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Abstract 

The world is witnessing tumultuous times as major economic powers including the 

US, UK, Russia, India, and most of Europe continue to be in a state of lockdown. 

The worst-hit sectors due to this lockdown are sales, production (manufacturing), 

transport (aerospace and automotive) and tourism. Lockdowns became necessary 

as a preventive measure to avoid the spread of the contagious and infectious 

“Coronavirus Disease 2019” (COVID-19). This newly identified disease is caused by 

a new strain of the virus being referred to as Severe Acute Respiratory Syndrome 

CoronaVirus 2 (SARS CoV-2; formerly called 2019-nCoV). We review the current 

medical and manufacturing response to COVID-19, including advances in 

instrumentation, sensing, use of lasers, fumigation chambers and development of 

novel tools such as lab-on-the-chip using combinatorial additive and subtractive 

manufacturing techniques and use of molecular modelling and molecular docking in 

drug and vaccine discovery. We also offer perspectives on future considerations on 

climate change, outsourced versus indigenous manufacturing, automation, and 

antimicrobial resistance. Overall, this paper attempts to identify key areas where 

manufacturing can be employed to address societal challenges such as COVID-19.     

 

1.0. Introduction 

Coronaviruses (CoVs) belong to the family Coronaviridae which includes four 

genera: α, β, γ and δ as well as several subgenera and species [1]. SARS CoV-2 is a 

β-coronavirus with a single-stranded RNA genome of ~30 kb [2]. Recent topical 
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research has revealed several new CoVs (three α-coronaviruses, three new β-

coronaviruses, and one previously described α-coronavirus) from bats captured from 

Myanmar and future emergence of new diseases caused by these CoVs due to 

change of land use has been speculated [3]. Furthermore, newer mutations of the 

virus that originally spread from Wuhan were confirmed as deadlier in some 

countries compared to others, which has led to added confusion and concern [4]. 

SARS CoV-2 was first identified from the outbreak of respiratory illness cases in 

Wuhan City in the Hubei Province of China. Initial reports of the virus were made to 

the World Health Organisation (WHO) on December 31, 2019. This was followed by 

the WHO declaring COVID-19 as a global health emergency on January 30, 2020 

due to rapid spreading, and a later pandemic declaration on March 11, 2020. The 

disease has quickly engulfed most of the world and has caused severe infection to 

populations across numerous countries as shown in Figure 1.  

 

Figure 1: Reported number of COVID-19 infected persons shown on the world map as 

on 16th May 2020 (Source: newsclick.in) 

 

2.0. COVID-19: Disease, Fatality, Propagation and Treatment  

 

2.1. The COVID-19 disease 

COVID-19 is shorthand for “Coronavirus Disease 2019" which is caused by the 

SARS CoV-2 virus, also called coronavirus in typical usage. Viruses cause disease 

by binding to receptors on cells in the human body and then replicating at a rapid 

rate which triggers a variety of pathogenic processes. In the case of COVID-19, the 

structures on the surface of the virus bind to receptors in the airway or the lungs of 

human beings. The lungs may become inflamed, making breathing more difficult. For 

some people, the infection becomes severe and leads to critical care requirements. 
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The anatomy of SARS CoV-2, including its internal biological structure of spike 

protein legs, envelope protein, and membrane protein, surrounding the genomic 

RNA is shown in figure 2(a). The virus shown in figure 2(a) highlights a large 

diameter of about 0.1 µm with variations in sizes reported by different 

researchers. The spike-shaped protein legs that make up a portion of the outer 

capsule of the virus create the crown-like or corona-like appearance. Thus, the name 

coronavirus.  

      

 

(a)                                                                                (b)  

Figure 2: (a) Anatomy of SARS CoV-2 (courtesy biorender.com) and (b) likely 

mechanism of infection [5] showing Envelope (E) Protein, Membrane (M) Protein, 

Spike (S) Protein, Nucleocapsid (N) Protein (blue dots) and genomic RNA shown by 

red chain (reprinted with permission). 

Loeffelholz et al. [1] described the biological structure of the virus by stating  

“Coronaviruses are enveloped viruses containing a single strand of positive-sense 

RNA. Virions are mostly spherical, with pronounced spiked glycoprotein (S) 

embedded in the envelope. Additional structural proteins include envelope (E), 

matrix (M), and nucleocapsid (N). Intra- and inter-species transmission of CoVs and 

genetic recombination events contribute to the emergence of new CoV strains”.  

The mechanism of infection due to the surface interactions between the spike protein 

and the lung cells is depicted in Figure 2(b). This understanding was gathered from 

the genetic analysis which revealed that the mutations located in the spike surface 

glycoprotein might induce conformal changes and play an essential role in binding to 

receptors on the host cell (lungs) and determine host tropisms by leading to possible 

changing antigenicity [7].  

Viruses are fundamentally different to bacteria so the classically developed work on 

nano-structuring and biomimicking surfaces, such as the cicada wing, primarily 

targeting bacterial killing, should not be confused as a readily available knowledge to 

kill SARS CoV-2. Physically, a bacterium is larger than a virus (the biggest size of a 

virus is smaller than the smallest known bacteria). Bacteria are living cells which are 

100±60 nm
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capable of prolific reproduction independently, whereas viruses are non-living 

particles, requiring a host cell for replication. Also, bacteria possess a cell-wall 

engulfing a chromosome, whereas viruses consist of genetic material, either DNA or 

RNA, covered by a protein coating. Bacterial infections can therefore be treated with 

high success using antibiotic drugs. Although some antiviral medicines are now 

available, the susceptibility of viruses to react to the treatment rate of medicines is 

significantly reduced as they are non-living. Hence, the only long-term option to 

eradicate viruses is the development of vaccines that stimulate the natural 

production of antibodies. 

Studies suggest that the source of SARS CoV-2 could either be RaTG13 from 

horseshoe bats (Rhinolophus affinis), pangolins (Manis javanica), or a mix of both. 

Their transmission has occurred by zoonotic mechanisms [6, 7]. However, the 

coronavirus isolated from pangolins is 99% similar in a specific region of the Spike 

protein, which corresponds to the 74 amino acids involved in the Angiotensin-

Converting Enzyme 2 (ACE 2) receptor binding domain, which allows the virus to 

enter human cells to infect them as shown in Figure 2(b). The virus RaTG13 isolated 

from Rhinolophus Affinis bats is highly divergent in this specific region (only 77 % 

similarity). This observation indicates that the coronavirus isolated from pangolins 

can enter human cells, whereas coronavirus isolated from Rhinolophus affinis bats is 

unable to enter human cells. 

2.2. Fatality of COVID-19 

The SARS CoV-2 has a high transmissible efficiency and COVID-19 has high 

morbidity and mortality. A popular but possibly flawed measure for assessing fatality 

of disease is the use of deaths/case counts. This measure would yield a fatality rate 

of 6.6% for COVID-19 as of 17th May 2020 [8]. The problem with this measure is 

that case counts reflect the number of tests that were done rather than infections, 

and the deaths lag the cases because fatality (if observed) may happen several days 

after the case is identified. A lag in reporting case numbers and incorrect tests may 

also occur. An alternative measure is the Case Fatality Rate (CFR), which is the ratio 

of deaths / (deaths + recovered cases). This measure would yield a fatality rate of 

14.6% [9].  
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Figure 3: Data showing SARS CoV-2 is less deadly than other pathogens such as 

SARS CoV-1, Ebola etc. Reprinted with permission from [10]. 

The consensus is that the COVID-19 disease has high fatality and can exceed the 

fatality ratio of the century-old “Spanish flu”, which had a 10% CFR [11]. However, 

the data analysis of Callaway et al. [10] shown in figure 3 suggests that COVID-19’s 

CFR is lower than that of MERS and Ebola and that its infection rate (R0 - the 

expected number of cases directly generated by one case in a population where all 

individuals are susceptible to infection) suggests that the infection can spread more 

easily than other diseases, including seasonal influenza. 

A further comparison of three different episodes of epidemics and pandemics caused 

by the family of coronavirus, namely, SARS CoV-1, MERS and SARS CoV-2, is 

depicted in Table 1.  
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Table 1: Statistics showing the adverse impact of Coronaviruses globally [8, 11] 

Disease type Year Fatality ratio  Total deaths 
reported 

Total affected 
countries 

Severe acute 
respiratory syndrome 
(SARS CoV-1) 

 
2003 

 
14-15% 

 
813 

 
32 

Middle East 
respiratory syndrome 
(MERS) 

 
2012 

 
34.3% 

 
858 

 
27 

Severe acute 
respiratory syndrome 
2 (SARS CoV-2) 

 
2019 

14.6% ↑ 315,738 ↑ 213 ↑ 

 

As an agile response to the pandemic, a few drugs are gaining popularity. Recently, 

the Indian Government task force for the repurposing of drugs (TFORD) has 

proposed that Favipiravir and Tocilizumab are the most promising drugs to treat 

COVID-19. A rigorous survey of about 70 drugs showed that the originally thought 

game changing HCQ scored only 54% at the readiness level in comparison to 

Favipiravir (73%) and Tocilizumab (73%) drugs. A ready list of this comparison is 

shown in Table 2 [12]. 

Table 2: Readiness level of drugs against COVID 19 compared by TFORD [12] 

 

The exact mechanism of these drugs towards the virus is yet to be completely 

understood. However, the mechanism where a drug affects the replication of viruses 

in-vivo is a broadly accepted concept. In general, viruses replicate via protein 

processing using endosomes within Golgi bodies. A drug such as HCQ increases the 

pH of the Golgi bodies making them more basic, thus disrupting the integrity of the 

internal Nucleocapsid protein (see Figure 2a). This denatures the protein of the 

Coronavirus rendering it dysfunctional. Therefore, the rationale for using HCQ is built 

on the premise that the change in pH brought about by the drug inhibits the 

endosomal transport necessary to spread the infection, hence the patient recovers. 



Accepted for publication in Materials Today Chemistry on 19th May 2020 

7 
 

Another short-term treatment being implemented by some hospitals across the world 

is to infuse patients with the antibody-rich blood plasma of people who have 

recovered from COVID-19 [13]. This approach has been used during disease 

outbreaks for over a century. However, the approach carries significant risk in terms 

of the already immunocompromised patients’ immune response after administration, 

and results may vary between patients.  

2.3. Propagation of COVID-19 

As an early effort of investigation of the problem from scratch, researchers at Toho 

University in Japan used high-sensitivity cameras and laser beam guidance 

experiments to deduce that saliva spray during a sneeze (potentially containing 

thousands of viruses) can be classified into large vs small droplets or droplets vs 

aerosols. The droplets, due to their heavier weight, fall off, whereas aerosols remain 

airborne for a few hours due to their relatively small size. Prima facie evidence 

suggests that the coronavirus has escalated to a pandemic due to the high contagion 

occurring via this ‘airborne’ spread model. Recently, the possibility of asymptomatic 

or oligosymptomatic infection has also been highlighted [14].  

The aerosols may circulate near an infected patient in an airborne condition 

depending on the local conditions (airflow rate, humidity, dryness) for up to a few 

hours, even after the infected person has left the location. Hence, the chances of 

contracting coronavirus are relatively high by merely occupying the same vicinity 

where an infected person has been or passed through. Researchers have 

experimentally evaluated the stability of SARS CoV-2 recently, and these 

comparisons are shown in Figure 4 [15, 16].  

 

Figure 4: Chart comparing the stability of SARS CoV-2 on various media. Reprinted 

with permission from [15, 16]  
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It is noteworthy that SARS CoV-2 was stable in the aerosol (airborne) form for up to 

3 hours. As opposed to this, the virus appears to be stable on surgical masks or 

stainless-steel surfaces for up to 7 days and for up to 4 days on smooth surfaces 

such as glass or currency notes. The same research also shows that the application 

of hand soap does not immediately deactivate the virus but rather takes up to 5 

minutes. Therefore, a 5-minute waiting period after a handwash is required before 

bringing hands in contact with face, mouth or nose. 

COVID-19 is not only present in the airway secretions of infected patients when they 

sneeze, but also when they simply breathe out or speak. Studies have shown that 

COVID-19 is also present in other body fluids of infected people, such as faeces, 

blood [17], oral fluids, anal secretions [18], tears [19], and urine [20]. The virus 

primarily attacks the respiratory system, however, new evidence shows the virus is 

not filtered by the kidneys, as traces of virus can be seen in sewage systems [8]. 

Therefore, as a mitigation strategy, testing of these fluids, which can be available 

and abundant in the wider population can be done for identifying the most effective 

areas.  

Overall, when people are in close contact with one another, then transmission is 
more likely. Most sources for infection worldwide have happened in an enclosed 
space, including homes, offices, public transport and restaurants. A second 
spreading pathway for the virus is through touching a surface or object that has the 
virus on it and then touching one's own mouth, nose, or eyes. If one is in a well-
ventilated space with fewer people, even for a longer period, the risk of infection is 
low. Sustained contact with an infected person, even for a short period, even without 
a cough or sneeze, can spread the infection. 
 

2.4. Attack mechanism of SARS CoV-2 and immunity of the body 

By the virtue of disturbing the cell programming, COVID-19 possesses the capability 

to cause a surprise attack on almost any part of the body ranging from lungs, heart, 

blood vessels, brain, eyes, nose, liver, kidneys and intestine. A schematic 

representation of this adverse impact is shown in figure 5(a) [21]. Recent literature 

suggests that apart from the airway, the human brain may also be targeted by the 

virus - see figure 5(b) and figure 6 [22]. Patients have reported having mild (anosmia 

and ageusia) to severe (encephalopathy) neurological manifestations, and if true, it 

makes SARS CoV-2 more lethal.  
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(a) 

 

(b) 
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(c) 

 

(d) 

Figure 5: (a) Various damage sites in the body reported to be caused by COVID-19 

[21] (b) Tissue distribution of ACE2 receptors in humans [23] (c) Possible neuro 

disorders due to SARS CoV-2 [22] and (d) Life cycle of SARS CoV-2 in host cells [24]. 

(figures reprinted with permission)  
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Our nasal lining tissue contains a rich number of cell receptors called angiotensin-

converting enzyme 2 (ACE2), which are favourable sites for the SARS CoV-2 to attach 

its spiked protein to, thus paving way for the entrance of the virus inside the body. 

Once attached to the cell, SARS CoV-2 can change cell programming, replicate itself, 

and attack new cells at a very rapid pace. Within a week of entrance into the body, the 

virus exhibits effects. During this time, the person may show early symptoms such as 

fever, dry cough, sore throat, loss of smell and taste, or head and body aches. At this 

point, the failure of the immunity in defeating the virus means giving the virus a way 

forward to enter into the respiratory system, where the lungs are attacked. The lungs 

also have a cell lining rich in ACE2 [22].  

As the immune system continues to fight the SARS CoV-2, the supply of healthy 

oxygen is disrupted. As the disease progresses inside the body, the white blood cells 

release inflammatory molecules or chemokines, which attack and kill the virus-

infected immune cells, leaving the dead cells and pus behind. This affects healthy 

oxygen transfer in the lungs and is the stage where the patient starts to complain of 

pneumonia, coughing, fever, and rapid, shallow respiration. Acute respiratory 

distress syndrome may develop. At this stage, the lungs start to be filled with opaque 

black spots signifying closure of the air pores, and such patients require ventilator 

support. The survivors of this severity of infection can end up having long-term 

complications. A few hospitals have successfully applied artificial intelligence to 

monitor the recovery rate by monitoring the Coronascore – a general term used to 

quantify the extent of the blocked pores (in cm3) [25] 

 

Figure 6: TEM image showing the presence of spherical coronavirus particles. 

Reprinted with permission from [26]  
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3.0. Proposed solutions from a manufacturing perspective 

Long-term research measures, advanced manufacturing and metrology have pivotal 

roles to play in containing a pandemic. Specifically, the development of engineering 

innovations is timely for the control of the COVID-19 pandemic. For diagnostic 

testing to be useful for informing doctors and governments about the true incidence 

at any one time of coronavirus in the population, it needs to be inexpensive, high in 

sensitivity and specificity (sensitivity refers to the ability of a test to correctly identify 

those with the disease or true positive rate, whereas specificity refers to the ability of 

a test to correctly identify those without the disease or true negative rate) and easy 

to use for non-experts. As doctors are treating infected patients in this emergent time 

in an unprepared state, emergent manufacturing measures can help design better 

testing equipment and thus help in both short and long term to tackle this problem.  

3.1. Testing and detection of coronavirus: Sensors and Instrumentation 

 

3.1.1. Bulk testing using chest CT or RT-PCR tests  

The most significant challenge now lies in probing early-stage symptoms of COVID-

19. For a relatively late stage detection in severe cases, chest Computer 

Tomography (CT) using X-ray probes (providing >90% sensitivity) has proved to be  

a more reliable test assay in comparison to the reverse-transcription polymerase-

chain-reaction (RT-PCR) test and other sensor-based detection methods currently 

being pursued [27]. Since the nervous system and respiratory dysregulation are both 

likely to co-exist, COVID-19 testing should be done by combining brain MRI and RT-

PCR tests as shown in figure 7(a) [28]. However, caution is required in the analysis 

of results, such that COVID-19 should not be confused with drug-resistant 

tuberculosis (TB) as both would show symptoms of damages in the lungs. In an 

attempt to boost the testing in a populous country such as India, the Indian Council 

of Medical Research (ICMR) has approved the use of diagnostic machines used for 

testing drug-resistant tuberculosis under the guidance that the throat/nasal swabs 

are collected in the viral transport medium [29]. Interestingly, the PCR test cannot 

identify asymptomatic infections or those people who were exposed to or infected 

with COVID-19 in the past and did not suffer from the disease or have recovered 

from COVID-19 and may still be spreading the virus (carriers). Therefore, different 

tests may be required to collate vital information required by government bodies to 

carry out a risk-benefit analysis to relax lockdown measures to protect their 

economies. 

3.1.2. Lab-on-a-chip for individual tests 

Immunodiagnostic kits such as a lab-on-a-chip are being developed for 

asymptomatic detection of COVID-19 [30]. A lab-on-chip (Figure 7(b) works on the 

principle of detecting the presence of patient-generated antibodies against the virus 

that causes a specific disease, in this case, COVID-19. The test uses a lateral flow 

immunoassay to assess the presence of an analyte from a patient sample or 

specimen and detects two types of antibody isotypes: IgM and IgG. IgM antibodies 

are the first antibodies to appear in response to a novel antigen and imply a more 

recently initiated infection while IgG antibodies are generated later in the course of 
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infection and possess a higher affinity for the target antigen, meaning they are more 

specifically able to bind the substance which caused the immune response. A test is 

declared positive if either one or both antibodies are detected during the test, similar 

to widely used pregnancy tests. 

The test consists of an anti-human IgG coating in the G test line region and an IgM 

coating the M test line region (see Figure 7(b). During testing, the sample (blood, 

urine etc) reacts with SARS-CoV-2 antigen-coated gold nanoparticles (AuNP) in the 

conjugation pad of the test cassette. Any antibody in the patient sample that 

recognises the SARS-CoV-2 antigen binds to the Antigen-AuNP complex. The 

mixture then migrates laterally across the membrane by capillary action/lateral flow. 

As these human antibody/antigen/AuNP complexes move across the test lines, they 

are captured at the anti-human IgM 'M' Line, the anti-human IgG 'G' Line, or both, 

depending on the antibody contents of the specimen. The sample first reaches the 

anti-human IgM antibodies which coat the M line. If the specimen contains IgM 

antibodies to SARS-CoV-2, a coloured line will appear in the M test line region. Next, 

the sample reaches the anti-human IgG antibodies which coat the G line. If a 

specimen contains IgG antibodies to SARS-CoV-2, the conjugate-specimen complex 

reacts with anti-human IgG. A coloured line appears in the G test line region as a 

result. The rabbit IgG-AuNP complexes are captured by the control line (which 

contains anti-rabbit-IgG). This visible line indicates that there has been successful 

lateral flow across the detection strip. The last check ensures that the sample had 

enough volume to move across the entirety of the test cassette. Only human 

antibody/SARS-CoV-2 Antigen/AuNP complexes will produce a visible red or pink 

line at the M or G line. Other antibodies produce no colour. 

The accuracy of these lab-on-chip tests is still being debated as it depends on two 

key parameters, sensitivity and specificity. To date, IgG related sensitivity and 

specificity has been found to be higher than that of IgM.  

A schematic diagram in figure 7(c) and figure 7(d) shows that unlike currently 

available diagnostic methods, field-effect transistor (FET)-based biosensing devices 

may have several advantages, including the ability to make highly sensitive and 

instantaneous measurements using small amounts of analytes [31]. The FET sensor 

shown in figure 7(d) makes use of a graphene sheet since graphene-based FET 

biosensors can detect surrounding changes on their surface and provide an optimal 

sensing environment for ultrasensitive and low-noise detection. From this standpoint, 

graphene-based FET technology is attractive for applications related to the sensitive 

immunological diagnosis.  
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(a) 

 

(b) 
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(c) 

 

(d) 

Figure 7: (a) Need for more rigorous tests [28], (b) COVID-19 Detection Test cassette 
demonstrating the assay procedure (c) importance of IoT sensing [32] (d) Schematic 

diagram of COVID-19 field-effect transistor (FET) sensor operation procedure. 
Graphene as a sensing material is selected, and SARS-CoV-2 spike antibody is 
conjugated onto the graphene sheet via 1-pyrenebutyric acid N-hydroxysuccinimide 
ester [31] (figures reprinted with permission) 
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3.2. Coronavirus sensitive fluorescent light emitting sensor embedded face 

masks   

A group of researchers at MIT and Harvard are developing coronavirus-identifying 

sensor embedded face masks. This ongoing work is an extension to their previous 

work where they developed a low-cost method to detect a Zika Virus [33]. In this 

technique, the sensor is made by using genetic material such as the RNA or the DNA 

which binds to the viruses. The researchers used a lyophilizer to freeze-dry the genetic 

material onto the fabric of the mask. The material deposited onto the fabric remains 

stable for many months (at room temperature) and the detection process starts merely 

by the presence of moisture (such as saliva). The detection signal is small (in terms of 

voltage) and can be detected by an additional fluorimeter device that can quantify this 

signal and emit in form of a fluorescent light. Thus, one can expect to see light glowing 

masks to detect coronavirus in the future. 

3.3. Fumigation chambers 

Fumigation chambers allow quick disinfection of a person while visiting areas such 

as hospitals, universities or airports. The aim is to use tubes releasing hydrogen 

peroxide in a chamber designed to be five-feet wide and seven-feet tall. The 

fumigation chamber usually seals automatically after the person’s entry to avoid any 

leakage outside of the chamber and has designated sensors facilitating the chamber 

entry. The disinfection lasts for five seconds. It is to be noted here that hydrogen 

peroxide has also been recommended by the Food and Drug Administration (FDA) 

to be used as a sterilisation material to decontaminate N95 or N95-equivalent 

respirators for reuse by health care workers in hospital settings [34].  

3.4. Ultraviolet exposure-based inactivation of coronavirus 

A populist view is that sunlight and high temperature during peak summers kills the 

coronavirus, which would help containment of its spread. It is reported that SARS 

CoV-2 does not survive beyond 5 min after being exposed to 70ºC [16]. However, it 

has yet to be ascertained as to how long does sunlight take to deactivate SARS 

CoV-2 and at what intensity. A more specific question is whether ultra-violet (UV) 

light can kill coronavirus? Sunlight usually contains three types of UV: UVA (320–

400 nm), UVB (280–320 nm), and UVC (200–280 nm). UVA and UVB can both 

cause sunburn, however, UVC is shorter and a more energetic wavelength of 

light. While UVC is effective at destroying genetic material, whether in humans or 

viral particles, it is filtered by the Ozone layer and does not reach the earth’s surface. 

Preliminary findings from the National Biodefense Analysis and Countermeasures 

Centre of the USA (which houses a BSL-4 level lab) indicate that “sunlight seems to 

be very detrimental to the virus… within minutes, the majority of the virus is 

inactivated on surfaces and in the air in direct sunlight.” [35]. 

Research on the use of UV as a treatment is still evolving and the behaviour of 

SARS CoV-2 under UV light is unknown. Results were relatively favourable for 

SARS CoV-1 treatment with UVC [36, 37]. SARS CoV-1 was efficiently inactivated 

after 40 minutes of UVC exposure (at about a wavelength of 254 nm), whereas 

addition of psoralen (a light-sensitive drug) to UVA enhances inactivation of the 

https://interestingengineering.com/scientists-have-engineered-a-new-glowing-protein
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SARS CoV-1. Popular press reports suggest that UV light booths are capable of 

deactivating coronavirus without any human contact and are proposed to be 

deployed (Figure 8). One must be cautious, since UVC can be dangerous to the 

skin, causing burns within seconds and harmful to the eyes if observed directly. 

Therefore, risk assessment and associated precautions would need to be deployed 

that may render this strategy difficult in the short-term. 

 

Figure 8: A passenger bus being disinfected by UVC in Shanghai, China. Reprinted 

with permission from [38] 

3.5. Surface manufacturing (coatings)  

 

3.5.1. Antimicrobial coatings  

Chouirfa et al. [39] summarised nanomaterials based coatings for antibacterial 

applications and Xing et al. [40] have summarised the potential of natural polymer 

chitosan as an antimicrobial agent (Figure 9). Their research on antimicrobial 

properties of a nanocomposite coating formed by polysaccharide 1-deoxylactit-1-yl 

chitosan (Chitlac) and silver nanoparticles (nAg) on methacrylate thermosets showed 

satisfactory results. 

 

Figure 9: Antimicrobial mechanism of chitosan-based coating with antimicrobial 

agents. Reprinted with permission from [40]. 

https://www.sciencedirect.com/topics/materials-science/nanocomposite-coating
https://www.sciencedirect.com/topics/chemical-engineering/silver-nanoparticles
https://www.sciencedirect.com/topics/materials-science/thermoset-plastics
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Antimicrobial surfaces are based on three main mechanisms (see Figure 10): the 

anti-biofouling mechanism which repels microbes and prevents them from adhering 

to the surface, the release-killing mechanism where microbes are killed in the near-

surface environment with a release of antimicrobial agents and the contact-killing 

mechanism where microbes adhere and are killed on the surface [41, 42]. 

 

Figure 10: Mechanisms behind antimicrobial surfaces (courtesy biorender.com) 

Researchers have also experimented with developing long-lasting antimicrobial 

surfaces to stop spreading pathogenic microbes through commonly touched 

surfaces or at-risk surfaces and have focused on the use of antimicrobial/antiviral 

materials such as copper. Experimental trials for copper oxide impregnated 

respiratory protective facemasks have yielded 100% efficiency in eradicating the 

infectivity of human and avian influenza A virus in simulated breathing conditions 

[43]. Warnes et al. [44] have shown that the surfaces of dry copper alloys are lethal 

to viruses such as MNV-1 at room temperature, with higher copper content being 

more time-efficient. Generally, the antimicrobial activity of copper is attributed to 

oxidative behaviour of copper and the solubility properties of copper oxides [45]. 

More recently, surface texturing of copper via cold spray methods has shown 

enhanced promise as an antiviral agent [46]. Combining the aforementioned 

antimicrobial contact-killing properties of copper, the anti-adhesion properties of 

polymeric micelles and the release-kill abilities of chlorine dioxide (ClO2), Li et al. [47] 

developed a multifunctional coating viricidal for influenza virus H1N1. This 

multifunctional coating is composed of ClO2 encapsulated in polymeric micelles (with 

slow on-demand release) on which copper nanoparticles were covalently tethered.  

Other studies have investigated hydrophobic polycationic coatings as antimicrobial 

coatings [48-50]. Hsu et al. [51] investigated the mechanism by which the N,N-

Dodecyl,methyl-Polyethelenimine (PEI) coated surfaces killed the influenza A virus. 

It was concluded that upon contact with the coated surface, the virus adheres 

irreversibly and through hydrophobic and electrostatic interactions, the virus’ 

disintegration is then initiated resulting in RNA leakage into the solution.  

The incorporation of PEI into protective mask textiles has also been investigated with 

nearly a 1000-fold improvement in the capture of the T4D bacteriophage virus of 

Escherichia coli B [52]. Finally, the direct mechanical action of sharp nanostructures 
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such as darts, blades and spikes as a kind “mechano-cide” has been shown to have 

some success for bacteria, but remains largely unexplored for viruses [53]. From a 

contact mechanics perspective, the combined effect of sharp (10’s of nm) surface 

features combined with ubiquitous surface forces suggests the generation of 

potentially large disruptive stresses on relatively soft viral materials. A few 

manufacturing research laboratories including the Indian Institute of Technology 

Delhi (IIT) in India and Cranfield University, UK have taken the lessons from the past 

and developed manufacturing innovations to fight this pandemic [54, 55]. 

3.5.2. Metallic nanoparticles and Nanotechnology focussed solutions 

Somewhat surprisingly, while researchers have investigated bactericidal properties 

of nanoparticles of silver, yet the current understanding of the interaction of these 

nanoparticles with viruses is limited. However, some positive results are reported 

and, based on these reports, this direction of manufacturing research holds a good 

promise to tackle SARS CoV-2. Previous studies showed that the size of 

nanoparticle is critical to manifest a viricidal effect. For example, a nanoparticle size 

of less than 25 nm was found to be effective against Tacaribe virus [56], while a 

particle size of between 7 to 20 nm worked well against Herpes Simplex Virus (HSV) 

type 1/2 and human parainfluenza virus type-3 [57]. Nakamura et al. [58] reported 

that materials with immobilised silver nanoparticles possess enhanced microbicidal 

activities against the virus. These researchers developed a material using silver 

nanoparticle absorbed on a chitin sheet having a nanoscale fibre-like surface 

structure shown in Figure 11 and obtained favourable results against H1N1influenza 

A virus. 

 

Figure 11: The mechanism of viricidal activity of silver (Ag) Nanoparticles (NP) chitin 

nanofiber sheets showing strong antimicrobial activity via reactive oxygen species 

(ROS) and silver ions on the substrate. Reprinted with permission from [58]. 

Moreover, the unique characteristics of metallic nanoparticles such as high surface 

to volume ratio, surface-enhanced Raman scattering and localized surface plasmon 

resonance can be utilised for virus detection and therapy via destruction through 

laser-induced localised hypothermia as well. Some of the candidate nanoparticles 

are metallic and high entropy alloy nanoparticles (AgAuPtPdCu high entropy 

nanoparticles, FeO NPs, Ag NPs, TiO2 NPs, Au NPs, Ag-Au core-shell NPs) [59]. 

For this purpose, UV-Visible spectroscopy can be deployed to study the surface 
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plasmon resonance, refractive index, and fluorescence change when nanoparticles 

interact with virus particles.  

Nanoparticle-based investigation can help detect and inactivate viruses (Figure 12). 

Specific to coronavirus, graphene oxide sheets with silver nanoparticles (GO-Ag 

NPs) were reported to inhibit the growth of feline coronavirus (FCoV) by up to 25%, 

in comparison to pure GO that inhibited it only up to 16% [60]. Additionally, chiral 

biosensor with self-assembled chiral gold nanohybrids (CAu NPs) on account of 

multiple plasmonic scattering showed better detection performance on coronavirus 

[61]. 

 

Figure 12: Nanoparticle based therapy for SARS CoV-2. Reprinted with permission 

from [59] 

As with all fundamental and translation nanomaterial research, progress is not 

immediate. Caution is required with nanomaterial technologies, as the long-term 

impact on human health and the environment of free nanoparticles has not been 

ascertained, and this may ultimately pose greater risk, particularly in the liver and 

respiratory tract of human beings and in ecosystems. Lack of governmental 

regulation strategies for nanomaterials can also hinder the speed of approval and 

ultimately the availability in the marketplace. Nevertheless, a call has gone out to 

nanomedicine researchers to utilise their existing knowledge base and translate their 

technologies towards COVID-19, should the outbreak last more than 12 months [62]. 
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3.6. Digital manufacturing of filters, antiviral masks using a combination of 

precision subtractive and additive processes 

 

3.6.1. Rapid manufacturing of mask filters  

Filtration efficiency is a strong measure of penetration prevention of aerosols through 

mask filters and is usually required to be above 98% for surgical face masks [63]. 

Ultrasonic welding is usually deployed to produce filters with sufficient filtration 

efficiency. Both polymer and textile-based masks are popular and can benefit from 

the adoption of sequential micromachining techniques [64]. A surgical mask 

(procedure mask) is worn by health professionals during surgery to avoid exposure 

to aerosols. Such masks are not designed to protect the wearer from inhaling 

airborne bacteria or virus particles and are less effective than respirators, such as 

N95 or NIOSH masks which provide better protection due to their material, shape 

and tight seal.   

The WHO Laboratory Biosafety Manual necessitates Biosafety Level 2 (BSL-2) 

requirements for non-propagative diagnostic laboratories and BSL-3 for laboratories 

handling high concentrations of live SARS-CoV-2. According to the manual and the 

WHO biosafety guidance for SARS-CoV-2, the exhaust air from such laboratories 

should be discharged through high-efficiency particulate air (HEPA) filters. It is worth 

mentioning that particle collection efficiency of such mechanical filtering methods 

decreases to about 50% at particle sizes of 0.5 µm due to diffusion and diffusion-

interception regimes of particles with sizes in the range from 0.05 up to 1 µm [21]. 

Therefore, HEPA filters are not ideal in screening the viruses like SARS CoV-2 which 

has a typical diameter from 60 nm to 160 nm [22]. 

Mass production of appropriate filters to screen the virus entry is a 

micromanufacturing challenge. This could potentially involve technologies such as 

direct laser micromachining or punch-based microstamping methods. For this 

purpose, a plasma spraying, or laser micromachining method may be used to obtain 

a well-suited punch which can be used to stamp (pierce) polymer sheets (e.g., PET), 

to achieve appropriate filter sizes. Another candidate process of subtractive 

manufacturing is metal anisotropic reactive ion etching with oxidation (MARIO) [65].  

An illustration of how the proposed micromachining strategies can be deployed for 

scalable fabrication of filters to screen virus scale particles is shown in Figure 13.  

While self-assembly techniques such as block copolymers have shown promise 

filtering small viral particles such as human rhinovirus [66], direct printing methods 

allow greater engineering control over pore size and spacing, critical to tuning 

membrane efficiency, fluid resistance and mechanical strength.  
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Figure 13: Illustration of micro punch array with 40 nm diameter and inverse-pattern 

via stamping (left, center) of viral scale mask filter made possible by a ion implant die 

fabrication method [67, 68] for scalable fabrication via e.g. roll to roll processing (right). 

Figures reprinted with permission. 

3.6.2. New design and scalable manufacturing of antiviral coated 

masks  

Protection of surrounding or nearby people is important and an infected patient can 

help to control the spread by wearing a mask, leading to the concept of social 

distancing suggested by various governments. The safe distance guideline is an 

important concept especially in populous countries where an assembly of people on 

the streets can cause the spread to grow exponentially. Keeping this in mind, the 

WHO urged people to maintain a safe social physical distance of about 3 ft (~1 m), 

while the Centre of Disease Control and Prevention recommends this to be 6 ft (~2 

m). These limits are now challenged by recent research that suggests this safe 

distance should be 23 to 27 ft (7 to 8 m) [69]. The same study also suggested that 

the currently available commercial masks need to be redesigned. It was suggested 

that the masks available at present are not suitable for containment of sprayed 

aerosols (during a sneeze) travelling at the velocity of 108 kmph [70], as this 

increases the possibility of escape of viruses through contaminated droplets from 

edges of the mask making nearby people more vulnerable to contracting the 

coronavirus. Also, Chin et al. [16] tested the strength of the virus and suggested that 

the virus is highly stable at 4ºC as well as in the pH range of 3 to 10. The virus was 

found to be detectable on a mask surface even after 7 days. These findings suggest 

a product design strategy to develop more appropriate masks for handling 

exhalations travelling at high speeds by considering human ergonomics, material 

aspects, antimicrobial nature and structural aspect. While the design and strategies 

for developing these new types of masks are underway, a possible technique for 

deploying the extant fabrication methods would be to merge the two approaches, 

namely, additive and subtractive manufacturing methods described above. This 

development would mean that even in the current landscape, a new mask-making 

strategy would provide more protection than the currently available masks.  
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ASTM F2100-07 is the relevant International standard that details specifications of 

materials to be used in medical face masks. However, the current standards do not 

capture the techniques required to make the mask reusable especially as the current 

materials are yet to be tested against SARS CoV-2. As of now, CURAD antiviral 

isolation masks making use of a cocktail coating (citric acid, zinc and copper) are 

available as an option to disinfecting the outer surface of the mask. These are useful 

for medical professionals as they can come in contact with the virus infected 

aerosols more frequently.  

Another concept is that of a ‘Germ trap’ surface [71], which is akin to fooling a virus. 

Virustatic Ltd., in collaboration with the Manchester Institute of Biotechnology at The 

University of Manchester, UK, identified specific glycoproteins that have 

carbohydrates attached to their surface, similar to those seen on the surface of the 

cells of the upper respiratory tract. This study suggests that a glycoprotein biocoating 

on material surfaces denatures influenza viruses by causing the same interfacial 

chemical reaction between the immune system and the invading pathogen.  

Virustatic Ltd [72] is now conducting further research into fooling the spike proteins 

on the SARS-CoV-2 virus to attach to the glycoprotein biocoating on their material 

surface, instead of the receptors in the respiratory tract, including ACE2, heparan 

sulphate and sialic acid.  Due to unavailability of any physical cells to invade on the 

material surface of the fabric, the virus would in theory decompose and become 

deactivated on the textile surface (see figure 14). The efficiency of germ trap coating 

in achieving its goal on influenza virus is indicated to be up to 98%." 

 

(a) Active viruses land on the biocoating 

 

Virus rich environment 

Biocoating 

Shield 

substrate 
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(b) The viral infectivity is neutralised once it has bonded to the glycoproteins on the material 

surface 

Figure 14: Mechanism of germ trap fooling the virus into attaching to the protein 

surface [72] 

Based upon the existing literature, an immediate measure to functionalise the 

Personal Protective Equipment’s (PPEs) could be to introduce the use of 

antimicrobial coatings comprising of proven materials (e.g., zinc and sodium [73, 74] 

based compounds) on the surface of PPEs, especially the shields and visors. Such 

coatings can be deposited by additive methods such as spraying (in 3D) or via Roll 

to Roll (R2R) manufacturing.  

In terms of processing techniques, one limitation of thermal spraying is that it 

requires heat resistant feedstock materials, limiting the use of most of the chemical 

species traditionally used to functionalise surfaces, such as polyethylene glycol 

(PEG) [75]. In view of this limitation, a possible research avenue is to develop 

functional coatings with viricidal properties such that the coating ingredients do not 

degrade at high temperatures, thus providing a controlled release over time. With 

this goal in mind, a suitable processing and material matrix availability is crucial to 

obtain a coating to possess desirable advantages in the medical field.  

On the other hand, the use of thermal sprayed hydroxyapatite (HA) coatings on 

orthopaedic implants has been widely adopted in the medical field since the late 

1980s [76]. As reported in the early 2000s [77], the use of thermal sprayed HA 

coatings on metal implants presents several advantages and a positive potential for 

its use in the medical field [78]. Taking into consideration the status of HA as the 

standard in thermal sprayed coatings and the decades of research on its behaviour 

and response to living tissue [79], the choice of HA as a base material for the 

development of anti-microbial functional coatings has been most popular to date. 

Denatured 

virus 
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At a personal level, deploying smart PPE incorporating viral detection capability into 

masks, gloves or wearing “viral dosimeter” badges might help monitor the strength of 

direct transmission vectors as well as environmental exposure rates and 

accumulation. Conversely, masks could collect exhaled viral particles for early 

detection of infection [70]. Detection could be implemented as microfluidic channels 

functionalized with bioelectronic miniaturized detection schemes [80, 81] with 

specific virus sensitivity [82, 83]. Local area smart sensing filter textiles incorporated 

into mobile or in-place ventilation systems designed to both filter and detect could 

also help provide early alert alarms and protection in buildings and other areas of 

restricted air replacement. 

The importance of wearing a mask by the infected person and by a healthy person 

coming in the vicinity of the infected person is ranked on the priority order shown by 

the cartoon model in Figure 15. 

 

Figure 15: Cartoon model showing the importance of wearing a face shield/ mask in 

avoiding the probable recurrent spread of coronavirus  

   

3.7. Disposal of biomedical waste from COVID-19 patients  

Safe disposal of materials used in the treatment of infected patients such as gloves, 

masks, test samples, clothes or the human waste, especially in ICU patients who 

may be closer to death is a challenging task. In addition to the possibility of an 

infection, this waste could lead to other secondary issues including emergence of a 

new category of virus/bacteria. Hence, safe disposal of biomedical waste is very 

important. Additionally, gaining support from members of the public to adequately 

dispose of their used personal masks etc. is essential. Recently, an absorbent gel 

with embedded disinfecting material has been developed at Sree Chitra Tirunal 

Institute for Medical Sciences and Technology, India for liquid respiratory and other 

body fluid solidification and disinfection for the safe management of infected 

respiratory secretions. This material helps to solidify the liquid respiratory secretions 

from ICU patients or those with copious secretions treated in the wards. The material 

so collected becomes fit for disposal through the usual incineration system for 
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biomedical wastes. Newer guidelines are required to refine the existing risk 

assessments procedures [84]. 

4.0. Modelling and simulations  

 

4.1. Artificial intelligence methods utilising existing genome databases: 

Biological modelling with assistance from phylogenetic network  

Big data analytics and extant research utilizes accelerated development of 

techniques for data mining, machine learning and use of Artificial Intelligence (AI) 

that shows promise in the treatment of SARS CoV-2. As a direct benefit to this 

approach, a digitalised shadow of the data to study plausible scenarios of certainty of 

an event becomes easier. As for SARS CoV-2, genome data now exist offering 

scope for soft-computing application researchers as well as those involved in AI 

based research to offer new insights into the area. As an example, the Global 

Initiative on Sharing All Influenza Data (GISAID) database (https://www.gisaid.org), 

made available in March 2020, contains a compilation of over 24,000 SARS-CoV-2 

complete and partial genomes from all over the globe since December 2019 [85]. 

Recently, researchers from Cambridge used phylogenetic network on 160 complete 

genomes of SARS CoV-2 [85] to predict probable mutation and migration paths of 

the coronavirus. 

4.2. Atomistic modelling and molecular docking 

Atomistic modelling and molecular docking [86] can hold the key to a scientific 

breakthrough to address questions surrounding SARS CoV-2. The development of 

vaccines, antibodies and diagnostics is dependent in a large measure on our 

understanding of the interfacial science between the spike (S) glycoprotein of SARS 

CoV-2 and ACE2 receptor in human lung cell (as shown earlier in figure 2).  Wrapp 

et al. [87] obtained a cryo-electron microscopy structure of the SARS CoV-2 S trimer 

in the metastable prefusion conformation, showing it undergoes a transient (hide and 

active states) structural rearrangement. Their results relying on surface plasmonic 

resonance elucidated a stronger affinity of SARS CoV-2 with ACE2 compared to 

SARS CoV-1, and shed light on two states, namely, a “down state” or receptor-

inaccessible and an “up state” or receptor-accessible state shown in Figure 16(a).  
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(a) 

 

(b) 

Figure 16: (a) Single protomer of SARS CoV-2 with the RBD in the (a) “down” 

(receptor-inaccessible) conformation) and (b) “up” (receptor-accessible) configuration 

[87] (b) an example of molecular docking [88] (figures reprinted with permission) 

In yet another interesting study [89], computer-aided drug screening was used to run 

a test assay over 10,000 compounds as inhibitors to a key CoV enzyme, Mpro. 

Ebselen was found to exhibit antiviral activity and illustrate a way forward use of this 

potentially promising modelling strategy to discover targeted drug and vaccine 

Down: Transient 

hidden state of RBD 

Up: Active binding 

state of RBD 
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development. A molecular docking example shown in figure 16(b) is yet another 

effective example of accelerating the drug discovery [88]. 

4.3. Aerodynamic analysis and role of Computational fluid dynamics (CFD) 

Recently, Liu et al. [90] carried out an aerodynamic analysis by measurement of the 

RNA of SARS CoV-2. They used pre-sterilized gelatin filters (pore size of 3 μm) to 

collect the aerosols from different areas of two Wuhan Hospitals. This study 

classified the sampling location in three areas:  

(1) Patient areas: These are the areas where COVID-19 patients are physically 

present such as intensive care units, coronary care units, ward rooms, a toilet 

and staff workstations 

(2) Medical staff areas: These are the areas that are exclusively accessed by the 

medical staffs who are in direct contact with the COVID-19 patients 

(3) Public areas: These are the venues open to the general public such as 

reception and waiting lounge areas.  

Surprisingly, the researchers detected maximum stains of SARS CoV-2 in patients’ 

toilet areas, while the levels were low in the isolation wards and ventilated patient 

rooms. Also, the medical staff areas showed peaks of high concentrations with 

aerosol size ranging from 0.01 micrometres to 2.5 micrometres and they were 

neutralised after rigorous sanitisation procedures.  

The study suggests that there is a likelihood of resuspension of virus-laden aerosols 

from the surface of medical staff’s protective equipment including surgical masks 

during their removal while having lunch, visiting toilets or breaks etc. The source of 

these virus suspensions was speculated to be from the direct deposition of patient’s 

respiratory droplets or airborne SARS-CoV-2 onto the protective apparel. The 

researchers also found that the SARS-CoV-2 in aerosol forms had relatively longer 

residence time, implying the infection remains for a relatively longer time causing 

further transmissions. This study serves as a practice guide on the requirements and 

specification after the lockdown procedures are eased to avoid recurrent infection. 

The exit-strategy after the lockdown must consider carefully the ventilation of 

offices/classrooms, maximum use of open space (preferable sunlight), regular 

sanitisation of clothes, hairs and hands, and proper use and disinfection of toilet 

areas.  

The data obtained by Toho University (Figure 17) suggests that laser technology can 

be employed efficiently to monitor the streamlines and microdroplets movements 

from a sneeze. This monitoring could be a highly effective lab-scale activity to not 

just guide the futuristic CFD models but also to efficiently design new masks 

effective for preventing diseases caused by high velocity spray caused by a sneeze.   
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Figure 17: Airborne spread tracked by the laser experiments at Toho University, Japan 

5.0. Challenges and alternative approaches for COVID-19 

While engineering and manufacturing will undoubtedly play their part over the 
coming years, the interventions proposed herein can help avoid the recurrent spread 
and emergence of new infections.  
 
The patients who have survived while battling against COVID-19 showed that they 
have developed antibodies to the virus. Antibodies are virus-specific proteins, which 
have a memory of the exposure to the virus and will recognize the virus on a second 
exposure. Antibodies help prevent future infections by detecting the virus and 
binding to their surfaces signalling the body's immune system to destroy such 
viruses or virus-infected cells. While reasons are not clear, common wisdom is that 
the human body does not have an adequate immune response to HIV. For COVID-
19, an adequate immune response does exist. Therefore, a vaccine is more likely to 
be created successfully for SARS CoV-2. Additionally, the observation that a large 
majority of people recover, either without any symptoms or with minimal symptoms 
such as fever and body ache, also bodes well for the development of a vaccine.  
 
Three major scenarios are currently being pursued or envisaged in tackling the 
disease. 
 
(i) Research and trials on vaccines:  Clinical trials are being conducted across the 
globe into novel vaccines and fast-tracking approval processes are being deployed. 
However, scientists fear that the virus itself, like the flu, can mutate and form 
different strains. Therefore, immunity after immunisation or contracting and surviving 
COVID-19 may only last as short as two years.  
 
(ii) Therapeutic trials using available drugs: Attention is being focused to drug 
repurposing and advanced formulations, including antimalarial, HIV, and other 
antiviral and immune-modulating drugs and biomolecules.  
 
(iii) Nanotechnology: Study of molecules that show promise but exhibit poor physio-
chemical properties or toxicity is currently being formulated across the globe into 
advanced nanomedicine platforms, translating the knowledge gained in drug 
targeting and efficacy enhancement from conditions such as cancer and 
cardiovascular disease. Such technologies aim to provide better treatment prognosis 
for those patients who fall ill with coronavirus related diseases. Attention to immune-
modulating molecules is growing, as patients who contracted severe forms of 
COVID-19 were reported to experience notorious cytokine storms which ultimately 

2 m 1 m 
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lead to their death. Ability to suppress such immunological responses could be one 
key to controlling the progression of the virus from mild to severe infection. 
 

Lessons learned during this pandemic will also impact the outlook for other viruses. 

These include governmental pandemic funding allocation, stockpiling of medical 

protective equipment and emergency aid strategies within and between countries 

across the globe. As the coronavirus problem increased across the globe in 2020, 

many questions have been raised regarding what more governments could have 

done, why they did not act more quickly, and what were the fundamental failures 

within their policy. Over time, addressing these issues will pave the way for a more 

streamlined and effective future response. In addition to this, contact tracing 

technology is being heavily invested in across the globe, with the intention that 

citizens would be able to download mobile applications, which could inform them 

(and the authorities) if they had been exposed to another person who tested positive 

to COVID-19. Whilst early trials seem positive, the longer-term question remains 

over privacy and ownership of personal data collected by such applications. Access 

to death records inside countries and across continents will allow identification of 

high-risk population categories which will aid risk prevention. The positive news is 

that this pandemic has cemented the importance of scientific integrity, the inclusion 

of scientific advisors into government, and the role of science in society. While this 

may offer little solace at such an upsetting time, yet, with the power of science, this 

disease will be managed unlike many other viral threats over the years. Currently, 

vaccine trials are ongoing at various phases of progress in different countries (see 

table 3) and good news may be expected soon. 

Table 3: Clinical trials of vaccines to date against COVID-19 [91-94] 

Country Vaccine Phase 

China Ad5-nCoV II 

China Unnamed (Inactivated SARS-CoV-2 virus) I-II 

China Covid-19/aAPC I 

China LV-SMENP-DC I 

China Unnamed (inactivated COVID-19 virus) II 

USA mRNA-1273 I 

USA/S. Korea INO-4800 I-II 

USA/Germany BNT162 I-II 

UK ChAdOx1 nCoV-19 I-II 

Canada bacTRL-Spike I 

 

In the wake of this pandemic, many countries have developed new methods of digital 

communications that were not realised to be of much importance earlier. For 

example, in the UK, enhanced digital communication developed through structured 

formats, including the Discourse Digital Health Network, which is a ‘Discussion and 

collaboration for the UK and international digital health communities’ [95]. 

The world has seen a surge in the use of digital tools being growingly used for 

teaching, research, consultation, banking and day to day activities. Digital health 
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innovation has been a prime example. These approaches culminated in the 

development of telemedicine consultation. The current situation has also driven 

many changes in work-life routines such as less travel and digital technology-based 

remote work. 

6.0. Authors’ perspective 

 

6.1. Impact on climate change and weather transitions 

The coronavirus pandemic has brought significant disruption and caused severe 

emotional, sentimental and financial losses. There is even a chance that life on the 

planet will never be the same again and many stringent safety measures will continue 

to be followed in the time to come while using public transport, air travel, or while 

visiting touristic places. The continued extension of lockdowns (e.g., Lockdown 1.0 to 

Lockdown 4.0 in India) has resulted in making people restless when staying indoors. 

Countries who were not very resilient in adapting to the situation even saw disrupted 

supply chains, disturbed migrant workers, lack of food and other supplies and 

unavailability of essential items - a situation comparable to a natural disaster.  

However, every disaster brings forth a new cycle of life and the episode of COVID-19 

did bring some good things. Countries facing severe pollution in air, water, and land 

saw a life not seen in the last many decades. Social websites and digital tools were 

used heavily to share the beauty of nature. Rivers got cleaner, the air became more 

breathable, and the sky got clearer [96]. As a result of this transition, even climate 

change and transition in weather were observed in many places and it will be befitting 

to say that we witnessed how “nature self-heals and mends itself”.  

A prime example of climate change as a result of lockdown can be seen in China, 

Europe and in India (see figure 18). India has faced two major challenges for many 

years in the wake of rapid urbanisation: alarming levels of air pollution and a rapid 

decrease in the availability of clean water, especially from rivers like the Ganga. The 

government of India had earlier set up a mega project called “Namami Gange” [97] for 

freeing the rivers from industrial wastes. The project is of such importance that when 

addressing the Indian community at Madison Square Garden in New York in 2014, the 

Prime Minister of India Mr Narendra Modi had said, “If we can clean the Ganga, it will 

be a huge help for 40% population of the country.” COVID-19 has rejuvenated the 

Ganga and many other rivers around the world, making them cleaner to a point that 

their water was reported to be potable [98].  
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(a) China 
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(b) Europe 

 

 

(c) India 

Figure 18: Satellite data from NASA and the European Space Agency showing a 

dramatic decrease in the nitrogen dioxide (NO2) during pandemic peak. (NO2 is 

produced when fossil fuels are burned). Reprinted with permission from [10, 99, 100] 
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The learning from the episode of COVID-19 has been that resources offered by mother 

nature are meant to be used and not to be “exploited”. If this simple rule is forgotten, 

then the world may continue to witness a regular self-healing cycle. On this occasion 

it was COVID-19 but the next time, it could be readjustments in the ecosystem caused 

by a surge in the carbon emissions.  

Researchers are reporting a decrease in solar activity leading to an increased flux of 

energetic particles in our galaxy [101]. Before it is too late to realize, and the entire 

human race wipes-off the face of the earth due to the climate change, we must take 

this pandemic as a wake-up call towards being considerate to the environment. 

What has apparently come clearer though is that problems like biohazards primarily 

emerge due to our lifestyle (e.g., consumption patterns including eating habits) or 

mishandling of biowastes (see figure 19). There is an absolute necessity to pay utmost 

attention to biosafety and implementation of effective ISO standards worldwide. Health 

of people is also closely connected to the health of animals and our shared 

environment. This is because people, animals, plants, and our environment are 

interdependent [102] and this direction of research considers the concept of “One 

health”. 

 

Figure 19: Biosafety needs and future guided bioresearch. Reprinted with permission 

from [103] 
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6.2. Move towards indigenous manufacturing and automation  

 

6.2.1. Outsourcing vs. indigenous manufacturing  

 

In the wake of the COVID-19 pandemic, the world witnessed an all-time-high demand 

of ventilators, PPE’s, masks, bed liners, other essential health supplies and medicines. 

The pandemic struck everywhere, including the largest manufacturing economies – 

and pretty much all at once. As a result, most nations experienced manufacturing 

shocks. The two shocks that have impacted manufacturing worldwide are: 

• Supply shock: The containment measures (such as lockdowns and social 

distancing) kept the workers away and resulted in reduced productivity and 

output.  

•  Demand shock: Customer consumption patterns started changing (e.g., 

movement away from "non-essentials") and this affected the demand for a large 

variety of manufactured goods and associated services. 

As the pandemic spread, a few countries were resilient enough to cope with the pace 

of transformed supply chain requirements while many others who had earlier (in pre-

COVID-19 era) aligned themselves to outsourced or cloud-based manufacturing, 

primarily driven by low-cost, became hugely dependent for their essential supplies on 

other countries (primarily China). Stringent lockdowns enforced by different countries 

at different times had severe consequences on the supply chains where outsourcing-

based dependencies existed. Indeed, China manufactures much of its 

pharmaceuticals for export in the Hubei province, which is where COVID-19 originated 

and this outbreak introduced a bottleneck in the global supply of several antibiotics. 

Even functioning factories that tried to increase their manufacturing productivity by 

increasing their inventory or logistics capability or increasing the number of operators, 

could not do so. Their efforts were negated by the strong social distancing measures. 

Overall, unprecedented requirements arising out of COVID-19 could not be met by 

outsourced manufacturing systems. Under such scenarios, indigenous manufacturing 

programs have come into focus. Many examples of a sustained push to indigenous 

manufacturing were seen: The US ramped up indigenous production of masks, 

ventilators and test-kits and India increased indigenous PPE suits production capacity 

from practically nothing to more than 100,000 suits per day. Earlier, there were only a 

handful of firms such as Becton Dickinson, Philips, Hamilton Medical, Fisher & Paykel 

Healthcare, Draeger, Medtronic and GE systems who manufactured specialised 

ventilators. In the wake of the pandemic, new capabilities on this front have emerged, 

and many innovations were deployed at manufacturing firms. For example, in the US, 

automobile firms such as GM and Ford as well as other firms emerged with new 

designs and ventilator manufacturing capabilities. 

The manufacturing related lesson learned from the COVID-19 episode is that 

pandemics can affect manufacturing in several geographical locations simultaneously 

and therefore can affect an individual nation’s surge capacity to deliver essential 

supplies such as diagnostics, drugs and vaccines to its population. Going forward, this 

lesson will critically affect thoughts on manufacturing strategy and low-cost based 
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outsourcing, and we may see a sustained push towards development of resilient 

indigenous manufacturing capabilities and a decreasing reliance on low-cost based 

outsourced manufacturing. 

6.2.2. Promoting automation  

A second trend that we perceive is an increasing focus on digitised automation and 

use of automated production systems including the use of robotics in day to day life 

as well as deployment of embedded robotics in manufacturing operations. An example 

of a futuristic automation capability was displayed at the Indian Institute of Technology 

Guwahati who developed remote controlled food delivery robot for COVID-19 isolation 

wards (see figure 20). The robot was designed for 6 hours run when fully charged. 

 
Figure 20: A prototype demonstrator of COPARBOT (Courtesy: Dr. S. 

Kanagaraj at IIT Guwahati, India) 

 

6.2.3. Antimicrobial resistance (AMR) and increased chances of zoonotic 

diseases 

 

Antimicrobial resistance (AMR) refers to the resistance of microbes to antimicrobial 

drugs or “microbial immunity”. The WHO as well as several national health 

organizations have identified antibiotic resistance as one of the greatest threats to 

global public health, economic growth, agriculture, economic security and national 

security. Around the globe, people are being admitted to hospitals with infections that 

do not respond to antibiotic treatment. The problem of AMR is rooted in the fact that 

when microbes are repeatedly exposed to antibiotics, they mutate to produce strains 
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that are resistant to the antibiotic and are therefore able to resist the effects of 

medication that could successfully treat the microbe. 

In 2014, Lord Jim O’Neill and his team published a review commissioned by the United 

Kingdom government entitled, “Antimicrobial Resistance: Tackling a crisis for the 

health and wealth of nations” (the AMR Review) which is in line to the question that de 

Kraker et al. [104] asked “Will 10 million people die a year due to AMR by 2050?”  

The problem of AMR is connected to that of COVID-19 with respect to the emergence 

of zoonotic diseases. The trend of overuse and/or misuse of antimicrobials, excess 

use of certain antibiotics in animals, and pharmaceutical industry pollution can lead to 

continuous emergence of zoonotic diseases.  

Excessive use of antimicrobials stresses the naturally occurring microbiome and 

allows for resistant bacteria to become dominant. Indeed, research has suggested that 

AMR might spread to humans through food products of animal origin, the environment, 

and by direct contact in the case of agricultural workers. Addressing the issue of AMR 

as well as others shown in figure 21 is thus a global priority as its impact on claiming 

lives is no less than that of COVID-19 [105]. 

 

Figure 21: A schematic showing various factors of concern leading to increasing 

zoonosis emergence [106] 
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7.0. Conclusions 

The rapid emergence of the COVID-19 pandemic provided minimal time for well-

directed resource mobilization, and almost every country was tested for its resilience 

in its medical and manufacturing abilities during the first half of 2020. The number of 

tragic health cases pushed organizations such as the FDA to allow Emergency Use 

Authorisation of various drugs without a systematic testing protocol, and among the 

70 drugs tried, Favipiravir and Tocilizumab were rated most effective. Amidst the 

chaotic situation, the growing use of digital tools for professional communications 

and artificial intelligence to monitor the recovery of COVID-19 patients showed some 

positive outcomes. A major question remains open to date, “how can the symptoms 

of COVID-19 be detected in their early stages?” While more research is needed on 

the instrumentation and manufacturing sides, there are clear opportunities identified 

from the available scientific knowledgebase. In relatively advanced stages of the 

symptoms, rapid measurements by combining chest Computer Tomography (CT) 

and reverse-transcription polymerase-chain-reaction (RT-PCR) tests seem to 

provide a high confidence level in the screening. More work is needed on the 

sensing side for detection of the virus in the primitive stages. Definitive promise has 

been exhibited using laser technology to monitor the aerosol spread and to detect 

the RNA of the virus and gain a deeper understanding of the aerodynamic properties 

of emergent viruses.  

Further development of fumigation chambers and ultra-violet chambers seem to hold 

promise as precautionary measures that can be implemented in public places like 

malls, airports, theatres and train stations etc.  

In this paper, we have also highlighted the possibilities of developing novel tools 

such as lab-on-the-chip, in addition to developing advanced Personal Protective 

Equipment (PPE) using combinatorial additive and subtractive manufacturing 

techniques such as Roll-to-Roll Manufacturing and Thermal Spray. These 

technologies allow the capability to filter the coronavirus, which has a diameter in the 

range of 100 ± 60 nm. It is envisioned that in future, wearing masks and social 

distancing would be mandated to avoid the recurrent spread of the virus. In the long 

term, micro-manufacturers, medical professionals, metrology engineers, material 

scientists and virologists will need to work in a more interdisciplinary way to develop 

modelling informed fabrication strategies. Accelerated use of molecular modelling 

approaches - like molecular dynamics and molecular docking – also seems to hold 

promise in drug and vaccine discovery to end this pandemic from its root. 

As society progresses to meet challenges such as COVID-19, many overarching 

issues will become important. Strong measures will need to be implemented to 

ensure careful handling of biowastes, indigenous capability-based manufacturing 

focus will become stronger and issues such as antimicrobial resistance will demand 

increased attention. Our hope is that the post-pandemic society will better heed the 

warning signs from nature and work on making manufacturing systems resilient to 

address emerging threats. 
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