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Abstract
Where did the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) come from? Did it spread to ‘patient zero’ 
through proactive human-animal contact? Why did humans faced an increasing number of zoonotic diseases in the past few 
decades? In this article, we propose a new theory by which human pollution such as artificial lighting and noise accentuate 
pathogen shedding from bats and other wild habitants in urban environments. This theory differs from the current hypoth-
esis that wildlife trades and bushmeat consumption largely contribute to the spillover of zoonotic pathogens to humans. As 
natural reservoirs, bats harbor the greatest number of zoonotic viruses among all mammalian orders, while they also have 
a unique immune system to maintain functioning. Some bat species roost in proximity with human settlements, including 
urban communities and surrounding areas that are potentially most impacted by anthropogenic activities. We review the 
behavioral changes of wild habitants, including bats and other species, caused by environmental pollution such as artificial 
lighting and noise pollution, with focus on the spillover of zoonotic pathogens to humans. We found that there is a strong 
positive correlation between environmental stress and the behavior and health conditions of wild species, including bats. 
Specifically, artificial lighting attracts insectivorous bats to congregate around streetlights, resulting in changes in their diets 
and improved likelihood of close contact with humans and animals. Moreover, many bat species avoid lit areas by expending 
more energies on commuting and foraging. Noise pollution has similar effects on bat behavior. Bats exposed to chronic noise 
pollution have weakened immune functions, increased viral shedding, and declined immunity during pregnancy, lactation, 
and vulnerable periods due to noised-induced stress. Other wild species exposed to artificial lighting and noise pollution 
also show stress-induced behaviors and deteriorated health. Overall, evidence supports our hypothesis that artificial light-
ing and noise pollution have been overlooked as long-term contributors to the spillover of zoonotic pathogens to humans in 
urban environments.
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Introduction

Anthropocene has been defined by Nobel Prize Laure-
ate Paul J. Crutzen as an era when human activities have 
started to impact the ecosystem on earth (https://​en.​wikip​
edia.​org/​wiki/​Anthr​opoce​ne). While adverse effects such as 
pollution and climate change are now well documented, the 
influence of human activities on zoonosis and the associ-
ated epidemics and pandemics is still debated (Ali and Khan 
2016; Fawzy et al. 2020; Zheng et al. 2021). Here we dis-
cuss some potential links between anthropogenic influences 
and the behaviors of wildlife, as a possible explanation for 
the increasingly frequent spillover of zoonotic pathogens to 
humans. In the past 20 years, zoonotic diseases, such as the 
severe acute respiratory syndrome (SARS), the Middle East 
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respiratory syndrome (MERS) and recently, the novel coro-
navirus disease (COVID-19), have caused large outbreaks on 
a regional or global scale (Dai et al. 2021; Khan et al. 2021; 
Sharma et al. 2020, 2021). Many have speculated that bats, 
a pervasive species and a major reservoir of coronaviruses 
and other viral pathogens (Kupferschmidt 2017; Maxmen 
2017; Sallard et al. 2021; Segreto et al. 2021), are natu-
ral hosts of those novel zoonotic pathogens, including the 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) which has caused the recent COVID-19 pandemic 
with about 160 million people already infected around the 
globe (WHO 2021). An early comprehensive analysis on 
mammalian host–virus relationships showed that bats harbor 
a significantly higher proportion of zoonotic viruses than 
all other mammalian orders (Olival et al. 2017). There are 
at least 3200 coronaviruses that infect bats (Burki 2020). 
As the world is still grappled with the novel coronavirus 
and its emerging variants (Dai et al. 2021), bats, the perva-
sive nocturnal species frequently spotted in urban and other 
human settlements (Fig. 1), are once again under the spot-
light (Irving et al. 2021; Watson 2020).

Spillovers of coronaviruses and other zoonotic pathogens 
to humans have been linked to increased human contacts 
with pathogen-harboring wildlife species, a reality driven 
by the continuing expansion and intensification of anthropo-
genic activities such as agriculture, hunting, and infrastruc-
tural developments (Beyer et al. 2021; He et al. 2021). Bats 
perch in leafage, rock crannies, caves, trees, and constructed 
structures such as garages, houses, and bridges. They have 
a wide variety of diets, for instance, insects, nectars, fruits, 
pollen, fish, and blood (Irving et al. 2021; Kunz et al. 2011). 
As a group of mobile, social, and virus-harboring wild hab-
itants frequently sighted in human settlements, bats are a 
unique species warranting systematic studies to understand 
how climatic and environmental stress factors affect their 
behavior, health, and virus shedding.

A recent study revealed that global hotspots of climate 
change drive the increase of richness in bat species distrib-
uted in Southeast Asia, while the quantities of coronaviruses 
present in an area are strongly related with local bat species 
richness (Beyer et al. 2021). The study suggested that global 
greenhouse gas emissions may have played a crucial role in 
the evolution or transmission of zoonotic viruses. Others have 
found that stable thermal environments and botany areas in 
urban environments are beneficial for the survival of some 
bat species, which also become a major factor affecting the 
biodiversity of bats roosting in those areas (Jung and Threlfall 
2016). A widely overlooked aspect, however, is that artifi-
cial lighting and noise pollution at night can become major 
environmental stress factors for wild species in urban com-
munities and other human settlements, including bats. These 
are important factors to consider given the fact that bats are 
known to be a pervasive nocturnal species living in cities and 
city suburbs and have the best hearing of land mammals. In 
this article, we present the evidence and hypotheses on how 
artificial lighting and noise pollution affect the behaviors and 
health of wild habitants, with a focus of our discussions on 
bats. By linking anthropogenic influences with the occurrence 
of zoonotic diseases, we found that there is indeed a posi-
tive correlation between environmental stress factors and the 
abnormal behaviors of wild species, including bats, which 
may have played a significant role in their shedding of viral 
pathogens and spillover to humans.

The immunity of bats and viral shedding

Scientists have long been fascinated with the immune 
systems of bats (Brook and Dobson 2015; Irving et  al. 
2021; O’Connor 2021). While bats have natural antibody 
responses to pathogens (Brook and Dobson 2015), intra-
cellular and extracellular infections can have very different 
effects in bats. For instance, bats infected by viral pathogens 

Fig. 1   Bats flying at dusk (left). Photo by Steven Belcher (Minden Pictures). Adopted from Watson (2020). A dead bat sighted on the roadside in 
the residential community near the university campus of Xi’an Jiaotong University (right). Photo taken by the authors
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generally show no or slight symptoms, but they may experi-
ence morbidity to extracellular infections (Afelt et al. 2018; 
Brook and Dobson 2015). Bats control pathogenesis in 
microbe-invaded cells by autophagy and apoptosis, which 
function by avoiding the immunopathological consequences 
of heightened immune responses in intracellular pathways 
(Brook and Dobson 2015). Bats are, however, vulnerable to 
immunopathological responses to extracellular infections. 
This is exemplified by the widespread white-nose syndrome, 
a fungal disease caused by Pseudogymnoascus destructans 
which has killed millions of bats since the early 2000s and 
resulted in a dramatic decrease of bat populations across 
North America. Davy et al. (2018) found large quantities 
of coronavirus RNAs in the intestines of hibernating Little 
brown bats (Myotis lucifugus) co-infected with the white-
nose syndrome, which confirmed that responses of extracel-
lular co-infections had led to amplified coronavirus replica-
tion and increased viral shedding from bats.

Two hypotheses have been proposed on the mechanism 
of virus shedding from bats, namely, the episodic shedding 
theory and the transient epidemic theory (Plowright et al. 
2015). In the first hypothesis, both internal and external stress 
contribute to the immune response of bats, making it pos-
sible for viruses in healthy bats to reproduce themselves and 
shed off. In the latter, viruses invade bats once again after the 
immunity of the bat colony declines. As female bats during 
pregnancy and lactation periods and juvenile bats both have 
relatively low immunity, they are more likely to be infected 
by viruses in these periods. By examining fecal droppings, 
Amman et al. (2012) found that the active infection of Mar-
burg virus remained at 2.7% (8/301) among ~ 3-month-old 
bats but increased to 12.4% (30/241) before they reached six 
months of age, which coincided with the peak of their birth-
ing season, i.e., twice yearly. Notably, about 80% (54/65) of 
human infections caused by the Marburg virus occurred dur-
ing those seasonal pulses of viral shedding events by bats, 
showing a positive correlation between the infection of Mar-
burg virus in juvenile bats and their spillover to humans. In 
an earlier study, Drexler et al. (2011) collected pool samples 
of the greater mouse-eared bat (Myotis myotis) in the attic of 
a private dwelling in a suburban area over three consecutive 
years from 2008 to 2010. The study found strong and specific 
amplification of RNA viruses occurring upon colony forma-
tion and following parturition. The prevalence of coronavi-
ruses in bat feces peaked when roosting started (77.5%) in 
2008 and about one month after parturition (100%).

Lower intake of energy and nutrients or abrupt shifts in 
diets can potentially bolster in-body viral replication and 
increase viral shedding by bats. Plowright et al. (2008) stud-
ied 26 little red flying foxes (Pteropus scapulatus) includ-
ing both male and female bats that were not pregnant or 
lactational in fall 2006. They observed overall lower body 
weights, nutritional stress, deteriorated health, and abnormal 

diurnal feeding in the bat colony, where 80% of bats showed 
14–42-fold higher seroprevalence of hepatitis E virus than 
those observed in any other seasons. The study concluded that 
food shortage and nutrition stress resulted from bad weather 
were major driving factors of viral shedding from little red 
flying foxes and the subsequent spread of the virus to horses. 
In a later study, Plowright et al. (2015) found that Hendra-
virus-shedding bats had previously experienced low food 
abundance and nutritional deficiencies. Kessler et al. (2018) 
found that when their preferred diets were unavailable, the 
black flying fox (Pteropus alecto) and other pteropodid bats 
forage on alternative diet sources such as aboriginal and exotic 
fruits containing low nutrition and energy, toxic metabolites, 
or showing poor digestibility by bats. Under those circum-
stances, poor nutritional conditions could become the driv-
ing factors for the reactivation of viral infections in bats by 
a reduction in immunocompetence or immunity trade-offs in 
pregnant bats (Kessler et al. 2018). Overall, the rate of viral 
shedding and the number of detectable viruses associated with 
bat colonies inevitably fluctuate, with periodic increases often 
linked to nutritional stress, waning maternal immunity, partu-
rition, or inadequate energy consumption.

Artificial lighting

The use of artificial lighting is a keystone of the modern soci-
ety, but it also causes ubiquitous light pollution at night. About 
a quarter of the world’s land surfaces between 75° N and 60° S, 
88% of Europe, and almost half of the USA experience light-
polluted nights (Fig. 2). Of those, light pollution in Italy and 
South Korea was reported as the most severe among G20 
countries (Fig. 3) (Falchi et al. 2016). The widespread use of 
artificial lighting at night in urban communities severely affects 
the behavior of nocturnal species (Gaston et al. 2015; Stone 
et al. 2009). A review by Stone et al. (2015) showed that arti-
ficial lighting has a tremendous impact on the behaviors and 
survival of bats, affecting their foraging, commuting, roost-
ing, breeding, and hibernation. Moreover, the spectral range 
of artificial lighting is generally wider than those of natural 
light. With the recent developments of light-emitting diodes 
(LEDs), plenty of outdoor lighting equipment in urban areas 
switched from conventional long-wavelength light (e.g., high-
pressure sodium lights) to shorter-wavelength LEDs (Gaston 
et al. 2015). van Grunsven et al. (2014) found that the major-
ity of moths were attracted to short-wavelength light at night. 
The fruit fly Drosophila melanogaster, tsetse fly Glossina 
morsitans, and housefly Musca domestica all preferred ultra-
violet light in the 300–380 nm range (Tokushima et al. 2016). 
Short-wavelength light emitted from LEDs attract phototaxis 
insects and thus provide new feeding spots for insectivore bats 
(Kerbiriou et al. 2020). Indeed, some bat species are known 
to forage near streetlights and illuminated areas at night. Such 
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behavior has been confirmed in various bat species includ-
ing Chalinolobus, Cormura, Cynomops, Diclidurus, Eumops, 
Epteicus, Lasiurus, Mormopterus, Molossus, Myotis, Nycta-
lus, Nyctinomops, Pipistrellus, Tadarida, Saccopteryx, and 
Vespertilio (Stone et al. 2015). An unintended consequence, 
however, is that bats foraging near artificial lighting sources 
have altered unnatural diet structures. An earlier study found 
that in artificially lit areas, bats ingested substantially more 

moths and far less beetles compared with those foraging in 
naturally dark areas (Cravens et al. 2017).

The ubiquitous use of artificial lighting at night also resulted 
in the avoidance of lit areas by bats, which interferes with their 
activities at night. Some bat species avoid artificial lighting 
and lit areas in their nocturnal predation. Longcore and Rich 
(2004) reported that while faster-flying bats foraged near street-
lights to feed on phototaxis insects, slower‐flying bat species 

Fig. 2   World map of night sky brightness illuminated by artificial 
lighting. In two-fold increments, the map shows the artificial sky 
brightness as a ratio to ‘natural sky brightness’, which is assumed to 
be 174 μcd/m2. Table insert indicates the numerical range of bright-

ness at each designated color level. Reprint from Falchi et al. (2016) 
with permission from the American Association for the Advancement 
of Science (AAAS) under a Creative Commons Attribution Noncom-
mercial License 4.0 (CC BY-NC)

Fig. 3   Light pollution in countries of the G20 group, ranked by the 
percentage of polluted area based on the three most polluted levels 
(yellow, red, and white). Color ranges indicate the level of light pol-
lution in µcd/m2. The average percentages of light-polluted areas of 

the European Union and the world are added as benchmarks. Reprint 
from Falchi et al. (2016) with permission from the American Asso-
ciation for the Advancement of Science (AAAS) under a Creative 
Commons Attribution Noncommercial License 4.0 (CC BY-NC)
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generally avoided lights. An earlier study found that Eptesicus 
bottae, a desert‐dwelling bat species, merely transited the illu-
minated area at commuting speeds rather than foraging speeds 
(Polak et al. 2011). Recently, Cravens and Boyles (2019) found 
that while it is more likely for red bats (Lasiurus borealis) to 
forage near lights, the rarer bat species avoided illuminated 
areas. Other studies also identified reduction of bat activities, 
especially in areas illuminated by high-intensity LED lights 
(Kerbiriou et al. 2020). Straka et al. (2020) found that com-
mon neutral-white or amber LEDs reduced the activities of 
all wild cave-roosting species, including Rhinolophus mehe-
lyi, Rhinolophus euryale, Myotis capaccinii, and Miniopterus 
schreibersii. Among those, the Rhinolophus bats reacted most 
strongly and refused to fly at all under any artificial lighting 
treatment in the flight room. Stone et al. (2009) also reported 
that light pollution may fragment the commuting network by 
Rhinolophus hipposideros, forcing them to alter their routes. 
According to the recent observations by Stone et al. (2009), 
42% of bats flew across lights, 30% turned around before 
approaching the lights, 26% flew over or across the hedgerow, 
and 2% flew wide or high about the lights. In those cases, 
artificial lighting may gather light-intolerant bat species into 
circumscribed dark refugia, thus increasing the competition 
for depauperate, phototactic insect communities (Cravens and 
Boyles 2019). Overall, by interfering with the natural behav-
iors of nocturnal species, light pollution may result in longer 

flight time, higher stress, lower energy benefits and reduce the 
success of predation, survival, and reproduction of bats. These 
environmental stress factors may aggravate viral shedding 
from bats and facilitate the spillover of bat-harbored zoonotic 
pathogens to humans.

Noise pollution

Motorized transportation, land development, resource extrac-
tion, and other anthropogenic activities are major sources of 
noise pollution at night, with effects even seen in the remote 
wilderness sites (Barber et al. 2010). Using continental-scale 
models, Buxton et al. (2017) showed that anthropogenic noise 
levels at least doubled the background noise levels in 63% of 
protected areas in the USA, and a tenfold or greater increase 
in noise levels was seen in 21% of those areas which exceeded 
the thresholds known to disturb visitor experience and inter-
fere with the behavior of wildlife species (Fig. 4). In particu-
lar, noise-induced reductions in foraging rates and efficiencies 
have been well documented in bats (Song et al. 2020; Finch 
et al. 2020). In a recent field study, Finch et al. (2020) showed 
that traffic noise playback reduced the activity and feeding of 
five ecologically different species in the Myotis septentrionalis 
genus, at 20 m away from the noise source. The mechanism of 
noise pollution affecting bats is unclear but it may arise from 

Fig. 4   Median noise exceedance, i.e., the amount that anthropogenic 
noise increases sound levels above the natural level, in protected areas 
across the continental USA. Noise exceedance of 1.25, 3.01, 6.02, 
and 10 dB corresponds, respectively, to 25, 50, 75, and 90% reduc-
tions in listening area, i.e., the area at which an acoustic signal can 

be detected by humans. Gray areas are outside the protected area 
network. Reprint from Buxton et  al. (2017) with permission from 
the American Association for the Advancement of Science (AAAS) 
under a Creative Commons Attribution Noncommercial License 4.0 
(CC BY-NC)
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three different aspects. First, noises cause distractions to bats 
during their foraging and feeding (Geipel et al. 2019). Secondly, 
some bats actively avoid the aversive stimulus of traffic noise, 
which reduced their success in foraging (Finch et al. 2020; Luo 
et al. 2015). Lastly, traffic noise can mask echolocation calls 
by bats due to their frequency overlaps (Schaub et al. 2008; 
Siemers and Schaub 2011). Buxton et al. (2020) found that the 
activity of bats and the number of bat species active were sig-
nificantly lower at sites near the main road during a motorcycle 
rally, and the number of bat species active declined to even 
lower levels 3 weeks after the rally, suggesting that some bats 
species avoided the main road during the rally and continued 
to stay away from the previous noise source. The reasons may 
be that noise disrupted the sleep of nocturnal bats during the 
day, where lactating females and juveniles were more sensitive 
to disturbance from traffic noise, and a concurrent shift in the 
distribution of their insect preys triggered by the traffic noise.

A recent study reported on how chronic noise pollution 
altered the diet and gene expression of bats. The group of 
researchers collected 22 non‐pregnant adult female Asian parti-
colored bats (Vespertilio sinensis) living under the bridges with 
heavy traffic flows in the daytime, transferred them to a 12 m3 
cage, and kept them in a husbandry room (Song et al. 2020). 
After being cultivated in a noise-free environment for eight 
days, noise and silence playbacks were broadcast separately to 
two bat groups during 08:30–18:30 for 12 consecutive days to 
test whether short-period traffic noise exposure would change 
their food intake or have any noticeable health effects on Asian 
parti-colored bats. The study found that, compared with those 
kept in the silent environment, bats exposed to traffic noise 
for 12 days showed a significant increase in their food con-
sumption and energy expenditure. Since traffic noise reduced 

their foraging efficiency, some bats increased their energy con-
sumption by prolonging their foraging time or foraging in more 
dangerous habitats and, in other cases, conserved their energy 
by decreasing activity levels or mating (Song et al. 2020). 
Chronic noise pollution also has negative impacts on the gene 
expression alteration of bats, such as metabolic disorder, i.e., 
causing diabetes and obesity, immune system dysfunction, and 
elevated risks of cardiovascular and cerebrovascular disease 
(Song et al. 2020). In conclusion, persisting noise pollution 
caused by anthropogenic activities disrupts the commuting and 
foraging behaviors of bats, which can induce stress and affect 
their activity level and energy expenditure, with significant 
negative impacts on their health and survival.

Other wild habitants in urban environments

In recent years, people living in cities and city suburbs have 
started witnessing cicadas synchronizing their chorus long 
after sunset, sometimes up to midnight (Cicada Mania 2005; 
Reddit 2016; TDI 2019). In some areas, bright artificial light-
ing and persistent high temperatures at night, e.g., due to heat 
haves or the heat island effects, triggered prolonged singing by 
cicadas (Fig. 5) (Sheppard et al. 2020). Cicadas are not the only 
species that exhibit such abnormal behavior. It has been shown 
that forest-breeding birds near streetlights started singing ear-
lier at dawn than those roosting in the forest (Kempenaers 
et al. 2010). Also, small rodents, some lagomorphs, marsupi-
als, snakes, fish, aquatic invertebrates, and other taxa forage 
less at high illumination levels (Longcore and Rich 2004). In 
a 40-year longitudinal study across Britain from 1968 to 2007, 
researchers found that the total abundance of larger moths and 

Fig. 5   Linne’s cicada (left), a large-bodied annual cicada (Tibicen lin-
nei) native to eastern USA and Canada and a chorus cicada (right) 
native to New Zealand. Known as ‘Nature’s thermometer’, these tree-
dwelling insects emerge on hot summer days after spending most of 
their lives underground. By vibrating membranes on their abdomens, 
male cicadas make loud noises between dawn and dust by synchro-
nizing their chorus to attract mates. Bright artificial lighting and 

persisting high temperatures at night caused by heatwaves and heat 
island effects have seen cicadas’ singing until late night in some for-
ested areas in urban environments, an abnormal behavior that has 
only been noted in recent decades. Photos by Bruce Marlin at Cir-
rusimage.com (left) and Joaquín Salido Bello (right). Reprinted with 
a Creative Commons Attribution-Share Alike license
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the species of common and widespread larger month declined 
by 37% and 67% (n = 337), respectively (Fox et al. 2013). Moth 
populations also experienced conspicuous decreases in other 
European countries for several decades, where the increased 
light pollution is one of the probable driving factors for their 
long-term population decline (Macgregor et al. 2015). Sand-
ers et al. (2015) pointed out that changes in lighting not only 
affect the behavior of predators, but preys as well as species 
immediately related to them, which may have cascading and 
wide-reaching impact in the ecosystem.

Natural sounds bridge the connection of information net-
works and adventitious sounds, while masking effects resulted 
from anthropogenic noises have profound and unpredictable 
consequence (Barber et al. 2010). Cognitive impairment, stress, 
distraction, and changed behavior and physiology caused by 
noise pollution affect both humans and wild habitants in urban 
environments. Animals use sounds for a variety of reasons, such 
as to navigate, to search for food, to attract mates, or to avoid 
predators. Noise pollution makes it difficult for them to accom-
plish these tasks, which affect their ability to adapt and survive 
(Santly 2021). One example demonstrating this impact is that the 
species richness and populations of nocturnal primates, smaller 
ungulates and carnivores in Africa have undergone significant 
declines within approximately 30 m of constructed roads (Laur-
ance et al. 2008). Also, city birds sing higher-frequency songs 
than their counterparts in rural habitats in order to adapt to traffic 
noise in urban regions (Nemeth et al. 2015). Chronic exposure 
to noises can lead to increases in appetite, weight loss, as well 
as declined immunity in rats, mice, and bats (Song et al. 2020). 
One study found that exposure to urban noises has an extensive 
disruptive impact on the sleep composition, architecture, and 
intensity in Australian magpies (Cracticus tibicen) (Connelly 

et al. 2020). Further, noise pollution altering the distribution 
or behavior of pivotal species can have cascading impacts on 
ecosystem integrity, and further studies are needed to examine 
these in a holistic manner (Buxton et al. 2017).

The two common environmental stress factors often co-
exert their influences on species living in urban environments, 
where nocturnal species with sensitive hearing, such as bats, 
potentially being most affected (Senzaki et al. 2020). A striking 
evidence supporting this hypothesis is that researchers found 
that the strains of coronaviruses isolated from bat fecal mat-
ter on their colonies correlated to geographic locations, not 
the bat species (Lin et al. 2017). With an increasing number 
of coronaviruses being identified, more closely related coro-
naviruses from distantly related animals have been observed, 
suggesting recent interspecies transmission which may eventu-
ally lead to their spillover to humans (Woo et al. 2009). The 
diversity of coronaviruses in bats are most evidenced among 
all animal hosts, which may be a result of their ability to fly, 
diversity of species, and their roosting and flocking behavior. 
Apart from bats, which are unsurprisingly under the spotlight 
due to the COVID-19 pandemic, primates and rodents also 
harbor a large variety of zoonotic viruses, compared with other 
groups of mammals (Olival et al. 2017). In addition, traits such 
as immunological function, social structure, and other life-
history variables may trigger some mammalian orders, such 
as the Chiroptera (bats), Rodentia (rodents), Primates, Cetar-
tiodactyla (even-toed ungulates), and Perissodactyla (odd-toed 
ungulates), to shed a greater number of viral species (Olival 
et al. 2017). In short, artificial lighting and anthropogenic noise 
pollution can affect a wide range of wild species in addition 
to bats, which may also contribute to the spillover of zoonotic 
pathogens to humans and animals (Fig. 6).

Fig. 6   Persisting environmental 
stress factors such as artificial 
lighting and anthropogenic 
noise pollution negatively 
affect the activities, health, and 
survival of bats and other wild 
species living in urban environ-
ments. Environment-induce 
stress deteriorates the immune 
functions and health condi-
tions of these species, resulting 
in increased viral shedding 
with risks of spillover of their 
harbored zoonotic pathogens to 
humans and animals
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Conclusion

Aggravating environmental stress factors such as artificial 
lightening and anthropogenic noise pollution have been 
widely overlooked as potential long-term driving factors 
for the shedding and increasingly common spillovers of 
zoonotic pathogens to humans in recent decades. Particu-
larly, bats host a vast diversity of viral pathogens, includ-
ing coronaviruses, with a unique immune system allowing 
themselves to develop little or no symptom after infections. 
Vulnerability caused by chronic exposure to environmental 
stress factors such as overwhelming or persisting light and 
noise pollution, however, can severely affect their activi-
ties and health, and dampen their immune functions against 
pathogenic infections. Specifically, artificial lightening and 
noise pollution have been shown to alter their diet structure, 
commuting, foraging, and reproduction behavior, resulting 
in poor health conditions and increasing viral shedding from 
bat colonies. Apart from bats, other wild habitants in urban 
environments are also known to be adversely affected by 
light and noise pollution. Catalyzed by the COVID-19 pan-
demic, current legislations seem to solely focus on restrict-
ing direct human-animal contacts, while neglecting the 
persisting environmental stress factors as the chronic and 
underlying drivers of health deterioration and viral shed-
ding from wild species, which may be the more fundamental 
cause of zoonotic pathogens spilling over to humans and 
animals. While wildlife trade can be strictly prohibited and 
hunting can be better regulated after the current pandemic, 
humans are still facing the continuous challenge of disrupt-
ing the behaviors of wild habitants in urban and surrounding 
environments and may continue to bear the unpredictable 
consequences arise from such disruptions. Although in most 
areas it is unfeasible to reverse the current trend of urbaniza-
tion and industrialization, we can minimize our footprints 
and give the quiet and unilluminated nights back to the crea-
tures living in our communities.
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