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Abstract

Early in the pandemic, there was great worry about SARS-CoV-2, the causative agent of COVID-19, spreading via fomites, that is inanimate
surfaces and objects. People were disinfecting their mail, their groceries, and everything else, in the mistaken belief that this was the way to
prevent transmission of the virus.

In July 2020, | published online a Comment in Lancet Infectious Diseases challenging this presumption. The title of the Comment was
"Exaggerated risk of transmission of COVID-19 by fomites". The crux of the argument was that the concentrations of virus used were way too
high in experiments showing long survival of the virus on surfaces. Since the virus decays with a defined half-life, the more you start with, the
more half-lives you have to go through before reaching an endpoint of less than one infectious virus particle on the surface. In other words, the
experiments that were the basis for concern about fomite transmission of COVID-19 were unrelated to real-world conditions.

It turns out to be even worse than | originally thought. Experiments recently published in Applied and Environmental Microbiology show that
an enveloped virus, bacteriophage Phi6, protects itself from environmental decay at higher virus concentrations. Phi6 has been suggested for
use as a non-pathogenic surrogate for SARS-CoV-2, which is also an enveloped virus. Therefore, the design flaw in experiments measuring
surface survival of SARS-CoV-2 is not just that too much inoculum requires more half-lives to go through -- the larger inoculums extend the
half-lives as well.

The Lancet ID Comment was picked up by the press. A columnist from the Atlantic coined the term "hygiene theater" in an interview about the
Lancet ID Comment. Other research corroborated the assertions in the Comment, and finally, Nature posted an editorial citing the Lancet ID
Comment, calling on Public Health agencies to emphasize aerosols and stop warning about fomites.

Nevertheless, publications continue to appear promoting fomite transmission as a risk. This article describes why these publications should not
raise concern over the possibility of fomite transmission in the real world.

Graphic abstract

A long time ago, on a
continent far, far away, a new
virus appeared, threatening
life on earth as we know it.

As people worldwide scrambled to
protect themselves from infection,
competing narratives as to how the
virus was transmitted emerged.

Early in the pandemic, the fomites
were ascendant, and everyone was
advised to disinfect surfaces and be
careful of what they touched.

As more and more research results were
obtained, the aerosols began to fight back.

This Commentary updates the current

status of these wars...
Part 1: The phantom menace

In keeping with the analogy to the popular Star Wars series of

movies, part one of this article is entitled "The Phantom Menace"
(which is also the title of episode 1 in the Star Wars series of films).
The battle lines are drawn between fomites and aerosols in the quest to
achieve scientific consensus on the mode of transmission of COVID-
19.

Early in the pandemic, like everyone else, | was concerned with
fomites (inanimate surfaces and objects) as sources of infection with
this new disease. People were disinfecting groceries and the mail and
anything else that may have come into their homes.

Public health authorities were pushing the notion that fomites
were a menace. The World Health Organization website from March
29, 2020 [1], urged environmental cleaning and disinfection. They
advised to avoid touching surfaces, to clean surfaces regularly with
standard disinfectants, to carry an alcohol-based rub with you and use
it often [1].

The United States Centres for Disease Control (CDC) likewise
promoted this view. On April 8, 2020, the CDC website advised the
public to provide tissues, no-touch trash cans, hand soap, alcohol-
based sanitizer containing at least 60% alcohol, disinfectants, and
disposable towels for workers to clean their work surfaces [2]. And on
March 30, 2020, Healthline.com displayed this headline: "Here's How
to Clean Your Groceries During the COVID-19 Outbreak" [3].

This is what we were dealing with early in the pandemic. But
what was the scientific basis for these concerns about objects and
surfaces? Why did the WHO and the CDC make these
recommendations?

In April 2020, there wasn't a whole lot of literature yet on SARS-
CoV-2, the causative agent of COVID-19. There was, however,
considerable literature about the original SARS virus, renamed SARS-
CoV-1, the virus that caused the epidemics of 2002, 2003, 2004. One
paper from the time of the original SARS outbreak found a very long
survival of the SARS virus on surfaces of six days [4]. But this paper
used a very large titer of virus at the outset, 107, 10 million virus
particles, which clearly is excessive.
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Another paper even earlier with the original SARS virus reported
a long survival of 4 days on surfaces, but similarly used a large input
titer of a million, 108 infectious virus particles on the surface [5].

In March 2020, the New England Journal of Medicine published
online a study that was very influential in shaping how the world
approached fomites. This paper was titled "Aerosol and Surface
Stability of SARS-CoV-2 as Compared with SARS-CoV-1." The
authors reported survival of up to two days on surfaces and three days
in aerosols that they generated in a laboratory [6]. But as was the case
with the papers on the original SARS virus, they used fairly high titers
of virus as their inoculum. The aerosols experiments used between 10°
to 107, and 10 particles were used for the surfaces.

One good thing that they did in this paper was that they gave half-
lives of the viruses on the various surfaces [6]. When a virus decays in
the environment, it decays with a predictable half-life that varies
depending on the surface, the virus, and other conditions. In this paper,
they measured half-lives for both the original SARS virus and SARS-
CoV-2, the COVID-19 virus. On copper, the virus was killed very
quickly. That's been observed by others as well. On cardboard, they
reported about a 3-hour half-life; on stainless steel, about a 6-hour half-
life.

Scientists usually think of half-life in relation to radioactive
decay: half of the decay takes place in the first half-life and then after
that, each subsequent half-life removes half of what had been left after
the previous decay.

The same applies to virus decay in the environment. With a half-
life of about three hours for SARS-CoV-2 on cardboard, if you
inoculate with 10,000 virus particles, it takes about 40 hours until you
get less than one virus particle remaining. But if you inoculated with
50 virus particles, it would only take about 17 hours until you got less
than one virus particle remaining. With SARS-CoV-1, the half-life on
cardboard was about one hour, and so even with a 10,000-virus particle
inoculum, the virus would be gone in half a day. The larger the
inoculum, the longer virus will survive on the surface because you
have more half-lives to go through.

So, what is the appropriate inoculum size? There wasn't anything
in the literature in early 2020, and actually, there still isn't anything for
SARS-CoV-2 for this question, but there was in the literature
measurements of how much influenza virus was present in coughs and
airborne droplets [7]. Those measurements led to a concentration
equivalent of 10 to 100 viral particles in droplets for influenza, on the
basis of viral RNA present; actual infectious virus in droplets was even
less than that, more in the neighbourhood of around 10. Therefore, it
seems that there was a vast overkill in laboratory experiments of the
amount of SARS-CoV-2 that was being used, and that the proper
amount should be much less.

Further, there was an actual experiment done with the original
SARS virus where the workers went into hospitals with SARS patients
and took smears from the patients and placed the smears on surfaces,
and then looked on the surface to see if they had any virus.

They didn't find any live virus. There was no viable SARS virus
on the surfaces, even after taking smears from patients with SARS.
They did find viral RNA on the surface, which means they actually
made a transfer from the patient to the surface, but the virus died very,
very quickly [8].

Part 2: Solo: A SARS war story

The Star Wars series also includes some “anthology films”, and
the next part of this story is titled after one of those anthology films,
because I published a “solo” Comment in Lancet Infectious Diseases
online July 2020 [9] arguing that the possibility of fomite transmission
was exaggerated.

The manuscript was first offered to the New England Journal of
Medicine, since they had published the misleading study that was the
basis for all those warnings about fomite transmission. NEJM quickly
rejected the article without comment, which was then submitted to
Lancet Infectious Diseases on 5/4/2020, the unofficial annual Star
Wars Day (“May the 4th be with you”). Lancet ID didn't respond for a
long time, and | was thinking that the article must have been rejected
again, so which is the next journal to try?

After 6 weeks, Lancet ID finally responded with a surprise
message that they were going to publish the Comment after all. They
then worked very assiduously to verify all the numbers and published
the Comment [9] (Figure 1).
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Figure 1

The article is titled "Exaggerated risk of transmission of COVID-
19 by fomites." One of the key take-home messages from that article:
"In my opinion, the chance of transmission through inanimate surfaces
is very small, and only in instances where an infected person coughs
or sneezes on the surface and someone else touches that surface soon
after the cough or the sneeze (within an hour or two)."

This article actually went out on a limb somewhat because up to

that time, no reputable scientist had challenged in print the
conventional wisdom about the risk of fomite transmission. One
colleague communicated that he thought the article should have been
more cautious and he hoped it wouldn’t be noticed.
But it was noticed and began to be reported on by the lay press. An
enterprising young columnist, Derek Thompson, in The Atlantic,
published a piece that became fairly influential. On July 27, 2020, he
coined the phrase, "Hygiene Theater" (Figure 2) to describe all of the
disinfection that was going on in businesses and airports and
everywhere else that was intending to have the effect of making people
feel safer, but really had very little impact in protection from COVID-
19.

The Atlantic

IDEAS https://www.theatlantic.com/ideas/archive/2020/07/scourge-hygiene-theater/614599

Hygiene Theater Is a Huge Waste of Time

People are power scrubbing their way to a false sense of security.

A = Q  populsr Latest

JULY 27,2020

Derek Thompson
g Staff writer at The Atlantic

3 i,_q/‘

Figure 2
One of the points Thompson included was that as many as 100
people would need to sneeze in the same area of a table at the same
time in order to mimic the kind of inoculum that was used in the
experiments reported in NEJM, for a risk of fomite transmission. The
article by Thompson magnified the visibility of the Lancet ID
comment and increased lay press interest, with coverage coming from
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major news organizations and publications including NBC, ABC,
Public Broadcasting System, National Public Radio, Associated Press,
New York Times, Washington Post, Time Magazine and others.
Considerable international coverage also followed, for example from
the BBC, the Sunday Times (London), and the Guardian.

One of the most comprehensive articles in the lay press on this
subject appeared October 20, 2020, in Wired.com, by Gregory Barber
(Figure 3). In his article, he made the comment that the focus on
fomites has waned and it's been replaced by a focus on person-to-
person transmission through respiration. He also talked about gradual
improvement in the latest CDC guidance.
= MIBEE scoovn s e s s o o

S WBER WM o fwwwwired.com/story/its-time-to-talk-about-covid-19-and-surfaces-again,

It’s Time to Talk About Covid-19 and Surfaces Again

In the early days, we furiously scrubbed, afraid we could get sick from the virus lingering on objects and surfaces. What do we know now?

SO 10 SISINFECT EVERVINING  STAPIONS ANS TESTING  WENSLETTER LATEST )

Figure 3

Ultimately, in February 2021, the journal Nature published an
editorial calling for public health authorities to stop the focus on
fomites and shift attention to airborne transmission [10]. The
Comment in Lancet ID was the only cited article in this editorial. Two
months later, the CDC did just that [11], estimating that the chance of
transmission through fomites was less than 1 in 10,000.

For a brief respite, it began to appear that maybe the proper
balance of where infectivity of COVID-19 comes from had achieved a
scientific consensus, and maybe we could relax a little bit. But that was
not to be the case, because articles continued to be published warning
of the danger of fomite transmission. | shall examine the validity of
these in the next section.

Part 3: The fomites strike back

Another Star Wars movie in the series was titled "The Empire
Strikes Back" (episode 5). In this section, | shall deal with how
advocates for fomite transmission have struck back, challenging hard-
won scientific consensus on the unimportance of fomite transmission.

A paper in October 2020 from Australia in Virology Journal
made headlines all around the world [12]. The authors reported up to
28 days survival of infectious SARS-CoV-2 on some surfaces.

A comprehensive review article from Canada published in
November 2020 [13] came to the conclusion that there was a high
potential for SARS-CoV-2 transmission through contaminated
surfaces.

Studies in China looked at SARS-CoV-2 on food packaging and
reported a number of times the presence of viral RNA on the
packaging, but not infectious virus. A report was finally published in
November 2020 [14] about isolating infectious SARS-CoV-2 from
frozen cod packaging in Qingdao Port.

Modeling the Diamond Princess cruise ship outbreak suggested
that 30% of the cases were from fomites, in an analysis published in
February 2021 [15]. However, a modelling study is only as good as the
data it is based on, and in this case, the underlying data came from
reference 6, which used artificially elevated levels of virus deposited
on surfaces not representative of real-life conditions.

Nonetheless, the fomites are still around, and the controversy
continues.

Most studies to date of survival of the virus on surfaces are
misleading (Figure 4). The first problem is that inoculums are way too
large, already discussed and the crux of the argument in the Lancet ID
Comment [9]. In the paper from Australia the authors argue that the
levels are comparable to what you would find in secretions from actual
patients in hospitals [12]; however, those levels were determined by
assays for viral RNA, not by assays for infectious virus. These are not
the same thing. Viral RNA could be considered the equivalent of the
corpse of the virus. Although it may reflect a live virus, it most often
reflects the fact that the virus was there and died. One study that did
assay for infectious virus, as well as viral RNA, couldn't come up with
a formula relating the amounts, but they did comment that the virus
could not be isolated after eight days, in spite of high viral loads of 10°
RNA copies per ml [16]. Thus, the presence of viral RNA is not a valid
surrogate for the presence of infectious virus.

= Inoculums used were orders of magnitude too large compared to what would be encountered in real-life.

+ Fomites advocates argue the levels are comparable ta those found in secretions from actual patients in hospitals.

= But those levels were mostly determined by assays for viral RNA and not for infectious virus

- One study assayed for infectious virus, but did not find a relationship with viral RNA, noting the virus could not be
isolated after day 8 despite high viral loads. https://doi.org/10.1007/s10096-020-03313-9

= Thus, the presence of viral RNA is not a valid surrogate for the presence of infectious virus.

« Experiments that actually assay infectious SARS-CoV-2 from hospital surfaces have shown no infectious virus:

THE LANCLT

Infectious Dises

ps:/fdoi.org/10.1016; 020,09.004

ses hntps:/fdoi.org10.1016/51473 3099{20{30678 2

+ Testing for viral RNA on high-touch surfaces in community settings concludes that "fomites play a minimal role in
SARS-CoV-2 community transmission". https://pubs.acs.org/doi/full/10.1021/acs estlett.0c00875
* A comprehensive review of studies assessing SARS-CoV-2 RNA and infectious virus on surfaces also leads to the

conclusion that surfaces are not relevant sources for transmission. https://doi.org/10.3390/hygiene1010003

Figure 4: why studies showing long-term survival of virus on surfaces in lab settings are
misleading

By contrast, experiments assaying for SARS-CoV-2 in hospitals
with COVID-19 patients have shown no infectious virus despite plenty
of viral RNA [17,18]. This is comparable to that study mentioned
earlier with the original SARS virus where they took the smears from
patients placed on surfaces and didn't find any infectious virus [8].

Further, a study was published where authors looked at viral
RNA on high touch surfaces in community settings, and although they
did find viral RNA, it was of low quality; the authors concluded that
“fomites play a minimal role in SARS-CoV-2 community
transmission” [19]. A review of published studies of SARS-CoV-2
RNA or infectious virus on surfaces also leads to the conclusion that
surfaces are not relevant sources for transmission [20], and a recent
study from Brazil similarly concludes that fomites have no role in virus
transmission in the real world [21].

It turns out that the high inoculum of virus at the beginning of
surface survival studies may be even more specious than originally
suspected. The original argument was that you just had more half-lives
to go through, so if you start with more virus, it will take longer to get
rid of it. It's actually worse than that because it now appears that the
virus at high concentrations protects itself from decay.

+ A study of survival of the original SARS-CoV-1 on surfaces found that virus survival on paper, cotton gowns,
and disposable gowns was 2-3 orders of magnitude greater for a 10° inoculum compared to 10%

Lai MY, Cheng PK, Lim WW. Survival of severe acute respiratory syndrome coronavirus. Clin Infect Dis 2005 41:e67-71

Time taken to inactivate
SARS-CoV, by surface

Inoculation, Disposable Cotton
TCID/mL Paper gown gown
10° 24 h 2 days 24 h
10° 3h 24h 1h
10¢ <5 min 1h 5 min

© 2005 by the Infectious Diseases Society of America https://doi.org/10.1086/433186
At a 10% inoculum, the virus half-life was less than a minute on paper and cotton, since infectious virus was gone
by 5 minutes. If the same half-life had been the case with the 10° inoculum, infectious virus would have been
gone in 20 minutes or less, but a 24 hour survival time was found for the higher inoculum, demonstrating that the
virus half-life is greatly extended with higher amounts of input virus.
* We have reached a similar conclusion with the bacterial virus Phi6, a non-pathogenic surrogate for SARS-CoV-2.
= Itisimperative to design experiments with realistic levels of input virus if the results are to be clinically relevant.

Figure 5: SARS-CoV-1 protects itself at higher concentrations
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There were actually data suggesting this with the original SARS
virus, inexplicably ignored by the field. A table from a paper [22] on
the original SARS virus reports “Tissue Culture Infectious Dose”
(TCID), which is the virus concentration that causes infection in 50%
of samples tested. With a 108 inoculum, the authors observed 24-hour
virus survival on paper, but with only a 10* inoculum of infectious
virus at the start, viable virus was gone in less than 5 minutes.
Similarly, with a cotton gown, even with disposable gowns,
tremendous differences between the half-lives were found when the
inoculum was higher compared to when it was lower (Figure 5). The
half-life for the lower inoculum has to be less than a minute on paper
and cotton in this experiment because it's gone by 5 minutes. If that
same half-life applied with the 108 inoculums, virus would have been
gone in 20 minutes, not 24 hours. So, the virus half-life was greatly
extended with higher amounts of input virus.

This was the only result like this in the literature, and it hadn't
been followed up. My lab pursued this finding with the bacterial
enveloped virus Phi6 and its host, Pseudomonas syringae.
Bacteriophage Phi6 has been reported in the literature as a potential
non-pathogenic surrogate for SARS-CoV-2 [23-25].

These experiments were done by a very talented master’s
graduate student, Ron Bangiyev, and he also had help from a senior
researcher, Maxim Chudaev. We dried 5 microliters of a saline
suspension of Phi6 in plastic Eppendorf tubes at room temperature and
let them sit for varying amounts of time, after which we added back
0.1 ml saline solution to the Eppendorf tubes, vortexed and assayed to
see how much virus was left (Figure 6).

Sample | Time dry (min) | Inoculum | Recovered | % Recovered | Half-life (min)
1 0 6x10° |56x10° |93
2 0 6x10° [42x10° |70
3 0 60 1 2
4 0 6 0 0
5 15 12x10° [1x10¢ 83 57
6 15 12x10° |32x10° |27 8
7 15 1.2x10° |13 11 5
8 15 12 0 0
9 30 47x10* |2x10¢ 43 24
10 30 47x10° [76x10° |16 11
11 30 47x10° |18 4 6
12 30 47 0 0
13 60 32x10* [12x10° |38 42
14 60 32x10° |[14x10? 4 13
15 60 32x10° | 0 0
16 60 32 0 0

Copyright © American Society for Microbiology. Bangiyev R, Chudaev M, Schaffner DW, Goldman
E. Higher concentrations of bacterial enveloped virus Phi6 can protect the virus from environmental
decay. Appl Environ Microbiol. 2021 Aug 18: AEMO137121. https://doi.org/10.1128/ATM.01371-21

Figure 6: Extent of survival of Phi6 on plastic is dependent on input amount

The results were described as follows [26]: "The simple act of
drying the phage led to the loss of nearly all viable phage at the lower
phage input concentrations (samples 3 and 4) while having no
significant effect (93% recovery) on the highest phage concentration
tested (sample 1) and a small effect (70% recovery) on a 10-fold-lower
initial phage concentration (sample 2). Similar patterns of protection
by higher initial phage concentrations were also seen for all subsequent
lengths of time that the phage remained dry in the tube. At 15 min of
dry time, we began to see some loss of survival from the most
concentrated initial virus input (sample 5, 83% recovery) compared to
a 10-fold-lower virus input (sample 6, 27% recovery). As was seen for
the samples dried and assayed immediately, the lowest virus inputs led
to the loss of almost all viable phage (sample 7, 11% recovery; sample
8, none recovered).

"After 30 or 60 min of dry time, the highest initial phage inputs
began to show significant environmental decay, with just 43%
recovery after 30 min (sample 9) and 38% recovery at 60 min (sample
13). But even more substantial environmental decay was observed for
the lower-input virus samples (samples 10 to 12 for the 30-min dry
time and samples 14 to 16 for 60 min). For those samples with
measurable virus survival, we were able to calculate the half-lives of

virus in those samples (Table 1), which were commensurate with the
percent survival observed. That is, at higher initial phage input levels,
the half-lives were much longer than the half-lives at lower initial
phage input levels, e.g., compare sample 5 (57-min half-life) to sample
6 (8-min half-life), sample 9 (24-min half-life) to sample 11 (6-min
half-life), or sample 13 (42-min half-life) to sample 14 (13-min half-
life). The results in (Table 1) show that the higher phage input
concentrations delay and protect dried phage from environmental
decay compared to lower phage input concentrations."

A similar result was found even for phage that were not dried but
left in solution. However, LB (Luria-Bertani) growth medium
protected and delayed environmental decay of dried phage even at low
concentrations of phage [26].

Thus, at least for a potential surrogate for SARS-CoV-2, the
bacterial enveloped virus Phi6, we see a protective effect of higher
concentrations of the virus on virus resistance to environmental decay.
The mechanism may involve some kind of association of the phage
particles together in a protective array or a lattice at the higher
concentrations.

Whatever the mechanism, these results underscore that it's even
more imperative to design the survival experiments with realistic
amounts of virus, if the results are to be clinically relevant.

Aside from the concentration of the virus, there are other reasons
that make published laboratory studies on fomites unreliable for a real -
world application (Figure 7). Most lab studies chose conditions that
favour the survival of the virus, such as optimal humidity and
temperature, while in the real world, humidity and temperature are
variables.

+ Samples were kept under optimal humidity and temperature whereas humidity and
temperature are variables in the real world, and the virus is killed when it is fully dried out.

* In one study (https://doi.org/10.1186/512985-020-01418-7) samples were kept in the dark to
avoid ultraviolet light, which is known to rapidly kill SARS-CoV-2,

* Also in the same study, samples were placed in a medium containing Bovine serum albumen
(BSA) and other proteins, whereas BSA specifically has been shown to protect SARS-CoV-2
from environmental decay. https://dx.doi.org/10.3201/eid2609.201788
We have obtained similar results with phage Phi6 in LB medium.

» Defending this choice, fomite advocates argue they were trying to mimic an environment
similar to human secretions.

However, respiratory mucous is actually a hostile environment for virus survival.

* Measurements of SARS-CoV-2 survival in actual mucous show half-life of ~3 hours at room

temperature in 40% humidity. https://dx.doi.org/10.3201/eid2609.202267

Figure 7: Laboratory conditions used in the fomite’s studies chose conditions that favor
virus survival

In the study that reported up to 28 days survival [12], the authors
actually kept their samples in the dark to avoid ultraviolet light
whereas it's been shown that ultraviolet light rapidly kills SARS-CoV-
2 [27]. Also in that study, they put their samples into a medium
containing bovine serum albumen and other proteins, whereas it was
already published that bovine serum albumen specifically protects
SARS-CoV-2 from environmental decay [28]. In the paper where that
was reported, the authors said, "Our data showed that SARS-CoV-2
infectivity was remarkably preserved in the presence of proteins,
regardless of the type of surface." We have also had similar results for
Phi6 with LB medium (mentioned above), which contains tryptone and
yeast extract; tryptone is a tryptic digest of casein.

The reason why they said they used these proteins is they were
trying to mimic an environment similar to human secretions. However,
respiratory mucus is actually a hostile environment for virus survival
because it not only doesn't have much if any proteins, but it also has
nonspecific immunity factors in them, and other unfavorable (for the
virus) components [29,44]. Measurements of SARS-CoV-2 survival in
mucus shows a half-life of about 3 hours at room temperature and 40%
humidity [30].

What about the report from China finding live virus on frozen
cod packaging [14]? This may be the most persuasive argument for the
potential importance for fomite transmission. However, this doesn’t
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really change anything for us in the real world because very few people
will deal with imported frozen packaging directly upon receipt of the
shipments. Furthermore, all the other tests performed in China have
found no live virus downstream after the imported packages were
received, and they've looked very hard for that. They find viral RNA,
but they do not find live virus. Their report is more like a proof of
principle. Yes, virus survival on fomites could happen, but it's still very
rare.

The recovery of live virus from imported packaging raised the
possibility that the virus didn’t originate in Wuhan. However, this
seems highly unlikely because that would require some worker
elsewhere in the world to have been infected with the virus, deposit it
on the package, and not infect anybody else at a time when were no
other outbreaks elsewhere in the world.

If fomite transmission were really an issue in this pandemic, we
would have seen cases of it in other venues. One particularly
persuasive example was a situation in South Korea where a call center
had a COVID-19 outbreak. Almost everyone in this call center gets
infected with COVID-19, but it was a mixed-use building with almost
1,000 other occupants, including residences alongside that call center,
and almost no one else in that building caught the disease [31]. There
were three additional infections and those could easily have been
explained by aerosol contamination. If fomite contamination had been
a real issue with everyone in that call center being infected, we would
have seen far more cases in that building.

Another reason arguing that fomites are not a significant factor
are experiments with another respiratory virus. There was a wonderful
experiment done with rhinoviruses, the major cause (65-70%) of the
common cold. This is a non-enveloped virus; the experiment proved
that the transmission was by aerosols and not by fomites, to at least a
first approximation.

The study in 1987 at the University of Wisconsin was published
in the Journal of Infectious Diseases [32]. Two groups of subjects
played poker, the card game, for many hours. One group was sick with
the common cold -- coughing, sneezing, runny noses -- and the other
group was healthy. The healthy group wore some kind of restraint so
that the participants could not touch their faces. After many hours, the
contaminated cards and the chips used in the game were transferred to
a different room with another group of all-healthy volunteers to play
with, and these healthy volunteers were instructed to touch their faces
every 15 minutes.

The results of this experiment were that the healthy volunteers
that could not touch their faces but were exposed to the aerosols got
sick, and the healthy volunteers that played with the fomites (the
contaminated cards and the chips) and touched their faces did not get
sick. Pretty definitive experiment that you do not transmit the common
cold by surfaces, but you do transmit it by what you breathe.

Of course, this was not the coronavirus. We can't do this with the
coronavirus because it's a potentially lethal virus, but there's no reason
to think that it would behave differently. It's a respiratory virus, and if
anything, as an enveloped virus, it's more fragile in the environment
compared to the rhinovirus, which is a non-enveloped virus.

By contrast, there's good evidence for the transmission by
aerosols, for example, see a review article about the size of infectious
aerosols [33], and a paper reporting isolating infectious SARS-CoV-2
in the air of a hospital room with COVID-19 patients [34].

Part 4: A new hope

Another Star Wars movie in the series was titled "A New Hope"
(episode 4). This final section updates the current status of the war
between the aerosols and the fomites with the hope that this war, and
the pandemic, will soon be behind us.

To get infected from a fomite, it is believed that several steps
need to occur in sequence: 1) the surface has to be freshly
contaminated with live virus (for example, a sneeze or cough from an
infected person). 2) In a relatively short period of time after the
contamination (a few hours at most), a person has to touch that
contamination. 3) Without washing hands, that person has to touch
either their eyes, nose, or mouth, again in a relatively short period of
time after having touched the contamination (a few hours at most). If
all of these steps are fulfilled, a person may have a small chance of
self-infecting from the surface.

The level of risk drops with each step. One could ask why to
recommend not worrying about an item bought at a store but still
recommend washing hands. If you look at the chain of events in the
sequence described above, the answer is obvious. The store-bought
item may fulfill step 1 (although note the limit of the time interval).
But someone can ignore disinfecting the item because the chain of
transmission will end there after a few hours at most. The virus is
fragile and dies quickly on the surface in the real world. If by some
bad luck, the contamination gets past steps 2 and 3, there is presumed
to be a small chance of self-infecting. Washing one's hands breaks the
chain of transmission at step 3. It is a simple, cost-effective method
that is not much of an inconvenience or imposition, and therefore an
easy way to eliminate even that small hypothetical chance of infection
from a surface. There is also a big drop in risk once the virus is on your
fingers (step 2), as transfer of the virus by fingers is inefficient [35],
nor does the virus survive very well on fingers [36]. Finger transfer
rates for Phi6, an enveloped virus surrogate for SARS-CoV-2, have
been reported as 17%, but even this low rate is an overestimate because
the researchers excluded ~10% of their data samples when there were
no viable viruses recovered [37].

Handwashing is something everyone should be doing anyway,
pandemic or no pandemic. The risk of COVID-19 doesn't affect that
recommendation. Our mothers taught us, if you want to prepare food,
wash your hands. If you go to the bathroom, wash your hands. If you
touch something dirty, wash your hands. This general policy applies
even if there were no pandemic. Doing so is normal, common sense,
proper hygiene. We shouldn't need a pandemic to know this.

To beat the pandemic, vaccination is of course the weapon of
choice. But even with this weapon in our arsenal, we need to focus on
what we breathe to protect ourselves, particularly since this virus has
the potential to mutate to partially vaccine-resistant forms, already
observed to some extent with the Delta variant [38] and apparently
even more so with Omicron [39].

Now that we know that surfaces are not significant sources of
infection, treatment of the air, specifically indoor air, is the next
frontier. Various devices and filtration systems have been put forth,
but these have a significant weakness: there is a critical gap, window
of opportunity between when the virus is expelled by an infected
person before the air gets filtered or treated. During this window, an
infection could be transmitted.

What is needed instead is a pre-deployed virus-killing treatment
in the air to protect us as soon as virus is introduced, but one that is
nevertheless safe for humans to breathe. Amazingly, such a product
exists, and will hopefully soon be widely approved for this purpose.

The product is triethylene glycol (TEG), marketed as “Grignard
Pure” by the Grignard Company. This reagent is a non-toxic, FDA
approved aerosol dispersed in the air that’s been safely used for years
in the theater for special effects, also used in some air sanitizers. It was
found a long time ago to Kill viruses, including influenza [40]; the
Grignard Company has shown that it inactivates a variety of airborne
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viruses [41]. This potential indoor air treatment may allow safe
resumption of indoor activities even during a pandemic.

In conclusion, | contend that transmission of SARS-CoV-2 by

fomites in the pandemic is virtually negligible (Figure 8). This is a
virus that you catch almost exclusively by breathing and not by
touching. The design of laboratory experiments showing long-term
survival of SARS-CoV-2 on fomites render those results irrelevant for
real-life scenarios [42]. This is not to deny a remote possibility of
transmission by surfaces, but that route of infection remains
hypothetical. It is a terrible waste to continue expensive, time-
consuming, and potentially dangerous [43] surface disinfection
procedures beyond normal routine hygiene. Surface transmission is at
most a very minor component of COVID-19 infections.

= Transmission of SARS-CoV-2 by fomites in the pandemic is virtually negligible.

This is a virus that you catch almost exclusively by breathing and not by touching.

* The design of laboratory experiments showing long-term survival of SARS-CoV-2 on

fomites render those results irrelevant for real-life scenarios.

= This is not to deny the possibility of transmission by surfaces, however, our thinking

should consider surface transmission as no more than a very minor component of
Covid-19 infections.

If transmission by fomites were to occur, that would require touching a freshly
contaminated surface then quickly touching your eyes, nose or mouth without washing
your hands first.

= Even this route of infection remains hypothetical.

Itis a terrible waste to continue expensive, time-consuming, and potentially dangerous
surface disinfection procedures beyond normal routine hygiene.

All that’s needed is to wash your hands with soap and water if you touch a surface that
may have been recently exposed to the virus.

Figure 8: Conclusions
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