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As the world deals with a pandemic, there remains another global challenge that cannot be ignored. Use
of broad-spectrum antibiotics may be justified, as we are trying to treat a novel disease condition, which,
in turn, could lead to an increase in antimicrobial resistance. We can decrease morbidity, mortality, and
health care costs by controlling antimicrobial resistance, but it requires antimicrobial stewardship. Major
components of effective and timely antimicrobial stewardship are diagnostic stewardship, infection preven-
tion and control, and integration of COVID-19-specific flags into electronic health records, all of which
may be integrated into current strategies of COVID-19 mitigation and management. Going through the
influenza season of 2020, implementation of antimicrobial stewardship education efforts in the United
States can help us contend with influenza in addition to COVID-19 and any bacterial coinfections or sec-
ondary infections. Additional solutions include the development of vaccines, alternative therapies, such as
antibodies, and advanced diagnostics using advances in genomics and computer science.

INTRODUCTION

Research has shown that medical school students and

graduating pharmacy students desire more education on

the appropriate use of antimicrobials, a key component of

antimicrobial stewardship (AMS), which aims to resolve the

patient’s infection, minimize antimicrobial resistance, and

reduce toxicities associated with antimicrobial use (1, 2).

Per the Infectious Diseases Society of America (IDSA) and

the Society for Healthcare Epidemiology of America

(SHEA), the primary goal of AMS is to optimize clinical

outcomes for the patient and minimize consequences of

antimicrobial use, such as toxicities, selection for oppor-

tunistic pathogens such as Clostridioides difficile, and anti-

microbial resistance (3). An interprofessional curriculum

on AMS geared toward preclinical medical and pharmacy

students was shown to positively influence not only AMS

but also professional collaboration (4). Significantly more

students who participated in this curriculum could

describe the function of the medical and pharmacy pro-

fessions in appropriate antimicrobial use, communicate in

an interprofessional manner, and find ways to collaborate

with each other (4). Even though 65% of medical schools

in the United States teach AMS during preclinical years,

most of these schools have focused largely on didactic

lectures, with only a few offering opportunities for interpro-

fessional education in stewardship (5). There has not been an

overt request for AMS inclusion as part of preclinical educa-

tion. For instance, the 2015 IDSA Stewardship Commitments
for the White House Forum on Antibiotic Stewardship position

statement bypassed AMS education of health professions stu-

dents as one of its commitments (6). Guidelines by IDSA and

SHEA recommend that academic medical centers and teach-

ing hospitals integrate AMS education into their preclinical

and clinical curricula (7). This article highlights the challenges

of stewardship in the midst of a fluid and uncertain pandemic.

It reiterates the importance of education at all levels so that

future health care providers have good foundational knowl-

edge of AMS and integrate the principles in their future clini-

cal practice.

The use of broad-spectrum antibiotics as a component of

COVID-19 treatment may be justified when you consider the

overlap of some respiratory symptoms of bacterial commu-

nity-acquired pneumonia with that of COVID-19, such as

cough, fever, and shortness of breath. Compounding this issue

is the fact that the risk of COVID-19 severity and hospitaliza-

tions increase with age and/or presence of underlying medical

conditions, both of which are also risk factors for other infec-

tions (8).
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Prescribing antibiotics for a viral infection, even one

without a U.S. Food and Drug Administration-approved

standard of care, has to be considered in the context of

antimicrobial resistance. The current pandemic, with its

urgent need of treating a disease, the progression of which

is being scientifically investigated in real time, has the poten-

tial to increase antimicrobial resistance (9). The inappropri-

ate prescription of antibiotics despite the lack of evidence

of bacterial coinfections in patients with COVID-19 will

inevitably worsen antimicrobial resistance (10). More than

2.8 million antibiotic-resistant infections occur in the United

States each year, and more than 35,000 people die as a

result (11). At last count, which was in 2017, nearly 223,900

people in the United States required hospital care for the

opportunistic pathogen Clostridioides difficile, and at least

12,800 people died from this preventable infection (11). C.
difficile infections are caused by the same factors that drive

antibiotic resistance: antibiotic use and transmission of in-

fectious agents. The increase in resistant infections in the

community not only puts more people in the community at

risk of these infections but also makes transmission harder

to identify and contain, thereby threatening the progress

made to protect patients in health care (9). Antibiotic re-

sistance disproportionally impacts the young, elderly, and

sick, who are the most vulnerable individuals who receive

medical care often. However, technically anyone would be

at risk of infection with resistant pathogens. Infections with

drug-resistant pathogens are harder and more expensive to

treat and result in increased morbidity and mortality as well

as extended length of hospital stay (12). These resistant

pathogens spread from patient to patient within hospitals

and across health care facilities through patient transfer, and

they eventually spill over into communities, becoming much

harder to control (11). It may be a few years before we real-

ize the impact of the pandemic on the incidence of antibi-

otic-resistant infections. What is vital is our continued

effort to measure and improve how antimicrobials are pre-

scribed by clinicians and used by patients, which, in essence,

is AMS.

METHODS

To establish the significance of what we are proposing,

we have reviewed some of the noteworthy papers in antimi-

crobial resistance and AMS, such as the CDC report on

antimicrobial resistance, economist Jim O’Neill’s final report
to the United Kingdom government on tackling drug-resist-

ant infections globally, as well as the SHEA guidelines for

health care epidemiologists in U.S. acute-care hospitals. In

addition, we reviewed a few 2020 publications on AMS in

the midst of COVID-19 along with select publications on

the importance of diagnostic stewardship. Since we would

like all medical schools to include teachings on AMS princi-

ples, we also reviewed some of the important publications

discussing this topic. In addition, we have summarized some

of the challenges in upholding principles of stewardship in

the midst of seasonal influenza, past influenza pandemics,

and the current pandemic.

RESULTS

It is time to seriously think of AMS and revisit institu-

tional policies as we head into influenza season. A 2016

research study involving 322 patients hospitalized with influ-

enza revealed that most patients received antibiotics upon

admission, with more than one-third being inappropriately

continued on antibiotics despite a lack of evidence of bacte-

rial infection (13). Traditionally, there have not been any for-

mal recommendations for inclusion of AMS programs in dis-

aster planning or emergency preparedness efforts (14).

COVID-19 is underscoring the need to have AMS programs

integrated with hospital infection prevention programs (15).

A review of scientific literature describing clinical outcomes

of the 2009 pandemic influenza virus infection revealed sec-

ondary bacterial infection in almost 25% of severe or fatal

cases (16). There is a need to prospectively monitor coin-

fections in patients with COVID-19 to understand whether

coinfection affects disease progression and, at the same

time, enables AMS (17).

A major component of effective and timely AMS is diag-

nostic stewardship, which includes the process of ordering

and interpreting diagnostic tests before initiating or continu-

ing treatment (18). Interpretation of sensitive molecular

tests that detect multiple targets simultaneously or use of

next-generation sequencing tests that detect microbial

genomes must also take into account the pretest likelihoods

of infection with each target in the test (19). Use of rapid

diagnostics enables early diagnosis, leading to the use of tar-

geted antimicrobials and bypassing the misuse of empirical

antimicrobials. However, diagnosis has to be considered in

the context of colonization versus an actual infection, with

the latter being distinguished by the presence of disease-

causing microorganisms on or in the body of a patient and

the former being characterized by microbial presence with-

out disease (20). Hospitals have to continue efforts to dis-

tinguish between the two. For instance, laboratory policies

may enforce strict conditions of specimen collection and/or

handling before specimens are processed, thereby minimiz-

ing contamination with colonized microorganisms (19).

Tests may also be performed in a stepwise fashion, with sub-

sequent tests dependent on results from the previous tests

(19). Some hospitals provide ongoing education to their

clinicians about appropriate indications and sampling for

tests. A multidisciplinary expert panel of IDSA and SHEA rec-

ommended not relying solely on didactic educational materials

for stewardship and encouraged academic medical centers as

well as teaching hospitals to integrate AMS education into

their preclinical and clinical curricula (7). To achieve sustained

stewardship, education has to be combined with other AMS

efforts, like prospective audit and feedback (PAF), an external,
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expert review of antibiotic therapy with suggestions to opti-

mize use (7).

It is important to include the role of animals in our

AMS education efforts. Antimicrobial resistance is com-

pounded by the frequent and heavy use of antimicrobials in

our food animals, making animals a crucial player in the

spread and evolution of resistant pathogens (21). Even the

microbiota of wild animals is being acknowledged as a reser-

voir of resistance genes (21). Research has also shown that

reduction of antibiotic use in food animals is accompanied

by a reduction in antibiotic-resistant bacteria in animals as

well as in humans directly exposed to these animals (22).

Not surprisingly, timely, accurate diagnosis greatly increases

the likelihood of improving clinical care and patient health.

Proper diagnostic stewardship is a process that involves select-

ing the correct (or as nearly correct as possible) diagnostic test

for the appropriate patient with a certain clinical scenario, fol-

lowed by timely collection of the relevant clinical specimen, its

transport and processing, and timely reporting of test results

(23). However, ongoing evaluation and careful monitoring of

diagnostic stewardship is necessary, as overuse of some rapid

tests can increase health care costs without improving patient

care, while underuse may delay diagnosis and patient recovery

(18). Serving as an example of utilizing existing infrastructure to

meet the demands of AMS programs while managing COVID-

19, the Mayo Clinic modified its prospective audit system by

integrating two COVID-19-specific AMS program flags into

their electronic health records (EHRs) (24). The first AMS pro-

gram flag rule identified in-patients with a negative SARS-CoV-2

reverse transcription-PCR (RT-PCR) test within the last week

and who were already on COVID-19 medications, as indicated

by active therapy, which was hydroxychloroquine in this case.

The second AMS program flag rule identified laboratory-con-

firmed COVID-19 patients and triggered review by an

Infectious Diseases team. This second AMS program flag also

identified pending patients with an active therapy order, who, if

RT-PCR negative, reverted to the first flag rule and, if RT-PCR

positive, prompted review by the Infectious Diseases team. The

flag rules met the goals of providing patients with the benefit of

timely and appropriate care within the confines of critical medi-

cation resources. It is recommended that the contribution of

AMS program flags be considered in relation to the overall EHR

flag burden of a facility to avoid “alert fatigue,” especially in

COVID-19 hot spots with high patient volume (24).

In addition to diagnostic stewardship, another necessary

AMS program component is infection prevention and con-

trol. By preventing the occurrence as well as the spread of

infections, evidence-based infection prevention and control

interventions reduce the demand for antimicrobials, thereby

providing an effective antidote to inappropriate and unneces-

sary antibiotic prescriptions (25). As we confront the hurdles

surrounding implementation of universal masking and other

measures aimed at preventing SARS-CoV-2 infections, the

2016 report on the global impact of antimicrobial resistance,

commissioned by the United Kingdom, shines the spotlight

even brighter on this current crisis that needs ongoing,

urgent consideration. The report estimated that by 2050,

300 million premature deaths may occur as a result of antimi-

crobial resistance, with an anticipated loss of between 60 and

100 trillion U.S. dollars in economic output if antimicrobial

resistance is not tackled (26). The current pandemic, with its

unique challenges of diagnosis, uncertainty of the extent of

morbidity and mortality, doubts about immunity in recovery,

and lack of focused AMS program efforts, will only worsen

this issue. Now, more than ever, we have to incorporate the

lessons proposed in economist Jim O’Neill’s 2016 report,

including, but not limited to, the development of vaccines, al-

ternative therapies such as antibodies, advanced diagnostics

using advances in genomics and computer science, and con-

tinued infection prevention and control efforts (26).

DISCUSSION

As our frontline providers faced burnout in a health

care system overwhelmed by the novelty of the disease,

lack of adequate protective equipment, lack of adequate

testing (at least initially), delays in receiving laboratory-con-

firmed results, and uncertainty on how best to manage the

illness, it is understandable if there was an initial incorpora-

tion of broad-spectrum antibacterial use. As we go through

fall 2020, it is worth remembering that bacterial superinfec-

tions in past influenza seasons have presented either as ini-

tial coinfections with influenza virus or as secondary bacte-

rial infections in patients hospitalized with influenza (27).

One of the complications in COVID-19 is pulmonary dis-

tress that results in respiratory failure, acute respiratory

distress syndrome, or even ventilator-associated pneumo-

nia, all of which can be fatal (28). Previous influenza pandem-

ics have underscored the importance of treating for secondary

bacterial pneumonia, which can be fatal if untreated (16).

To meet the rigors of diagnostic stewardship, EHRs can

be designed to provide a more meaningful process for

ordering diagnostic tests (15). When implemented thought-

fully, EHRs can facilitate a culture of AMS, disease surveil-

lance (identifying potential disease spread based on moni-

toring symptoms among a population at risk), and seamless

transfers in care that successfully transition the manage-

ment of patients between facilities (29). When health care

facilities incorporate AMS program flags, regardless of facil-

ity compliance with the AMS program flags, periodic

reviews of the flags by the infectious diseases team will pro-

vide the health care community an indication of the nature

of the COVID-19 AMS program (24). What is most timely

and intelligent about this approach is its flexibility in modify-

ing flag rules based on changes in community prevalence of

COVID-19 and/or testing recommendations. It would be

prudent to adopt this approach to AMS programs in gen-

eral, adapting rules based on changes in antibiograms and/or

availability of diagnostic tests. However, incorporating alert

flags into the existing EHR may require appropriate training

of personnel serving on the infectious diseases team. In the
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upcoming influenza season, diagnostic stewardship will be

tasked with the urgent need to facilitate timely diagnosis of

influenza, COVID-19, and any bacterial pathogens either

coinfecting or causing secondary infections. If AMS is not

addressed across all health sectors, it could have devastating

consequences globally for years to come.

Effective AMS programs can dramatically improve patient

care and save more lives. We have to continue to raise aware-

ness and educate our future health care providers. Improving

antibiotic prescribing and use is a national and international

priority (26, 30). It would be prudent for health profession

schools and colleges to educate students about AMS before

they graduate or before they start their clinical rotations.

Knowing about AMS when they learn about early and appro-

priate diagnoses of infections will help inspire students to

understand the relevance of learning about the different anti-

microbials, especially as it would mean use of the appropriate

antimicrobial instead of indiscriminate use of a broad-spectrum

antibiotic. Knowing about AMS when they learn about drugs

will help the students comprehend the relevance of side effects

and/or black box warnings of certain antimicrobials. How AMS

education efforts are undertaken could depend on either guid-

ance from the IDSA or be individualized according to specific

medical school curriculum.

The current pandemic is underscoring the need to

invest a little time in educating beginner health care pro-

viders in AMS so they are aware of the challenges, threats,

and solutions. The current crisis brings renewed attention

to the need to build a heightened awareness of AMS, and

we think it is ideal that it start when students enter the

health professions.

ACKNOWLEDGMENT

We have no conflicts of interest to declare.

REFERENCES

1. Abbo LM, Cosgrove SE, Pottinger PS, Pereyra M, Sinkowitz-

Cochran R, Srinivasan A, Webb DJ, Hooton TM. 2013. Medical

students’ perceptions and knowledge about antimicrobial

stewardship: how are we educating our future prescribers?

Clin Infect Dis 57:631–638. https://doi.org/10.1093/cid/cit370.

2. Justo JA, Gauthier TP, Scheetz MH, Chahine EB, Bookstaver

PB, Gallagher JC, Hermsen ED, DePestel DD, Ernst EJ, Jacobs

DM, Esterly JS, Suda KJ, Olsen KM, Abbo LM, MacDougall C.

2014. Knowledge and attitudes of doctor of pharmacy stu-

dents regarding the appropriate use of antimicrobials. Clin

Infect Dis 59:S162–S169. https://doi.org/10.1093/cid/ciu537.

3. Dellit TH, Owens RC, McGowan JE, Gerding DN,Weinstein RA,

Burke JP, HuskinsWC, Paterson DL, Fishman NO, Carpenter CF,

Brennan PJ, Billeter M, Hooton TM, Society for Healthcare

Epidemiology of America. 2007. Infectious Diseases Society of

America and the Society for Healthcare Epidemiology of America

guidelines for developing an institutional program to enhance

antimicrobial stewardship. Clin Infect Dis 44:159–177. https://doi

.org/10.1086/510393.

4. MacDougall C, Schwartz BS, Kim L, et al. 2017. An interprofes-

sional curriculum on antimicrobial stewardship improves

knowledge and attitudes toward appropriate antimicrobial use

and collaboration. Open Forum Infect Dis 4:ofw225. https://

doi.org/10.1093/ofid/ofw225.

5. Melber DJ, Teherani A, Schwartz BS. 2016. A comprehensive

survey of preclinical microbiology curricula among US medical

schools. Clin Infect Dis 63:164–168. https://doi.org/10.1093/

cid/ciw262.

6. Schwartz BS, Armstrong WS, Ohl CA, Luther VP. 2015.

Create allies, IDSA stewardship commitments should priori-

tize health professions learners. Clin Infect Dis 61:1626–1627.

https://doi.org/10.1093/cid/civ640.

7. Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schuetz AN,

Septimus EJ, Srinivasan A, Dellit TH, Falck-Ytter YT, Fishman NO,

Hamilton CW, Jenkins TC, Lipsett PA, Malani PN, May LS, Moran

GJ, Neuhauser MM, Newland JG, Ohl CA, Samore MH, Seo SK,

Trivedi KK. 2016. Implementing an antibiotic stewardship pro-

gram: guidelines by the Infectious Diseases Society of America

and the Society for Healthcare Epidemiology of America. Clin

Infect Dis 62:e51–e77. https://doi.org/10.1093/cid/ciw118.

8. Garg S, Kim L, Whitaker M, O’Halloran A, Cummings C,

Holstein R, Prill M, Chai SJ, Kirley PD, Alden NB, Kawasaki B,

Yousey-Hindes K, Niccolai L, Anderson EJ, Openo KP, Weigel A,

Monroe ML, Ryan P, Henderson J, Kim S, Como-Sabetti K,

Lynfield R, Sosin D, Torres S, Muse A, Bennett NM, Billing L,

Sutton M, West N, Schaffner W, Talbot HK, Aquino C, George

A, Budd A, Brammer L, Langley G, Hall AJ, Fry A. 2020.

Hospitalization rates and characteristics of patients hospitalized

with laboratory-confirmed coronavirus disease 2019—COVID-

NET, 14 States, March 1–30. MMWR Morb Mortal Wkly Rep

69:458–464. https://doi.org/10.15585/mmwr.mm6915e3.

9. Anonymous. 2020. Antimicrobial resistance in the age of

COVID-19. Nat Microbiol 5:779. https://doi.org/10.1038/s41564-

020-0739-4.

10. Rawson TM, Moore LSP, Zhu N, et al. 2020. Bacterial and fun-

gal co-infection in individuals with coronavirus: a rapid review

to support COVID-19 antimicrobial prescribing. Clin Infect

Dis 71:2459–2468. https://doi.org/10.1093/cid/ciaa530.

11. CDC. 2019. Antibiotic resistance threats in the United States,

2019. U.S. Department of Health and Human Services, CDC,

Atlanta, GA. www.cdc.gov/DrugResistance/Biggest-Threats.html.

12. Cosgrove SE, Carmeli Y. 2003. The impact of antimicrobial re-

sistance on health and economic outcomes. Clin Infect Dis

36:1433–1437. https://doi.org/10.1086/375081.

13. Ghazi IM, Nicolau DP, Nailor MD, Aslanzadeh J, Ross JW, Kuti

JL. 2016. Antibiotic utilization and opportunities for steward-

ship among hospitalized patients with influenza respiratory

tract infection. Infect Control Hosp Epidemiol 37:583–589.

https://doi.org/10.1017/ice.2016.17.

14. Banach DB, Johnston BL, Al-Zubeidi D, Bartlett AH, Bleasdale

SC, Deloney VM, Enfield KB, Guzman-Cottrill JA, Lowe C,

Ostrosky-Zeichner L, Popovich KJ, Patel PK, Ravin K, Rowe T,

MAYI et al.: ANTIMICROBIAL STEWARDSHIP IN THE MIDST OF COVID-19

4 Journal of Microbiology & Biology Education Volume 22, Number 1

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

m
be

 o
n 

24
 A

ug
us

t 2
02

1 
by

 1
37

.5
2.

38
.1

2.

https://doi.org/10.1093/cid/cit370
https://doi.org/10.1093/cid/ciu537
https://doi.org/10.1086/510393
https://doi.org/10.1086/510393
https://doi.org/10.1093/ofid/ofw225
https://doi.org/10.1093/ofid/ofw225
https://doi.org/10.1093/cid/ciw262
https://doi.org/10.1093/cid/ciw262
https://doi.org/10.1093/cid/civ640
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.15585/mmwr.mm6915e3
https://doi.org/10.1038/s41564-020-0739-4
https://doi.org/10.1038/s41564-020-0739-4
https://doi.org/10.1093/cid/ciaa530
http://www.cdc.gov/DrugResistance/Biggest-Threats.html
https://doi.org/10.1086/375081
https://doi.org/10.1017/ice.2016.17


Shenoy ES, Stienecker R, Tosh PK, Trivedi KK, Outbreak

Response Training Program (ORTP) Advisory Panel. 2017.

Outbreak response and incident management: SHEA guidance

and resources for healthcare epidemiologists in United States

acute-care hospitals. Infect Control Hosp Epidemiol 38:1393–

1419. https://doi.org/10.1017/ice.2017.212.

15. Stevens MP, Patel PK, Nori P. 2020. Involving antimicrobial

stewardship programs in COVID-19 response efforts: all hands

on deck. Infect Control Hosp Epidemiol 41:744–745. https://

doi.org/10.1017/ice.2020.69.

16. MacIntyre CR, Chughtai AA, Barnes M, Ridda I, Seale H, Toms

R, Heywood A. 2018. The role of pneumonia and secondary

bacterial infection in fatal and serious outcomes of pandemic

influenza a(H1N1)pdm09. BMC Infect Dis 18:637. https://doi

.org/10.1186/s12879-018-3548-0.

17. Cox MJ, Loman N, Bogaert D, O’Grady J. 2020. Co-infections:

potentially lethal and unexplored in COVID-19. Lancet Microbe

1:E11. https://doi.org/10.1016/S2666-5247(20)30009-4.

18. McGlynn EA, McDonald KM, Cassel CK. 2015. Measurement is

essential for improving diagnosis and reducing diagnostic error: a

report from the Institute of Medicine. JAMA 314:2501–2502.

https://doi.org/10.1001/jama.2015.13453.

19. Morgan DJ, Malani P, Diekema DJ. 2017. Diagnostic steward-

ship—leveraging the laboratory to improve antimicrobial use.

JAMA 318:607–608. https://doi.org/10.1001/jama.2017.8531.

20. Wohrley JD, Bartlett AH. 2018. The role of the environment

and colonization in healthcare-associated infections. In McNeil

J, Campbell J, Crews J (ed), Healthcare-associated infections in

children. Springer, Cham, Switzerland. https://doi.org/10.1007/

978-3-319-98122-2_2.

21. Surette MD, Wright GD. 2017. Lessons from the environmen-

tal antibiotic resistome. Annu Rev Microbiol 71:309–329.

https://doi.org/10.1146/annurev-micro-090816-093420.

22. Tang KL, Caffrey NP, Nóbrega DB, Cork SC, Ronksley PE,

Barkema HW, Polachek AJ, Ganshorn H, Sharma N, Kellner

JD, Ghali WA. 2017. Restricting the use of antibiotics in food-

producing animals and its associations with antibiotic resist-

ance in food-producing animals and human beings: a systematic

review and meta-analysis. Lancet Planet Health 1:e316–e327.

https://doi.org/10.1016/S2542-5196(17)30141-9.

23. Messacar K, Parker SK, Todd JK, Dominguez SR. 2017.

Implementation of rapid molecular infectious disease diagnos-

tics. J Clin Microbiol 55:715–723. https://doi.org/10.1128/JCM

.02264-16.

24. Stevens RW, Estes L, Rivera C. 2020. Practical implementation

of COVID-19 patient flags into an antimicrobial stewardship

program’s prospective review. Infect Control Hosp Epidemiol

41:1108–1110. https://doi.org/10.1017/ice.2020.133.

25. Manning ML, Septimus EJ, Ashley ESD, Cosgrove SE, Fakih MG,

Schweon SJ, Myers FE, Moody JA. 2018. Antimicrobial steward-

ship and infection prevention—leveraging the synergy: a position

paper update. Am J Infect Control 46:364–368. https://doi.org/10

.1016/j.ajic.2018.01.001.

26. O’Neill J. 2016. Tackling drug-resistant infections globally: final

report and recommendations. The review on antimicrobial re-

sistance. http://amr-review.org/sites/default/files/160525_Final

%20paper_with%20cover.pdf.

27. Huttner BD, Catho G, Pano-Pardo JR. 2020. COVID-19: don’t

neglect antimicrobial stewardship principles! Clin Microbiol

Infect 26:808–810. https://doi.org/10.1016/j.cmi.2020.04.024.

28. Mayi B, Raja A, Foster-Moumoutjis G, et al. 2020. SARS-

CoV-2 and COVID-19: a brief review for family physicians.

Osteopathic Family Physician 12:20–27. https://doi.org/10

.33181/12042.

29. Mayi BS, Cook N, Pandya N. 2020. Time to strategically posi-

tion nursing homes to effectively manage emerging infections. J

Am Med Dir Assoc 21:1578–1579. https://doi.org/10.1016/j

.jamda.2020.07.004.

30. Centers for Disease Control and Prevention. 2017. Antibiotic

prescribing and use. Centers for Disease Control and

Prevention, Atlanta, GA. https://www.cdc.gov/antibiotic-use/

index.html.

MAYI et al.: ANTIMICROBIAL STEWARDSHIP IN THE MIDST OF COVID-19

Volume 22, Number 1 Journal of Microbiology & Biology Education 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

m
be

 o
n 

24
 A

ug
us

t 2
02

1 
by

 1
37

.5
2.

38
.1

2.

https://doi.org/10.1017/ice.2017.212
https://doi.org/10.1017/ice.2020.69
https://doi.org/10.1017/ice.2020.69
https://doi.org/10.1186/s12879-018-3548-0
https://doi.org/10.1186/s12879-018-3548-0
https://doi.org/10.1016/S2666-5247(20)30009-4
https://doi.org/10.1001/jama.2015.13453
https://doi.org/10.1001/jama.2017.8531
https://doi.org/10.1007/978-3-319-98122-2_2
https://doi.org/10.1007/978-3-319-98122-2_2
https://doi.org/10.1146/annurev-micro-090816-093420
https://doi.org/10.1016/S2542-5196(17)30141-9
https://doi.org/10.1128/JCM.02264-16
https://doi.org/10.1128/JCM.02264-16
https://doi.org/10.1017/ice.2020.133
https://doi.org/10.1016/j.ajic.2018.01.001
https://doi.org/10.1016/j.ajic.2018.01.001
http://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
http://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://doi.org/10.1016/j.cmi.2020.04.024
https://doi.org/10.33181/12042
https://doi.org/10.33181/12042
https://doi.org/10.1016/j.jamda.2020.07.004
https://doi.org/10.1016/j.jamda.2020.07.004
https://www.cdc.gov/antibiotic-use/index.html
https://www.cdc.gov/antibiotic-use/index.html

	A Crucial Role for Antimicrobial Stewardship in the Midst of COVID-19
	Authors

	A Crucial Role for Antimicrobial Stewardship in the Midst of COVID-19
	REFERENCES


