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Abstract:  

The on-going COVID-19 pandemic caused by severe acute respiratory syndrome 

coronavirus 2 (SARS- CoV-2) has posed an extraordinary threat to global public health, 

wealth and well-being. As the carrier of human life and production, infrastructures need 

to be upgraded to mitigate and prevent the spread of viral diseases. Developing 

multifunctional/smart civil engineering materials to fight viruses is a promising 

approach to achieving this goal. In this perspective, the basic introduction on virus and 

its structure is provided. Then, the current design principles of antiviral materials and 

structures are examined. Subsequently, the possibility of developing active/passive 

antiviral civil engineering materials (including cementitious composites, ceramics, 

polymers and coatings) is proposed and envisaged. Finally, the future research needs 

and potential challenges to develop antiviral civil engineering materials are put forward. 

The proposed strategies to develop multifunctional/smart antiviral civil engineering 

materials will aid in the construction of smart infrastructures to prevent the spread 

viruses, thus improving human life and health as well as sustainability of human society. 

Key words: Civil engineering materials; SARS-CoV-2; Smart/multifunctional 

infrastructures; COVID-19; Disease prevention 

 

Introduction 

Virus presents a major threat to man’s continued dominance on the planet. Coming 

after severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1) and Middle East 

respiratory syndrome coronavirus (MERS-CoV) epidemic, the world has been in novel 

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

pandemic since the end of 2019 1. According to the Worldometers statistics, as of 5th 

December 2021 (01:42 GMT), there are 265,700,030 confirmed cases and 5,264,057 



deaths from the coronavirus (COVID-19) outbreak reported globally to the World 

Health Organization 2. This epidemic swept across the globe has caused an 

immeasurable impact on human society, posing significant harm to global public health 

and an extraordinary impact on global economic development. 

The main transmission modes of COVID-19 are host-to-human and human-to-

human. However, some preliminary hints show the possibility of environmentally 

mediated transmission (According to Ferretti et al.’s SARS-CoV-2 transmission 

quantitative model, the contribution of environmentally mediated transmission is 

estimated to be 10% 3). Severely, the SARS-CoV-2 can persist on some infrastructure 

environment surfaces for a couple of hours, even for several days 4–6. As the carrier of 

human life and production, infrastructures such as residences and hospitals, where 

patients with COVID-19 have a physical presence, are likely to be contaminated with 

RNA of SARS-CoV-2. Meanwhile, the virus has been found in the ancillary facilities 

7,8. For instance, the SARS-CoV-2 was detected in the sewers in Massachusetts and also 

found in the non-potable water system for cleansing streets and watering parks in Paris 

9. These results mean that infrastructure environment can serve as potential 

transmission routes for the spread of COVID-19 by inducing intimate interactions 

between humans or by hosting fomites, thereby raising the risk of infection from SARS-

CoV-2.  

The on-going COVID-19 pandemic has encouraged people from all walks of life 

to proactively develop new hypotheses to address the many challenges associated with 

the transmission and spread of this disease or other potential viruses. From the 

perspective of civil engineering, infrastructures with the capabilities of sterilization and 

disinfection would be helpful to reduce the potential risks of the virus from spreading 

in densely populated buildings such as hospitals, schools, research institutes and 



transport stations 10. Research on development of antibacterial infrastructures has been 

largely reported in industrial and scientific community 11. However, there is inadequate 

research to cope with viruses. Because of the huge difference between viruses and 

bacteria, the strategies for antibacterial purposes, in most cases, cannot be directly 

applied for fighting viruses. This inspires our civil engineers and scientists to propose 

strategies to help overcome virus attacks. Although diagnosis, prevention, or treatment 

of viral diseases may be far from the field of civil engineering, there is actually much 

that can be done by understanding the basics of viruses and learning from current design 

principles of antibacterial and antiviral strategies. In addition, the mature of 

nanotechnology and bioinspired materials casts new light onto the development of 

antiviral civil engineering materials. In general, infrastructures are built by using 

various civil engineering materials including cement-, ceramic-, polymer- and metal-

based materials. By modulating with the advanced antiviral solutions in biological, 

physical and chemical sciences, these civil engineering materials are envisioned to have 

antiviral functions for constructing smart, antiviral and sustainable infrastructures. 

Therefore, developing smart/multifunctional antiviral civil engineering materials is an 

important strategy to increase the protection of our residential environment from the 

risk of viruses. 

In this perspective, the basic understanding on virus is briefly introduced. Then, 

the current design principles of antiviral materials and structures are examined. 

Subsequently, the possibility of development of antiviral civil engineering materials is 

proposed and envisaged. Finally, the future research needs and potential challenges to 

develop antiviral civil engineering materials are put forward. 

Basic introduction about virus 

Viruses are not living organism but the quintessential parasites of the living 



organisms, relying on a host cell to carry out their life-sustaining functions or 

replication. Different from living organisms with cellular structures such as plants, 

animals or bacteria, viruses are made up of a viral genome, either RNA or DNA 

surrounded by a virus-coded protein coat called capsid while without cellular structures. 

Specific epitopes recognized on the capsid can interact with receptors exposed on the 

prospective host cell during infection. In the case of coronaviruses such as SARS-CoV-

2, there is an envelope made of proteins, polysaccharides and lipids outside the capsid, 

an epitope on spike proteins interacts with Angiotensin-Converting Enzyme 2 (ACE2) 

receptor on the host cell for expression including transcription and translation 12. In 

other words, virus, in fact, hijacks cellular metabolism to multiply. Viruses with lipid 

envelopes are less stable in the environment and less resistant to disinfectants 13. 

Coronaviruses such as SARS-CoV-1, MERS-CoV and SARS-CoV-2, all, have an 

enveloped morphology. As shown in Figure 1, SARS-CoV-2 has an enveloped crown-

like morphology, consisting of four structural proteins, including envelope 

glycoproteins spike (S), envelope (E), membrane (M) and nucleocapsid (N) proteins, 

and a positive-sense, single-stranded RNA (ssRNA) genome 14,15. The spike of SARS-

CoV-2 have been confirmed as the keys for virus entry and replication in human cells 

16. 

 



 

 

Figure 1 Structure of SARS-CoV-2 17. Reprinted in part with permission from 

[Kim, D.; Lee, J.-Y.; Yang, J.-S.; Kim, J. W.; Kim, V. N.; Chang, H. The Architecture 

of SARS-CoV-2 Transcriptome. Cell 2020, 181 (4), 914-921.e10. 

https://doi.org/10.1016/j.cell.2020.04.011.]. Copyright [2020] [Elsevier Inc.] 

 

Principles for fighting viruses 

Most viruses have a diameter ranging from 5 to 300 nm and a length of up to 1400 

nm 18. Due to the tiny size, enormous diversity and variations in viruses, it is of great 

difficulty to control viral infections. The biological and immunological responses 

against viral infection include immunoprophylaxis, antiviral chemotherapy and 

interferons through the use of either vaccines to provide immunologic protection 

against viral illness or virucidal agents and antiviral agents to directly inactivate intact 

viruses or inhibit viral replication in human cells 19,20. However, developing highly 

effective antiviral vaccines or drugs is difficult and a lengthy process (usually three or 

four clinical trial phases are performed before licensed and a development time of 15 

years is common). Although there are vaccines against some viral infections and 

diseases such as SARS-CoV-2 used for humans, the virus mutates and it is difficult to 

predict the direction of these mutations and their impact on the host response 21. In 

addition, treatments for viral infections are usually restricted to limiting the symptoms. 

Most of antiviral drugs have limited therapeutic effect and interrupt host cell function, 



i.e. toxic. In this case, a more effective strategy is to use physical and chemical 

approaches to set up barriers to block and deactivate viruses before they reach hosts, 

i.e., to prevent virus transmission 22. Indeed, virus transmission from person to person 

through respiratory, inspiratory, direct-droplet-spray (direct contact transmission) or 

through touching contaminated objects (indirect contact transmission) is the most 

possible scenario for viral infection. During COVID-19 pandemic, lockdown and mask 

restrictions have been proven to be effective against direct contact transmission 23,24. 

However, the effect of these restrictions on globally economic and social wellbeing is 

immeasurable. 

From the perspective of preventing indirect contact transmission, strategies on 

designing effective antiviral materials have been proposed to battle virus transmission 

in the environment 7,25,26. Because the biological function of viruses strongly depends 

on their structural integrity, the use of physical treatments (UV irradiation, heating and 

desiccation) and chemical sanitizations (strong acids, alkalis, oxidants, alcohols and 

surfactants) can disrupt virus survival on various surfaces by comprising the virus 

structure 27. However, physical treatments and chemical sanitization are labor- and 

material-intensive, difficult to apply for all exposed areas, and need periodical 

operation. Therefore, it will be useful to engineer self-sanitizing, antiviral materials that 

can actively or passively destroy viruses upon contact. There are several design 

principles for antiviral surfaces and coating materials, including (1) extraction of 

natural inhibitors, containing active antiviral compounds from natural species such as 

herbs to inhibit virus replications by damaging the DNA and RNA inside the viral 

proteins or by blocking the production of enzymes 28; (2) using metal nanoparticles that 

possess direct antiviral properties, such as silver nanoparticles that can interfere with 

cellular receptor binding and inhibit viral replication 29; (3) using metal or inorganic 



nanoparticles that can generate localized heat, light, free radicals, free carries through 

excitonic effects to interfere the viral adhesion and replication, for example, gold 

nanoparticles would be effective against viral infection due to localized surface 

plasmon resonance effect under visible light irradiations 30; gold nanoparticles can also 

strongly absorb light and generate localized heat to kill the viruses due to photo-thermal 

effect 31; and TiO2 nanoparticles can react with water to generate hydrogen peroxide 

under light excitation, thus leading to the inactivation of the viruses 32; (4) using highly 

catalytic active materials such as tungsten oxide that can have redox reactions with 

viruses due to the existence of chemical potential difference or localized electricity 

stimulations 33; (5) using highly virus-affiliative materials that can capture the viruses 

and then debilitate the infectivity of the viruses 34; (6) using bioinspired materials such 

as self-cleaning materials to avoid the attachment of infective droplets containing 

viruses 35; and (7) modulating surface porosity, because condensed water can be drained 

away from the virus on porous surfaces, leading to faster water loss around. Viruses 

can remain much shorter infection on porous surfaces such as paper than on smooth 

surface such as glass 36. These antiviral materials based on the above mechanisms could 

be applied/incorporated by different application modes such as blend, lamination, 

coating and additive with a wide variety of matrix materials and already-installed 

objects. The design principles of antiviral surfaces and coating materials can provide 

guidance and inspirations on how to design civil engineering materials and structures 

with antiviral functions. 

Strategies for fighting virus by using functional/smart civil engineering materials 

1) Active antiviral civil engineering materials 

a) Active antiviral cementitious composites 

Cementitious composites are the most widely used civil engineering materials for 



infrastructures because of their excellent mechanical properties, water resistance, easy 

formation into various shapes and sizes, cheap and readily available everywhere. Twice 

as much cementitious composites are used in infrastructures around the world as all 

other civil engineering materials combined including ceramic, metal, wood and 

polymer. The cementitious composites feature such characteristics in nature as multi-

component, multi-phase and multi-scale. Their components mainly include cement (the 

most used cement is Portland cement), water, fine or/and coarse aggregates, and 

chemical/mineral additives. The proportion of such components can vary within a 

flexible and wide range. Portland cement mixing with water would initially form a 

workable plastic cement paste and then gradually transform into a rigid and brittle 

material, whose whole process is commonly described as cementing process. This is 

responsible for the eventual hardening of cementitious composites. Reactions of cement 

with water are designated hydration, and new solids formed on hydration are 

collectively referred to as hydration products. Two main types of hydration products 

include calcium silicate hydrate (C-S-H) gel and calcium hydroxide (CH). C-S-H gel 

makes up one half of the volume of a hardened Portland cement paste, and it is primarily 

responsible for overall performances of Portland cementitious composites. The C-S-H 

gel is to be regarded as a layered structure containing some 30000-50000 molecules 

and with a surface area of 100-700 m2/g. It is sheet-like in form and only some three or 

four molecules (3-4 nm) thick but extending in the two other dimensions to a hundred 

or more times the thickness with one dimension going up to one or several microns. CH 

occupies about 20% to 25% of the hardened Portland cement paste’s solid volume. 

Previous studies have proved that the porous adsorption characteristics of materials are 

beneficial to fight viruses via adsorption effect. Owing to gel voids and capillary voids 

at nano/micro scale in C-S-H gel, this type of hydration products is expected to 



deactivate virus in a short time37. Moreover, it has been reported that the conformational 

changes of coronavirus spike proteins are essential for the virion-host cell fusion 38. 

During the virus life cycle in the host cell, adsorption, penetration, uncoating and RNA 

replication are determined by pH. Generally, virus is more stable at near neutral pH 

compared to extreme acidic or alkaline pH 39. For instance, the infectivity of SARS-

CoV-1 in DMEM was completely lost after 1 hour at an extreme acidic pH of 1 and 3 

and alkaline pH of 12 and 14. However, its infectivity was still detectable after 1 hour 

at pH of 5, 7 and 9, regardless of the temperature (4 ℃, 25 ℃ and 37 ℃) 40. For SARS-

CoV-2, it can remain stable for 1 hour at a wide range of pH from 3 to 10 41 but quickly 

lost infectivity when the pH is increased to 12-13 42. The pH value of the pore solution 

inside cementitious composites is higher than 12 due to the CH existence, indicating 

the feasibility of using cementitious composites as antiviral materials.  

Most importantly, the composition and processing progress of cementitious 

composites offer opportunities for formulation of additional control, i.e., the 

incorporation of functional agents into conventional cementitious material ingredients 

can enhance their antiviral capability, achieving smart/multifunctional cementitious 

composites. It was reported 41 that Zeomic, as the world’s first silver-base inorganic 

antimicrobial agent appeared in 1984, combines silver ions and zeolite, of which silver 

ions have an antimicrobial mechanism, whereas zeolite, forming a three-dimensional 

framework structure supported by silver ions as seen in Figure 2, is used for catalysts 

and adsorbents. Recently it is claimed that Zeomic has expanded its applications to 

fabricate antiviral cementitious composites, showing promising results of viral activity 

reduction 43. In addition, some nanomaterials (e.g., nano-TiO2, nano-CuO and nano-

ZnO) used for modifying the mechanical properties and durability of cementitious 

composites have potential to endow them with the antiviral function 12. 



 
Figure 2 Structural diagram of Zeomic. 

 

It should be noted that the pH value of pore solution inside alkali-activated 

cementitious composites (a type of cementitious composites fabricated via chemical 

reactions between a source of alkali (soluble base activator) and aluminate-rich 

materials) is significantly higher than 13 44,45. Therefore, alkali-activated cementitious 

composites may be suitable as the matrix for developing active antiviral cementitious 

composites. 

In addition, metal oxides can be coated on sand surfaces for fighting virus. For 

example, Zhuang and Jin 44 found that Al-oxide coated sand significantly removed 

viruses during their transportation in a phosphate buffered saline (PBS) solution and 

34% of the input viruses was inactivated/irreversibly absorbed on the surface of Al-

oxide coated sand. This provides a new method for developing multifunctional and 

smart antiviral cementitious composites by using metal oxide coated aggregates 46. 

However, there are some challenges that should be taken into consideration with 

regards to active antiviral cementitious composites. One is that the alkalinity of the 

surface of cementitious composites, in general, is lower than that of the pore solution 

inside. Moreover, carbonation of cementitious composites in service and the utilization 



of pozzolanic materials in blended cement can consume CH, thus reducing the alkaline 

of the cementitious composites 47. These issues may constrain the active antiviral 

cementitious composites suitable to some certain application occasions such as 

infrastructure environment with high carbon dioxide concentration. However, special 

design of their components and microstructures is expected to address these issues.  

b) Active antiviral ceramics 

Ceramics, with their excellent electromagnetic and mechanical properties, high 

temperature resistance and corrosion resistance, have been widely used in kitchens and 

bathrooms, for example floor and wall tiles, toilets, washbasins and bathtubs. Ceramic 

is considered as a kind of multiphase solid material, having properties that are not only 

related to the microstructure and phase structure, but also highly dependent on the 

chemical composition and bonding 48. From the chemical phase point of view, ceramic 

is mainly composed of crystalline phase (including metal oxides and silicate 

compounds), glass phase (amorphous substance) and gas phase. Both the crystalline 

phase and glass phase are appeared in the form of interconnected networks/like grids, 

while the gas phase exists in the form of pores of different sizes and shapes. These 

structural characteristics of ceramic itself provide sufficient space for adsorption and 

storage of viruses, thereby providing the possibility of further deactivating the viruses. 

The literature on the direct use of ceramic products for antiviral purposes has not 

yet been covered, but few trials on virus removal in wastewater using ceramic materials 

have been carried out, i.e. decontamination and detoxification process 49. The selection 

of ceramic materials is relied on their hydrophilicity, chemical and thermal stabilities, 

and microstructure (including porosity and pore size) 50. Because of the small size of 

virus, it is sometimes difficult to separate virus by using ceramic material alone. 

Recently, the combination of microfiltration with coagulation or flocculation for virus 



removal has been proposed. For example, Werner et al. prepared tubular ceramic with 

a wide range of pore sizes (24 - 146 nm) by using Yttria stabilized zirconia, and found 

that the fabricated ceramic was able to achieve the log reduction values (LRV) of virus 

retentions above 4 51. Pendergast and Hoek fabricated the multi-walled carbon nanotube 

modified ceramic and pointed out that the nano-modified ceramic resulted in a good 

virus removal capacity for MS2 bacteriophages (virus model) 52. Considering that the 

first step in the decontamination and detoxification of ceramic materials is often to 

adsorb viruses, the absorptivity of the ceramic plays an important role in the process of 

fighting virus. Polyelectrolytes, aluminum, iron, magnesium, and calcium salts has 

been applied to modify ceramic materials such as diatomaceous earth, thus enhancing 

its electrostatic adsorption of viruses 53–56. In summary, the aforementioned ceramic 

materials/structures for the purpose of decontamination and detoxification provide 

sufficient imagination to develop antiviral ceramic products once the relevant 

technology is transformed.  

Nevertheless, due to its adsorption and storage mechanisms in fighting virus, 

active antiviral ceramics may be not efficient enough and suitable as a type of rapid 

antiviral material if without other external actions or functional additives. 

c) Active antiviral polymers 

Polymers, as a kind of high molecular compound, possess the characteristics of 

low density, high specific strength, high elastic, good electrical insulation, and 

corrosion resistance. The polymer involved in the field of civil engineering is mainly 

construction plastic, which is often utilized for plastic floors, doors, windows, and 

pipes. In terms of material preparation, polymer is synthesized by the polymerization 

of many low-molecular compounds under high temperature and high pressure 57. 

Selecting appropriate compounds or performing certain physical and chemical 



modifications on the compounds is potential to endow the polymer with antiviral 

properties. In this regard, the type, quality and quantity of compounds play a decisive 

role in the antiviral performance of polymers.  

Several studies have shown that cationic polymers such as polyethyleneimine have 

an intrinsic antiviral property 58–60. The poly-cationic chains in polymer could not only 

deactivate the viruses such as influenza virus, but also damage the more resistant 

waterborne viruses 61,62. This is because most viruses are negatively charged in the 

neutral solutions. The utilization of positively charged polymers could promote the 

virus removal via electrostatic adsorption 63,64.  

In addition, Gu et al. 65 synthesized a polymer mimic nano-carrier system for 

endosome escape and timed release of siRNA. They found that the polymer can further 

degrade even at a polymer concentration of 200 μg/mL. The mechanism for polymer 

assembly, endosome fusion and escape, and polymer release is shown in Figure 3. This 

means that the polymer nano-carrier can be used as a very effective siRNA delivery 

system. In this manner, the virus can be effectively captured and deactivated. 

 Figure 4 shows a typical schematic diagram of antibacterial polymer of the 

hierarchical platform. In the early stage of surface colonization by bacteria, the 

bacterially induced acidification triggers MLT releasing, turning the surface from non-

adhesive to bactericidal. Compared to the prevailing release model based on charge 

neutralization, the negative-to-positive charge-conversion mechanism renders the 

surface highly responsive to bacterial acidification and eliminates infections at early 

stages of the bacterial colonization of biomaterials 66. Modelling of this hierarchical 

platform, it is possible to design various novel polymers with antiviral functions, 

providing a broad scope for further applications of polymers in the field of civil 

engineering. 



 

 
Figure 3 Mechanism for polymer assembly, endosome fusion and escape, and 

release through a self-catalyzed degradation of Poly (2-dimethylaminoethyl 

acrylate) 65. Reprinted with permission from [Gu, W.; Jia, Z.; Truong, N. P.; 

Prasadam, I.; Xiao, Y.; Monteiro, M. J. Polymer Nanocarrier System for Endosome 

Escape and Timed Release of SiRNA with Complete Gene Silencing and Cell 

Death in Cancer Cells. Biomacromolecules 2013, 14 (10), 3386–3389. 

https://doi.org/10.1021/bm401139e.]. Copyright [2013] [American Chemical 

Society] 

 

However, the antiviral efficiency may be decreased dramatically with time due to the 

relatively poor long-term durability of polymers, with respect to cementitious 

composites and ceramics. The toxicity towards mammalian cells, i.e., safety issue is 

another serious disadvantage that could limit the potential of these strategies in the 

future 67. Special operation conditions and safety measures should be taken when 

designing and using antiviral polymers.  



 
Figure 4 Schematic diagram of antibacterial mechanism of the hierarchical platform 

66. Reprinted with permission from [Liu, T.; Yan, S.; Zhou, R.; Zhang, X.; Yang, 

H.; Yan, Q.; Yang, R.; Luan, S. Self-Adaptive Antibacterial Coating for Universal 

Polymeric Substrates Based on a Micrometer-Scale Hierarchical Polymer Brush 

System. ACS Applied Materials and Interfaces 2020, 12 (38), 42576–42585. 

https://doi.org/10.1021/acsami.0c13413.]. Copyright [2020] [American Chemical 

Society] 

 

d) Active antiviral coatings 

Coating, as a type of solid or liquid material that has adhesive property, is widely 

used on building surfaces for building protection, landscape beautification and other 

special functions (such as insulation, rust-proof, mildew-proof, heat-proof). In general, 

coating is consisted of four basic components, including film-forming substances 

(resins, emulsions), pigments, solvents and additives. According to the film-forming 

substances, coating can be divided into oil-based coating, fiber coating, synthetic 



coating and inorganic coating. Taking silica sol (film-forming substance) as an 

example, it has a particle size of 10 - 20 μm and a pH value of 9.2 - 10.0, indicating that 

coating itself could provide an alkaline environment for virus deactivation, similar to 

that of the cementitious composites. Recently, researchers have prepared antiviral 

coatings through releasing a disinfectant or adjusting the pH value 68–70. In addition, as 

a composite material, coating could be endowed better antiviral properties by 

incorporating various counter-poisons. Among them, the representative inhibitor is 

nanomaterial with medicinal antigenicity, which can cause a strong immune response 

71. Meanwhile, the high surface force (such as van der Waals force, electrostatic force, 

and hydrophobic interaction) of nanomaterials significantly improve the virus 

adsorption of the material surface 72–74. For example, Park and Hwang 75 tried to 

inactivate MS2 virus by coating carbon nanotubes on a glass fiber air filter. The 

filtration efficiency in the maximum penetration particle size area (100 nm) can be 

increased to 33.3% by controlling the area density of coating, and the antivirus 

efficiency can reach 92%. Yano et al. 76 coated the nano-Al2O3 modified fiber 

(diethylaminoethyl cellulose) on the surface of micro-glass filters, and found that the 

positively charged cellulose significantly improved the detoxification of the filters with 

more than 50% of virus removal rate. Haldar et al. 77 coated a glass slide with the 

branched or linear N-dodecyl methyl polyethylenimines and found that the influenza 

virus was killed within minutes by the hydrophobic polyethylenimine derivatives. In 

addition, Li et al. 78 prepared an anti-pathogen polymer coating with copper 

nanoparticles, and carried out the antivirus measurements against the influenza A 

(H1N1). They found that the designed coating deactivated the H1N1 virus in 1 min. In 

fact, the antivirus action of most coatings is shown to be on contact. In order to fulfill 

the function of adsorption, concentration, and elution for the coatings, many attempts 



have been applied to couple virus inhibitors with coatings or add them to coatings. For 

example, Gajardo et al. 79 tried to concentrate the hepatitis A virus (HAV) from water 

through adsorption-elution with negatively and positively charged glass powders 

(important components of coating), respectively. They found that both the negatively 

and positively charged glass powder with adsorption-elution effect can effectively 

concentrate HAV from all types of water. The concentration efficiencies for these two 

types of glass powders were up to 100%/100% in tap water, 80%/61% in freshwater, 

75%/94% in sea water, and 61%/61% in sewage, respectively. 

In comparison to other civil engineering materials, coatings are thought to be the 

most promising active antiviral strategy. However, due to the variable and potential 

harsh service conditions, the critical issues of long-term antiviral activity and long-term 

durability with host structures constrain the potential development of coating materials. 

Meanwhile, active antiviral coatings rely on the use of antibiotics and nanomaterials, 

which can lead to the development of drug-resistant viruses as well as toxicities to 

human cells, such as anaphylaxis in the case of too strong immune response caused by 

nanomaterials. The limitations of difficulty in their preparation and less cost 

effectiveness should be considered regarding the use of antibiotics and nanomaterials 

in coatings. 

2) Passive antiviral civil engineering materials 

Although some civil engineering materials themselves do not possess antivirus 

properties, it is of great potential to endow them with antiviral capacity through 

additives, in combination with external actions (including light irradiation, electricity, 

heat, microwave etc.). The properties of passive antiviral civil engineering materials 

can be adjusted by changing their composition and preparation process; on the other 

hand, the environmental conditions such as pH, humidity and temperature and different 



surfaces can significantly influence virus stability in infrastructure environment. For 

example, the enveloped structure of coronaviruses is very fragile and vulnerable to heat. 

Due to denaturation of viral capsid proteins and alteration of the conformation of virion 

proteins involved in attachment and replication within the host cell, the coronaviruses 

would be inactivated if heated. Specifically, at low temperature, random degradation in 

the nucleic acid causes the virus deactivation; at high temperature, the conformation of 

virus structural proteins undergoes greater changes, leading to virus inactivation 80. 

Considering that the photocatalytic TiO2 is widely used as a self-cleaning and self-

disinfecting material in many applications, researchers have attempted to fight viruses 

using nano-TiO2 under light stimulations 81. The action mechanism is that nano-TiO2 

first generates electrons and holes under ultraviolet (UV) light irradiation, then interacts 

with oxygen and water to generate active hydroxyl radicals. Consequently, these 

hydroxyl radicals chemically react with the organic components in the virus to produce 

non-toxic and tasteless carbon dioxide and water 82–84. Specifically, Munafò et al. 85 

synthesized a porous ceramic substrate coated with nano-TiO2, and tested the 

inactivation energy for influenza viruses by using UV light as a light source. They found 

that influenza virus lost its infectivity after 30 min in the control group without UV 

light, but can be inactivated in 5 min as the UV light was applied. Zan et al. 86 studied 

the photocatalysis effect of TiO2-coated ceramic plate on Hepatitis B virus surface 

antigen (HBsAg), and found that the TiO2-coated ceramic plate can destroy most of the 

HBsAg under the irradiation of the weak UV light, the weak sunlight or the room 

daylight for a few hours. Nakano et al. 87 investigated the photocatalytic inactivation of 

TiO2 film on the influenza virus, and compared UV intensity, UV irradiation time and 

bovine serum albumin concentration in the viral suspensions on the inactivation 

kinetics. They pointed out that the viral titers were dramatically reduced by the 



photocatalytic reaction. Even with a low UV intensity, a viral reduction of 

approximately 4 log10-units was observed within a short irradiation time. Recently, 

Akhavan et al. 88 prepared a graphene tungsten oxide composite film and applied it to 

inactivate viruses under visible light. They found that protein of MS2 on the film 

surface was almost completely destroyed after irradiating for 3 h. Besides, based on 

quaternary benzophenone ester and quaternary benzophenone amide, Nguyena et al. 89 

developed a covalent coating that can cross-link the surface under UV irradiation. They 

suggested that the coating not only completely killed the drug-resistant pathogens, but 

also demonstrated a 100% killing power against influenza viruses. Wang et al. 90 

prepared air filter with antiviral performance by coating antiviral microcapsule, nano-

ZnO and TiO2 to the surface of polypropylene perforated felt. They found that the 

inactivation rate for influenza A virus was up to 100%. Most of these products were 

driven by high-energy UV light rather than the readily available daylight source, thus 

significantly limiting the usability for fighting viruses. More recently, Si et al. created 

daylight-driven rechargeable antiviral nanofibrous membranes (RNMs) by 

incorporating daylight-active chemicals that can effectively and efficiently produce 

reactive oxygen species (Figure 5). With their fast reactive oxygen species production, 

ease of activity storing, long-term durability, and high biocidal efficacy, the RNMs can 

rapidly and effectively deactivate viruses, either under daylight exposure or under dark 

conditions. The RNMs can be incorporated as an antiviral layer on glass or metal 

substrates to achieve robust bioprotection against viruses91.  

 



 
Figure 5 (a) Chemical structure of rechargeable antiviral nanofibrous membranes 

(RNMs). (b) SEM images of RNMs. (c) Demo of a RNM sample. (d) Schematic 

illustration of the antiviral functions of RNMs. (e) RNMs access the triplet excited 

state via intersystem crossing. (f) Mechanism of the photoactive and photo-storable 

biocidal functions91. Reprinted with permission from [Si, Y.; Zhang, Z.; Wu, W.; 

Fu, Q.; Huang, K.; Nitin, N.; Ding, B.; Sun, G. Daylight-Driven Rechargeable 

Antibacterial and Antiviral Nanofibrous Membranes for Bioprotective 

Applications. Science Advances 2018, 4 (3), eaar5931. 

https://doi.org/10.1126/sciadv.aar5931.]. Copyright [2018] [American Association 

for the Advancement of Science] 

 

Electric filed has also the potential for fighting viruses by stimulation or heating. 

Roohandeh and Bamdad 92 found that two types of viruses (including Herpes Simplex 

Virus type 1 (HSV-1) and Adenovirus type 5 (AdV-5)) can be inactivated completely 

by 200 mA direct current in 10 minutes (with current density of 20 mA/mm2) without 

affecting the viability of cells. Meanwhile, Mtiller et al. 93 pointed out that the 

application of high frequency electric field allows enrichment and stable trapping of 

viruses in aqueous solutions, and the trapping occurs within a few seconds when the 



applied alternating current frequency was between 0.2 - 4 MHz and the amplitude was 

6 - 14 V. Since civil engineering materials can be electrically conductive through 

incorporating conductive fillers (e.g. steel fiber, carbon fiber, carbon nanotubes, 

graphene and silver wire) 94, it is feasible to apply an electric field on civil engineering 

materials for fighting virus. Direct current can be applied on conductive civil 

engineering materials to inactivate virus directly, or it is also possible to fight viruses 

in an alkaline environment in conductive civil engineering materials by applying 

alternating current to capture them, providing a new way for developing civil 

engineering materials with virus capturing and killing abilities. According to the 

research of Chen et al. 95, the capsids of virus become aberrant at a temperature greater 

than 60°C. For non-enveloped viruses such as HAV and human parvovirus B19, 

pasteurisation at 60 ℃ for 10 h is generally used for virus inactivation 96. Processing at 

a temperature of 77 °C for 0.006 s can result in a high level of HIV virus killing, while 

maintaining protein structure and activity essentially intact 97. It is worth mentioning 

that the electrically conductive civil engineering materials have also self-heating 

performance due to Joule effect when it is applied with an external voltage. This means 

that viruses that exist on the surface of infrastructure environment or that captured by 

the pores of infrastructure materials can be killed by heating civil engineering materials. 

Therefore, the electrically conductive civil engineering materials may become passive 

antiviral composites through electrical or heating effect.  

The photothermal effect as an important physical phenomenon that transforms 

photoenergy to heat through a nonradiative transition is also readily for fighting 

viruses98. Deokar et al. demonstrated that graphene functionalized with magnetic 

nanoparticles and sulfonate groups (SMRGO/MNPs) can capture viruses that are then 

aggregated by an external magnet. The efficiency of the capture of infectious virions, 



as well as the destructive abilities of the (SMRGO/MNPs) was studied using the plaque 

reduction assay. By taking advantage of the superior photothermal properties of 

graphene, the captured viruses are inactivated with near-infrared (NIR) irradiation and 

thus lose their ability to infect cells99.  

However, there are some issues regarding passive antiviral civil engineering 

materials. In the case of using nanomaterials, it is inevitable that nanomaterials are 

likely to be released during the production, implementation, utilization and demolition 

stages. The known toxicity of these nanomaterials to human tissues and ecosystem is a 

serious problem that cannot be ignored 100,101. In addition, the issue of the proper 

dispersion of nanomaterials in cementitious, ceramic and polymer matrix is crucial 

since agglomeration of nanomaterials significantly decreases their physical and 

chemical properties, thus underlining the effectiveness and efficiency in their antiviral 

activity 102, 103. The additional dispersion process also complicates the production of 

civil engineering materials and improves the economic and technological requirements. 

The good thing is that recent advances in nano-synthetic technologies, nanocomposite 

technologies and nano-surface modification technologies are driving the progressive 

exploitation of advanced nanomaterials such as TiO2-coated CNT, and SiO2-coated 

TiO2. In view of the unique structures and mutual synergy, these advanced 

nanomaterials are expected to alleviate the dispersion issue of traditional nanomaterials, 

improve their nanocomposite effectiveness and efficiency and impart new properties 

and functionalities to matrix materials, thus boosting the development of passive 

antiviral civil engineering materials. 

Furthermore, the strategies of passively fighting viruses through the combination 

of external actions including light irradiation, electricity, heat and microwave have a 

short-term effect, since the materials or surfaces can be contaminated again after being 



exposed to the infective viruses. In the meanwhile, due to the large scale of civil 

infrastructures, the sterilization area should be carefully considered, and the 

corresponding energy consumption is also a great concern. Finally, safety issues when 

the external actions are in use should be always uppermost in the minds. It is suggested 

to put into effect for a short period that could be enough to deactivate the viruses. 

Outlook 

Infrastructures are one of the most obvious manifestations of humankind's physical 

footprint on Earth. They, the backbone of everyday life, have contributed immeasurably 

to human progress 104. However, the function of infrastructure needs to be further 

improved to face the challenges of human survival and development. As the substantial 

carriers of infrastructures, smart/multifunctional civil engineering materials have great 

potential to expand the functionality of infrastructure for fighting viruses. However, the 

following challenges are believed to be critical in future development and deployment 

of smart/multifunctional antiviral civil engineering materials: 1) The antiviral ability of 

civil engineering materials is closely relative to type and content of functional agents, 

so it is important to select or prepare effective functional agents. For this challenge, 

using nanotechnology and biotechnology may be the most potential solution 105–109. 

However, there are concerns regarding the operation safety of using the nanomaterials 

in civil engineering materials. Their potentially hazardous effects on human health 

during occasional release and emergency situations should be evaluated to reduce the 

risk to humans and environment. Furthermore, the antiviral ability of civil engineering 

materials is closely linked to the dispersion of nanomaterials in the civil engineering 

materials. Methods for achieving full dispersion of nanomaterials, optimizing the 

dosage of nanomaterials and the fully exploiting performance of nanomaterials in civil 

engineering materials should be further pursued. 2) The antiviral ability of civil 



engineering materials is also affected by the interactions between functional agents and 

specific civil engineering material matrix, and compositions and microstructures of the 

specific civil engineering material matrix. As a result, the compatibility between 

functional agents and civil engineering material matrix and the effective fabrication 

method/technology of the composites should be deeply investigated. The bionic 

technology, self-assembly technology, additive manufacturing technology and hybrid 

filler multi-scale composite technology should be effective approaches to address this 

challenge11, 109. 3) The antiviral properties of civil engineering materials and their 

tests/characterizations and mechanisms should be studied systematically. 4) The 

smart/multifunctional antiviral civil engineering materials have a wide application 

prospect in the field of medical systems, building engineering, underground 

engineering, marine engineering, port engineering and sewer systems. It is suggested 

that the subsequent investigations on application of smart/multifunctional antiviral civil 

engineering materials should be aimed at establishing the complete sets of technology 

for design and construction as well as maintenance of infrastructures for fighting 

viruses. Therefore, the discovery and development of effective antiviral civil 

engineering materials will be possible only through the effective sharing of knowledge 

between the areas involving the material science, civil engineering, microbiology and 

virology. 
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