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Abstract The rapid emergence and spread of antimicro-

bial resistance continue to kill an estimated 700,000 people

annually, and this number is projected to increase ten-fold

by 2050. With the lack of data, it is uncertain how the

COVID-19 pandemic will affect antimicrobial resistance.

Severe disruption of research, innovation, global health

programs, and compromised antimicrobial stewardship,

infection prevention and control programs, especially in

low-and middle-income countries, could affect antimicro-

bial resistance. However, factors such as strict lockdown,

social distancing, vaccination, and the extensive imple-

mentation of hand hygiene and face masks, with lim-

ited international travel and migration, may also contribute

to decreasing AMR. Although the impact of COVID-19 on

AMR is global, the adverse effect is likely to be worse in

LMICs. In this article, we explore the possible impact of

the current pandemic on antibiotic resistance.
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Introduction

The current coronavirus disease 2019 (COVID-19) pan-

demic has reached every country, causing massive dis-

ruption in the global economy and, most importantly,

resulting in the loss of many human lives [59]. As of March

2021, COVID-19 affected over 128 million people and

claimed nearly three million lives worldwide [62]. While

the development of effective therapies and vaccines is

ongoing, different variants of the virus emerge and pose a

new and continuous risk [20]. As such, the management of

COVID-19 often includes the use of prophylactic broad-

spectrum antimicrobials [42]. Since the beginning of the

pandemic, much of the emphasis has been placed on

COVID-19 diagnosis and disease management, and the

impact on antimicrobial resistance (AMR) has been largely

overlooked. Strict implementation of antimicrobial stew-

ardship (AS) and infection prevention and control (IPC)

measures are imperative to prevent the development and

spread of AMR. Therefore, disruption in AS measures

driven by the ongoing pandemic may fuel the expansion of

AMR globally. There are currently no sufficient data to

forecast the consequences of COVID-19 on the develop-

ment and spread of antibiotic-resistant bacteria. As such, it

is unclear how the pandemic will impact AMR. Recent

reports suggest a massive disruption in health services

worldwide could exacerbate AMR, but the actual impact

remains elusive [4]. Here, we discuss and highlight
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potential pandemic-related factors that may have a long-

term effect on AMR, mainly focusing on low-and middle-

income countries (LMICs).

Nosocomial infections, prophylaxis, and self-
medication

COVID-19 is a disease caused by Severe Acute Respira-

tory Syndrome Coronavirus-2 (SARS-CoV-2); as such,

antibacterials (antibiotics) will not directly affect the virus.

Superimposed bacterial pneumonia has been observed in a

histopathological study of lung tissue samples taken from

post-mortem COVID-19 patients, indicating the manifes-

tation of secondary infections [51]. Coronaviruses,

including SARS-CoV-2, attenuate interferon-gamma (IFN-

c) [54]. This reduced IFN response is closely associated

with compromised immunity, which predisposes individu-

als to opportunistic nosocomial bacterial infections [38].

Common etiological agents of nosocomial pneumonia, like

Klebsiella pneumoniae, limit the NF-jB-mediated immune

response, leading to immunosuppression [6], which further

increases the severity of SARS-CoV-2 infection.

Mechanical ventilation is associated with 86% of all

hospital-acquired pneumonia, which requires antibiotic

intervention [39]. Such a high association between

mechanical ventilation and pneumonia is concerning, given

that the data collected from 920 different hospitals in Ger-

many show that 17% of hospitalized COVID-19 patients

received this supportive care [31]. COVID-19 patients may

require intensive care unit (ICU) admission for ventilation

and the likely administration of antibiotics. Additionally,

antibiotics are commonly used as prophylaxis to prevent

bacterial respiratory diseases among patients afflicted by

viral infections [33]. Likewise, antibiotic prophylaxis is also

part of COVID-19 management [42]. Such conscious use of

antibiotics as prophylaxis against opportunistic or nosoco-

mial bacterial infections is often thought to be necessary, as

secondary bacterial infections are mainly responsible for

high mortality in patients suffering from viral infections

[34, 38]. Therefore, physicians may feel obliged to prevent

possible bacterial and fungal super-infections by providing

antimicrobial prophylaxis and supportive therapies.

At the early stage of the pandemic, there were reports of

the highest (50–95%) prevalence of COVID-19-associated

secondary bacterial and fungal infection, mainly reported in

China [66, 68]. However, subsequent reports from other

parts of the world indicate that only a small proportion of

COVID-19 patients had a secondary infection and required

critical care and antimicrobial use [42]. Recent data from

Singapore, Thailand, Spain, China, and the US, suggest that

the overall prevalence of bacterial infection in COVID-19

patients was 6.9%,with a higher occurrence among critically

ill patients [32]. Another comprehensive meta-analysis of

COVID-19 co-infection studies revealed a high antibiotic

prescription rate of 72% among COVID-19 patients, yet,

only 8% had bacterial/fungal co-infection [42]. Despite a

relatively low ICU admission rate among COVID-19

patients in China (1 out of 62), Xu et al. reported that 45%

were still treated with antibiotics [63]. In contrast, in the UK,

74.5% of patients received such treatment [21]. The Inter-

national Severe Acute Respiratory and Emerging Infection

Consortium (ISARIC) reports that out of 20,114 COVID-19

patients, 83.6% received antibiotics. Among ICU patients,

that number was as high as 91.4%, despite only a small

proportion having confirmed bacterial infection [29, 42].

Additionally, broad-spectrum antibiotics are usually used

with COVID-19 patients, and nearly two-thirds of pre-

scribing physicians admit to a lack of guidelines [7, 42]. A

similar use of antibiotics has also been observed across other

SARS-CoV-2 affected countries, although, inmost cases, the

prevalence of secondary infections was very low

[5, 18, 28, 32, 44, 53]. Collectively, COVID-19-related

overuse of antimicrobials and steroids is evident and will

likely continue until the end of the pandemic.

The National Institutes of Health COVID-19 Treatment

Guidelines Panel recommends empiric antibiotic prophy-

laxis for moderate illness in patients with suspected bac-

terial pneumonia or sepsis, and if there is no evidence of

bacterial infection during daily monitoring, antibiotics

should be reduced or stopped [39]. The WHO also does not

recommend antibiotic prophylaxis for moderate COVID-19

illness unless a bacterial infection is suspected [26].

However, such recommendations are more likely to be

adhered to in high-income countries (HICs) with well-de-

veloped healthcare, access to rapid diagnostics and clinical

laboratories.

The broad availability of over-the-counter antibiotics in

LIMCs, low COVID-19 testing capacity, poverty, and

inaccessibility to healthcare, could contribute to self-med-

ication in undiagnosed but symptomatic individuals. In

fact, an increase in self-medication with over-the-counter

drugs has been associated with the ongoing pandemic

[37, 52]. Self-medication with antibiotics is more common

in developing countries [23], and COVID-19 is likely to

exacerbate such practice, which will inevitably contribute

to AMR [1, 45, 65]. Collectively, an increase in nosoco-

mial infections, antibiotic prophylaxis, and self-medication

driven by the pandemic will likely contribute to AMR.

Remote prescribing

Face-to-face primary and secondary care is increasingly

being replaced by telemedicine and teledentistry in both

HICs and LMICs [11, 35]. Martinez et al. report that over
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66% of patients who used telephone consultations for

respiratory tract infections were prescribed antibiotics [36].

Such a high antibiotic prescription rate was associated with

increased patient satisfaction. These numbers are much

higher than in-person visits for acute respiratory infections,

which have a 14.7% antibiotic prescription rate

(67,974,312 prescriptions over 461,647,174 visits) [48].

Data from The National Health Service (NHS) in England

(April 1 to August 31, 2020) revealed that despite a 50%

decrease in face-to-face appointments during the first five

months of the lockdown, the antibiotic prescriptions

increased by over 6%, which perhaps could be explained

by the described misuse of antibiotics in telemedicine [3].

In another study conducted in England, a HIC, an increase

in prescriptions of a broad-spectrum b-lactam/b-lactamase

inhibitor combination was detected among the older pop-

ulation; however, the overall antibiotic prescribing volume

decreased [67]. Such inappropriate use of antibiotics and its

consequence on AMR are likely higher in LMICs that lack

proper AS guidance and support programs, especially those

related to remote prescribing; though, the exact effect of

remote consultation on antibiotic prescription is still not

conclusive [27]. Dentistry has also significantly contributed

to the increase in antibiotic prescriptions. Reports from

England reveal that COVID-19-related restricted access to

dentistry increased antibiotic prescriptions by 25% [47].

Overall, global lockdowns increased the volume of remote

medical and dental appointments across LMICs and HICs.

Numerous studies found a correlation between the increase

in telemedicine/dentistry and the prescription of antibi-

otics, and the impact of this trend is likely to have a more

profound effect on AMR in LMICs.

Compromised antimicrobial stewardship
and infection prevention and control measures

Despite the WHO and NIH guidelines, healthcare

employees are unlikely to exercise proper AS when con-

fronted by the need to urgently treat acutely ill patients

who are at risk of dying [44].

Recent data from 45 public and private hospitals in

Ireland indicate that 76% of study participants reported that

COVID-19 had impacted the effective implementation of

AS programs [35]. Additionally, physicians may overpre-

scribe antibiotics as part of defensive medicine, leading to

an enhanced selection of resistant bacteria [50]. Such

practice protects the prescriber against any malpractice

liability. In fact, in a survey of 824 physicians, it was found

that almost all practice defensive medicine [49]. A rapid

and steep increase in COVID-19-related hospitalizations

led to shortages of essential healthcare resources, including

ventilators and personal protective equipment (PPE) [60],

potentially forcing healthcare workers to share or reuse

these resources – a practice that is not uncommon in

LMICs [41]. There are also reports of insufficient IPC

measures, including gaps in screening for AMR, failure to

isolate infected patients, increased patient-to-nurse ratio,

and compromised hospital-waste management [2, 24, 43].

Additional factors that may contribute to disruption in IPC

measures include a reassignment of IPC staff to support

COVID-19 services, reduced availability of diagnostics

and other technologies either due to interruptions in the

supply chain or overwhelming demand, and shortages of

healthcare staff due to travel restrictions. Such disturbances

may enhance the further spread of AMR.

To alleviate such negative consequences, the WHO

urges the implementation of AS and IPC measures into the

pandemic response [26]. Further, due to the clinical

uncertainty of SARS-CoV-2 infections, the amount of

antibiotics used could have been higher than previous

outbreaks, such as the influenza pandemic of 2009 [5].

Collectively, such disruptions across healthcare systems

may contribute to the problem that is already estimated to

cause 10 million deaths each year by 2050 and push up to

24 million people into extreme poverty by 2030 [58].

The broader use of biocidal agents

Various biocidal agents and environmental disinfectants

have been widely used to potentially reduce the transmis-

sion and survival of SARS-CoV-2 on fomites despite the

lack of clear scientific evidence of their efficacy in this

setting [22]. Many HICs have developed specific guideli-

nes and standard operation protocols for the application of

such disinfectants across clinical and home-based health-

care settings [26]. For example, The US Environmental

Protection Agency (EPA) evaluates the efficacy of biocidal

agents against SARS-CoV-2 and only then provides the

EPA Registration Number along with a recommendation

for public use [16]. However, the development of such

guidelines and regulations and their implementation in

LMICs appears to be inadequate. For example, improper

use (spraying, fogging streets or marketplaces, sidewalks,

tunnel, cabinet, chamber, and full-body spray) of biocides,

like cationic agents and triclosan, has been reported [9].

Such disinfecting agents are known to select for antibiotic-

resistant bacteria and can have a broad impact on the

environment and human and animal health [13, 14]. The

ability of biocides, such as triclosan, to activate multidrug

efflux pumps contributes to AMR by selecting bacteria that

are resistant to a spectrum of antibiotics [10, 17, 46].

Several studies have linked AMR to the use of common

household disinfectants [10, 25] In a recent study, Pidot

et al. demonstrated that Enterococcus faecium becomes
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resistant to alcohol-based hand sanitizers [40]. Collec-

tively, there is a justified concern that the excessive use of

hand sanitizers and other personal or environmental bio-

cidal agents, including alcohol-based formulas, will con-

tribute to AMR [30].

Interrupted AMR research, innovation, and health
programs

The ongoing pandemic has affected science communica-

tion and has delayed scientific research and innovation.

Most international collaborative studies and AMR-related

activities, including national AMR surveillance programs

and clinical trials, have been temporarily suspended, at

least during mandatory lockdowns. Such disruptions have

severely impacted LMICs, which are especially vulnerable

to public health crises [15]. Another obstacle in combatting

AMR is redirecting current funding to support COVID-19

research, closure of research institutions, closures of indi-

vidual laboratories due to local outbreaks, recruitment

freezes, and the suspension of ongoing AMR projects [15].

These actions will likely jeopardize the progress of AMR

research.

The pandemic has also led to a substantial interruption

in global health programs, including routine childhood

immunization services, HIV, and TB programs in HIC and

LMICs, as recently reported by WHO, UNICEF, and Gavi

[26, 56, 57, 61]. Mass vaccination campaigns against

cholera, measles, meningitis, polio, tetanus, typhoid, and

yellow fever have been temporarily suspended [57].

Although the full extent of the impact of these disruptions

on vaccination programs is not yet known, the WHO

reports that more than 65 countries are severely affected,

and it is estimated that 80 million children under the age of

one are at risk for contracting diseases such as diphtheria,

measles, and polio [57]. Vaccines play a significant role in

reducing the burden of AMR. In LMICs, pneumococcal

and rotavirus vaccines prevent an estimated 23.8 million

and 13.6 million episodes of antibiotic-treated illness,

respectively, each year [55]. Similarly, 74 countries had

reported interruptions in the supply of antiretroviral

medicines [56]. Such disruptions will severely impact HIV-

positive individuals, increase transmission of the disease

and the risks of acquiring opportunistic infections, ulti-

mately leading to enhanced demand for antimicrobial

therapy.

Each year non-communicable diseases (NCDs) kill

approximately 41 million people (71% of all deaths)

worldwide, and the majority of premature deaths occur in

LMICs [55]. A recent survey of 155 countries conducted

by the WHO revealed a significant level of COVID-19-

related interruption in health services and medicine supply

for NCDs such as cancer, cardiovascular diseases, and

diabetes mellitus [55]. LMICs are expected to be more

significantly affected as self-treatment with over-the-

counter medications, including antibiotics, may be expec-

ted. Further, such interrupted health services increase

immunosuppression and predispose patients afflicted with

NCDs to bacterial infections, which could ultimately lead

to hospitalization and negatively impact AMR.

Healthcare and household waste

The dissemination of AMR throughout various domains of

One Health, including healthcare, agriculture, and the

environment, might be amplified by the ongoing pandemic.

Since the start of the COVID-19 outbreak, many countries

have experienced a massive increase in healthcare waste

[64], compromised waste management, and inadequate

handling of pharmaceuticals due to workforce shortages

and travel restrictions [24]. Such a lack of waste manage-

ment can lead to the release of antibiotics and resistant

bacteria into the ecosystem via contaminated water, food,

or excretion. Therefore, strict implementation of proper

waste disposal in healthcare facilities, along with stringent

IPC measures and a coordinated, multi-pronged One

Health approach to protecting humans, animals, and the

environment, is obligatory as part of the strategy to address

worsening AMR.

Factors that decreased AMR

Certain aspects of the pandemic may have potentially

slowed down the spread of both pathogenic bacteria and

AMR due to disrupted routine care services and the

implementation of IPC measures to reduce the risk of

healthcare-associated transmission of COVID-19 [19, 43].

Many non-COVID-19 patients did not receive elective care

and, therefore, were not exposed to antimicrobials. For

example, a recent study of antibiotic usage at VA Pitts-

burgh observed a reduction of 151.5 antibiotic days of

therapy per month that correlated with a significant

decrease in hospital admissions driven by the pandemic

[12]. Furthermore, the increase in IPC measures, including

enforcing face masks, improved hospital hygiene, isolation

of patients, the use of appropriate PPEs, visitor screening,

and proper respiratory etiquette, contribute to a decrease in

healthcare-associated infections and consequently antibi-

otic use [19]. Similarly, strict lockdown, social distancing,

quarantine orders, and extensive emphasis on hand hygiene

and sanitation may reduce many endemic community-ac-

quired illnesses such as diarrhea or respiratory infections,

which are more prevalent in developing countries.
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Lockdown of borders, disruption of transportation, and

prescription stockpiling have affected drug supply and

contributed to reduced access to medication. As such, there

may be a reduction in self-medication, including inappro-

priate antibiotic use, especially in LMICs [43]. Addition-

ally, international travel suspension may substantially

reduce the spread of AMR from LMICs to HICs [8].

A coordinated response to the pandemic allowed various

professional groups that include physicians, pharmacists,

microbiologists, medical scientists, public-health person-

nel, and policymakers to work together to address the

challenge of COVID-19. Therefore, such multi-sectoral

efforts may potentially lead to improved IPC and AS

programs. Finally, the development and administration of

effective vaccines and treatments will stop the pandemic

and prevent its further contribution to AMR.

Conclusion

Antibiotic resistance poses one of the biggest threats to

global public health and the economy. While global efforts

to curb further development and spread of AMR are being

established, the COVID-19 pandemic might have disrupted

these efforts and exacerbated the problem; however, the

exact impact of the pandemic on AMR is not known yet

and can only be speculated at this point. The implemen-

tation of face masks, social distancing, increased hand

hygiene, mandatory lockdowns, stay-at-home orders, vac-

cination, travel bans, and disruption in transportation will

likely alleviate AMR. In contrast, the lack of funding and

limited resources, disruption in research, remote

medicine/dentistry, overprescription of antibiotics,

nosocomial infections, and overwhelmed healthcare will

likely contribute to AMR (Fig. 1). Currently, there is a

significant knowledge gap in the nature and burden of co-

infections in COVID-19 patients. There are no compre-

hensive data on the types, frequency, and quantity of

antibiotics used and their effect on clinical outcomes in

COVID-19 patients and AMR. The use of antibiotics for

treatment and prophylaxis varies across countries. There-

fore, continuous epidemiological, clinical, and microbio-

logical studies on AMR and nosocomial infections across

HIC and LMIC settings are essential to agree on mitigation

strategies and treatment guidelines for COVID-19

patients—this is especially important as the international

travel restrictions are being lifted. Additionally, proper AS

training of the frontline healthcare personnel, antibiotic

awareness education among the general public, and AMR

legislation implementation are critical to reducing AMR,

especially in LMICs. Other solutions include modifying

patient satisfaction surveys as a metric to evaluate medical

services and the performance of medical providers; such a

strategy would mitigate the overprescription of antibiotics

and the practice of defensive medicine. Furthermore,

combating AMR also depends on how individual countries

overcome disrupted public health measures, economies,

and governance structures during the pandemic, particu-

larly in LMICs.

Even though effective vaccines have been developed

and vaccination is ongoing, the future of the COVID-19

pandemic is still uncertain given the emergence of new

variants. If no stringent actions are taken to halt the

potential adverse impact of COVID-19 on AMR, an

increase of antibiotic resistance among clinically relevant

bacterial pathogens may lead to disastrous long-term con-

sequences. One of the crucial solutions is to eliminate

SARS-CoV-2 as the potential contributor to AMR by

calling government officials to strictly enforce face masks,

personal hygiene, and social distancing until the vaccina-

tion has been reached worldwide.

Although the effect of the pandemic is global, the

adverse consequences are likely to be worse in LMICs that

are already grappling with a higher burden of AMR and

endemic infectious diseases. Therefore, aggressive AS and

IPC interventions in hospitals, clinics, and the community,

are essential to secure a sustainable future. Accordingly,

concentrated global efforts and leadership with a higher

level of public involvement and international cooperation

are urgently needed to curb the adverse impact of the

pandemic on AMR.
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