU in a university hospital in Turkey (50) and a study
using data from 46 laboratories across Mexico looking at MRSA, erythromycin resistance in S.
aureus, carbapenem resistance for K. pneumoniae CRA and CRPA (38) all reported increasing
resistance incidence. A number of studies also reported increasing resistance in single pathogens
including a Brazilian study found an increase of all CRA infections reported to the Parana state
health department in 2020 (36). Similarly studies from Chile and Poland found increased AMU was
accompanied by an increase in carbapenem-resistant Enterobacteriaceae (CRE) and resistant
Acinetobacter baumannii infections, respectively (45,49).

Finally, some studies reported different resistance trends among the pathogens they examined.
For example, a study from Japan (2018 to 2022) found no change MRSA, but an increase in ESBL
Enterobacterales incidence (40). A Columbian study found during the pandemic (2020-2021)
resistance significantly decreased for Klebsiella pneumoniae, Pseudomonas aeruginosa and
Acinetobacter baumannii, while resistance of Enterococcus faecium to vancomycin increased and
resistance did not change for MRSA, ESBL and carbapenem-resistant Escherichia coli (48). A study
from Hong Kong found a significant increase in the trend of carbapenem-resistant Actinetobacter
(CRA) infections during the pandemic (2020-2022) compared to before (2017-2020) but no
significant increase in the trend of MRSA and ESBL-Enterobacterales infections (52).

A few hospital studies reported reduced or no change in AMU during the pandemic. Three of four
of the studies reporting no change or reduced AMU look at whole hospital AMU and aren’t focus
on ICU or COVID-19 ward settings (32,39,44). A single-center study from a university hospital in
Italy found comparable incidence of hospital-associated and multidrug resistant infections pre-
2019 and during the pandemic (2020) despite significantly reduced AMU (37). A single center
study from a university hospital in the US did not find any change in AMU between 2019 and 2020
(39) but found increases in some AMR pathogen events (vancomycin resistant Eneteroccocus
(VRE) and CRE) but no difference in others (carbapenem-resistant Pseudomonas aeruginosa
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(CRPA), MRSA). A time-series analysis from Northern Ireland from 2015 to 2021, which used data
from hospitals capturing 81% of the population also found no significant change in AMU from pre-
pandemic. Although they found Klebsiella oxytoca and MSSA cases increased, MRSA cases
remained the same during this this period (44). An interrupted time-series analysis from a
university hospital in Italy (2015-2021) also found a decrease in antibiotic consumption during the
pandemic however the increase in MRSA blood stream infections was not statistically significant
(32).

IPAC and AMR burden

Community

Twelve studies collected data on the impact of IPAC on CAls (53,59,62,66,68—70,73,74,76,78,79)
and most reported a reduction in both CAls and resistance. Implementation of COVID-19
nonpharmaceutical interventions (NPIs) like physical distancing, face masking, hand hygiene,
stay-at-home orders, school closures, closing borders and travel restrictions from April 2020 to
March 2021 resulted in significant reductions in both incidence and Macrolide-resistance of
Mycoplasma pneumoniae rates globally (69). A 2020 interrupted time series analysis from
Germany assessed the impact of non-pharmaceutical measures and found drastic reductions in
resistant and susceptible CAls (73). In Taiwan a study (2018-2021) showed reduced incidence of
droplet-transmitted infectious diseases including multidrug resistant (MDR)-Tuberculosis (TB)
during the pandemic period (71).

In contrast, some studies found less consistent associations between IPAC and community AMR
(53,55,66,73,74,78,79). A study from China (2011-2020) looking at the effect of COVID-19 IPAC
measures (including vaccination, social distancing, masking, hand hygiene, and environmental
disinfection) on pediatric respiratory tract infections found that Escherichia coli and Klebsiella
pneumoniae cephalosporin resistance decreased but carbapenem resistance and rates of MRSA
increased (74). Public IPAC measures like contact and travel restrictions, distance rules,
mandatory face masks, cancellation of mass events, and closures of day-cares, schools,
restaurants and shops in Germany did not result in significant changes in the prevalence of drug-
resistant bacterial pathogens despite significantly decreases in CAls overall (62). Researchers
from Taiwan found these same measures had limited efficacy in reducing TB transmission and
found no change in MDR-TB trends during the pandemic (76). While in the Netherlands, although
lockdowns led to an overall decrease of casual sex partners, resistance of Neisseria gonorrhoeae
isolates to azithromycin increased while ceftriaxone susceptibility increased (79).

Prevalence of resistant gastrointestinal pathogens may have decreased because of COVID-19
IPAC measures like stay-at-home orders, closed schools and reduced public transport crowding. A
decrease in both salmonellosis incidence and proportion of trimethoprim resistance was found in
the Netherlands (70) during the pandemic (2016 to 2021). For example a study from Botswana
looking at cephalosporin-resistant Enterobacterales and CRE carriage found prevalence was
significantly reduced post-lockdown (68). Similarly studies from France found reduced ESBL-E.coli
rates in primary care and nursing home residents (59). A US study found that lifestyle changes,
including lockdowns, social distancing, and extensive hygiene practices during the pandemic may
have improved human gut bacterial susceptibility (78). However one time series analysis from
Japan (2015-2020) reported incidence of CRE was unchanged, despite significant reductions in the
incidence of other common infectious diseases which they attributed to mask wearing,
handwashing, and avoiding crowded spaces (66).
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Hospital

Counter to the argument that COVID-19 compromised hospital IPAC programs (5), many studies
reported that improved IPAC measures during the COVID-19 pandemic corresponded with
reduced resistant HAIs. Studies from hospitals in Taiwan (55), Italy (54,65,77,86), Turkey (67),
India (63) Portugal (72) and Lebanon (34) identified a significant reduction in multidrug resistant
bacterial infections incidence attributed to pandemic-related infection prevention and control
measures including improved personal protective equipment (PPE) (masking, face shields, or
disposable gowns) and improved hand hygiene (hand washing and hand sanitizer use). A COVID-
19 IPAC program in Mexico resulted in a significant reduction in multidrug-resistant Pseudomonas
aeruginosa but no other AMR pathogens (57). A study from Singapore that also evaluated the
impact of a similar multimodal program found that while rates of most HAIs were stable,
hospital-wide MRSA acquisition rates declined significantly (56). A study from Japan (41) found
that while the use of hand sanitizer and antibacterial drugs increased during COVID-19, the
incidence of MRSA blood infections (non-significantly) decreased in all departments.

Some hospital studies reported no change in AMR due to COVID-19 IPAC measures, including a
hospital in Turkey (60) and an Australian single-hospital study of surgical patients (58). Other
studies found increasing AMR despite universal mask wearing, increased hand sanitizer
consumption and improved hand hygiene compliance. This included a single-hospital study from
Japan (96) which found the incidence of VRE to be (non-significantly) higher and a study from
China which found MRSA incidence increased (97). A study from Hong Kong (52) also found
significant increases in CRA infections and non-significant increases in MRSA and ESBL-producing
Enterobacterales infections. Another Chinese study found despite community mask wearing, hand
hygiene and social distancing, hospital-associated MRSA infections increased (53).

Health system use and AMR burden
We identified six studies that considered the impact of COVID-19 driven changes in health system
use on AMR burden (80-85).

Community

Three studies explored changes to resistant CAls (80,82,83). In Nigeria, an exponential increase in
incidence of rifampicin resistant TB in 2022 was attributed to reduced testing during 2020 and
2021 (82). In Western Siberia reduced resistant TB incidence was attributed to under-testing,
reduced access to resources, and reduced detection rates (83). A study from the UK found
community-associated E. coli blood stream infection rates remained below pre-pandemic levels
during COVID-19 but began to peak following the easing of lockdown in May 2020. They reported
an increase in hospital MRSA infections during the pandemic which they believed was due to
increased numbers of critical patients and ICU overcapacity (80).

Hospital

An Italian study investigating impact of ICU patient numbers on AMR reported increasing
resistance in Pseudomonas spp. and Enterobacterales spp. (81). A study from Greece found an
increasing trend in the incidence of resistant Gram-negative bacteria during COVID-19 from 2020
to 2022 when compared to 2018-2019, which corresponded with reduced number of infectious
disease consultations (84). A Mexican study found despite a 36% reduction in total surgeries in
2020 compared to 2019 but no significant change in resistance (95).
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AMR emergence

Two studies considered the role of COVID-19 in contributing to AMR emergence or the emergence
of new drug resistant strains of resistant infections (89,90). Both studies looked at community-
associated infections. No studies were identified that looked at the impact of health-system use
on AMR emergence. No studies looked one of the three drivers and emergence of AMR in hospital
settings.

AMU and AMR emergence

A study of antidrug resistant genes from ambient waterways in India (2018-2020) found a
significant increase in E.coli antidrug resistance during the pandemic which they attributed to
higher rates of AMU and antibiotic pollution during the pandemic (90).

IPAC and AMR emergence

Religious mass bathing events attract millions of pilgrims from India and other countries each
year and these events have been linked to increased drug resistant genes among river bacteria.
Another Indian study found the prevalence of genes associated with drug resistance decreased by
0.64-fold during COVID lockdown in India (June 2020) suggesting bacteria that re-established
during lockdown have lower prevalence of the gene families associated with drug resistance (89).

AMR transmission

Three studies considered the role of COVID-19 IPAC measures in reducing AMR transmission (86—
88). All three studies investigated HAIs; none looked at community settings. No studies looked at
the impact of AMU or health system use on AMR.

IPAC and AMR transmission

An ltalian single-center study (2019-2020) found significantly reduced transmission of
carbapenemase-producing Klebsiella pneumoniae in hospitalized patients because of COVID-19
measures including PPE (masking, gloves, gowns), increase hand sanitization, visitor restrictions
and reduced ward transfers (86). Similarly a Danish study investigating the impact of IPAC
measures set up to curb COVID-19 spread on VRE Eneteroccocus faecium outbreaks reported a
10-fold decrease in outbreaks (87). Conversely an interrupted time series, multicenter analysis
from Italy, found no change in incidence of colonization and infection with carbapenemase-
producing Enterobacteriaceae and carbapenem-resistant Actinobacter before and during the
pandemic (88).

Risk of bias assessment

The quality of non-randomized studies judged using the ROBINS-I tool ranged from an overall
rating of “moderate” for five studies (30,47,53,68,84) to “serious” (16,31-34,36,38,41,43—
46,48,50-52,54-56,59,60,62,64—-67,70,71,73,78-80,82,83,85-87,91,97-100) risk of bias for the
remainder of the studies (Appendix 3, Figure 1). Many studies failed to adjust for potential
confounding factors, including time-varying confounding factors before and after the pandemic.
For interrupted time series (ITS) studies, most studies failed to adjust for the months/time of year
that AMR was assessed (e.g., seasonality). Selection bias was not a large concern in studies that
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used linked patient databases, but several studies failed to account for different follow up times
between participants. For ITS studies, most studies did not provide a rationale on what date was
selected as the interruption point (i.e., when the pandemic period began) or what time was
selected to begin follow up to monitor post-pandemic AMR. The surveillance systems or sampling
methodologies to obtain data on antimicrobial resistant strains were poorly reported in many
studies, although the laboratory methods were generally well-reported. Additionally, the
proportion of missing outcome data/participants excluded for missing outcome data was poorly
reported across studies, making the potential effect of bias difficult to judge in this domain.

Studies evaluated using the Newcastle Ottawa Scale (35,37,58,63,72) were judged to have
moderate risk of bias (Appendix 3, Figure 2). The primary concerns noted were regarding the
representativeness of the exposed cohort, demonstration that outcomes of interest were not
present at start of study, and the length of follow-up.

Finally, we judged the three studies evaluated using the Collaboration for Environmental Evidence
Critical Appraisal Tool (61,89,90) to have a high risk of bias (Appendix 3, Figure 3). Like the ITS
studies, environmental sampling studies failed to control for any confounding factors or to
account for other factors that may have changed in the environment unrelated to the pandemic.
Risk of Post-Intervention/Exposure Selection Biases was judged to be “low” as sampling areas
were reported to remain the same in the pre-pandemic and post-pandemic periods. Although the
sampling locations and laboratory procedures appeared to remain the same in both pre-
pandemic and post-pandemic periods across studies, there was insufficient reporting of how the
environmental samples were obtained.

Equity: PROGRESS-Plus Framework

Most included studies did not collect data on PROGRESS-Plus factors. Twenty-nine of the sixty-
three studies (32,35,37,45,50,52,53,57-59,63-65,67-70,72-74,78-82,84-86,91) collected data on
at least some PROGRESS-Plus characteristics. Four studies collected data on place of residence
(35,59,69,73), one collected race, ethnicity, culture, or language data (80), twenty-six collected
gender/sex (32,35,37,52,53,57-59,63-65,67-70,72-74,78-82,86,91,101), while twenty-eight
collected personal characteristics associated with disability (e.g., age) (32,35,37,50,52,53,57—
59,63-65,67-70,72-74,78-82,85,86,91,101), and twenty-two collected information on time-
dependent relationships (e.g., leaving the hospital or time to discharge, risk factors, or other
instances where a person may be temporarily at a disadvantage) (35,37,45,50,52,53,57,63—
65,67,68,70,72,78,80,81,86,88,92,95,101). No studies directly mentioned equity or social
determinants of health.

DISCUSSION

Most national surveillance data reported significant reductions in AMU in 2020 driven primarily by
decreases in community prescribing. Whether, or for how long, these reductions will be sustained
remains to be seen: more recent data from the US (23) and Denmark (19) suggest that some
countries may already be experiencing a return to pre-COVID-19 levels of community prescribing
or even higher. However, some countries, including England (24), Norway (17) and Canada (26)
have not yet seen this rebound in community prescribing. Additional trends in community AMU
may become apparent as later data is released. Differences in the implementation of COVID-19
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measures such as lockdowns, physical distancing, travel restrictions, and masking — as well as
the timing and speed of their removal — may explain observed differences in community AMU
trends between countries.

In contrast to AMU trends, AMR rates varied across priority pathogens and geographic, resource,
healthcare, and community settings. These observed differences reflect that the COVID-19
pandemic has produced both positive and negative effects on AMR. For example, increased AMU
and misuse in COVID-19 patients and reduced IPAC measures (e.g., staffing shortages, reduced
access to PPE) may have increased AMR rates in some settings, while reductions in elective
procedures and overall improvements in IPAC measures (e.g., face masking, improved hand
hygiene) may have decreased AMR rates in others. These interacting, and conflicting effects
explain why studies did not find AMU was consistently associated with a positive or negative
impact on AMR. Although other COVID-19 driven changes including healthcare provisions due to
reduced healthcare seeking, reduced secondary care referrals, and reduced diagnostic capacity
have been hypothesized to affect AMR (23) additional evidence is needed to substantiate these
hypotheses.

Impact of drivers on AMR

The framework developed by Knight et al. provides an opportunity to assess the positive and
negative effects of COVID-19 on AMR through the lens of AMU, IPAC, and health system use.

AMU and AMR burden

Included studies found an increase in AMU in some hospital settings (e.g., ICU or COVID wards),
decreases in other hospital settings (eg. when looking at whole hospital AMU) and decreases in
community settings. Within the timeframe of these studies, researchers did not find that changes
to AMU consistently resulted in negative or positive effects on AMR. As well, some national
surveillance data showed increases in the rates of priority pathogens, most notably in the US
which observed a 15% increase in the rates of resistant HAIs in 2020 (23).

Inappropriate antibiotic use in milder COVID-19 cases is likely the major contributor to increased
AMU in ICU hospital settings (102). Although many patients were in critical condition and
developed secondary infections that required antibiotics, antibiotics were also widely used for
mild cases of COVID-19. One review found about 75% of hospitalized COVID-19 patients admitted
during the beginning (between March and October of 2020) of the pandemic received an antibiotic
(7) and in countries such as Liberia and Ghana, prescribing guidelines recommended antibiotics
for COVID-19 cases with mild or moderate symptoms (103). This unnecessary prescribing must be
addressed in future pandemics through rapid publication of guidelines to prevent antimicrobial
misuse and resultant AMR impacts.

Studies tracking environmental indicators of AMR offer an interesting perspective on how these
results may be impacted by interactions between AMR drivers. Included studies from India found
a reduction in AMR genes in rivers attributed to restrictive IPAC measures like lockdowns (89) and
an increase in AMR genes in a different Indian river system attributed to increased AMU and
environmental pollution during the pandemic (90). These two examples underline the need to
examine driver interactions collectively, since examining them in isolation would provide an
incomplete understanding of how environmental AMR emergence has potentially evolved in India
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during the COVID-19 pandemic. Examining only a single driver of AMR provides an incomplete
picture and additional studies examining interactions between drivers in different settings are
needed.

COVID-19 and IPAC measures

Community

The COVID-19 pandemic saw the implementation of infection and prevention control measures
(like physical distancing, lockdowns, and masking) in both community and healthcare settings.
Although preventative measures such as mandatory face masking and physical distancing rules
targeted the spread of COVID-19, they likely also contributed to reductions in airborne or droplet-
transmitted respiratory diseases (71). For example, in New Zealand, IPAC measures like social
distancing and restricting gathering sizes and travel changed health system use: ICU admission
rates decreased by almost 40% in 2021 compared with the past 5 years (104). In Spain, gathering
size restrictions and physical distancing measures coincided with the greatest reduction in AMU.
Preventative measures such as physical distancing, contact and travel restrictions, and closures of
day cares, schools, and restaurants may explain reported reductions in gastrointestinal disease,
spread of sexually transmitted infections (STIs), and other diseases (62,66). While many of these
preventative measures could not be replicated outside of an emergency, some community IPAC
measures such as improved hand hygiene and mandatory masking in certain settings may be
feasible for AMR mitigation. However, any broad community IPAC measures being considered
should be carefully reviewed to identify any unintended and inequitable consequences - for
example lockdown measures during the COVID-19 pandemic made it difficult for some
communities to access resources such as STI prevention.

Hospital

While some types of resistant HAIs appear to have increased during the COVID-19 pandemic
(105), others have decreased (106). The COVID-19 pandemic underlined the secondary effects of
critical gaps in resourcing of healthcare systems, such as lack of PPE and staffing shortages.
These factors may have negatively affected antimicrobial stewardship (AMS) and the success of
IPAC measures (107). Given these factors are likely to remain present beyond the attention of the
COVID-19 pandemic, their contributions to AMR must continue to be monitored. Conversely,
improved IPAC measures implemented in hospitals because of COVID-19 (such as improved hand
hygiene, PPE and masking) may have contributed to reduced transmission of HAIs (86,87).
Reduced transmission may also be attributed to changes in health system use during the
pandemic: restrictions saw fewer patients in secondary care and reduced elective surgeries (108).
It is unlikely the reductions seen during acute phases of the COVID-19 pandemic would be
replicable outside a pandemic, so focusing on achievable targets such as improving IPAC would
likely result in long term benefits for AMR and other infections.

COVID-19 and health system use

Health system use changed significantly during the COVID-19 pandemic through increased ICU
admissions, raised threshold for seeing a general practitioner for symptoms, and shifting in-
person appointments to telemedicine ones (109) all of which may have also impacted AMR.
However, we found few studies which examined these factors as a driver of AMR. The studies we
did find suggest that changes to health system use during the COVID-19 pandemic including
limited capacity to provide service delivery and diagnosis for community-associated diseases like
human immunodeficiency virus (HIV), tuberculosis (TB), malaria, and STls, as well as reduced
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global vaccination coverage (110-112) may have negatively affected AMR. Decreases in
availability and access to these resources is well documented but additional evidence is needed to
clearly link these challenges to AMR. For example, the WHO estimated that because 1.4 million
fewer people received care for TB in 2020 than in 2019 (113), there may be significant
repercussions for AMR given that TB is the greatest contributor to global AMR burden (3). Other
changes to health system use like changes in the number of consults, the swap to telemedicine
consults or the reduction in elective surgeries have unknown effects on AMR and additional
research investigating this is needed.

Equity impacts of COVID-19

The COVID-19 pandemic compounded existing equity challenges at both the individual and global
level. COVID-19 disproportionally affected people on the basis of age, income (114), race or
ethnicity (115), gender and sexual orientation (116), and migrant status (117). Many of these
populations have also been identified as being at higher risk of AMR (118) and faced barriers to
access testing and other services due to COVID-19. In Canada, for example, COVID-19 and
related measures compromised access to sexually transmitted and blood borne infection (STBBI)
prevention, testing and treatment services, as well as, harm reduction services and substance use
and treatment services for key populations at higher risk of AMR-STBBIs, such as men who have
sex with men and people who use drugs (119). Despite these known impacts, no studies included
in this study direct mentioned equity or social determinants of health.

Globally, some countries faced limited or reduced access to vaccinations, reduced access to
laboratory materials, and reduced staff availability—all of which may drive inequitable AMR
transmission (6,8). These impacts were particularly felt by low- and middle-income countries
(LMICs): HICs, overwhelmed by COVID-19, reduced their capacity to support AMR partnerships
and reduced funding to programs in LMICs (8). The COVID-19 pandemic also inequitably
impacted the ability of countries to develop and maintain strategies to address and mitigate AMR
(104). Since AMR is a borderless threat, all countries must share the responsibility of addressing it.

Addressing the existing research gap on equity and the social dimensions of COVID-19 and AMR
will be vital for designing future pandemic strategies that address inequity. More research is
needed that specifically accounts and evaluates for these equity impacts. More targeted research
on the effects of diminished capacity in HICs to support and fund AMR initiatives in LMICs should
be a priority to inform future pandemic preparedness and emergency management.

Limitations

This was a rapid scoping review with screening conducted by a single reviewer which increases
the risk that relevant studies may be missed, however a second reviewer validated 30% of single
reviewer screenings. Most studies included in this review were also observational single-site
studies using data collected in 2020 during the early stages of the COVID-19 pandemic. Risk of
bias assessment found many of the included studies were assessed as at a “serious” risk of bias,
which may affect the certainty of data synthesized from these studies. Future high-quality
research with clear reporting and appropriate adjustment for confounding factors is required to
increase confidence in the conclusions drawn from these studies. Data from later stages of the
pandemic (beyond 2020) are likely to show different results. Later studies may be forthcoming, or
may reflect a change in research focus during the later stages of the pandemic.

AMR Policy Accelerator 21



Methodological and analytical heterogeneity across studies presented challenges to establishing a
rigorous comparative assessment. The scientific community researching pandemics and the
effects of the COVID-19 pandemic on other pandemics and healthcare systems should develop
standardized methods for reporting AMR trends (using existing methodological and analytic
expertise) that account for potential biases like the reduced reporting and testing seen during
COVID-19.

Reduced laboratory capacity and a decrease in the total number of tested patients during the
pandemic (due to reduced referrals and testing) may be underestimating reported AMR trends for
most included papers. The US, the EU, England, and Norway all reported a decrease in numbers of
culture and sensitivity tests performed during the COVID-19 pandemic compared to previous
years as a potential confounder to their reported AMR trends. This reduction in cultures is likely
due to a reduced number of elective procedures or chronically ill patients being admitted, the
higher threshold of infection needed during COVID-19 for patients to seek medical care, and the
reduced number of referrals provided by general practitioners (120). Similarly in many countries,
laboratory capacity was overwhelmed by COVID-19 testing resulting in reduced reagents and
staff availability to perform cultures (8,121).

Key research gaps include a complete lack of evidence on the impact of COVID-19 on health-
system use as a driver of AMR emergence or transmission, and a lack of evidence on AMU as a
driver of AMR transmission (Figure 1). More studies investigating all three drivers on AMR
emergence and transmission are needed. Most studies focused on hospital settings in HICs, so
studies from community settings and low-income countries are needed to fill these knowledge
gaps. Finally, only a single study looked at the impact of any of the three drivers on fungal
resistance (81) despite the fact that there have been multiple reports of increased antifungal use
(122) and selection for fluconazole resistant C. parapsilosis during the COVID-19 pandemic (123).
Antifungal resistance is chronically neglected as a threat to public health even though global
mortality rate for fungal diseases is greater than that for malaria or breast cancer (124).
Investigations focusing on fungal resistance are needed.

POLICY CONSIDERATIONS AND IMPLICATIONS

Antimicrobial use (AMU) and antimicrobial resistance (AMR) surveillance data lags by 18-24
months and therefore reflects an earlier phase of the COVID-19 recovery. Population research
data, which typically relies on this surveillance data, lags even further. For example, most studies
included in this report contain data from 2020 or 2021, meaning policymakers are using data that
is outdated. It is possible that the AMU and AMR trends reported from the US in 2021 — showing
a rebound in antimicrobial prescribing and rising resistance rates — may be a signal of future
trends for countries that removed pandemic restrictions more slowly. Many states in the US lifted
their pandemic-related restrictions by the summer of 2021 (125) — earlier than Canada and most
other countries (126). Acting now to reinforce antimicrobial stewardship may be critical to
avoiding the increased AMU seen in the US.

Included below are additional policy considerations based on the results of this scoping review
and our analysis for Canada:
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Improve AMR surveillance systems.

Effective and timely policy decisions require improved AMR surveillance systems. Improving
Canadian surveillance systems should be a priority to allow policymakers to draw from real time
evidence when making decisions. Improved surveillance systems will ensure robust data collection
during future pandemics, and that AMR trends are identified in an appropriate timeframe.

Rapid identification of AMR trends will also support the development of antimicrobial stewardship
programs and guidelines that ensure antimicrobial stewardship is maintained across healthcare
settings. Our findings suggest conflicting forces may be acting on AMR in different settings.
Additional data will help policymakers target settings with potential higher contributions for
stewardship activities. Surveillance systems must also be strengthened to ensure adequate data
is collected to address equity issues affecting AMR.

While further comparative analysis of national AMR trends can be useful, Canada needs targeted
research to understand the context-specific conditions of the trends in this country and the
underlying conditions that were exacerbated by the COVID-19 pandemic and our responses to it.
Developing this baseline understanding is vital because future pandemics will not necessarily
mimic trends observed during the COVID-19 pandemic. Robust surveillance systems are needed to
identify trends and ensure the development of successful mitigation and stewardship strategies
during future pandemics.

Address AMR as part of pandemic preparedness.

Policymakers working in pandemic preparedness must ensure that AMR is addressed. The impacts
of the COVID-19 pandemic on AMU, infection prevention and control (IPAC), and the use of
healthcare and related systems have had profound implications for AMR. It should be expected
that future pandemics will also impact and be impacted by AMR.

Lessons learned from the COVID-19 pandemic may be useful for slowing AMR outside of the
pandemic response. For example, IPAC programs implemented during COVID-19 had significant
impacts on susceptible and resistant CAls. Policymakers should preserve these programs in
settings where they can and preserve the capacity, resources, and infrastructure needed to use
them for future pandemics. Reduced access to testing and health services because of the COVID-
19 pandemic negatively impacted AMR. Policy that ensures these services can be maintained
during future pandemics—while governments address the acute stages of a future pandemic—will
be essential.

Develop Antimicrobial Stewardship (AMS) programs that evolve alongside
changes to health system use.

Policymakers can draw important lessons from the significant decrease in community AMU
observed at the start of the pandemic by implementing stewardship activities that target
outpatient and community prescribing. Community prescribing constitutes the largest proportion
of AMU in most countries, including Canada. Interventions addressing AMU in this setting are key
to preventing community prescribing from rebounding to above pre-pandemic levels as has
already been reported in the US. AMS programs focused on primary care, such as educational
programs and feedback targeting physicians, electronic health record interventions, delayed
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prescriptions, and restricted reimbursement are all effective in reducing community prescribing
(127,128). An additional consideration is that since spring 2023, Canadian pharmacists now have
prescribing rights for minor ailments in all provinces, as a result AMS programs should also
include pharmacists in audit and feedback programs, community stewardship initiatives, and
pledge programs (129,130).

Build stronger links between IPAC and AMS programs.

IPAC measures showed a consistent impact on AMR trends with both heightened community and
hospital IPAC measures contributing to decreased AMR. Community IPAC measures in particular,
like social distancing, face masking and lockdowns were associated with reduced numbers of
susceptible and resistant CAls.

Policymakers responsible for AMS programs must ensure IPAC measures are addressed; and if a
gap exists, consider what measures are needed to address it. Effective IPAC is key to reducing
demand for antimicrobial use and therefore reducing AMR (