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Abstract 

Coronavirus disease (Covid-19) is a global pandemic. The Covid-19 outbreak caused by 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has overloaded healthcare 

systems that need medication to be rapidly established, at least to minimize the incidence of 

Covid-19. The co-infection with other microorganisms has drastically affected human health. 

Due to the utmost necessity to treat the patient infected with Covid-19 earliest, poor diagnosis 

and misuse of antibiotics may lead the world where no more drugs are available even to treat 

mild infections. Besides, sanitizers and disinfectants used to help minimize widespread 

coronavirus infection risk also contribute to an increased risk of antimicrobial resistance. To 

ease the situation, zinc supplements' potentiality has been explored and found to be an 

effective element to boost the immune system. Zinc also prevents the entry of the virus by 

increasing the ciliary beat frequency. Furthermore, the limitations of current antiviral agents 

such as a narrow range and low bioavailability can be resolved using nanomaterials, which 

are considered an important therapeutic alternative for the next generation. Thus, the 

development of new antiviral nanoagents will significantly help tackle many potential 

challenges and knowledge gaps. This review paper provides profound insight into how 

Covid-19 and antimicrobial resistance (AMR) are interrelated and the possible implications 

and current strategies to fight the ongoing pandemic. 

Keywords: Covid-19, Antimicrobial Resistance, Nanomaterials, Immune System, Antiviral 

Agents 

 

1. Introduction 

The ongoing pandemic has clinically affected more than 113 million lives worldwide; 

by February 2021, India is on to the 2
nd 

most-affected country after the US. Nearly 89 million 

of those infected have recovered, more than 2 million have died, and about 21 million are still 
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battling the infection [1]. This pandemic is primarily caused by a coronavirus belonging to 

the family of Corona viridae. These family members are enveloped positive-sense and single-

stranded RNA viruses that have caused mild respiratory diseases in the human population. 

However, in some cases, they may cause severe infections, including the central nervous 

system, gastrointestinal and respiratory disorders [2,3]. 

There are four genera of Coronaviruses (CoVs): alpha, beta, gamma, and delta. The β-

CoVs are further classified into four subgroups: A, B, C, and D. Two alpha and four β-CoVs 

strains are known that can infect humans. The four major structural proteins of β-CoVs are 

spike (S), envelope (E), membrane (M), and nucleocapsid (N) protein depicted in Fig 1. They 

range in size from 26-32 kb, the largest known viral RNA genome [4]. The latest 2019 

Coronavirus Diseases (Covid-19) is caused by severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2), which is closely linked to SARS-CoV and is 79.5 percent identical to the 

genomic sequence [5,6]. SARS-CoV-2 is spherical and has spike-like glycoproteins (S 

proteins) protruding from the surface of the virion that plays a vital role in the virus binding 

to the host cell receptor and also mediates the fusion of the host cell membrane with the virus. 

The S protein subdomains S1 and S2 are responsible for initial attachment to the host cell 

receptor and fusion with the cell membrane. The S1 subdomain is divergent across the 

receptor-binding domain (RBD) coronaviruses, while S2 is more conserved and has the 

fusion machinery that allows the virus to reach the host cell [6]. 

Human health, economic, and social status have been seriously affected by the SARS-

CoV-2 virus. Coronaviruses are responsible for 10-15% of acute respiratory diseases (ARD) 

[7]. Epidemiological surveillance indicates that coronavirus infections in adults and co-

infections may be more frequent [8]. With the start of the Covid-19 pandemic, the use of 

hand sanitizers has been dramatically increased, undoubtedly having a positive impact on 

people's hygiene. On the other hand, this practice can lead to selecting resistant bacteria and 

ultimately contribute even more to an increased risk of antimicrobial resistance (AMR) [9]. 

Pidot et al. have studied antimicrobial resistance in Enterococcus faecium against alcohol-

based hand sanitizers. Researchers have conducted the test in 139 hospital isolates from 1997 

to 2015 and found that the isolates of E. faecium were ten times more resistant to alcohol than 

the untreated ones after 2010 [10]. Similar findings from other parts of the world were found 

due to the overuse of alcohol-based hand sanitizer. Escherichia coli and Pseudomonas 

aeruginosa were reported to be 48 percent and 64 percent resistant to all available sanitizers 

on the market, respectively [11]. It is well known that the misuse and overuse of antibiotics in 
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medicinal and agricultural have put the world in an alarming situation where there are no new 

antibiotics to treat the present and extremely drug-resistant bacterial infections. Despite 

Covid-19 being a viral infection, antibiotics are commonly used at a rising pace to support 

and prevent infections. This review paper focuses on providing deep insight into how Covid-

19 and AMR are an interlinked and present focus areas working to combat the ongoing 

pandemic. 

2. Covid-19and co-infections! How severe is it? 

Co-infections with other microorganisms such as bacteria, fungi, and other viruses are 

commonly associated with respiratory viral infections. Co-infections are directly associated 

with a rise in morbidity and mortality rates, requiring early diagnosis and specific treatment. 

For example, most deaths were due to co-infections during the influenza epidemic in 1918, 

with other bacteria mainly due to Streptococcus pneumonia [12]. Still, the occurrence of 

SARS-CoV-2 bacterial co-infections is not well defined, and there is a knowledge gap in the 

understanding and lack of evidence to support the bacteria-virus association [13]. Given the 

abundant clinical evidence backed by mechanistic research in animal models, this knowledge 

gap is puzzling, showing that respiratory viral infections predispose patients to bacterial co-

infections. Moreover, most deaths were due to associated bacterial infection in the 1918 flu 

pandemic. Similar observations were made during the last three twentieth-century pandemic 

influenza: the 1957 H2N2, the 1968-1969 H3N2, and the 2009-2010 H1N1 disease outbreaks 

[14,15]. 

Bengoechea and Bamford envision three non-mutually exclusive bacterial/SARS-

CoV-2 co-infections scenarios: secondary SARS-CoV-2 following bacterial 

infection/colonization; combined viral/bacterial pneumonia; secondary bacterial “super-

infection” after SARS-CoV-2 depicted in Fig 2 [15]. Highly qualitative and time-dependent, 

underlying mechanisms of these scenarios involve dynamic interactions among three (virus, 

host, and bacteria) different entities. However, it is evident that in a combination of 

viral/bacterial pneumonia, the SARS-CoV-2 immune response is probably altered. They 

completely postulate that any co-infection situation would eventually exacerbate the clinical 

outcome severity of Covid-19. SARS-CoV-2 may strengthen bacterial colonization and 

attachment to the host tissue, and the combined infections may lead to increased degradation 

and pathophysiology of the tissue. Systemic transmission of the virus/bacterial co-pathogens 

can be facilitated by airway dysfunction, cytopathology, and tissue degradation caused by 

SARS-CoV-2 or bacterial co-infection, significantly raising blood infection risk. Virus-
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mediated bacterial infection improvement is not uncommon. The airway epithelium invasion 

by respiratory pathogens is increased by rhinovirus and influenza virus infections [16]. 

The exponentially rising concern of SARS-CoV-2 has put everything else in the 

shade, including the ever-growing AMR, the global issue. Even after this pandemic, problems 

will persist, which may be exacerbated if proper measures are not taken to treat and 

recommend antibiotics. A current study on Covid-19 has reported 3.5%of bacterial co-

infections and nearly 14% of secondary infections. The bacterial co-infection rate varies with 

the patient’s populations and the criticality of the diseases. The majority of the affected 

people with Covid-19 have preliminary symptoms of high fever, cough, and shortness of 

breath. Despite Covid-19 being a viral infection, the doctor has to prescribe the antibiotics 

since high fever, radiological infiltrates, cough are hallmarks of bacterial acquired 

pneumonia, which required immediate antibiotic treatment. Even patients with mild 

symptoms of Covid-19 had been prescribed azithromycin along with hydroxychloroquine 

despite the lack of evidence supporting the efficacy of these drugs [12]. The urgency of 

treatment, absence of antiviral drugs with proven efficacy, and uncertainty about Covid-19 

infection has worsened the situation. 

3. Covid-19and AMR 

The effect of Covid-19 on AMR is one dimension that required requisite attention. 

The SARS-CoV-2 outbreak is internationally superimposed on the ongoing multidrug-

resistant bacteria pandemic. According to the National Institute for Health and Care 

Excellence (NICE) guidelines for treating severe pneumonia, patients will be given broad-

spectrum antibiotics (amoxicillin or doxycycline) as an alternative in the United Kingdom 

regardless of cause. About 15 to 50 percent of bacterial isolates from a blood sample are 

resistant to as a minimum one antimicrobial group and collective resistance to various 

antimicrobial groups in most European countries, building it probable that broad pragmatic 

antibiotic treatment would have a limited impact on hospital-acquired infections [17,18]. 

Almost all Covid-19 severe patients, in this case, antibiotics treatment may have minimal 

effect. Ominously, clinical evidence also indicates that insufficient broad-spectrum scientific 

utilization of antibiotics may be correlated, at least in sepsis cases with higher mortality [19]. 

Unluckily, a considerable rise in AMR by the extensive utilization of antibiotics in 

patients with Covid-19 as the pandemic continues. Intensive care units (ICUs) are epicenters 

for AMR growth, even in a typical scenario. With an already elevated prevalence of 

multidrug-resistant strains in certain hospital environments, this could have catastrophic 

implications [20]. Multidrug-resistant bacteria are also transmitting SARS-CoV-2 in 
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hospitals, contributing to a rise in death due to the insufficient armory of antibiotics for 

hospital-acquired infections treatment. After surgery, transplantation, or chemotherapy, the 

treatment of patients may be significantly affected. The transmission of AMR to the 

community should not be ignored and the direct effect on the healthcare environment. The 

more considerable amount of released antimicrobials from hospital wastewater leads to 

increased antimicrobial in the ecosystem, impacting resistance levels in animals (animal feed 

and wildlife) and agricultural and natural systems [15,21,22]. All in all, particularly in these 

difficult times, antibiotic stewardship standards should not be relaxed. It is important to 

immediately determine a need for antibiotic treatment and avoid it if not needed. Ideally, if 

antibiotics are essential, the microbiology lab should suggest which ones are most suitable 

based on the microorganism and the resistance pattern [23]. 

The improved utilization of hand sanitizers and antibacterial soaps as protection 

against SARS-CoV-2 is one final factor to consider. Although do not argue against this 

practice, it emphasizes that they may contain extra chemicals that do not affix safety but may 

boost antimicrobial bacterial resistance instead. To develop resistance against disinfectants, 

bacteria manipulate efflux pumps, and these same efflux pumps lead to AMR [24]. In any 

event, to prevent the selection of bacteria with increased tolerance/resistance to 

antimicrobials, the public must adhere to the manufacturer's instructions for proper use. 

4. Case Studies 

Zhu et al. showed that among 257 Covid-19 patients used in the study, 243 (94.2%) 

were co-infected[25]. Bacterial co-infection was dominant when tested for 39 test 

microorganisms, including bacteria, viruses, and fungi, using pathogen-specific real-time 

PCR techniques. S. pneumoniae, followed by Klebsiella pneumoniae and Haemophilus 

influenzae, were the most widespread. However, they are conditional pathogenic but are 

pathogenic if the immune response of Covid-19 infected patients is not successful or 

decreased. Patients were divided into four groups, of which 8.5% were asymptomatic cases, 

30.4% were mild cases, 54.5% were moderate cases, and 6.6% were severe cases. Among the 

extreme groups, the highest rates of co-infection were found with bacteria and fungi. 

Therefore, simultaneous screening for other respiratory pathogens is required while testing 

SARS-CoV-2for proper treatment and diagnosis. 

He et al. studied bothCovid-19 positive and negative pneumonia patients to examine 

bacterial pathogen co-infection [26]. The 2216 patients were diagnosed with pneumonia 

based on chest X-ray, blood routine, and blood biochemistry tests. Out of 2216, 292 patients 

were Covid-19 positive based on the RT-PCR technique. For the analysis, 194 were selected 
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out of 292 Covid-19 positive pneumonia patients, and 212 chosen out of 1924 Covid-19 

negative pneumonia patients. Bordetella pertussis infection rate in Covid-19 positive patients 

was 10.31%, significantly higher than 4.25% in Covid-19 negative patients. Mycoplasma 

pneumonia and Moraxella catarrhalis were only found in Covid-19 negative pneumonia 

patients. B. pertussis enhances the pathogen’s transmission while coughing and also cause 

various respiratory disorders that require extensive care in treating Covid-19 patients. 

Pseudomonas aeruginosa was present in both Covid-19 positive and negative patients in 

significantly higher number compared to S. pneumoniae, B. pertussis, Streptococcus 

pyogenes, Staphylococcus aureus, Neisseria meningitides, H. influenzae, M. pneumonia, and 

M. catarrhalis. P. aeruginosa is an opportunistic pathogen responsible for some pulmonary 

diseases. That’s why it is necessary to prevent P. aeruginosa infection while treating Covid-

19 patients. Nearly 50% of Covid-19 patients were co-infected with bacterial pathogens. 

When one or several bacteria infect and harm the upper respiratory tract, the other bacteria 

become prone to quickly infect the area, complicating the diagnosis and treatment efficiency. 

As a result, certain precautions should be taken to treat co-infection with common bacterial 

pathogens, especially B. pertussis [26].It is essential to explain and further validate why B. 

pertussis increased in Covid-19 positive patients in the next study. 

A retrospective analysis of the clinical and microbiological characteristics of 140 

Covid-19 patients admitted to a German university hospital between February and April 

2020, focusing on bacterial co-infections and antimicrobial therapy, was conducted by 

Rotheand their group [27]. According to the implemented local ABS guidelines, the most 

widely used antibiotic regimen was ampicillin / sulbactam (41.5 percent) with a median 

period of 6 (range 1-13) days. In all cases, urinary antigen tests were negative for Legionella 

pneumophila and Streptococcus peumoniae. Co-infections with Enterobacterales (34.0 

percent) and Aspergillus fumigates (18.0 percent) have been found in critically ill patients 

admitted to intensive care units (n = 50). Blood cultures obtained at admission showed a 4.2 

percent diagnostic yield. In Covid-19 patients, bacterial and fungal co-infections are rare and 

are primarily prevalent in critically ill patients. To avoid antimicrobial overuse, more studies 

are required to examine the effect of antimicrobial therapy on clinical results in Covid-19 

patients. 

5. Risk factors associated 

Covid-19 can affect anyone and cause symptoms from the asymptomatic carrier or 

mildly affected to severe, resulting in multiple organ failure. The preexistence of medical 

conditions commonly called risk factors is more likely to be at higher risks. According to 
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CDC report, October 2020, the potential risk factors associated with the severity of the 

diseases are cancer, hypertension, thalassemia, cerebrovascular disease, asthma (moderate-to-

severe), cystic fibrosis, neurologic conditions, pulmonary fibrosis, immune-compromised 

state, chronic kidney disease, liver disease, type 1 and 2 diabetes mellitus, chronic obstructive 

pulmonary disease (COPD), sickle cell disease, Severe Obesity (BMI ≥ 40 kg/m
2
). Table 1 

depicts the list of risk factors for Covid-19. 

Momtazmanesh et al. analyzed data of 54 studies to identify: (i) the prevalence of 

newly developed and pre-existing cardiovascular disorders, hypertension, diabetes mellitus, 

(ii) the possible increase in cardiac and inflammatory biomarkers, and (iii) the correlation of 

diseases understudy with disease severity and mortality. The study found that the heart was 

the second most affected organ by Covid-19 after the lungs relative to the liver and kidneys. 

More than one-fourth of the patients developed Cardiovascular disease (CVD) and 

arrhythmia, which raised the mortality rate 20 times. Patients with pre-existing heart disease 

had an 8-fold mortality rate and almost 3.5-fold need for admission to the ICU [32]. In other 

studies, the data of Covid-19 pregnant women with Covid-19 during late pregnancy and their 

neonates were examined [33]. Covid-19 enhanced placenta inflammatory responses, and 

possible organ dysregulation and coagulation disorders were observed in fetuses and 

neonates. 

Moreover, the IL-6 level was elevated in Covid-19 patients and was about 2.9 times 

higher in complicated conditions than non-complicated patients. The IL-6 release is 

associated with cytokine release syndrome, which is a systemic inflammation response. The 

recombinant humanized monoclonal antibody, tocilizumab against the IL-6 receptor, could be 

a potentially effective treatment in Covid-19 severe cases [25,34,35]. 

6. Current focussed area to fight the Covid-19 

The unexpected outburst of the Covid-19 (coronavirus disease) all over the world was 

a devastating pandemic. Limited medication or vaccine is available to inhibit the novel 

coronavirus. Therefore, the best method to control the increasing infection rate is to avoid 

exposure to the virus [11,36]. The overall picture is depicted in Fig 3. The government and 

health sectors from all over the world have led down specific preventive measures to prevent 

the spread of this virus, namely country lockdown, isolate itself, self quarantine, maintain 

social distancing, wearing face-mask to cover mouth and nose, periodic hand washing with 

soaps/detergents, use of alcohol-based hand sanitizers (ABHS), avoid to touching face among 
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others [37,38]. With the start of the Covid-19 outbreak, hand sanitizers have been 

significantly elevated, which has positive effects on people's hygienic conditions. 

On the other hand, this practice may select resistant bacteria, ultimately contributing 

to elevated AMR threat even more [9]. Moreover, the microbial flora of the human body also 

has a significant role in human health. Overuse of ABHS may result in an imbalance between 

the useful and pathogenic bacteria in the digestive system, causing inflammatory bowel 

diseases, obesity, autism, etc. [39]. Apart from the development of resistant bacteria, the use 

of ABHS is associated with many other severe issues like poisoning via ingestion, fire 

hazard, and organ toxicity via skin absorption [37]. Apart from this, repeated use of hand 

sanitizers and disinfectants may result in various health issues such as changes in skin 

texture, dryness (cutaneous xerosis), irritant contact dermatitis (ICD), and allergic contact 

dermatitis (ACD) [40]. These side effects are due to the chemical composition of sanitizers 

and disinfectants that need to be overcome by the other strategy like boosting the immune 

system by giving some supplement, developing nanomedicine and the vaccine. 

Zinc is an essential trace element for the development and function of the immune 

cells. Zinc is involved in various biological processes as a cofactor, signaling molecule, 

structure, and regulatory component of the metabolism of carbohydrates and lipids. It also 

helps in the proper functioning of the cardiovascular, nervous, and reproductive systems [41]. 

Zinc deficiency results in altered and dysfunction of humoral and cell-mediated immune 

responses, mostly T-cell mediated, resulting in increased susceptibility to inflammatory and 

infectious diseases [42,43]. Under zinc inadequacy condition, organisms are more prone to 

toxin producing bacteria and enteroviral pathogens, that trigger guanylate and adenylate 

cyclases, animating chloride discharge, causing diarrhoea and reducing retention of 

supplements, consequently worsening a previously undermined mineral status [41,44]. The 

fact that zincs insufficiency is liable for 16% of all profound respiratory infections worldwide 

offers a first clear indication that zinc deficiency is associated with the risk of disease and the 

extreme progression of Covid-19 indicating possible zinc benefits supplementation [45]. 

Also, Zinc has been shown to have a significant effect on viral infections by modulating the 

viral particle entry, fusion with the target cell membrane, replication, viral protein translation 

and processing, further release of viruses, and destabilizing the viral envelope, including 

those involved in respiratory system pathology [41]. Zn
2+

 cations have been shown to inhibit 

SARS-coronavirus RNA polymerase (RNA dependent RNA polymerase, RdRp) activity, 

especially in combination with Zn ionophore pyrithione, by reducing its replication [45]. 

Low-dose zinc supplementation with small amounts of zinc ionophores pyrithione or 
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hinokitol reduced RNA synthesis by inhibiting RdRp in equine arteritis virus (EAV), 

poliovirus, picornavirus, influenza, and SARS-CoV [3]. Recent studies have demonstrated 

the efficacy of chloroquine antiviral activity in treating Covid-19 enhanced by zinc 

supplementation. However, further investigation of the intimate mechanisms of its antiviral 

activity is needed. These significant findings indicate that in the treatment of Covid-19, Zn
2+ 

may be considered as the specific antiviral agent [41]. 

Nanotechnology is a multidisciplinary area of engineering, chemistry, physics, and 

medicine. The application of nanotechnology in the field of medicine is referred to as 

nanomedicines [46]. Nanomedicines are defined as nanoscale tools or with the ability of early 

detection and prevention of diseases, direct the bioactive molecule to its target of action and 

monitor its release to ensure optimum concentration over the desired time frame. 

Nanomedicine is often reported as nanodrugs, nanoconstructs, nanoparticles, nanocarriers, 

nanomaterials, or nanotherapeutics [47-52]. Nanoparticles (NPs) have been widely used over 

the decades due to their nanoscale size, versatility, multifunctionality, adaptability, enhanced 

solubility, personalized medicines, early diagnosis, and disease prevention [53-56]. 

Nanomedicine has been successfully used to improve care in a wide variety of diseases such 

as neurological, cancer, cardiovascular, and infectious diseases, including HBV, HIV-1, 

respiratory syncytial virus, and influenza virus [57-59]. Nanotechnology may hold 

tremendous promise in the detection, treatment, and prevention of Covid-19 [60,61]. 

Moreover, several patents related to CoV have been registered in the field of nanotechnology 

[57]. The ongoing pandemic impact on the world is terrifying, and vaccination is the most 

promising solution to prevent the spread and fight the novel CoV outbreaks. To design the 

vaccine, it is essential first to define the antigen, adjuvant, manufacturing, and delivery 

device. The antigen is a foreign material specific to the pathogen administered to initiate the 

host and adjuvant's immune response as a stimulatory agent to boost the host immune 

response [6]. Nanoparticles enable multiple antigen presentation, stabilizing antigens from 

degradation by host cell system upon administration, and acting as carriers for target-based 

delivery. Two fundamental issues adopted technology for vaccine design must address the 

efficient delivery of antigen to the dendritic cells following the activation of dendritic cells to 

trigger adaptive immunity [62]. The ability of nanoparticles to deliver multiple antigens helps 

promote antigen-presenting cells to function more effectively, thereby increasing the 

immunogenicity and potency of administered vaccines via recognition by T cell receptors 

[63]. Identifying the target is the first step to design the vaccine to halt infectious 

microorganisms' pathogenesis. The significant targets identified for CoV vaccine 
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development are the interacting site of viral S protein with the host cell receptor (ACE2), 

viral protease, RNA polymerase (RdRp), and host cell-induced protease (TMPRSS2) for 

priming of S protein. Research suggests that S protein subunits, RBD of the S1 subunit, and 

S2 subunit derivatives are the prime target epitomes for the SARS/MERS vaccine 

development. However, knowledge of SARS-CoV-2 specific antigen(s) for under trial 

vaccine candidates is limited [6,64,65]. Gold NPs (AuNPs) are commonly employed in nano-

vaccines due to their ability to serve as adjuvants in immunization in addition to being an 

antigen carrier. However, an extensive study on the use of nanoparticles for promising CoVs 

vaccine development is needed [57]. 

The development of a vaccine focuses on antigen identification and delivery to 

achieve a robust immune response. Previous experiences with SARS-CoV and MERS-CoV 

have allowed the fast growth of immunizing agent candidates [66]. As of 16 Dec 2020, the 

clinical evaluation includes 56 Covid-19 candidate vaccines, of which 13 are in phase III 

trials as listed in Table 2. There are another 166 candidate vaccines in preclinical evaluation. 

Phase III trials usually require 30,000 or more participants. All high candidate vaccines are 

going to be administered through intramuscular injection [67]. Covishield, mRNA-1273, 

Comirnaty BNT162b2, and sputnik V have been submitted to regulatory bodies to get 

authorized for emergency use. Among these four, two vaccines: mRNA-1273 and Comirnaty 

BNT162b2, have reported more than 90% protection efficacy based on their ongoing phase 

III clinical trials study as listed in Table 3. They have also been granted emergency 

authorization for their Covid-19 vaccines by the Food and Drug Administration (FDA) [66]. 

Current diagnostics tests for CoV are based on CT scans and nucleic acid testing 

using real-time reverse transcriptase-polymerase chain reaction (qRT-PCR). The first and 

most critical step for subsequent molecular diagnosis is the practical and robust extraction of 

nucleic acids from complex clinical samples. However, it is currently still highly labor-

intensive and time-consuming. Due to the immediate priority of rapid, responsive, and 

affordable diagnosis of Covid-19, nanotechnology can contribute to quick, efficient, and 

accurate extraction of nucleic acid by exploiting the magnetic properties of NPs to avoid 

cross-infection false-negative results. Zhao and his colleagues recently developed a rapid 

method for extracting nucleic acid using carboxyl polymer-coated magnetic nanoparticles 

(pcMNPs). The interaction between carboxyl groups of the polymer and nucleic acids allows 

efficient binding and absorption of RNA molecules to the pcMNPs. The method combines 

the virus lysis and RNA binding steps into one, and the pcMNPs-RNA complexes can be 
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directly introduced into subsequent RT-PCR reactions, thereby reducing the operating time 

and risk of contamination by the elimination elution step. Due to its simplicity, satisfactory 

performances, and robustness, this method provides a promising alternative to decreasing the 

labor-intensity and reducing the possibility of false-negative results in the current RT-PCR-

based SARS-CoV-2 diagnosis [68]. 

7. Conclusion 

There is also a limited understanding of the long-term consequences of Covid-19 disease. 

Researchers in the hunt for effective antiviral drugs and preventive treatment strategies have 

been increasingly interested in the recent Covid-19 outbreak. There is still an urgent need to 

classify and characterize bacterial co-infections during Covid-19 in this fast-evolving area. 

Human health has been drastically impacted by co-infection with other microorganisms. The 

ability of zinc supplements has been investigated and may play an important role for boosting 

the immune system and limiting entry of viruses to ease the situation. Nanomaterials are 

considered an important therapeutic option for the next generation, can overcome the 

drawbacks of current antiviral agents, such as a limited range and low bioavailability. Also, 

some vaccines are in preclinical evaluation and four of them have been authorized for 

emergency used by FDA. 
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Fig. 1- Schematic diagram of SARS-CoV-2 virus structure, component and its role in 

virus propogation. 

 

Fig. 2 - The relationship between SARS-CoV-2 in co-infections, bacteria and the host. (a) 

The virulence factors of SARS-CoV-2 interact with the lungs and elicit an immune 

response. These interactions can compromise innate immunity at several levels, leading to 

increased bacterial attachment, growth, and dissemination. Bacterial receptors mediating 

bacterial attachment can be discovered by a viral infection. An exuberant inflammatory 

response can result from co-infection. It is also possible that the form of SARS-CoV-2-

induced immune response can allow bacteria to thrive in the lungs. On the other hand, 

SARS-CoV-2 infection may be predisposed to bacterial colonization because the innate 

immune host defenses can be down-regulated, allowing survival, development and 

pathology of the virus. (b) Co-infection may aggravate tissue damage, and exuberant 

inflammatory response may further aggravate SARS-CoV-2-induced lung damage. 

Reproduced with permission from ref [15]. Copyright 2020 Published under the terms of 

the CC BY 4.0 license. 

 

Fig. 3- Schematic diagram of the current scenario of Covid-19. 

 

Table 1: Pre-existing risk comorbidities associated with change in levels of biological 

markers 

Pre-existing 

risk 

comorbidities 

Signs and 

symptoms 

Clinical factors Lifestyle 

and 

Demographi

c factors 

Referenc

e Increased level 
Decreased 

level 

Hypertension 

Cardiovascular 

Diseases 

Fever and 

Fatigue 

Dry cough 

Neutrophil 

counts 

D-dimer level 

Platelets 

Procalcitoni

n 

Higher age 

Smoking 

Male gender 

[28-31] 
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COPD 

Diabetes 

Malignancy 

Chronic 

gastritis and 

gastric ulcers 

Chronic 

Kidney 

Abnormal liver 

function 

HIV infection 

Disease 

Cerebrovascul

ar diseases 

Anorexia 

Dyspnea 

Gastrointestin

al 

Myalgia 

Diarrhoea 

Nausea 

Dizziness 

Headache 

Vomiting 

Abdominal 

pain 

Leukocytes 

C-Reactive 

protein 

White blood 

cell count 

Creatine kinase 

level 

Blood Urea 

nitrogen 

Aspartate 

aminotransferas

e 

Alanine 

aminotransferas

e 

IL-6 

Lymphocyte

s 

Eosinophils 

Haemoglobi

n 

Albumin 

 

 

 

Table 2: Covid-19 vaccine candidates in Phase III trials [67]. 

Vaccine Type Location 

Sinovac Inactivated virus Brazil 

Beijing Institute of Biological Products / 

Sinopharm 

Inactivated virus China 

University of Oxford / AstraZeneca Viral vector USA 

Gamaleya Research Institute Viral vector Russia 

Novavax Protein subunit The United Kingdom 

Moderna / NIAID RNA USA 

Medicago Inc Virus Like Particles Canada 

Wuhan Institute of Biological Products / 

Sinopharm 

Inactivated virus United Arab Emirates 
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Bharat Biotech Inactivated virus India 

CanSino Biological Inc. / Beijing 

Institute of Biotechnology 

Viral vector * Pakistan 

Janssen Pharmaceutical Companies Viral vector USA, Brazil, Colombia, 

Peru, Mexico, Philippines, 

South Africa 

Anhui Zhifei Longcom Biopharma/ 

Institute of Microbiology, Chinese 

Academy of Sciences 

Protein subunit China 

BioNTech / Fosun Pharma / Pfizer RNA USA, Argentina, Brazil 

* Single dose vaccination (all listed vaccines require two doses) 

Table 3: Potential Covid-19 vaccines for immunization [67] 

Manufacturer Type Emergency 

use 

authorization 

status 

How 

effective 

Storage Dose 

 

Astra Zeneca, 

University of Oxford 

(Covishield) 

 

Viral 

Vector 

- 62-90% 4 °C 2 shots, research 

on- going 

Moderna TX, Inc 

(mRNA-1273) 

 

mRNA USA 

 

95% -20 °C 2 shots, 28 days 

apart 

Pfizer, Inc., and 

BioNTech 

(Comirnaty 

BNT162b2) 

mRNA Canada, 

UK,EMA, 

Switzerland, 

USA 

95% -70 °C 2 shots, 21 days 

apart 
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Gamaleya (Sputnik 

V) 

Viral 

vector 

Russia 92% 4 °C 2 shots 

 

Graphical abstract 

Highlights 

 Covid-19 co-infection with microorganisms has drastically affected human health. 

 Sanitizers and disinfectants help to reduce the risk of widespread of the coronavirus but 

simultaneously increased risk of antimicrobial resistance. 

 Zinc supplements have been found to be an effective element to boost the immune 

system and prevent the virus's entry by increasing the ciliary beat frequency. 

 Nanomaterials could be an important therapeutic option for the next generation to 

overcome the drawbacks of current antiviral agents. 
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