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a  b  s  t  r  a  c  t

Antimicrobial  resistance  (AMR)  continues  to exert  a  substantial  toll  on  the global  health  and  world  econ-
omy  and  is  now  expected  to be hidden  by COVID-19  for  a while.  The  wrong  consumption  of antibiotics
during  the COVID-19  pandemic  will raise  disastrous  effects  on  AMR  management  and  antibiotic  stew-
ardship  programs.  This  is related  to  the  concerns  extrapolated  due  to  an  increase  in mortality  rates  in
patients  with  bacterial  coinfections.  Importantly,  the  immune  system  of  COVID-19  patients  in regions
with  high  AMR  may  be fighting  on  two fronts  altogether,  the  virus and MDR  bacteria.  Current  control
COVID-19
Secondary bacterial infection
Stewardship

policies  to manage  AMR  and  prioritization  of  antibiotic  stewardship  plans  are  mandatory  during  this
pandemic.  This  review  aims  to discuss  the  rising  concerns  of the  excess  use  of  antibiotics  in COVID-19
patients  highlighting  the role  of  bacterial  coinfections  in  these  patients.  Types  of  prescribed  antibiotics
and  the  development  of  antibiotic  resistance  is addressed  as  well.

© 2021  Published  by Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is  an  open  access  article under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Contents

Introduction  .  . . . .  .  . . .  . .  .  .  . .  .  .  . .  .  .  . .  .  . . . . . .  . . .  .  . . .  .  .  . . .  . . .  .  . . .  .  . .  .  . . . .  . .  .  . . . . . .  .  . . . . . . . .  . . . . .  .  . .  . . .  . . .  . . . .  .  . .  . .  . . .  . . .  . . . . . . . .  .  . . . .  . .  .  . .  . . . . .  . . . .  .  .  .  .  .  . .  .  .  .  555
Antimicrobial  resistance  and  its  role  in  COVID-19. . . . . .  . . . .  . . .  . . . . . . .  .  . . . .  .  . .  .  . . . . .  .  . . . .  . . .  .  . . . . . .  . . . . . . .  .  . . .  .  . . .  . . .  . . . .  . . .  .  . . . . .  . . . . .  .  . . .  . . .  .  . . .  .  . .  . .  .556

Bacterial  Co-infections  .  . . .  . . .  .  . . .  .  . . .  . . .  .  . . . . . . . . . . .  . . . . . . .  .  . . . . . .  .  . . . .  . .  .  . . . . .  .  . . .  . . . . .  . .  . . .  . . .  . .  . . .  . . . .  . . . . . .  .  . . . . .  . .  .  .  . . .  .  .  . . . . .  .  . . .  .  . . . .  . .  .  . .  .  . 557
Antimicrobial  stewardship  .  . . .  . . .  .  .  . .  . . . .  . . .  . . .  .  . . .  .  . . .  .  .  . .  . . . .  .  . .  .  . . .  .  .  .  . . . . . .  .  .  . . . . .  . . . . . . .  . . .  . . . .  .  . . . . . . .  . . . . . . .  .  .  . .  . . .  .  . .  . .  . .  . .  .  .  .  .  . .  .  .  . . . . . . . .  .  .  . . .  559
Conclusion  and  recommendations  . . .  . . .  .  . . .  .  . . . .  . .  . .  . .  . . .  .  . .  . .  . . .  .  . .  .  .  . . . . . . .  . . . . . . . .  . .  . .  .  . . .  . . .  . . .  .  .  . . .  . . . .  . . .  . .  .  . . . . .  . .  .  . . .  .  .  . . .  . . . . . .  .  . . .  .  .  .  . . .  .  .  .  .  . 559

Funding . . .  . . . . .  . . .  .  .  . . .  . . . .  . . . .  . . .  . . .  .  . . .  .  .  . .  .  . . .  .  . . .  . . .  .  . . . .  . . .  . . . . . .  .  .  . . .  . . .  . . . .  . . .  . . .  . . . . . . .  . . . . . . .  .  . . . .  .  . .  . . . . . . .  .  . . .  .  .  .  .  . . . . . .  . . . . . .  .  . .  .  . .  . . .  .  . . .  . 559
Competing  interests  .  .  . . . . . . .  . . . .  . . .  .  . . .  .  . .  . . . . . . . . . . . .  . . . .  .  . . .  .  . . .  . . . . .  . .  .  . . . . . .  . . .  . . . .  . .  . . .  . . . . .  . . . .  .  . .  . . .  . . .  . . . . .  .  . . . . . . .  . . .  .  .  . . . .  .  . . . . . . . .  .  .  . . . .  . .  .  . .  559
Ethical  approval  . .  . . . .  . . .  .  . . . . . . .  . . . .  . . .  . . .  .  .  . . .  . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . .  .  .  . . . . . .  . .  . . . .  . .  . . . . . . .  .  . . .  .  . . . .  . . . . . . .  . . . . . . .  .  . . . . . .  . . . . . .  .  .  .  .  . .  .  . .  . . . . .  . .  . 559

References  . .  .  . . .  . . . .  .  . . .  .  . . .  .  . . .  . . .  . . .  .  . . .  .  . . .  .  . .  . .  . .  .  . . .  .  . .  . . . . .  . . .  . . . . . . .  . . .  . . . . . . .  . . .  .  . .  . . .  . . .  .  .  . . .  .  .  . .  . . . .  .  . . . . . . . . . . .  . . . . .  . . .  .  .  .  .  . . .  . .  .  .  .  . .  .  .  . . . . . 559

Introduction

The escalating increase in numbers of multidrug-resistant bac-
terial infections that are undetected, undiagnosed, and increasingly
uncurable infections menace the health of people worldwide [1]. In
the last two decades, antimicrobial resistance (AMR) is considered a

that were considered miracle drugs that saved lives, the misuse and
abuse of antimicrobials in veterinary and human medicine have
augmented the rising worldwide spectacle of AMR  [2]. Moreover,
morbidity and mortality from infectious diseases are significant
consequences of AMR  affecting patients [3,4]. A review paper pub-
lished in 2014 showed that the estimated number of deaths due
global health and development threat. WHO  has declared that AMR
is one of the top 10 global public health threats facing humanity.
Since the antibiotic era, with the discovery of the first antibiotics
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o infections with multiple drug resistant pathogens by the year
050 is expected to reach 10 million/year in case of not applying a
trict action plan to combat AMR  [5]. Additionally, the estimated
ortality rates according to the geographical regions were also
eported by this review as follows; Asia, Africa, Europe, Latin Amer-
ca, North America, and Oceania 4,730,000, 4,150,000, 390,000,
92,000, 317,000, and 22,000, respectively [5]. At this time, the
ARS-CoV-2 pandemic is ruling every aspect of health care across
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the world, putting other longer-term public health issues—taking in
the increase of antimicrobial resistance [6]. Many health problems
will be exacerbated by this pandemic and will persist for a time after
COVID-19. It is noteworthy to mention that the deadly nature of
influenza during the 1918 pandemic were explained by secondary
bacterial pneumonias [7,8]. In case of respiratory viral illness as
influenza or COVID-19; both innate and adaptive antibacterial host
defences are impaired, colonising bacteria take advantage of this
temporary compromise of a physical and immunological barrier
to cause secondary bacterial pneumonias, causing worse outcomes
and deadly illness particularly in patients with comorbidities and
previously healthy people [9]. The rationale for prescribing antibi-
otics in patients with COVID-19 might be due to the previous
experience with increased mortality in patients due to bacterial
superinfection in influenza, where many studies demonstrated ini-
tial co-infection or secondary bacterial pneumonia in hospitalized
patients [10] as well as difficulty in ruling out bacterial co-infection
on patient’s presentation. Moreover, physicians will and should
on the side of treating critically ill hospitalized COVID-19 patients
whom the secondary bacterial infections are not certain with broad
spectrum antibiotics. Therefore, decline in adhering to stewardship
programs is noticed as the health care providers struggle to save
the COVID-19 patients [9]. Though, the difficulties in differentiating
pneumoniae due to bacterial infection or COVID-19 infection and
the absence of antiviral therapy with confirmed efficacy and con-
sequently the urgent need of using antibiotics as part of empirical
strategy in treating COVID-19 patients, particularly the critically
ill. It is extremely important to reasonably use the antibiotics even
during the pandemic to avoid much complicated consequences.
However, this hypothesis raises concerns of the outcomes due to
the antibiotic overuse and increased rates of bacterial resistance.
Here, we review the impact of current COVID-19 pandemic on esca-
lating the threat of AMR  highlighting the association of bacterial
coinfections in COVID-19 patients.

Antimicrobial resistance and its role in COVID-19

Monitoring and understanding the prevalence, mechanisms and
spread of AMR are priorities for both individual patient care and
global infection control strategies [11]. With regards to COVID-19
patients, it has been reported that up to 72% of patients admitted
to hospitals received antibiotic treatment [12]. The information on
the use of antibiotics to treat COVID-19 infection is easily acces-
sible to the public on the internet beside the increased pressure
exerted on clinical settings and hospitals [13]. The lack of suf-
ficient knowledge of the value of antibiotics together with the
fear of COVID-19 infection has directly impacted the increased
access to the over-the-counter antibiotics, particularly in low- and
middle-income countries with poor antibiotic control actions and
restricted access to health settings [13]. In this context, it has been
reported that 68.9% of COVID-19 patients had received antibiotics
(mostly azithromycin and ceftriaxone) with a self-medication rate
of 33.0% before hospital admission [14]. The gigantic use of bio-
cides and disinfectants during the pandemic will cause unusual
liberation of such antimicrobials into environmental resources and
further select antibiotic resistant organisms [15]. Collectively, the
selection and the development of highly resistant bacteria due
to the aggravated use of antibiotics as well as disinfectants due
to the above-mentioned reasons will affect the clinical prognosis
of severe COVID-19 patients receiving care at hospitals and lead
to poor patients’ outcomes. In this context, extremely and pan

drug-resistant organisms have been reported to cause serious coin-
fections in COVID-19 patients [16] and unfortunately, death of cases
who encountered bacterial coinfections together with COVID-19
is recently reported [17]. A retrospective cohort analysis of 191
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atients from two  hospitals in Wuhan, Zhou et al. reported that
5% of patients were treated with antibiotics along with 21% treated
ith antivirals [18]. Death rate of 11% among 99 patients was also

eported in a study in Wuhan, and 71% were treated with antibi-
tics; however, only 1% experienced co-infection with bacteria and
% had fungal co-infections [36]. Moreover, antibiotic therapy was
dministered to all patients in a single-centre study conducted
n Wuhan which involved 36 non-survivors with COVID-19, and
1.1% of the cases used combined antibiotic therapy whereas 38.9%
eceived single antibiotic [19]. With regards to the recommen-
ations of the use of antibiotics in patients with suspected or
onfirmed COVID-19 differ by country, with some recommenda-
ions encouraging antibiotics administration in a large proportion
f patients, particularly because it is not well understood how

pneumonia’ may  cause radiological alterations even in asymp-
omatic patients in the context of a viral infection, consequently,

any documents recommend antibiotic therapy for patients with
OVID-19 and ‘pneumonia’ [20]. It is noteworthy to mention that
acrolides (azithromycin) was  the second most prescribed treat-
ent for COVID-19, and 41% of respondents reported that they

ad prescribed azithromycin for COVID-19 [21]. Azithromycin is
n existing medication that is repurposed for the current pandemic
ince novel Coronavirus treatments are being developed. However,
ther study advised against using azithromycin except in treat-
ng community acquired pneumonia (CAP) as they declared that

 there is no clear evidence that azithromycin may exert benefi-
ial effects in COVID-19 beyond antibacterial activity in bacterial
uperinfection” [22]. It has also been recommended that certain
ntibacterials, for example teicoplanin (a glycopeptide antibiotic)
ould be promising in treating COVID-19 after previously exhibiting
ntiviral activity against coronaviruses (amongst others) [23]. Data
rom 7 countries confirmed that COVID-19 patients had received
ntibiotics, these data are shown in Table 1. Fig. 1 also groups
he different studies per antibiotic from Table 1, displaying their
espective percentages as well as the total percentage as rep-
esented in Table 1. Despite this, excessive caution should be
erformed given that misuse or overuse of antibiotics is well-
nown to be a significant driver of the prevalence of AMR. A
roup of European clinicians state that it can be difficult to dis-
inguish COVID-19 from bacterial pneumonia, which means that
ome patients with no bacterial infections are getting unneces-
ary antibiotics [6]. AMR  affects all countries, but the burden is
isproportionately higher in low middle income countries (LMICs)
24]. The incidence of COVID-19 in LMICs is increasing now, raising
erious concerns given the weak health systems, low awareness,
nd limited preparedness for outbreaks in many LMICs. Rise in
MR in LMICS could be amplified by a large COVID-19 pandemic

25]. The authors of a recent summary suggested that the empir-
cal antibacterial therapy for hospitalized COVID-19 patients with
uspected bacterial coinfections should not exceed 5 days upon
mprovement of signs and symptoms [26].The authors added that
hortening of the duration of antibiotics in patients with sepsis
an be achieved by the support of procalcitonin levels [26]. As
entioned above, it is difficult to differentiate between bacterial

nd viral pneumonia, the Infectious Disease Society of America
IDSA) guideline on community acquired pneumonia (CAP) con-
luded that procalcitonin cannot be used in the decision to start
r withhold antibiotics in patients with CAP [31]. As for hospital
cquired pneumonia (HAP) and ventilator associated pneumonia
VAP), the IDSA guideline conducted broad evidence summaries to
ssess the added value of using procalcitonin, CRP, or the Modi-
ed Clinical Pulmonary Infection Score plus clinical criteria for the

iagnosis of HAP or VAP [12]. They declared that none of these
odalities were of extra value when compared to clinical data

lone.



S. Ghosh et al. Journal of Infection and Public Health 14 (2021) 555–560

Table  1
Different antibiotics prescribed to COVID-19 patients and their known AMR  threats.

Prescribed antibiotics in cases of Covid-19 Antimicrobial resistance
(known)

No. of patients and geographical location Total References

Azithromycin, clarithromycin (macrolides) Helicobacter sp., Staphylococcus
aureus,  Streptococcus
pneumoniae, Streptococcus
pyogenes

18% Wuhan (25/138) 54/250 (22%) [36–41]

32% Italy (17/53)
21% Spain (10/48)
18% Thailand (2/11)

Moxifloxacin (fluoroquinolones) Clostridium difficile,
Mycobacterium
tuberculosis,Neisseria
gonorrhoeae, Pseudomonas
Aeruginosa

64% Wuhan (88/138) 127/205 (62%) [38,42,43]

58% Wuhan (39/67)
Ceftriaxone, Cefoxatime (cephalosporins) ESBL-Producing

Enterobacteriaceae, N.
gonorrhoeae, P. aeruginosa

25% Wuhan (35/138) 112/338 (33%) [31,38–42,44]

32% Italy (17/53)
36% France (14/39)
46% Spain (22/48)
38% Hong Kong (19/49)
45% Thailand (5/11)

Piperacillin-tazobactam, Oxacillin, Amoxicillin
(penicillin-like)

ESBL-Producing
Enterobacteriaceae, S. aureus, S.
pneumoniae

51% France (20/39) 41/141 (29%) [11,39,42,31,44]

16% Italy (9/53)
25% Hong Kong (12/49)

Linezolid (oxazolidinone) Enterococcus faecium,
Enterococcus faecalis,
Staphylococcus epidermidis

16% Italy (9/53) 18/101 (17%) [39,40,45,46]

19% Spain (9/48)
levofloxacin (quinolone) Escherichia coli 35% Spain (17/48) 17/48 (35%) [40,47]
Meropenem (carbapenem) Enterobacteriaceae sp.,

Klebsiella pneumoniae
25% Hong Kong (12/49) 12/49 (25%) [44,48,49]

tibiot
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Fig. 1. Percentage (per study) of patients receiving specific an

Bacterial Co-infections

Patients presented with respiratory viral infections are pre-
disposed to secondary bacterial infections and these result in

increased disease severity and mortality [27].COVID-19 presents
with a spectrum of disease severity, ranging from symptomless and
non-specific flu-like symptoms, to pneumonia, and life-threatening
complications such as acute respiratory distress syndrome (ARDS)
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ics and total percentage of patients they were prescribed to.

nd multiple organ failure [28]. Moreover, secondary bacterial
nfections are proven to represent a major risk factor for adverse
OVID-19 outcomes. In spite of the proven importance of co-

nfections in the severity of respiratory illness presentations, they

re unexplored during large pandemics of respiratory infections
27]. Data of patients with confirmed bacterial coinfection with
OVID-19 are demonstrated by several studies and shown in
able 2 and Fig. 2. The results of a meta-analysis and systemic
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Table  2
Percentage of patients receiving antibiotics and percentage of confirmed secondary infections.

% Covid-19 patients treated
with antibiotics

Confirmed secondary
bacterial infection

Infecting agent (where reported) Geographical location References

41/41 (100%) 4/41 (10%) – Wuhan, China [19]
49/52 (94%) 1/94 (1%) K. pneumoniae Wuhan, China [50]
26/53  (49%) 16/53 (30%) A. baumannii,  Haemophilus

influenza,  P. aeruginosa, S. aureus,  S.
pneumoniae

Milan, Italy [39]

39/92 (42%) 26/92 (28%) A. baumannii,  H. influenza,
Moraxella catarrhalis, P. aeruginosa,
S. aureus, S. pneumoniae

France [31]

181/191 (95%) 28/191 (15%) – Wuhan, China [18]
143/150 (95%) 12/150 (8%) – Wuhan China [51]
42/48 (88%) 6/48 (13%) E. faecium, H. influenza, P.

aeruginosa
Vitoria, Spain [40]

37/298 (12%) 30/298 (10%) – Shenzhen City, China [52]
319/476 (67%) 35/410 (9%) – Wuhan, Shanghai, and Anhui (China) [53]
49/49 (100%) 2/49 (4%) Serratia sp., Enterobacter sp. Hong Kong, China [44]
6/11(55%) 6/11 (55%) H. influenza, K. pneumoniae Bangkok, Thailand [41]
66/67 (99%) 3/28 (11%) A. baumanii, Enterobacter cloacae Wuhan, China [43]
1824/2536 (72%) 190/1923 (10%)

Fig. 2. Different infecting agents’ prevalence and location they appeared.
ective
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It  represents the different bacteria that were found when testing patients in the resp
by  and prevalence of each bacteria [54–63].

review identified 24 studies focusing on bacterial coinfections in
hospitalized COVID-19 patients revealed that 3.5% of patients expe-
rienced coinfections and secondary infection was detected in 14.3%
of COVID-19 patients with overall bacterial infection 6.9%. Similar
findings were also reported by other meta-analysis and systemic
review that included 30 studies evaluating coinfections among
COVID-19 patients; they reported that 7% of the patients had bac-
terial coinfections [29]. The findings of narrative review showed
that percentage of coinfections in COVID-19 patients extensively
varying from no co-infections to 100% coinfections in patients who
died, and broad inconsistency of antibiotic use by severity of ill-
ness, ranging from 20% to 100% for antibiotics [30]. The findings

of a retrospective monocenter study that was conducted in France
revealed that a rate of 28% bacterial coinfections were detected in
patients with severe SARS-CoV-2 and the authors highly encour-
aged the use of systemic empiric antibiotic treatment with a third
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558
 studies as outlined in Table 2, giving the study locations, types of infections caused

eneration cephalosporins. The bacterial coinfections detected in
heir study were mostly due to due to methicillin-sensitive Staphy-
ococcus aureus,  Haemophilus influenzae,  Streptococcus pneumoniae
nd Enterobacteriaceae [31].

A recent retrospective multicenter study in china stated that
6% of the total patients with secondary bacterial infections died
ue to sepsis. Half of non-survivors experienced a secondary infec-
ion (27 out of 54); ventilator-associated pneumonia occurred in
0 of 32 patients (31%) requiring invasive mechanical ventilation
18]. The authors stated an overall occurrence of 15% secondary
acterial infections most of them in patients who died. Elske et al.,
tated that in the overall cohort, 5% developed VAP during hos-

italization. However, VAP was diagnosed in up to 31% of those
ho had mechanical ventilation [26]. A retrospective study was

onducted to assess the prevalence of VAP in COVID-19 patients
dmitted to the ICU, they stated that VAP was mainly diagnosed
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by clinical presentation and BAL fluid was tested by direct micro-
scopic examination with Gram staining, microbiologic culture, and
susceptibility testing. Consequently, empirical antibiotic therapy
is started as soon as VAP is suspected [32]. Almost 71% of COVID-
19 patients receive empirical antibiotic therapy upon admission
which is known for its potential to inhibit pathogen growth in
culture-based testing required for conventional in-vitro diagnostics
[27]. In this context, molecular diagnostic approaches which detect
the pathogen’s DNA must be performed to ensure accurate early
diagnosis and appropriate antimicrobial therapy for secondary bac-
terial infections in order to avoid fatal consequences. In addition,
by knowing this data, modifying empirical antibiotic management
guidelines for COVID-19 patients could be achieved. Furthermore,
identifying mixed infections using the advanced molecular meth-
ods will provide significant data on infectious pathogens causing
coinfections and AMR  in healthcare settings.

Antimicrobial stewardship

Antimicrobial stewardship refers to collaborative, coordinated
programs and interventions designed to improve antimicrobial
prescribing by promoting the selection of the optimal antimi-
crobial drug regimen including dosing, duration of therapy and
route of administration and minimize unintended consequences
[33]. Despite the fact that reducing emergence of AMR  and
drug-resistant infections is the major aim of antimicrobial stew-
ardship. In normal situations, in advanced healthcare facilities,
antimicrobial stewardship is mainly a behavior change challenge
of healthcare professionals and healthcare organizations. In
healthcare facilities in LMICs, antimicrobial stewardship is further
irritated by limited access to medicine, concerns regarding coun-
terfeit antibiotics and inadequate hospital infection prevention
programs infrastructure. On March 1, 2020, an informal Twitter
poll asked the antimicrobial stewardship communities whether
antimicrobial stewardship programs at their healthcare facilities
had been involved in SARSCoV-2/COVID-19 pandemic response
or preparation. This generated 254 responses: 30% stated direct
involvement, 28% noted indirect involvement, and 39% reported
no involvement in emergency response efforts or planning [34].
Respiratory virus pandemics associated with secondary bacterial
complications such as pneumonia and ARDS provide an oppor-
tunity for antimicrobial stewardship programs to monitor and
enhance compliance with treatment guidelines; broad spectrum
antibiotics have been administered to severe COVID-19 cases
[35]. Given the challenges of detecting COVID-19 from bacterial
pneumonia, the doubt about bacterial superinfections, the absence
of specific antiviral treatment for the current pandemic, and the
high rates of mortality; consideration of antibiotics as part of the
empirical therapy for the most severe suspected or confirmed
COVID-19 cases should not be neglected (e.g patients requiring
mechanical ventilation). Yet, even during a pandemic antibiotics
should be used wisely and cautiously [6].

Conclusion and recommendations

The global threat of AMR  will persist beyond the COVID-19 cri-
sis. Data on the prevalence of AMR  infections before and after the
outbreak should be gathered to determine the dissemination of
AMR  pathogens particularly from the developing countries. Com-
parative genomic analyses of clinical infectious pathogens before,
through and after the pandemic is one potential procedure that
could elucidate various mechanisms underlying the acquisition of

AMR  genes circulating in healthcare settings. Reserving antibiotic
therapy for patients presented with the most severe COVID-19 ill-
ness and limiting duration of antibiotic treatment to five days as
generally recommended in most guidelines.

[
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Even though it is challenging to employ a research in the mid  of
 pandemic, deep-monitoring research is now required to improve
anagement of COVID-19 patients.
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