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Abstract 

The recent WHO COVID-19 Origins of Sars Study identified ‘possible pathways of 

emergence’. This 120-page report focused on four categories of transmission. The result was 

that there was no conclusive evidence of the origin being wholly attributable to zoonotic 

transmission or that it originated from the Huanan market or Wuhan laboratory.  

Previously, in July 2020, WHO issued a scientific brief outlining a fifth category of fomite 

transmission not addressed in the report, however, the brief does not explain why viable 

SARS-CoV-2 virus and/or RNA can survive for days as opposed to minutes in aerosol form. 

This article structures an argument that infectious aerosol droplets that do survive, fall and 

adhere to other organisms on surfaces with some being absorbed into or forming biofilms. 

Biofilms are potentially environmental reservoirs, acting as carriers on fomites, extending the 

viable life-span, forming more virulent strains, disbursing the virus back into an aerosol and 

being directly ingested. 

Evidence is cited that the life cycle and structure of biofilm are a hidden danger in viral 

evolution and transmission of many infectious diseases and the primary cause of 

mutations/variants.  

This paper and its contents have been peer-reviewed by members of the UK's National 

Biofilms Innovation Centre (NBIC). Their CEO Dr. Mark Richardson commented, “this 

article outlines the important role biofilms could play in acting as environmental reservoirs 

for SARS-CoV-2”. 

Keywords: Biofilm; Fomite Transmission; WHO; SARS-CoV-2 Mutations/Variants; Disease 

Reservoirs. 

  

BACKGROUND 

The WHO COVID-19 Origins of Sars Study of the 30th March 2021 identified ‘possible 

pathways of emergence’ in a 120-page report focusing on four categories of transmission: 

 direct zoonotic transmission (also termed: spillover) 

 introduction through an intermediate host followed by zoonotic transmission 

 introduction through the cold/food chain 

 introduction through a laboratory incident [1]. 

The result was that there was no conclusive evidence that the origin was wholly attributable to 

zoonotic transmission or that it originated from the Huanan market or Wuhan laboratory.  

 

WHO Research Summary 

Genomic and proteomic analysis of the SARS-CoV-2 virus has identified markers that relate 

to bat species as well as both pangolin and farmed mink. ‘However, the presence of SARS-

CoV-2 has not been detected through sampling and testing of bats or of wildlife across China. 

More than 80 000 wildlife, livestock and poultry samples were collected from 31 provinces in 

China and no positive result was identified for SARS-CoV-2 antibody or nucleic acid before 
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and after the SARS-CoV-2 outbreak in China. Through extensive testing of animal products in 

the Huanan market, no evidence of animal infections was found’ [1]. 

As such, the report concluded that there is uncertainty of direct or intermediate animal to 

human transmission and little linked to ingestion of infected meat, in addition testing found 

no evidence that the pathway to emergence was from the Wuhan laboratory.  

 

Observation 

The lack of certain direct transmission indicates that there are other active ingredients at play, 

as does the findings that ‘the closest genetic relationship with SARS-CoV-2 was a bat virus, 

more detailed analysis found evidence for several decades of evolutionary space between the 

viruses’ [1], the ‘decades of evolution’ being speculative. 

 

Fomite Transmission 

In July 2020, WHO issued a scientific brief that outlined a fifth category of transmission that 

was not addressed in the ‘Global origins of Sars’ report, that of ’Fomite 

transmission’. ‘Respiratory secretions or droplets expelled by infected individuals can 

contaminate surfaces and objects, creating fomites (contaminated surfaces). Viable SARS-

CoV-2 virus and/or RNA detected by RT-PCR can be found on those surfaces for periods 

ranging from hours to days, depending on the ambient environment (including temperature 

and humidity) and the type of surface’ [2]. 

Despite no WHO published research into ‘fomite transmission’ causality, the report did 

acknowledge that ‘Environmental sampling in Huanan market from right at the point of its 

closing showed out of 923 environmental samples in Huanan market, 73 samples were 

positive. This revealed widespread contamination of surfaces with SARS-CoV-2, compatible 

with introduction of the virus through infected people, infected animals or contaminated 

products’ [1]. 

The July 2020 WHO scientific brief also highlighted that ‘fomite transmission is considered a 

likely mode of transmission for SARS-CoV-2, given consistent findings about environmental 

contamination in the vicinity of infected cases and the fact that other coronaviruses and 

respiratory viruses can transmit this way’ [2]. 

The Oxford dictionary defines the term ‘fomite’ as ‘Objects or materials which are likely to 

carry infection, such as clothes, utensils, and furniture’. Research has supported this 

definition in relation to the SARS-CoV-2 pandemic ‘Ong et al. studied several samples taken 

from the furniture and fixtures from an infected patient’s room (before routine cleaning of the 

room). Interestingly, all the samples returned positive for the virus’ [3]. However, neither 

research or the scientific brief explains why viable SARS-CoV-2 virus and/or RNA can 

survive for days as opposed to minutes in aerosol form. ‘Work by Doremalen et al. 

demonstrated that aerosolized SARS-CoV-2 remains viable in the aerosols for 3h and on 

different surfaces for 4–72h’ [4].  

The Life Cycle and Relevance of Biofilm 

Infectious aerosol droplets that do survive, fall onto surfaces and adhere to other organisms on 

surfaces and some are absorbed into or form biofilms.  

‘A common misconception of microbial living is that bacteria exist as individual organisms in 

a ‘planktonic state’. Rather, microorganisms have been shown to naturally accumulate on a 

wide variety of surfaces; where they form sessile, sedentary communities ………. These 
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accumulations of microorganisms of mono- or poly-microbial aggregates are commonly 

referred to as a biofilm and can consist of diverse communities including other bacteria, 

fungi, algae and particulate matter [5].  This initial attachment is the first stage of the life 

cycle of a biofilm. These ‘colonies’ of microorganisms interact in a growth stage, forming ‘a 

protective layer of extracellular polysaccharides, structural proteins, cell debris and nucleic 

acids; referred to as extracellular polymeric substances (EPS)’ [5] that extends the viability 

of the virus by days and provides an environment that enables the substrate interactive 

proliferation between organisms. 

‘An established biofilm structure comprises microbial cells and EPS, has a defined 

architecture, and provides an optimal environment for the exchange of genetic material. 

Nucleic acid particles may also communicate via quorum sensing, which may in turn affect 

biofilm processes such as detachment’ [6]. Biofilms eventually reach optimum growth and 

can be detached through touch, however, they also naturally disperse, expelling potentially 

more virulent mutated viruses back into the air for us to breathe in a mature dissemination 

stage. ‘Like all sessile organisms, surface-attached communities of microorganisms known as 

biofilms must release and disperse genetic material into the environment to colonize new 

sites. For many pathogenic biofilms, dispersal plays an important role in the transmission 

from environmental reservoirs to human hosts’ [7]. 
 

 
Figure 1. The Life Cycle of Biofilm as an Infectious Disease Reservoir.   

Biofilm as a Reservoir 

‘Biofilm infections are estimated to be responsible for up to 80% of all infections in humans 

and animals, posing a major health challenge (Microbiology Society, 2019)’ [8]. ‘Modelling 

the weekly death rate in the UK, a maximum-likelihood analysis finds a statistically 

significant fomite contribution, with 0.009 ± 0.001 (95% CI) infection-inducing fomites 

introduced into the environment per day per infectious person …… suggests fomites, through 

enhancing the overall transmission rate, may have contributed to as much as 25% of the 

deaths following lockdown’ [9]. 

So there is a reasonable argument to suggest a possible scenario that the SARS-CoV-2 virus 

could have been hosted and transported by biofilm acting as a catalyst to the evolution of the 
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virus through the bonding of micro-organisms and in turn, becoming the disease vector of 

fomite transmission.  

The 2003 SARS outbreak in China was not too distant and ‘there was evidence for supply 

chains leading to wild-life farms from provinces where the higher prevalence of SARSr-CoVs 

have been detected in bat surveys’ [1]. The outbreak of SARS-CoV2 in a highly industrialized 

region can be explained with Biofilm systems development, which appear ideal for the 

degradation of xenobiotics because of the many reported advantages they have over 

planktonic cultures [10]. 

The SARS-CoV-2 viral genome has been proven to be very adaptable and to have a proclivity 

to mutate and as such is not a single entity. The original virulent material might have come 

from bats which was deposited on a surface, forming or adhering to an existing biofilm 

colony and merging with other mutagens and even pathogenic human material which would 

facilitate quicker, more effective transmission. ‘the optimal environment for virus adaptation 

is provided by the hosts with intermediate levels of immunity. This is because such individuals 

represent an appropriate environment for the optimization of both the pathogen population 

size and the strength of the immune-mediated selection. All the accumulated data indicate 

that SARS-CoV-2 may gain some adaptation and enhanced virulence, globally contributing to 

its pathogenicity and transmission’ [11]. 

 

Unlocking the Equations 

Identifying the ‘active ingredients’ of the root source or cocktail of sources would certainly 

benefit future planning so that mitigation measures can be put in place to prevent future 

outbreaks and considerable multi-disciplinary research has already been done, though it’s not 

clear whether surface material sampling was done by the WHO team in the immediate 

timeline of the current pandemic. ‘Surface-associated behaviors such as biofilm formation 

and swarming motility allow microbes to establish communities with enhanced protection 

against external agonists and promote colonization and penetration of biotic and abiotic 

surfaces’ [12,13].  

The WHO report provided evidence that ‘SARS-CoV-2 has been identified in an increasing 

number of animal species, but genetic and epidemiological studies have suggested that these 

were infections introduced from humans, rather than enzootic virus circulation’ [1]. It has to 

be emphasised that viruses are not transmitted only from animal to man, but evolve in any 

environment they pass through, ‘An important feature of SARS-CoV-2 is the ability of this 

virus to be transmitted from human to household pets’ [11].  

As the WHO emphasises, there has to be further research done to identify potential reservoir 

hosts, however, extensive WHO research has not yet identified any single indigenous host 

that would account for the virus, let alone the numerous variants/mutations. Biofilm profiling 

can isolate active ingredients that colonise sampled biofilms to help identify the equations that 

evolve into virulent infectious disease, including SARS-CoV-2. Social interactions among 

microbes give rise to multicellular groups having emergent behaviours that are not possible in 

single cells, ‘quorum sensing enables synchronization of gene expression and cellular 

activities to allow a population to act as a group’ [14,15].  

Research is needed to profile the active ingredients of micro-organisms that combine to form 

the many variants that evolve and to be computed into equations to understand and even 

predict potential outbreaks as well as the virulent effect of indigenous material on viral 
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evolution. This includes, both animal and human pathogenic material, proteins and genes, as 

well as environmental micro-organisms and particulate matter.  

 

The Human Element 

The human immune system is less efficient as other animals and can harbour a considerable 

number of virulent organisms that can influence the pathogenesis of virus mutations/variants. 

For example, ‘Rickettsia tsutsugamushi – As an interesting note, prior infection by Orientia 

tsutsugamushi has been reported to retard the progression of HIV infection (in terms of viral 

load). It seems that the HIV virus shares homologous genes with Orientia tsutsugamushi and 

antigens coded by these genes elicit antibodies that are somewhat protective against the 

virus. The Alpha Proteobacteria in general are characterized by their small size, and their 

intimate associations with eukaryotic cells. The Alpha Proteobacteria live as symbionts, 

as endosymbionts, or as intracellular parasites – same like viruses’ [16]. 

Whatever the origin of the nucleotide sequence of the SARS-CoV-2 virus was, it needed the 

support from a biofilm environment which developed into a human pathogenic biofilm (hpb). 

This hbp could have travelled from areas identified by the WHO, remained viable for several 

days and initiated the outbreak ‘evidence for supply chains leading to wild-life farms from 

provinces where the higher prevalence of SARSr-CoVs have been detected in bat surveys’ [1]. 

Indoor spaces of the human environment also exacerbate the viability of infectious disease 

and provides protection against nature’s elements, enabling a far more virulent evolution of 

disease. 

Biofilm can be found on all types of surface/fomites, including food and even ice from 

contaminated water sources and can either be inhaled from aerosol disbursement of mature 

biofilm or be picked up by man’s propensity to touch and be ingested or to enter the 

bloodstream ‘available data indicate that the oral cavity may be an active site of infection and 

an important reservoir of SARS-CoV-2 …….  oral species have been found in the lung of 

COVID-19 patients. [17]. The oral cavity is proven to be a primary access point for 

infections.  

 

The Broader Pathogenic Picture  

It is important to note that infectious and parasitic diseases are interconnected. Those caused 

by viruses, such as SARS-CoV-2, strongly interfere with the immune system, at least via what 

is being called as a “cytokine storm,” which creates ideal conditions for other co-infections 

caused by fungi, protozoa, and helminths, to appear. Little is known about biofilm and their 

residents, but we know that viruses also infect protozoa, fungi, helminths, and insects that 

transmit various parasitic protozoa, in addition to interfering with their biological properties. 

As far as protozoa are concerned, it is worth remembering that in the 1960s, electron 

microscopy began to show the presence of viral particles in several members of the 

trypanosomatidae family, in giardia, trichomonas, and cryptosporidium, amongst others. 

Identification of the “inhabitants” of biofilm formation should be expanded based on the 

considerable multi-disciplinary scientific research and publications. ‘In extreme cases, 

multispecies biofilms and microbial mats constitute complex microbial ecosystems where 

numerous microbes communicate, cooperate and battle with each other’ [18].  

Ultimately, the goal of the genome is to enhance its survival and the proliferation of the 

organism and when the microbe is a pathogen, this has dire consequences for the host. ‘In the 
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biofilm world, cell-cell communication is the rule and considering social behavior as a 

ubiquitous property of bacteria has transformed our view and understanding of microbiology’ 

[19,20]. 

Social behaviours are also well-documented in eukaryotic microbes, however, despite the 

tremendous influence that the paradigm of “socio-microbiology” has had on our 

understanding of microbiology in biofilm formation, one group of microbes, the parasitic 

protozoa, seem to have been left without an invitation to the party. Studies of these organisms 

generally consider them as individual cells in suspension cultures or animal models of 

infection, while social interactions are largely unstudied. Furthermore, with this group there 

are also viruses on the banquet of biofilm formations as a lot of parasitic protozoa are 

transmitters of viral infection disease.  

Parasitic protozoa are etiologic agents of several major human maladies, including malaria, 

epidemic dysentery, leishmaniasis and African sleeping sickness, that affect over half a 

billion people worldwide.  

 

 

Conclusion 

The WHO report and their Scientific Brief recognising fomite transmission as a 5th 

transmission factor retrospectively confirms once evidential research is gathered in a broader 

sense, that biofilms are critical impact factors of the current pandemic. 

Biofilms should be taken very seriously as catalysts of viral evolution. They are potentially 

virulent environmental reservoirs for SARS-CoV-2 and other infectious diseases, acting as 

carriers on fomites, extending the viable life-span, forming more virulent strains and 

disbursing the virus back into an aerosol and/or being directly ingested. Human and 

environmental factors need to be measured for protecting us from the increasing number of 

epidemic outbreaks with global warming and deforestation dramatically affecting the 

biodiversity which in turn affects the proximity of man to wildlife environments. 

To create an epidemic precondition, multispecies biofilm formations of bacteria, viruses, e.g. 

partitiviruses and chrysoviruses primarily infect prokaryotes and primitive eukaryotes, such as 

protozoa and fungi exchanging cell-cell signalling and cell density dependent behaviour, 

creating, with the assistance of man’s environment, the perfect condition for a successful life 

on a surface, to conquer the globe.  
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