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Society organization, not pathogenic viruses, is the fundamental

cause of pandemics

Qiangian Wang' - Jie Han'

In cases of emergencies such as pandemics, it is common
sense—and somewhat too easy—to design a culprit or
enemy, e.g., a pathogenic virus, to be fought and eradicated,
thus lessening the human responsibility of the issue. This is
the classical strategy of the occidental world where the most
diseases and other problems are mainly tackled by treating
the symptoms, thus largely overlooking the profound causes
(Lichtfouse 2009, 2010). There is now mounting evidence
that societal and environmental factors have largely contrib-
uted to the coronavirus disease 2019 pandemic (COVID-19).
For instance, since pathogens are occurring widely in nature,
one might hypothesize that the pandemic would never have
happened without animal-to-human transmission, which
is controlled by society organization. Would the pandemic
have been so deadly and fast-developing worldwide under
low-population levels, density, and travel habits (Fig. 1)?
Probably not. In order to prevent future pandemics, which
will most likely happen because we have eradicated only the
symptomatic virus, we should adopt a more oriental, holis-
tic strategy that considers that the good functioning of any
system depends on the good interaction of all its elements,
summarized in the term ‘harmony.” Practically, all societal
and environmental factors controlling the pandemic should
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be studied. Here, we discuss viral transmission, imperfect
protection, population density, and urbanization to unveil
societal factors controlling pandemics, and to propose soci-
etal changes, such as an urban exodus, that would help pre-
vent future pandemics.

Viruses travel fast

The World Health Organization (WHO) declared the novel
coronavirus disease (COVID-19) a pandemic on 13 March
2020. As of 15 October 2021, nearly 240 million confirmed
cases of COVID-19, including nearly five million deaths,
have been reported around the globe (WHO 2021a). Human-
to-human transmission through respiratory droplets, aero-
sols, contact surfaces or fomites is the primary cause for
the transmission of COVID-19 (Chen et al. 2021; Han and
Zhang 2020; He et al. 2020; WHO 2020a). In addition, fecal
transmission and contact with virus-contaminated frozen
foods and packages can spread the coronavirus (Han and
He 2021; Han et al. 2021).

Infectious agents, hosts, and environmental transmis-
sion are the prerequisites for the spread of an infectious
disease in the population. Possible modes of transmission
for SARS-CoV-2 include airborne, contact, fecal-oral, and
others (CDC 2021a; WHO 2020b). All these transmission
routes are dependent on human behavior. Through the air-
borne route, viral transmission occurs primarily through
respiratory droplets and aerosols generated during cough-
ing or sneezing by infected individuals (Li et al. 2020; Zhou
et al. 2021). Aerosols generally have smaller particle sizes,
less than 5 pm, than the most respiratory droplets and can
travel longer distances. A recent study reported that SARS-
CoV-2 could remain viable in aerosols for up to three hours
at 21-23 °C, with a reduction in infectious titer from 10>
to 10*7 TCIDs, per liter of air titer (TCID: median tissue
culture infectious dose, van Doremalen et al. 2020). Simi-
larly, SARS-CoV-2 maintained infectivity when suspended
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Fig. 1 The spread of infectious agents among humans is exacerbated
by high population densities in modern societies. It is also imprac-
tical to maintain adequate social distances in certain environments,
where wearing masks alone may not provide adequate protection for

in aerosols for up to 16 h at room temperature (Fears et al.
2020).

Transmission can also occur by viruses deposited on
inanimate surfaces, which could infect people through their
eyes, noses, and mouths after touching by hands. Moreover,
SARS-CoV-2 viruses were found to show long persistence
under low-temperature conditions, showing similar traits to
SARS-CoV, which could survive up to two years at —20 °C
(WHO 2020c). Researchers at the United States Army
Medical Research Institute of Infectious Diseases (USAM-
RIID) reported that SARS-CoV-2 survived on swine skin
for 14 days at 4 °C (Harbourt et al. 2020). There were also
reports on re-emergent outbreaks of COVID-19 caused by
virus-contaminated frozen foods and food packages in areas
previously achieving local eradication of COVID-19 (Han
et al. 2021). Overall, transmission is controlled not only by
biological and physical factors, but also by human behavior.

Imperfect masks

Masks and face coverings are key measures to mitigate
human-to-human transmission. Wearing face masks or cloth
face coverings can considerably reduce the spread of respira-
tory pathogens. For healthy adults, wearing a cotton mask

reducing the spread of respiratory pathogens. The mass availability
of public transport and increased globalization with travel and trade
activities may act synergistically and allow rapid spread of infectious
agents in the world population

led to 20-40% reduction in virus intake by the wearer, while
wearing a surgical mask reduced approximately 50% (Ueki
et al. 2020). N95 particulate respirators showed the highest
efficacy, enabling approximately 80-90% of reduction in
virus intake at a social distance of 50 cm. The protection is
twofold. For infected individuals, wearing a cotton or surgi-
cal mask also blocked more than 50% of the viruses from
their respiratory activities (Ueki et al. 2020).

Sometimes masks may not provide adequate means
of protection. For instance, in crowded places people are
very close to each other, and the situation is often worse
in enclosed spaces with poor ventilation (He and Han
2020; Wang et al. 2020). Expiratory droplets and aerosols
can escape from masks due to imperfect sealing or fitting.
Even when properly worn, medical face masks cannot com-
pletely block the transmission of respiratory virus droplets
and aerosols (Ueki et al. 2020). Indeed, aerosols containing
influenza viruses can easily go around the face mask and
into the user’s nose and mouth (He et al. 2013). Moreover,
when wearers are talking, 53% of small respiratory droplets
(0.5-20 pm) are leaked from the top, 15% from the side,
and 9% from the bottom of standard surgical masks (Cappa
et al. 2021).

This is particularly relevant in situations where people
wearing face masks are in close proximity to one another



Fig.2 A metro station as in Paris, France, during the COVID-19 pan-
demic in February 2021, showing a large crowd of people waiting for
the subway train. Although most people were wearing face masks, the
efficacy of protection is questionable in the very crowded space with

(Fig. 2). Such risks may be exacerbated by the recent emer-
gence of the B.1.617.2 variant, also known as the ‘Delta
variant,” which has triggered a new wave of massive infec-
tions of COVID-19 (Kupferschmidt and Wadman 2021).
As of 5 October 2021, the Delta variant had spread to 192
countries out of 194 WHO member countries (WHO 2021b),
and became the dominant viral strain in the newly confirmed
cases in the United States (CDC 2021b). A recent study
showed that the respiratory viral load of people infected with
the Delta variant was 1260 times higher than that of those
infected with the original SARS-CoV-2 (Li et al. 2021). This
makes it even more difficult to rely upon mask-wearing to
prevent infection in places with inadequate social distancing
and poor ventilation. Overall, imperfect mask protection and
the proximity of people in public spaces have favored viral
transmission.

City hotspots

Frequent social interactions are crucial for viral respiratory
infections to develop into an epidemic or pandemic. Previous
studies showed that seasonal infectious human diseases such
as avian influenza are closely related to population aggre-
gation and movement (Maya et al. 2014). This is a typical
example where ‘we knew,” but no change in society organ-
ization has been done to prevent future pandemics. High
population density, frequent movement, and situations of

little physical distancing. During peak hours, it is impossible for com-
muters to keep the required six-foot social distance in public transport
vehicles and waiting areas. Photo: copyright Eric Lichtfouse 2021

close contact appear as major factors controlling the virus
spread (Fig. 1). For instance, many studies have noted that
population density, which is generally high in cities, strongly
influences the likelihood of a disease outbreak (Connolly
et al. 2021). High population density generally leads to
closer contact and more interactions among residents, mak-
ing cities the likely ‘hotspots’ during the early spread of
emerging infectious diseases. Indeed, urban areas were ini-
tially hit much harder than suburban and rural areas in the
COVID-19 pandemic. In the USA, cases and deaths were
heavily concentrated in the metropolitan areas of New York,
New Orleans, Boston, and Detroit during the early months
of the pandemic (PRC 2021). The Lombardy region, which
has the largest population and the highest population den-
sity in Italy, reported the highest incidence of coronavirus
infection of any sub-national region in the country, whereas
greener Mediterranean regions such as Sardinia, Calabria,
and Basilica showed lower mortality rates (Cortright 2020;
Lorusso et al. 2020; Roviello and Roviello 2021). Overall,
highly populated areas showed higher transmission rates and
cases, suggested that the future society should decrease pop-
ulation density in urban areas and moving people ‘back’ to
the countryside.



No safe island

Public transportation provides the means of mass human
movement, which is an essential utility in the modern soci-
ety but also favors the spread of infectious diseases. These
efficient and extensive public transport networks help patho-
gens move rapidly between cities and countries, even con-
tinents. Such phenomena have been observed in previous
human disease outbreaks, e.g., Ebola (Sharifi and Khavarian
2020). In the COVID-19 pandemic, the coronavirus outbreak
hit densely populated urban areas first and hardest; then,
quickly spread into the suburbs due to the busy connections
in public transport (Tabernese and Mervosh 2021). Official
statistics released in August 2020 suggested that 10% of new
infections in Greece were linked to tourism (Roache 2021).
Zhang et al. (2020) found that the spread of COVID-19 in
China was closely correlated to the routes and frequencies of
domestic air, train, and coach services. Viruses reached more
rural and exurban areas along with the human movements.
Eventually, there are no ‘safe islands’ during a pandemic in
the modern, interconnected human society.

Deadly closed contact

Close contact was defined as being within six feet of some-
one infected with the virus for a cumulative total of 15 min
or more over a 24-h period (CDC 2021a). Situations of close
contact are common in urban environments such as in eleva-
tors, cinemas, churches, shopping centers, and transporta-
tion hubs. Under those circumstances, it is often difficult
to maintain the six-foot social distance (Wang et al. 2020),
especially during peak hours (Fig. 2). During COVID-19,
governments and public health authorities closed many pub-
lic spaces to minimize non-essential contacts between peo-
ple, and implemented symptom screening and the manda-
tory requirements of mask wearing in public transportation
vehicles and facilities.

One of the exceptions, however, is religions activities
(Pennisi 2011). For instance, the Kumbh Mela festival drew
tens of millions of pilgrims across India to bathe in sacred
rivers with celebrations and gathering for up to 48 days,
which contributed to the surging numbers of COVID-19
infections between March and April 2021. On 7 May 2021,
India registered 414,188 new COVID-19 cases, the highest
daily figure in any country or territory since the outset of the
COVID-19 (WHO 2021c¢). Italy, one of the catholic coun-
tries and the initial epicenter of the COVID-19 pandemic
in Europe, also reported mass infections related to church
activities (Mogi and Spijker 2021).

Human migrations

Historically, the emergence of pandemics and epidemics
has coincided with the establishment of large urban settle-
ments (Antoni et al. 2008; Ellwanger et al. 2021). The nine-
teenth century witnessed dramatic changes in the dynamic of
urbanization. In Europe, two distinct phases of urbanization
and human migration have occurred. The first phase, which
was driven by industrialization and began in the 1850s, was
characterized by the surging increase of urban population.
Some industrial sectors became almost completely mecha-
nized in the early mid-nineteenth century (Britannica 2021).
Since more economic production was located in urban areas,
people started to migrate from the countryside, e.g., farmers,
to work near industrial plants, which was the beginning of
the ‘rural exodus’ (Mercer 1965). Driven by better educa-
tion, healthcare, infrastructure, and living conditions in cit-
ies, a great number of individuals continued to migrate to
populated industrial areas (Mervyn 2014). Between 1805
and 1911, the proportion of the French population living
in cities increased from 25 to 44%, while in Germany the
proportion of urban population increased from 30 to 60%
(DHR 2021).

Since the 1960s, the industrialized nations in Europe
have witnessed the second phase of mass human migration,
known as ‘suburbanization.” Many people started to migrate
from rural areas and city centers to suburban areas. While
European central cities sustained losses—to the order of
more than three million residents—in reality suburbaniza-
tion increased the total number of people living in the meg-
acities. From the mid-1960s to the beginning of the 2000s,
the metropolitan areas of Europe with populations over one
million have gained about 24 million residents in total (Cox
2019). This trend continued into recent decades, although
it has slowed down significantly. In 2021, there were 11.1
and 9.4 million of people living in the metropolitan areas of
Paris and London, compared with only 7.4 and 8.2 million
in 1960, respectively (WPR 2021).

A positive feedback loop exists between population
growth and public transport services connecting metropoli-
tan centers and suburban areas. On one hand, the mass avail-
ability of public transport provides a convenient means of
daily commuting for people to travel between suburbs and
city centers. On the other hand, the growing population liv-
ing in city suburbs increases the demand for public transport
services. Expressways, train stations, ferries, and airports are
built to meet the demand of more people using public trans-
port for daily commuting and inner-city traveling. Overall, a
long-term and dramatic increase in the population living in
urban and suburban areas has increased the risk of epidem-
ics or pandemics.



A painful lesson

Recent evidence has indicated that SARS-CoV-2 might
have been quietly circulating in communities before the
first known outbreak (He and Han 2021). For example, in
Italy, researchers found traces of SARS-CoV-2 in municipal
wastewater sampled at Milan and Turin on December 18,
2019 (La Rosa et al. 2021), suggesting that COVID-19 had
already spread in their local population. Similarly, Fongaro
et al. (2021) detected the coronavirus in sewage samples
collected on 27 November 2019 in Brazil. An earlier study
in Spain even detected SARS-CoV-2 in archived sewage
samples collected in Barcelona in as early as March 2019
(Chavarria-Mir¢ et al. 2020), several months before the first
outbreak was reported in Wuhan, China (Ma et al. 2020).
Regardless of the political debates over the geographic ori-
gin of COVID-19, the virus has spread to people all around
the world in a quick and highly efficient manner.

These findings also raise the question that whether there
will be other novel infectious agents, including zoonotic
pathogens, circulating in the human population while they
mutate, evolve, and eventually become epidemic or pan-
demic-causing agents. Although the answer is not immedi-
ately clear for SARS-CoV-2, evidence has been reported in
several previous outbreaks of coronaviruses, directly sup-
porting this hypothesis (He and Han 2021). There exists a
strong link between anthropogenic activities and spillover of
zoonotic pathogens (He et al. 2021). One evident example is
that, in Peru, the destruction of thousands of acres of rain-
forests created new mosquito habitat and caused more than
120,000 cases of malaria in the late 1990s, compared with
only less than 150 cases per year in the early 1990s (Shah
2009; Vittor et al. 2006). Climate change may also accelerate
the transmission of infectious agents to and between humans
(Beyer et al. 2021). Overall, it seems inevitable that humans
will encounter other infectious disease outbreaks in a not
distant future.

With two-thirds of the global population expected to live
in cities by 2050, more people will be exposed to infectious
agents in public spaces and through social interactions (Ful-
mer 2009). The global outbreak of COVID-19—along with
the recent re-emergent outbreaks caused by its variants—has
taught humans a painful lesson. The organization of mod-
ern human society must acknowledge these looming threats
and adapt to the challenges and future uncertainties, through
forward-thinking urban planning and by building more resil-
ient cities, communities, and infrastructure. Since population
density and movements are major controlling factors (Tatem
2014), de-centralizing the human society, therefore, will be a
fundamental factor to attain a more robust societal structure
when facing the threat of a fast-spreading pandemic.

There are realistic actions we can take in the near future
to move toward this goal. Most human migrations are driven
by resources. Young talents and labors seek work and oppor-
tunities, which are often more abundant in cities and indus-
trialized regions. Spreading resources such as employments,
education, and healthcare geographically, therefore, will fun-
damentally retard further migration of the population into
large cities. Beijing, for instance, has been doing this for
several years, and the population inflow has indeed slowed
(Du 2021). In addition, governments and municipalities may
offer incentives, e.g., tax breaks and rent subsidies for enter-
prises and employers to relocate to smaller cities, towns, and
countryside while at the same time, invest in building more
infrastructure, schools, and hospitals to accommodate the
population inflow. The less expensive and more natural liv-
ing environments are major factors attracting people to move
to and settle in smaller cities and towns. While the COVID-
19 is not eradicated, people can make use of technologies
to maintain productivity and avoid the risks of virus infec-
tion in public transport or work environments by working
remotely from home. In the long term, we should build cities
with more open space, spread-out infrastructure, and more
even population densities in cities, suburbs, and surrounding
towns. It is also helpful to provide more areas in buildings
and public transport facilities to allow more social distances
with means of using natural ventilation in air-conditioned
enclosed spaces to lower the risk of transmission of human
pathogens (Wang et al. 2020). Lastly, it is imperative to build
more resilient waste management infrastructures to mitigate
the possible transmission of infectious diseases in extreme
weathers and natural disasters (Han and He 2021), which
have become increasingly common due to anthropogenic
activities and climate change.
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