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I. INTRODUCTION 

The Coronavirus disease-2019 (COVID-19) is caused by a 

zoonotic virus, Severe Acute Respiratory Syndrome 

Coronavirus-2 (SARS-CoV-2) and it is the most severe 

pandemic of 21st century [1]. The first case of COVID-19 was 

reported in December 2019 in Wuhan region of China [2]. 

Due to stronger transmission capacity of SARS-CoV-2 [3]; 

within a year, the epidemic has affected more than 210 

countries reporting over 138 million positive cases and 2.9 

million deaths worldwide and has become a global health 

concern (Fig. 1). 

 

 
Fig. 1. Current status of COVID-19 worldwide. (Data Source: Weekly 

epidemiological update given by World Health Organization on 01 June 

2021). 

 

The genetic variations in SARS-CoV-2 and microbial 

coinfections in COVID-19 patients are the two major 

obstacles in preventing transmission of the disease and to 

reduce the fatality rate. Respiratory bacterial and viral 

coinfections, predominantly found in patients hospitalized for 

SARS-CoV-2 infections; are mainly categorized into 

community acquired and hospital acquired coinfections [4]. 

In some cases, fungal infections are also associated with 

COVID-19 patients. The increased severity of COVID-19 

disease can also depend upon the associated microbial 

coinfections. The information regarding antimicrobial 

resistant (AMR) pattern of such microbial strains would serve 

as a guiding tool for physicians for effective treatment SARS-

CoV-2 affected patients and reduce issues involved in the 

management of COVID-19 pandemic (Fig. 2). 

 

II. GLOBAL VARIANTS OF SARS-COV-2  

Mutations in SARS-CoV-2 results in the emergence of new 

global variants of concern such as B.1.1.7 PANGO lineage in 

United Kingdom, B.1.351 PANGO lineage in South Africa 

and B.1.1.28.1 PANGO lineage in Brazil and Japan. The 

variant B.1.1.7 was first reported in United Kingdom on 20 

September 2020 which is most dominant lineage among all 

the variants due to high rate of mutation in Non-structural 

Protein-6 (NSP-6). The NSP-6 is responsible for attachment 

of virus to Angiotensin Converting Enzyme-2 (ACE-2) 

receptor present on the surface of human epithelial cells 

located in the lungs, arteries, heart, kidney, and intestines [5].  
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Fig. 2. Schematic representation of COVID-19 pandemic: Diagnosis, associated co-infections and treatment. 

 

With stronger affinity to the ACE receptor, the variant 

B.1.1.7 [6], [7] shows mutations restricted to the NSP-6 

domain of the spike protein gene N501Y, A570D, P681H, 

D614G, P681H, T716I, S982A, D1118H, H69/V70, Y144 

deletion and S106/G107/F108 deletion in NSP-6 [8]. 

S106/G107/F108 deletion in NSP-6 is a common mutation in 

all the variants of SARS-CoV-2 that significantly affects the 

intracellular viral survival, pathogenicity, and the viral 

autophagy [9].  

The South African variant 501.V2 has multiple mutations 

in the gene that encodes the spike protein that help the virus 

evade an antibody response [10]. The variant of Covid-19 

first identified in India last October – called B.1.617.2 [11] is 

more transmissible than the UK/Kent variant – also known as 

B.1.1.7 – with no evidence that these variants cause much 

more serious illness. Very recently, a powerful COVID-2 

variant N440K that spreads rapidly has been reported from 

southern parts of India. This variant is 15 times more virulent 

than the original variant and causes serious condition-stage 

within just three-four days as against symptoms of dyspnea 

or hypoxia within a week with the original variant. B.1.1.7 

and B.1.617 are the 'UK Variant' and the Indian variant, also 

known as the 'double mutant.' Other variants B.1.525; 

B.1.427, B.1.616, B.1.1.28.1, B.1.1.28.2, B.1.1.28.3 [12]-

[18]. The data is presented in Table I. 

 
TABLE I: DIFFERENT VARIANTS OF SARS- COV-2. ACCORDING TO WEEKLY EPIDEMIOLOGICAL UPDATE BY WHO APR 2021 

PANGO 

Lineage 

Variant name/ 

First reported 
Key Mutations References 

B.1.1.7 
VOC 202012/01 or 

Alpha/ UK 

N501Y, A570D, P681H, D614G, P681H, T716I, 

S982A, D1118H, H69/V70, deletion Y144 

deletion and S106/G107/F108 deletion in NSP-6 

[6] and [7] 

B.1.1.28.1 

(P.1) 

VOC 202101/02/ 

Brazil &Japan 

K417T; E484K; N501Y S106/G107/F108 

deletion in NSP-6 
[15] 

B.1.1.28.2 

(P.2)* 

Gamma/ 

Brazil 

& India 

L18F; T20N; P26S; F157L; E484K; D614G; 

S929I; and V1176F 

Indian Variant: E484K, N501Y and K417N  

[16] and [17] 

B.1.1.28.3 

(P.3)* 

PHL-B.1.1.28/ 

Philippines & Japan 

141-143 deletion E484K; N501Y; and P681H 
[18] 

B.1.351 

VOC 202012/02 

Or Beta/ South Africa 

L242/A243/L244 deletion; K417N; E484K; P71L 

N; N501Y; D614G K417T;N501Y; T205IS; 

A701V S106/G107/F108 and S106/G107/F108 

deletion in NSP-6 

[6] 

[10] 

B.1.427/B.1.429 CAL.20C/L452R/USA L452R; W152C; S13I; and D614G [13] 

B.1.525* 
UK & Nigeria 

H69-V70 deletion; Y144 deletion; Q52R; E484K; 

Q677H; D614G; and F888L 
[14] 

B.1.616* 
France 

G142 deletion; D66H; Y144V; D215G; V483A; 

D614G; H655Y; G669S; Q949R; and N1187D 
[12] 

B.1.617.1 Kappa/ India 484Q [11] 

B.1.617.2 Delta/ India 452R and 478K [11] 
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III. BACTERIAL CO-INFECTIONS IN COVID-19 PATIENTS  

The patients infected with SARS-CoV-2 are more 

susceptible to microbial coinfections due to damage to the 

immune system, destruction of airway epithelium, reduced 

mucociliary clearance, and virus induced airway damage 

[19]-[21]. The bacterial respiratory infections are 

predominant among COVID-19 patients [22]. The secondary 

bacterial infection affects approximately 14.3% of COVID 19 

patients [23].  

Several bacterial co-infections reported in COVID-19 

patients includes organisms. The data presented in Table II 

and III details the organisms detected in such cases. 

Acinetobacter baumannii, Staphylococcus, Pseudomonas 

aeruginosa, Haemophilus influenzae, Serratia marscecens, 

Kliebsella pneumoniae, Corynebacterium spp., 

Streptococcus pneumoniae, Bacillus Spp., Micrococcus 

Spp., Proteus Spp., Enterobacter Spp., Citrobacter Spp., 

Escherichia coli, Enterobacter cloacae, Streptococcus 

pyogenes and Neisseria meningitidis. But the commonly 

found secondary infections include a specific group of 

bacterial pathogens, such as Haemophilus influenzae, 

Staphylococcus aureus, Streptococcus pneumoniae, 

Streptococcus pyogenes and Acinetobacter baumannii.  
 

TABLE II: BACTERIAL COINFECTIONS ASSOCIATED WITH COVID-19 DISEASE 

Bacterial coinfections in 

COVID-19 
Clinical manifestation/ Diagnostic Tests References 

Haemophilus influenzae  Pneumonia, acute bronchitis and Meningitis/ Blood 

and spinal fluid cultures  
[24] and [25] 

Staphylococcus aureus  Staphylococcal pneumonia, Necrotizing pneumonia/ 

Nasal secretions and blood culture echocardiogram, 

RTPCR 

[26], [27], [28]  

Streptococcus pneumoniae  Sepsis, meningitis, otitis media Pneumococcal 

pneumonia/Urinary antigen test, chest x-ray  
[29] 

Streptococcus pyogenes  Sepsis, pleural empyema, mild skin and soft tissue 

infections, pharyngitis, tonsillitis/Lancefield group A 

antigen test 

[35] 

Kliebsella pneumoniae  Pneumonia/sputum, urine, or blood culture, X-ray and 

High resolution computerized tomography (HR-CT) 
[20] 

Acinetobacter baumannii Pneumonia/Sputum, blood, and cerebrospinal fluid 

culture  
[74] 

Mycoplasma pneumoniae Interstitial pneumonia/ IgA-based serological assay [20] 

Pseudomonas aeruginosa  sputum, urine, or blood culture and crossed immune 

electrophoresis (CIE) 
[51] 

Legionella pneumophila Pneumonia and Legionnaire’s disease/ Urinary antigen 

test  
[20] 

Enterobacter cloacae Pneumonia/Blood culture  [20] 

 
TABLE III: COMMON RESPIRATORY VIRAL-BACTERIAL CO-INFECTIONS AND THEIR ASSOCIATED CLINICAL INFECTIONS IN HUMAN 

Viral infection Bacterial coinfection Clinical infection 

Influenza Staphylococcus aureus, MRSA Community-acquired pneumonia 
 Streptococcus pneumoniae Pneumococcal pneumonia, sepsis, meningitis, otitis media 
 Streptococcus pyogenes (group A streptococci) Sepsis, pleural empyema 
 Haemophilus influenzae Pneumonia 
 Moraxella catarrhalis Pneumonia and bacteremia 
 Neisseria meningitidis Meningococcemia 
 Chlamydophila pneumoniae Pneumonia 
 Mycoplasma pneumoniae Pneumonia 

 

Legionella pneumophila, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, 

Acinetobacter baumannii, Burkholderia cepacia, 

Enterobacter aerogenes 

Pneumonia 

Metapneumovirus 

Haemophilus influenzae, enterococcus spp, N. 

meningitidis group B, Brucella spp, 

Streptococcus pyogenes, Streptococcus 

pneumoniae 

Acute otitis media, pneumonia 

Respiratory syncytial 

virus 
Pseudomonas aeruginosa Respiratory infections in cystic fibrosis patients 

Adenovirus 
Non-typeable Haemophilus influenzae, 

Chlamydia trachomatis 
Pneumonia or acute otitis media 

Parainfluenza 

Streptococcus pneumonia, Streptococcus 

agalactiae, 

Haemophilus influenza 

Acute otitis media, pneumonia 

Rhinovirus 
Streptococcus pneumonia, 

Mycoplasma 
Pneumonia 

SARS 
Chlamydophila pneumonia 

Mycoplasma pneumonia 
Pneumonia 

 MRSA Pneumonia 

MERS Mycobacterium tuberculosis Immune suppression and augment the infection of each other 

 Mycoplasma spp. Legionella 

Chlamydia spp. 
Not reported 

Abbreviations: MERS, Middle East respiratory syndrome; MRSA, methicillin-resistant Staphylococcus aureus; SARS, severe acute 

respiratory syndrome. 
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A. Haemophilus Influenzae 

It is a facultative anaerobic, gram negative, coccobacillus 

mainly associated with community acquired pneumonia 

(CAP) and the most common bacterial coinfection found in 

COVID-19 patients [24]. It colonizes the upper respiratory 

tract; capsular polysaccharide produced during pathogenesis 

is a critical virulence factor that helps during invasion of 

bloodstream and hematogenous dissemination [25]. 

According to a study by Calcagno et al. [22], the film array 

data showed the presence of H. influenzae in 15 patients out 

of 63 patients hospitalized for respiratory infections and the 

two patients from the same group were found positive for 

SARS-CoV-2 infection. 

B. Staphylococcus aureus  

Staphylococcus aureus is a Gram-positive cocci that 

causes a multitude range of diseases in humans and increases 

the complications of viral infections. Staphylococcal 

pneumonia can be usually seen after viral infections and it is 

one of the leading causative agents of ventilator-associated 

pneumonia. In a recent retrospective study by Cusumano et 

al. [26], found that 54.8 % patients hospitalized for COVID-

19 with S. aureus bacteremia died in 14 days from the first 

positive blood culture. Coinfections of S. aureus acts 

synergistically to cause pneumonia and trigger the fatality 

rate in patients. In a case report by Duployez et al. [27], a 

superinfection of Panton-Valentine leucocidin-secreting S. 

aureus causing necrotizing pneumonia is reported and the 

patient died after 14 days. They have proposed that SARS-

CoV-2 infection is also a facilitating factor for PVL-

producing S. aureus necrotizing pneumonia [28]. 

C. Streptococcus pneumoniae 

Streptococcus pneumoniae is a coccoid, gram positive 

hematolytic facultative anaerobic bacterium responsible for 

pneumococcal pneumonia due to colonization of 

nasopharynx and it is also responsible for sepsis and 

meningitis [29]. Due to unavailability of specific and rapid 

screening test for the diagnosis of pneumococcal pneumonia, 

lack of laboratory and radiological specific findings; there is 

possibility of overlooking S. pneumoniae coinfection in 

COVID-19 patients.  

Anton-Vazquez and Cliville, [30] reported that 87 (8%) 

patients out of 2782 patients tested positive for SARS-CoV-

2 were coinfected with S. pneumoniae and the coinfection 

was prevalent in females. Nearly 57 % (p < 0.001) of female 

patients co-infected with COVID-19 suffered pneumococcal 

pneumonia in comparison with patients with COVID-19 

infections without pneumococcal pneumonia. They have 

proposed that further investigation is needed to understand 

the risk of coinfection and susceptibility of female patients to 

coinfection. The vaccination for pneumonia in COVID-19 

patients is recommended to decrease the severity of the 

disease and to increase the coverage rates.  

In another study by Rodriguez-Nava et al. [31], urine 

antigen test was used to diagnose the S. pneumoniae 

coinfections in COVID-19 patients. They have reported 11 

cases of coinfections during March 1, 2020, and June 30, 

2020 at AMITA Health Saint Francis Hospital, Evanston, 

USA. 7 patients died while 4 patients were discharged in 

stable conditions and the reported mortality rate was 64% of 

coinfected patients. In a case series study, Cucchiari et al. 

[32] reported the superinfection S. pneumoniae in 5 patients 

admitted for COVID-19 disease. The chest x-ray of the 

patients revealed that there were bilateral interstitial 

infiltrates in 3 cases, bilateral consolidative infiltrates, and 

unilateral consolidative infiltrate in one case each. The 

indistinguishable radiological pattern of COVID-19 patients 

from pneumococcus pneumonia can delay the diagnosis of 

SARS-CoV-2 association with pneumococcal pneumonia.  

D. Streptococcus pyogenes 

Streptococcus pyogenes is a Gram positive coccoid aero 

tolerant bacterium which belongs to Group A streptococci 

[33] and causes wide range of infections in humans ranging 

from self-recovering localized infection to severe life-

threatening invasive infections [34]. Khaddour et al. [35] 

2020 reported a case of 56 year old female who was tested 

positive for A Streptococcus antigen test. The X-ray of chest 

revealed the worsening bilateral diffuse opacities and within 

a day the female patient was tested positive for SRAS-CoV-

2. The patient was discharged after 3 weeks of treatment with 

hydroxychloroquine sulfate and tocilizumab and shifted to in-

patient rehabilitation. 

E. Acinetobacter baumannii 

Acinetobacter baumannii is a Gram negative, aerobic, 

pleomorphic bacterium mainly responsible for nosocomial 

infections including urinary tract infections, bacteremia, 

meningitis, and lung infections. Serum resistance due to outer 

membrane protein A (OmpA) and acceleration of local innate 

immunity response due to production of different virulence 

related proteins are the two important virulence factors 

involved in pathogenesis [36]. 

Durán-Manuel et al. [37] reported a clonal distribution of 

A. baumannii (AdeABCRS+) among the patients hospitalized 

for SARS-CoV-2 infection at Hospital Juarez de, Mexico. It 

was found that percentage of A. baumannii among gram 

negative bacteria isolated from COVID-19 patients was 

approximately 52%. In another study, Sharifipour et al. [38], 

found that, out of 19 patients admitted for COVID-19 disease 

at ICU wards in two referral hospitals in Qom, Iran, 90 % 

patients were positive for A. baumannii that were all 

antibiotic resistant and 10% found positive for S. aureus and 

emphasizing the chances of superinfection. Interestingly, the 

S. aureus was methicillin resistant while the other was 

sensitive to methicillin. The samples were collected from the 

respiratory tract of all the patients, who succumbed to the 

covid infection except the patient who showed presence of 

antibiotic sensitive S. aureus. 

 

IV. BENEFITS OF BACTERIA IN COVID PATIENTS 

Studies have shown that bacterial sphingomyelinase 

(bSMase) suppresses replication of influenza virus and severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 

but not the replication of rhinovirus [39]. bSMase inhibited 

the replication of both IBV and SARS-CoV-2 at a 

concentration as low as 0.1 units ml–1 and shown to reduce 

the replication of hepatitis C virus (HCV) [40], Ebola virus 

[41], Rubella virus [42], and Pseudorabies virus [43]. In the 

study by Shen et al. [44], the level of serum sphingolipids is 
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reduced in both severe and non-severe COVID-19 patients. 

Sphingomyelin is the dominant sphingolipid in the 

membranes of mammalian cells, and are important for several 

cellular processes, including the regulation of endocytosis, 

ion channel and organization of proteins within membranes. 

Acid sphingomyelinase, a lysosomal enzyme that converts 

sphingomyelin into ceramide, plays in cellular infection with 

SARS-CoV-2 [45], where it helps the viral entry and then its 

replication. 

 

V. FUNGAL CO-INFECTIONS IN COVID-19 PATIENTS  

The chances of fungal coinfections such as candidaemia, 

pulmonary aspergillosis and tracheobronchitis are increased 

due to severe clinical situations during COVID-19 pandemic 

[46]. The fungal infections associated with COVID-19 

patients may be missed due to misdiagnosis and limitations 

of diagnostic methods available. Thus, very few articles are 

available reporting fungal coinfections associated with 

SARS-CoV-2 [47]. Severely affected patients admitted to 

ICU are more prone to develop fungal infections due to 

prolonged use of ventilator and longer duration of treatment 

at the hospital [48].  

In a retrospective cohort study, Garcia-Vidal et al. [49] 

have found that 0.7% patients among 989 patients admitted 

for SARS-CoV-2 infection have developed hospital acquired 

fungal coinfections and total three fatal cases reported at 

Hospital Clinic of Barcelona (Spain) among fungal 

coinfected patients. Three patients suffering from 

tracheobronchitis was caused by Aspergillus fumigatus and 

two patients had developed bacterial and fungal 

superinfection. Among four patients coinfected with Candida 

albicans, two patients were diagnosed with candidaemia and 

one case of nosocomial urinary tract infection due to 

contaminated urinary catheter reported. 

In another retrospective study at Jinyintan Hospital in 

Wuhan, China, it was reported that 5 % patients among 99 

patients admitted for COVID-19 disease were associated with 

fungal coinfection including three patients tested positive for 

Candida albicans, a case of Aspergillus flavus coinfection 

and Candida glabrata infection associated with one patient 

[50]. Hence, the frequency of coinfection and its severity 

varies in different parts of the world and found discretion of 

Health Policies of each country and also the diagnostic and 

hygienic facilities available at the hospital. 

A. Pulmonary Aspergillosis in COVID-19 Patients 

Pulmonary aspergillosis is a clinical term used for the 

spectrum of diseases caused by infection with a fungus 

Aspergillus spp. Different species such as A. fumigatus, A. 

terrus, and A. flavus are involved in pathogenesis of 

pulmonary aspergillosis but A. fumigatus is the most common 

etiological agent. The pulmonary aspergillosis usually found 

in patients with immunodeficiency, is also reported in 

COVID-19 patients especially in critical illness [51]. As 

SARS-CoV-2 infection damages the airway epithelium, 

enabling aspergillus invasion and further clinical 

manifestations results in the development of aspergillosis 

[52]. During the ongoing COVID-19 pandemic, several cases 

of pulmonary aspergillosis associated with SARS-CoV-2 

infection were reported from different parts of the world [53]-

[55].  

In a cases series study by Benedetti et al. [56] at Posadas 

Hospital, Buenos Aires, Argentina, five presumptive cases of 

invasive pulmonary aspergillosis associated with COVID-19 

patients are reported. All the 5 patients were admitted in ICU, 

one was immunocompromised and four were 

immunocompetent patients and having history of insulin 

dependent diabetes, diabetes type 2, arterial hypertension, 

obesity, B cell acute lymphoblastic leukemia and 

bronchiectasis. Three patients were tested positive for sputum 

culture for A. fumigatus. Intravenous injection of lipid-based 

formulations of amphotericin B and Voriconazole were used 

to control the fungal invasion but unable to recover the 

patients completely and one patient died due to respiratory 

and hemodynamic instability and sepsis. 

B. Mucormycosis in COVID-19 Patients  

Mucormycosis is a fungal angioinvasive disease caused 

due to inhalation of fungal spores. The fungi of genus viz 

Rhizopus, Cunninghamella and Absidia are involved in 

pathogenesis of mucormycosis but Rhizopus oryzae/arrhizus 

is the most common causative agent worldwide [57]. The 

disease is commonly associated with immunocompromised 

patients and it is more lethal as compared to other fungal 

infections with 40-50% survival rate [58]. Patients with 

diabetes mellitus, tuberculosis infection and chronic renal 

failure are the major risk groups for mucormycosis infection. 

Several cases of mucormycosis associated with COVID-19 

patients were reported especially from India during this 

ongoing COVID-19 pandemic [59]-[61] and it was proposed 

that COVID- 19 patients are more susceptible to 

mucormycosis infection [62]. India has reported 14000 

positive cases of mucormycosis during the second wave of 

COVID-19 pandemic and contributed 71% of positive cases 

globally: the two states of India namely Maharashtra and 

Gujarat accounts for more than 30% of positive cases [63]. 

The mucormycosis is predominantly seen in males (78.9%) 

among the patients with SARS-CoV-2 infection and patients 

recovered from COVID-19 [64]. 

In a case report by Mehta and Pandey [59], a 60 year old 

diabetic patient was admitted at Lilavati Hospital, Mumbai, 

India for three-day history of severe breathlessness, pyrexia, 

tachypnea, and generalized malaise. The RT-PCR test of the 

patient was positive for SARS-CoV-2 infection. The patient 

had developed orbital cellulitis and magnetic resonance 

imaging of patient revealed that swelling of soft tissue right 

preseptal, malar, premaxillary and retrobulbar regions with 

paranasal sinusitis. In the nasal biopsy, the presence of 

aseptate filamentous fugal hyphae confirmed the confirmed 

the association of mucormycosis. The patient was on non-

invasive ventilation and treated with intravenous meropenem 

and vancomycin with amphotericin-B after the completion of 

steroid therapy but despite of all the measures attempted, the 

patient died on 6th day after hospitalization. They concluded 

that widespread use of broad spectrum antibiotics, 

monoclonal antibodies and steroids for the treatment of 

COVID-19; increase the chance of secondary fungal and 

bacterial infections due to deterioration or dysregulation of 

immune system. Thus, early diagnosis is a necessary control 

measure for scaling down the mortality rate in patients with 

preexisting risk factors.  
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In a series of case studies, Sarkar et al. [65] reported 10 

positive cases of mucormycosis associated with SARS-CoV-

2 infection with the 2-month span from October 2020 to 

November 2020. All the patients reported positive for 

mucormycosis were with diabetic history; 4 patients were 

associated with Diabetic ketoacidosis (DKA) and 5 patients 

had developed KDA after the initiation of corticosteroid 

therapy for COVID-19 disease. All the patients were on the 

treatment of intravenous dexamethasone while four patients 

were received the remdesivir for the COVID-19 treatment. 

The liposomal amphotericin B was used for the treatment of 

mucormycosis but still four lethal cases were reported during 

this cases series. Five patients were recovered from systemic 

infection but with irreversible vision loss while a single 

patient was discharged due to improved health condition 

suggesting the high mortality rate among COVID-19 patients 

associated angioinvasive fungal infection.  

Currently, lipid-based formulations of amphotericin B is a 

standard treatment available for mucormycosis. In addition, 

posaconazole was also used for salvage therapy but not 

recommended for primary treatment [66] while Polymyxin E 

was also used [67] in few cases. But the excessive use of 

amphotericin B (0.5 mg/kg/day) and related steroids affects 

adversely which leads to development of DKA and creates 

further complications [59], [65]. Vediyappan et al. [68] 

reported that gymnemic acid, an active constituent of 

Gymnema sylvestre leaves extract can inhibit the growth of 

fungal hyaphe of Candida albicans and Aspergillus spp. 

Surapuram et al. [69] reported several plant extracts such as 

Ardisia solomonii, Agathis atropurpurea, Amphitechna 

haberi, Conradina canescens, Drymonia conchocalyx, 

Camellia sinensis, Mauria heterophylla and Turpinia 

occidentalis exhibits potent antifungal activity against 

Rhizopus stolonifer and Aspergillus niger. Thus, such herbal 

preparations can be good options for the treatment of 

mucormycosis.  

 

VI. VIRAL CO-INFECTIONS IN COVID-19 PATIENTS 

Respiratory viral coinfections such as Coronavirus HKU1, 

Enterovirus/rhinovirus, H1N1, H3N2, Human 

metapneumovirus (hMPV), Influenza A, Metapneumovirus, 

Parainfluenza and Respiratory syncytial virus (RSV) are 

commonly associated with SARS-CoV-2 infection [70]. 

In a study by Ma et al. [71] at Wuhan Union Hospital in 

China between Jan 19, 2020, and Feb 26, 2020, several 

positive cases of viral coinfection with SARS-CoV-2 is 

reported. The RT-PCR test was used for detection of 

Influenza A, influenza B and RSV while chemiluminescence 

immunoassay was used for detection adenovirus. Among 250 

positive cases of COVID-19, RSV was found in 12 patients 

(4.8%), Adenovirus in 7 patients (2.8%), influenza A in 2 

patients (0.8%) and Influenza B in 1 patient (0.4%). 

During early outbreak of COVID-19, Burrel et al. [72] 

reported 280 positive cases of COVID-19 at Pitie-Salpetriere 

hospital, Paris. A total of 1423 patients were admitted for 

respiratory tract infections; out of them 724 (50.9%) patients 

tested negative for viral infections while 398 (28%) patients 

were positive for other respiratory viral infections and 21 

(1.5%) patients were with viral coinfections associated with 

SARS-CoV-2. The viral coinfections include 6 cases of non-

SARS-CoV-2 coronavirus, five cases of influenza virus, 3 

cases of adenovirus, 3 patients found positive for 

rhinovirus/enterovirus, 3 cases of parainfluenza virus, and 

single patient infected with adenovirus + 

rhinovirus/enterovirus.  

 

VII. ESKAPE PATHOGENS AND COVID-19 PANDEMIC  

As prolonged treatment is required for critically ill patients 

hospitalized for SARS-CoV-2 infections; the contamination 

of surgical equipment’s, ventilators and medical devices 

increases the chances of coinfections of multidrug resistant 

ESKAPE pathogens in COVID-19 patients. Several articles 

were reported coinfection of ESKAPE pathogens in COVID-

19 patients such as Acinetobacter baumannii [73], 

Enterococcus faecium [74], Escherichia coli [75], Kliebsella 

pneumoniae) [76], Pseudomonas aeruginosa [77] and 

Staphylococcus aureus [78]. Anti-microbial resistance 

(AMR) is a very common among ESKAPE pathogens. Thus, 

co-infections with ESKAPE pathogen can create hurdles in 

effective treatment of COVID-19 patient and increase the 

health risk. 

Studies by Mahmoudi [79] have shown that the secondary 

bacterial infections were associated with COVID 19 patients. 

In a cross sectional study of 340 patients using blood culture 

and endotracheal aspirate, total of 43 patients (12.46%) were 

found positive for ESKAPE pathogens including 11 positive 

cases of Klebsiella species, 9 cases of methicillin-sensitive 

Staphylococcus aureus (MSSA), 6 cases of methicillin-

resistant Staphylococcus aureus (MRSA), 7 cases of 

Escherichia coli coinfection, 5 of Enterobacter species, 4 

cases of Pseudomonas aeruginosa and a single case of 

Streptococcus pneumoniae coinfection. Durán-Manuel et al. 

[37] isolated ESKAPE pathogens from Sixty-one sites out of 

67 sites used for the study (medical devices, inert surfaces, 

medical personnel, and patients) from the intensive care unit 

of the Hospital Juarez de Mexico, a dedicated hospital for 

COVID-19 patients. Gram positive bacteria were isolated 

from 24 (39.3%) sites while Gram negative bacteria were 

isolated from 37 sites (60.6%) and 10 sites (6.1%) were 

contaminated with both Gram positive and Gram negative 

bacteria. Among isolated ESKAPE pathogens, A. baumannii 

and S. aureus were predominantly found in 13 and 11 sites 

respectively.  

 

VIII. ANTIMICROBIAL RESISTANCE (AMR) STATUS OF 

BACTERIA FOUND IN COVID-19 PATIENTS  

Antimicrobial resistance (AMR) is major global health 

concern emerged in last few decades due to excessive and 

unregulated use of antibiotics and antimicrobial drugs. 

Excessive use of antimicrobials drives the increase in 

frequency of AMR phenotypes of infectious pathogens and 

also creates a selective pressure for the evolution of AMR 

phenotypes [80]. Global connectivity of human population 

allows environmental access to enter such phenotypes 

worldwide. AMR adversely affects the effective prevention 

of several infectious diseases caused by bacteria, fungi, 

parasites and viruses. It has been estimated that by 2050, 

AMR will be responsible for 10 million deaths worldwide, 



 REVIEW ARTICLE 

European Journal of Biology and Biotechnology  

www.ejbio.org 
 

 

    
DOI: http://dx.doi.org/10.24018/ejbio.2021.2.5.275   Vol 2 | Issue 5 | September 2021 7 

 

2% to 3.5% of reduction in Gross Domestic Product (GDP) 

and it will adversely affect the economy by costing 

approximately US$ 100 trillion [81].  

As several bacterial, fungal, and viral coinfections are 

associated with COVID-19 patients, there is a necessity to 

review the AMR status of such pathogens. It has been 

reported that although the coinfection rate in patients 

hospitalized for COVID-19 infection varies from 1-15%, 

there is tendency in increased use of antibiotic and 

antimicrobial drugs [82]. Thus, an appropriate antibiotic or 

antimicrobial agent must be selected against such 

coinfections with optimal dose and duration for the effective 

treatment. Otherwise, excessive, and prolonged use of 

ineffective antibiotics would result in an outbreak of resistant 

phenotypes during this critical clinical situation of COVID-

19 pandemic.  

One such outbreak of Carbapenem resistant Acinetobacter 

baumannii (CRAB) was reported by Perez et al. [83] in New 

Jersey Hospital (Hospital A) on May 28, 2020. During Feb- 

July 2020, 34 patients were found positive for blood culture 

of CRAB that includes 17 (50%) patients with infection of 

SARS-CoV-2. The 28 cases of CRAB infection reported 

during facility surge in SARS-CoV-2 infections. Among 34 

patients with CRAB infections, 10 (29%) patients were 

associated with ventilator associated pneumonia, 4 cases 

(12%) with ventilator associated pneumonia with bacteremia, 

3 (9 %) patients with bacteremia, 3 (9 %) patients with bone 

and soft tissue infection and 14 (41%) patients were found 

with CRAB colonization.  

Randall and Minahan, [84] reported 3 cases of COVID-19 

patients with Methicillin resistant S. aureus (MRSA) 

infection in country hospital of Riverside University Health 

system. A 60 year old male patient was hospitalized for fever 

cough and dyspnea in April 2020 and was tested negative for 

MRSA. Within 3 days after hospitalization the patient was 

tested positive for MRSA and died on the same day due to 

respiratory distress. Likewise, another two patients were 

admitted in May 2020 and June 2020 was tested positive for 

MRSA after hospitalization. One patient died after 14 days 

due to septic shock while other died due to staphylococcal 

pneumonia after 10 days of hospitalization. As no patient was 

admitted for MRSA infection within the duration of April 

2020 to June 2020; still 3 patients were tested positive for 

MRSA, it suggests that patients have acquired nosocomial 

infections of MRSA after hospitalization or COVID-19 

infection make the patients more susceptible to MRSA 

infection. The studies on antibiotic susceptibility of bacterial 

isolates from COVID-19 patients have shown that the 

members of Enterobacteriaceae family were highly resistant 

to common antibiotics such as cotrimoxazole (74%), 

piperacillin (67.5%), ceftazidime (47.5%), and cefepime 

(42.5%). The S. aureus species isolated were resistant to 

erythromycin and clindamycin but found susceptible to 

vancomycin (100 %) while the isolated P. aeruginosa found 

to be susceptible to imipenem [79]. 

Gottesaman et al. [85] 2021 reported another outbreak of 

CRAB in a COVID-19 dedicated Hasharon Hospital, Israel. 

Of affected patients, five patients were tested positive for 

blood culture for CRAB with 2 fatal cases. In this hospital 

also, no patient was hospitalized for CRAB infection prior to 

opening of the hospital on 27 March 2021, implying that all 

the patients acquired nosocomial infection of CRAB in the 

hospital. Environmental sampling of ward-D and ICU reveled 

that out of 63 samples of ward-D, 7 samples tested positive 

for CRAB while all the 60 samples from ICU were negative. 

All the isolates of A. baumannii belonged to international 

clonal lineage 2 (blaOXA-66 allele) and harbored the blaOXA-24-like 

carbapenemase.  

 

IX. HAND SANITIZERS AND DISINFECTANT INDUCED AMR 

During COVID-19 pandemic there is a notable surge in the 

use of disinfectants, alcohol-based hand sanitizers and 

antimicrobial agents. Excessive use of sanitizers to prevent 

further transmission of SARS-CoV-2 infection and to inhibit 

or kill the virus can induce the emergence of AMR 

phenotypes. Animal viruses cannot survive under 

environmental conditions without host for a longer period of 

time, but bacteria can survive and reproduce [86] and thus 

there are chances of inheritance of AMR phenotypes over 

generations. The exact mechanism for the transfer of 

disinfectant resistance phenotypes is unknown. Horizontal 

gene transfer and conjugation of plasmids encoding for 

disinfectant resistance genes are the two possible mechanisms 

for acquisition of disinfectant resistance phenotypes [87].  

Pittet et al. [88] reported that the newer strains of 

Enterococcus faecium are more tolerant to alcohol-based 

sanitizers. The study showed that vancomycin resistant 

enterococci (VRE) strains spread more quickly as compared 

to other strains. Hence, alcohol-based sanitizers are not 

recommended for VRE environmental control. Thus, hand 

sanitizers and disinfectants must be used appropriately at 

optimal concentration to avoid the survival of resistant 

microbial strains. Proper disposal of used disinfectants, hand 

sanitizers and bactericidal agents is necessary to avoid the 

environmental contamination. Mitsuboshi and Tsugita, [89] 

reported that appropriate hand hygiene using alcohol based 

sanitizers decreased the isolation rates MRSA and multidrug-

resistant Pseudomonas aeruginosa (MDRP) by preventing 

the further dissemination of antibiotic resistance bacteria 

among patients hospitalized in small to medium-sized 

Japanese hospitals.  

A. Herbal Biomolecules  

Several herbal biomolecules have antiviral activity against 

SARS related viruses such as glycyrrhizin from Glycyrrhiza 

glabra, Myricetin from Myrica rubra, Scutellarein from 

Scutettaria baicalensis, quercetin, luteolin, apigenin and 

lycorine from Torreya nucifera and lycorine from Lycoris 

radiata [90]. As single antiviral drugs are not enough to 

completely cure the COVID-19 and related manifestations 

caused by associated coinfections; thus, there is need to 

investigate the synergistic combinations of available drugs 

with herbal antiviral biomolecules.  

 

X. CONCLUSIONS 

ESKAPE pathogens are predominant among the 

nosocomial infections associated with COVID-19, thus care 

should be taken to sanitize the hospitals, ventilators and other 

equipment’s on regular basis with optimal concentration of 

disinfectants. Avascular necrosis or bone death sets in due to 
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intake of steroids in Covid patients and also such patients 

developing blood clots. Avascular necrosis predisposes joints 

to a septic process particularly in the immunosuppressed 

individual [91], hence involvement of bacteria in such clinical 

conditions appears relevant. 
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