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Abstract

Corona Virus Disease-2019 (COVID-19) has become one of the most serious diseases in the
history of mankind. It has captured the entire world and solutions are yet to be discovered to fight
this global crisis. The outcomes of COVID-19 are influenced by a variety of pre-existing factors.
The secondary microbial infections are one of the prominent ones that are major contributors for
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Antimicrobial Resistance (AMR) as they warrant the use of antimicrobial medications. The present

review aimed at exploring the potential relationship between AMR under such circumstances and
COVID-19 related outcomes. The published literature across the globe has delineated that the
impact of COVID-19 may have worsened by a great degree due to the presence of secondary
infections majorly bacterial ones. The consequences of COVID-19 have been fatal and a
significant proportion can be a major attributor to AMR, either directly or indirectly. Although,
there is a dearth of studies that can establish a very strong and direct relationship between AMR
and negative COVID-19 outcomes so in-depth research on this topic is required to further explain

this relationship in detail.

Introduction

The COVID-19 Pandemic caused by SARS CoV-2 has
affected millions of people worldwide. The chaos created
by the disease has bagged the full focus, commitment and
support from all governments, international institutions and
organizations, the healthcare workforce, the private sector,
civil society and the general public.

Coronaviruses belong to family Coronaviridae with
potential of causing illness in humans and animals. These
are enveloped viruses with +ssRNA as genetic material
and are known to cause respiratory ailments ranging from
the common cold to severe diseases such as Severe Acute
Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS) and present ongoing pandemic termed
as COVID-19 [1]. The viral outbreak was reported to begin
in Wuhan, China in late 2019. The most prevalent symptoms
of the disease are dry cough, fever, tiredness, loss of taste or
smell along with other less common or mild symptoms such
as pains, headache, sore throat, diarrhoea or skin rashes etc.
The disease mainly spread from person to person through
droplets expelled during coughing, speaking or sneezing
either from the mouth or through nose.
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Abbreviations: COVID-19: Coronavirus Disease
2019; AMR: Antimicrobial Resistance; SARS:
Severe Acute Respiratory Syndrome; MERS:
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RNA
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Critically ill patients suffering with COVID-19 are more
susceptible to hospital acquired infections and, thus, often
require the aid of antibiotics. The extensive use of antibiotics
and close contact with other patients in hospitals may lead to
the spread of antimicrobial-resistant bacteria.

A weaker immune response during SARS CoV-2 infection
may contribute to secondary bacterial infections and microbial
co-infections may occur during viral infections [2]. Under such
circumstances, rates of mortality and morbidity increases.

This raised a need for accurate diagnosis and appropriate
antimicrobial drug therapy. Antibiotics are a class of
antimicrobials used to treat bacterial infections, but they
usually do not work against viruses. So antibiotics are
ineffective for prophylaxis or treatment of viral infections.
However,in criticallyill patientsorunderseveral complications
due to damage caused by virus, there is a need of antibiotic
usage at some instances due to secondary bacterial infections
[3]. Bacterial pneumonia under such conditions can be treated
with antibiotics. Infection during HIN1 pandemic also,
approximately 12% - 19% of patients under hospitalization
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have developed pneumonia as a secondary bacterial infection
[4,5]. Similarly, there are studies indicating the presence of
secondary microbial infections, sepsis and septic shock in
patients suffering from COVID-19 disease [6]. Consumption
of antibiotics under such conditions may led to emergence
of antimicrobial resistance. Critically ill patients are more
prone to develop ventilator-associated pneumonia due to
requirement of intensive care unit (ICU) which enhances the
need of antibiotics several times [7].

The prophylactic and therapeutic use of antibiotics is very
well documented. Several studies suggest the use of macrolide
antibiotics such as azithromycin in early stages of COVID-19
infection due to their immunomodulatory, anti-inflammatory
properties and ability to target viral replication [8,9].
Hantoushzadeh, et al. demonstrated that the consumption of
antibiotics may be a possible cause of cytokine storm observed
during COVID-19 due to stimulation of the immune cells to
secrete pro-inflammatory cytokines such as, IL-6, TNF-a and
IL-18 and enhanced levels of Toll-like receptors specially
TLR4 after they recognize bacterial cell ligands [10,11].

An increasing body of opinion is contemplating that the
COVID-19 outcomes may be hampered by the presence of
AMR or due to the presence of bacteria in lungs [12-14]. Such
a condition elevates their potential to cause damage [15].
According to a recently published study, U.S. Department
of Defense (DOD) is aiming to study the role of “secondary”
infections (either bacterial or fungal) in patients suffering
from COVID-19 and the role of antimicrobials to prevent
them [3]. The use of antibiotics to treat viral illness has led to
emergence in the rate of AMR among various pathogens.

The current review aims to explore potential connection
between AMR, secondary infections and COVID-19 patient
outcomes utilizing the data and papers available online
on PubMed, Google Scholar and other scientific sources.
The current review is based upon the evidences of relation
between secondary microbial infections, AMR and COVID-19
outbreak impact.

Relationship between COVID-19, AMR and secondary
co-infections

COVID-19 and the emergence of AMR: In 2014, World
Health Organization has declared the global crisis of antibiotic
resistance, a worldwide threat to public health which means
this crucial defence is a dwindling resource. Many studies are
cuing that most of the severe COVID-19 patients require
antibiotics. Anti-bacterial medications such as Amoxicillin,
Azithromycin and Clavulanate have been used in combination
to treat COVID-19 patients with pneumonia under non-
intensive care as significant number of patients is developing
secondary infections.

According to a recent study, antibiotic prescription was
required in 67% of the total COVID-19 patients. Among these
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patients, approximately 72% of them have no obvious signs
of bacterial infection [16]. The commonly used antibiotics
were azithromycin, vancomycin, cefepime and ceftriaxone.
The rate of mortality and level of inflammatory markers was
significantly high in patients who were given antibiotics in
comparison to those who did not receive antibiotic therapy
[16].

COVID-19 and secondary infections prevalence: A meta-
analysis highlights the presence of bacterial co-infections in
7% of the hospitalized patients. The incidence may increase
upto 14% in cases where only ICU patients were included
in the study. This indicates that the changes of developing
secondary infections increases with increase in severity of the
COVID-19 [17,18].

Many studies also highlighted the incidence of Pulmonary
Aspergillosis as a secondary infection in critical cases of
putative COVID-19 disease [19-21]. Aspergillus is a drug-
resistant fungus, a common mold with abundance in both
indoor and outdoor environment. The major cause of infection
is microscopic Aspergillus spores which typically enters the
circulation through the air while breathing. The infection is
commonly found in patients with dwindled immunity, in
contrast to otherwise healthy individuals with functioning
immune system.

One study in Paris, reported Aspergillus infection in 33%
of COVID-19 patients [22]. Similar findings were also reported
which delineates that 10-15% of COVID-19 patients had fungal
or bacterial infection in their pulmonary system [6]. According
to a study conducted on 135 adult patients confirmed for
SARS-CoV-2 in Amphia Hospital Breda, the Netherlands,
incidences of secondary infections including invasive
pulmonary aspergillosis were reported in patients admitted
in Intensive Care Unit (ICU) [23]. Approximately, one third of
patients with severe COVID-19 infection requiring intensive
care may also be battling another life-threatening infection:
invasive aspergillosis, a deadly fungal super infection caused
by Aspergillus mold. According to a case report, a 56 year old
patient with SARS-CoV2 infection was found to be co infected
with a triazole-resistant strain of A. fumigatus. The patient
was suspected of bacterial pneumonia and thus received
amoxicillin and pristinamycin for several days along with
several other medications during hospitalization [24].

A retrospective cohort study encompassing the COVID-19
patients in Renmin Hospital of Wuhan University from Jan 1
to Feb 6, 2020 also depicts that Secondary bacterial infection
is a common complication in COVID-19 patients. As many as
42% of the patients reported secondary bacterial infections
[25]. A recent Lancet article encompassing data from two
hospitals delineated that in Wuhan city of China, 50% of
patients who died had secondary infections whereas the
prevalence of secondary infection was reported to be merely
0.73% in patients who survived. All these patients except one
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were treated with antibiotics [26]. The above-mentioned data
forms a basis that the mortality was depending mostly upon
the secondary infections and not on the COVID-19 infection.
The scale of COVID-19 pandemic spread will surely upsurge
the second slow-motion AMR pandemic behind it across
the globe by whopping up antibiotic resistance, pathogens’
adaptive ability to defend it against antibiotics.

Several independent researchers have dragged our
attention towards the ill effects of AMR on COVID-19 outcomes.

Antibiotic resistance may become the cause of additional
sickness and death across the globe as the toll of corona virus
induced pneumonia stretches to ICU beyond their capacity.
Thus, the prophylactic usage of antibiotics in COVID-19 cases
may cause the emergence of resistant bacteria [27-31].

The spread of resistant bacteria in COVID-19 and other
immunosuppressed patient can result into fatal consequences.
“A significant number of the deceased COVID-19 patients had
secondary bacterial infections which is common for several
other viral infections. In severe viral respiratory infections,
the immune system is weakened, and respiratory system
exposed to other pathogens including opportunistic ones. In
such cases, if a hospitalized patient is infected with resistant
bacteria, consequences can be fatal. According to a study
conducted at National University Hospital, Singapore, there
was indications of increasing rates of resistant bacterial
infections such as methicillin-resistant Staphylococcus aureus
(MRSA) infections and bacteremia in hospitals during the
outbreaks of novel emerging pathogens such as previously
reported SARS. Although, the suspected reason for this
pardoxical increase was change in conventional practices and
measures to control infection [32].

It bears further investigation if the resistant bacteria have
influenced the COVID-19 situation as evident in Italy, where
hospitals have been shown to have significant “AMR-related
problems”. One retrospective review of COVID-19 death
cases in Wuhan depicted that Bacterial infections can be an
important factor in promoting the death of patients. Apart
from the use of antimicrobial drugs to cure infections, their
unnecessary or empirical use is also reported under the lack
of rapid diagnostic tools that supports medical decision and
also aids in clinical management of COVID-19 [33]. This poses
numerous direct risks to the patient including various side
effects and adversity events [34-37].

Streptococcus pneumoniae, is a major causal organism
of pneumonia and other pneumococcal infections [38].
Azithromycin, a semi synthetic macrolide antibiotic is
approved for pneumonia treatment as it offers the advantages
in terms of tolerability, duration of administration in
comparison to other macrolides [39]. Similarly, Amoxicillin
and clavulanate is a combination antibacterial medicine used
widely to treat such infections [40]. 30% - 40% of several
common types of bacteria have already acquired resistance to
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the most commonly used class of drugs including macrolides
such as azithromycin. Inappropriate use of these antibiotics
could surely hamper their efficacy [3]. Unsurprisingly,
resistance against such potential antimicrobial drugs poses
a great challenge for the management of such infections in
future. Similarly, use of antifungal for treating secondary
fungal infections developed either in normal COVID-19
patients or in severely immunocompromied patients due to
ongoing immunosuppressive medications or treatments as in
case of cancer, HIV can potentially become a serious concern
which increase in the pace of mortality and morbidity. So,
they must be used wisely and strict control measures are
needed further to prevent their misuse. Also, the use of
investigational medications for COVID-19 must be allowed
after ethically approved, randomized, controlled trials and
its efficacy and safety for public health related aspects must
be well considered. Several studies highlights the need for
treating COVID-19 patients already existing in the market
i.e. a situation called as Pharmaceutical repurposing as the
pace of drug development and discovery is very slow and the
cost associated with it is substantially high [41,42]. Under
such conditions, the beneficial epidemiological, radiological,
clinical and virologic characteristics underlying the disease
must be well illustrated.

These studies support the fact that patients with severe
COVID-19 infections are at a higher risk for developing such
deadly, life threatening super infections. Although, there is a
shortage of reliable therapeutics available to fight the disease,
it is crucial that all the treatment strategies must be well
evaluated and thoroughly studied otherwise it will lead to
another pandemic or even a deadly storm.

Although, the availability of published literature on AMR
and COVID-19 relation is very scarce and other pertaining
aspectslike age, gender, comorbidities, ethnicity, environment,
quality of health services, species/family of bacteria or fungi
etc have not been encompassed it is difficult to conclude the
effect of COVID-19 outcomes on AMR and secondary infections.

Conclusion

AMR has been a slow-moving pandemic with long term
side-effects across the world. It has always contributed
negatively in the menace of life threatening conditions like HIV,
cancer, during surgeries especially in immunocompromised
patients. It may impact the COVID-19 patients leading to fatal
consequences. A significant percentage of patients develop
secondary microbial infections (either bacterial or fungal)
during COVID-19 complications and the outcome of these
patients has colossally impacted negatively by the already
existing AMR. Although it’s still too early to conclude a direct
relationship between COVID-19 and emergence of AMR. The
profuse use of antibiotics either alone or in combination with
antivirals, antimalarial drugs during COVID-19 pandemic may
potentially soar up the AMR which will surely create a vicious
cycle of antibiotic usage, AMR and COVID-19 fatal outcomes.
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