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Environmental aerosols in animal houses are closely related to the productive
performance and health level of animals living in the houses. Preferable
housing environments can improve animal welfare and production efficiency,
so it is necessary to monitor and study these environments. In recent
years, there have been many large-scale outbreaks of respiratory diseases
related to biological aerosols, especially the novel coronavirus that has been
sweeping the world. This has attracted much attention to the mode of
aerosol transmission. With the rapid development of large-scale and intensive
breeding, microbial aerosols have gradually become the main factor of
environmental pollution in animal houses. They not only lead to a large-scale
outbreak of infectious diseases, but they also have a certain impact on the
health of animals and employees in the houses and increase the difficulty
of prevention and control of animal-borne diseases. This paper reviews the
distribution, harm, and control measures of microbial aerosols in animal house
environments in order to improve people’'s understanding of them.

KEYWORDS
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Introduction

Stable colloidal systems formed by microorganisms suspended in the air with dry
solid particles and liquid particles are called microbial aerosols (1, 2), which are an
important indicator of ambient air quality. Since 1900, researchers have increasingly
focused on microbial aerosols. Studies have found that microbial aerosols have posed
a great threat to human and livestock health. They not only cause air pollution, but also
make animals and humans sick.

Recently, the epidemic of Corona Virus Disease 2019 (COVID-19) has been
spreading all over the world. Studies have shown that the main transmission methods of
the novel coronavirus are respiratory droplets and close contact. In addition, it is possible
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to become infected by the novel coronavirus by long-term
exposure to aerosols in a relatively closed environment (3).
The World Health Organization (WHO) guidelines for the
prevention of COVID-19 point out that some medical care
processes in the diagnosis and treatment of patients can also lead
to a risk of novel coronavirus spreading through aerosols (4, 5).
This has led us to think about the risk of environmental exposure
to aerosols.

Aerosol transmission happens in not only our daily
of
livestock and poultry houses. As a large breeding country,

environment, but also in the closed environments
intensive breeding methods have widespread popularity
in China. The concentration of microbial aerosols rise
inside and outside animal houses due to the high density of
animal breeding, the relatively small space, the physiological
characteristics and living habits of poultry, and other reasons
(6, 7). Studies have confirmed that high concentrations of
microbial aerosols can reduce the resistance of animals and
cause serious harm to their production performance and
health (8-11).

In the past 20 years, the avian influenza virus has been
seriously harming the development of the poultry industry.
In 2014, the highly pathogenic avian influenza H5N6 subtype
broke out in China and Vietnam. Researchers found through
this epidemic event that the virus can also infect humans
(12). Porcine reproductive and respiratory syndrome virus
(PRRSV), porcine epidemic diarrhea virus (PEDV), and African
swine fever virus (ASFV) are the most harmful pathogens in
production. It is reported that they can all be transmitted by
virus aerosols (13-16).

A very small amount of pathogenic microorganisms in
the air is enough to cause human and animal diseases.
Even if inhaling a high concentration of non-pathogenic
microorganism aerosol, the immunity load of animals or
human body is increased and body resistance is decreased
(17-19). Thus, microbial aerosols cannot be ignored. Therefore,
this paper mainly summarizes the distribution characteristics,
hazards, transmission, occupational exposure effects, and
prevention and control measures of environmental microbial
aerosols in animal houses. One of the goals is to attract the
attention of relevant personnel (see Figure 1).

Types and distribution of microbial
aerosols

Microbial aerosol which is a colloidal system contains
various microbial components, such as bacteria, viruses,
Mycoplasma, Chlamydia, Rickettsia, exosomes, etc., it is formed
by microorganisms existed widely in nature. They were found
to play a vital role in the pathogen transmission of respiratory
diseases (20-23). According to the different main components
of microbial aerosols, they can be divided into bacterial aerosols,
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fungal aerosols, and virus aerosols (24), of which bacterial and
fungal aerosols account for a relatively large proportion (25). For
many years, the monitoring of microbial aerosol concentrations
and distributions in indoors environment and atmospheric
environment has always been an important topic for scholars.

There were significant differences in bacterial aerosols in
different seasons in Beijing’s outdoor environment. Bacterial
aerosols that can enter the lower respiratory tract in winter
(£ 4.7pm) accounted for the highest proportion at 61%
(26). Similarly, Lanzhou, an important industrial base in
China, had the following distribution characteristics of outdoor
atmospheric microbial aerosol. The particle size distribution of
bacteria, fungi, and Actinomycetes in different environmental
functional areas in Lanzhou had seasonal characteristics.
The particle size of atmospheric fungal aerosol was mainly
0.65-4.7 pm. Grade VI (0.65-1.1 pum) mold aerosol in the air
of railway stations and provincial hospitals accounted for more
than 35% (27). As an important component of air pollution,
these microbial aerosols have negative effects on health, which
must be given attention by the public.

Closed indoor environments are more suitable for microbial
growth and reproduction. About 85% of human activities are
carried out indoors (28). Therefore, it is of importance to study
the characteristics of indoor microbial aerosol. For example,
a library is a learning place that college students often visit.
Zhang found that there is fungal aerosol pollution in different
functional divisions of a university library in Xi’an, which
was mainly concentrated in grade IV (2.1-3.3pum) and V
(1.1-2.1 pm), accounting for 33.4 and 25.5% (29). Bacterial
aerosol pollution existed in different places of a campus
in Beijing, including gymnasiums, classrooms, canteens, and
other places, and the average concentration of indoor bacterial
aerosol was significantly higher than that outdoors. In addition,
the study also found that the distribution was 1.1-4.7 um,
accounting for about 70%, of which 1.1-3.3 pm bacterial aerosol
accounted for nearly 50% (30). These microbial aerosols with
small particle size can penetrate into the deep part of the
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respiratory tract and bronchioles, seriously endangering human
health. In summary, there is a problem of microbial aerosol
pollution in the human daily environment.

The environmental composition of animal houses is
complex. The species and relative abundance of microbial
aerosols are different in different animal houses. In-depth
analysis of the types and concentrations of microbial aerosols in
animal houses can be used to better evaluate their air quality.
For example, Liu identified 13 genera and 25 species of fungi
in fungal aerosol from a chicken house in Hebei Province. Its
dominant genera were Aspergillus and Penicillium, and their
relative abundance was higher than 50% (31). The dominant
bacterial genera of bacterial aerosol in different chicken
houses were Faecalibacterium, Streptomyces, Micromonospora.
In addition, compared with pig houses and cattle houses, the
concentration of microbial aerosol in chicken houses is relatively
high (32). At present, most of the monitoring in chicken house
environments is for the quantitative and qualitative analysis of
bacterial aerosols, but there is relatively little research on fungal
aerosols. In poultry production, bacterial aerosols and fungal
aerosols are important sources of pathogens. Comprehensive
analysis can help us better understand the environmental
conditions in chicken houses and facilitate the formulation of
a more comprehensive disease-prevention and control plans.

According to some reports, potential pathogens in pig
houses include Acinetobacter, Staphylococcus, Pseudomonas,
Staphylococcus aureus, and Enterococcus avium (7, 33).
The dominant genera of airborne fungi in pig houses are
Dothideomycetes and Sordariomycetes (34). Li found that
Enterbacter and Pseudomonas are the dominant genera of
aerobic Gram-negative bacteria after analyzing the airborne
microorganisms in a pig house (35). Complete intensive
feeding pattern (CP) has become dominant in pig production
systems (36). Pigs housed in intensive systems live in much
smaller space. The aim is to reach slaughter-age early through
limiting their activity and feeding the animals a high-protein
diet. With the popularization of this pattern, the environment
situation in pig houses is very important to the health of pigs.
Therefore, actively monitoring and analyzing microbial aerosol
in pig houses will help to enrich the basic data of the health
situation in pig houses and give important guidance for future
health assessment.

Milk is an important source of nutrients and energy for
human beings, so the environments of cowsheds have also
received much attention. Duan et al. collected microbial aerosols
in six cattle houses in Shandong Province (37). After calculation
and analysis, it was found that there were high concentrations
of microbial aerosols in cattle houses, and most of them were
small particles. Pavan et al. conducted a qualitative analysis on
airborne fungi inside and outside a cowshed (38). The results
showed that Cladosporium sp., Aspergillus sp., and Alternaria
alternata were relatively abundant fungal species. Bacterial
contamination could also be seen in the air of Czech cattle
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TABLE 1 Dominant bacteria genus in different animal house.

Animal house Dominant bacteria genus Ref.

Pig house Enterobacter, Pseudomonas Lietal. (35)

Chicken house Faecalibacterium, Streptomyces, Zhang (32)
Micromonospora

Rabbit house Enterobacteriaceae Duan (47)

Mink house Pasteurella, Pseudomonas Zhong (48)

Cow barn Staphylococcus, Bacillus Liu (49)

houses, and Staphylococcus and Streptococcus were the most
identified Gram-positive bacteria (39). There are many literature
reviews of the effects of environmental microorganisms in dairy
farms in Europe. According to Quintana, the existence of lactic
acid bacteria in the air would influence the qualities of the milk
(40). Specially in summer, a greater content of spores existed in
feces. These spores can contaminate the dairy farm environment
(41). Therefore, microbial aerosols in cattle houses are not only
the cause of animals’ sickness, but are also closely related to the
production of raw milk.

The characteristics of fungal and bacterial aerosols in some
animal houses are described above. Virus aerosols are also an
important component, especially for some zoonosis such as
avian influenza, Japanese encephalitis virus, foot and mouth
disease virus. The pathogenicity of avian influenza virus to
animals and humans is related closely with the role of aerosols.
Aerosol exposure increased the likelihood of chicken infection
with low pathogenic avian influenza (42). HON2 AIV from
chicken houses were able to infect guinea pigs by aerosol
transmission (43). Japanese encephalitis virus (JEV) can cause
fatal or serious consequences to both humans and pigs. JEV
from swine is considered to be transmitted among mice
through aerosols (44). These pathogens affects the growth of
swine. Cattle are the primary host of Influenza D Virus (IDV)
and the main susceptible animal of foot and mouth disease
virus (FMDV) (45, 46). IDV via aerosol to a seronegative
calf is occurred under experimental conditions (45). FMDV
Asia 1 strain was transmitted from pigs to cattle through
aerosol under experimental conditions (46). It can be seen
that virus aerosols play an important role in the transmission
of zoonosis.

More
environments are presented in Table I. The monitoring

dominant bacteria genera in animal house
and analysis of microbial aerosols in animal houses could
provide basic data for controlling the ambient air quality
of livestock and poultry houses and provide a theoretical
basis and technical support for the healthy breeding and
safe production of livestock and poultry. The information
suggests that people should pay more attention to the negative
effects of microorganisms in the houses and the health

of workers.
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Hazards of microbial aerosol

Exposure to microbial aerosols has a negative impact on
health because microbial aerosols can invade the body through
skin damage, mucosa, the respiratory tract, and the digestive
tract. They can then cause irreparable damage to various
systems of the body (47, 50). Airborne aerobic bacteria smaller
than 2.0um can enter the body through respiration. Some
of them deposit in the bronchi and bronchioles, affecting
the gas exchange in the lungs. Others enter the circulatory
system with the exchange of gas and blood, thus causing more
serious harm to human and animal health (17). Bertrand found
that low-concentration endotoxin exposure increases lung
inflammation (51), and microbial aerosol exposure aggravates
chronic obstructive pulmonary disease (52).

The size of a particle determines how deeply it enters
the respiratory tract, and aerodynamic particles with size
<2.5pum are defined as PMy 5 (53). A large number of studies
have confirmed that short-term or long-term exposure to
environmental PM; 5 has extensive damaging effects on human
health (54), including reduced lung function, pneumonia, and
pulmonary fibrosis. For example, exposure to PM 5 in Ningxia’s
atmospheric environment was related to lung function. Long-
term exposure to a high concentration of PM; 5 reduces lung
function (55). With increased exposure to PM; 5, FVC and FEV1
decreased. In Canada, short-term exposure to environmental
PM;5 was associated with the risk of hospitalization and
death (56).

In addition, it is widely accepted that PM; 5 induces lung
inflammation through oxidative stress, thereby causing lung
damage (57). More researchers have paid attention to the
distribution and inflammatory effect of PM; 5 in animal houses.
Lianalyzed PM 5 collected from poultry farms and found that it
contained a large number of potential pathogenic bacteria, such
as P. aeruginosa (58). The synergy of PM; 5 and P. aeruginosa
caused serious pathological damage to the lungs of mice and
aggravates the inflammatory response.

Component analysis of PM; 5 in animal houses can be
found in many studies, but there are few articles that combine
PM3 5 in animal houses with lung injury in workers or animals.
Correlation analysis between the two could help to find the
best disease-prevention strategy and achieve healthy breeding.
Of course, we should not only focus on the lungs, but also
pay attention to the negative effects on other organs and
on performance.

In the production of livestock and poultry, the impact of
microbial aerosols on the production performance of livestock
and poultry must also be considered. Animal production
performance is an important factor that affects economic
benefits. Studies have shown that microbial aerosols have
a negative impact on animal production performance. For
example, Chen found that the weight of mice was significantly
lower than that of a control group after 7 days of nasal drip of
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environmental particles collected from a pigsty, and the weight
showed a trend of first decreasing and then increasing during
the test (59). Yu formed a microbial aerosol environment with
different concentrations by adopting different cleaning methods
liking ventilation time and frequency of troughs cleaning
sterilization and bedding replacement (9-11). The concentration
of microbial aerosols showed an increasing trend with the
deterioration of sanitary conditions in the duck house. A high
concentration of microbial aerosol in a duck house significantly
reduced the average daily gain (ADG) of meat ducks from 54 g/d
in 4 fourth week to 21 g/d in eighth week.

In intensive breeding, the growth performance of animals
determines the economic benefits. Therefore, the loss caused
by microbial aerosols should be reduced as much as possible.
Research on the harm of microbial aerosols mostly focuses on
the organic damage of the respiratory system and cardiovascular
system. Supplementing production-related data such as body
weight, average daily gain, and feed meat ratio is helpful to
analyze the health hazards of microbial aerosols. There are few
reports on the impact of microbial aerosols in animal houses on
the health of animals and employees. More studies have begun
to explore the distribution characteristics of microbial aerosols
in livestock and poultry houses, but there is still a long way to go

in research on the harm of microbial aerosols to animals.

Effect of microbial aerosol
propagation

The wide distribution and spread of microbial aerosols
lead to environmental pollution, the spread of some infectious
diseases, and health threats to nearby residents and animals.
The transmission routes of infectious diseases mainly include
air transmission, contact transmission, and droplet transmission
(60). However, with the deepening of researchers’ understanding
of particles, the limitations of contact transmission and droplet
transmission were gradually being exposed. The researchers
could not well explain the view that workers more than three
feet apart are at risk of infection. Transmission of undefined
small particle aerosols caused respiratory and gastrointestinal
infections of viruses. In order to solve this limitation, Jones (60)
proposed the concept of aerosol transmission about infectious
disease. In recent years, aerosol propagation has been mentioned
many times and has been a great concern for researchers.

Animals growing in animal houses can be the first to be
threatened by aerosol transmission. Marek’s virus (MDV) and
African swine fever virus (ASFV) are typical examples. MDV
can fall off into the environment with feathers. Respiratory
diseases possibly occur if chickens inhale contaminated dust or
feather follicle dander (61-63). Marek’s disease (MD) results in
the formation of lymphomatous lesions in nerves and visceral
organs (64). Farms infected with ASFV showed up to 100%
mortality 7 days after clinical symptoms (65). If the infected
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swine cannot be eliminated in time, it is a hidden danger to the
swine of the same pig house (66).

Staphylococcus and Erysipelas were detected in the microbial
aerosol of pig house by researchers (67). Staphylococcus is
considered to be the main cause of skin disease in pigs
(68). Erysipelothrix is associated with acute septicaemia and
endocarditis and arthritis (69). Avian pathogenic Escherichia
coli (APEC) remains one of the major endemic diseases
afflicting the poultry industry worldwide. It causes airsacculitis,
septicemia and other mainly extraintestinal diseases in chickens.
The difference of infection pathway affects the pathological
characteristics of APEC. Aerosol infection is considered to be the
most serious route of APEC lesions (70). Therefore, the spread
risk of microbial aerosol in the house cannot be underestimated.

Microbial aerosols can spread to surrounding areas and pose
potential risks to residents’ health (71). Li et al. found that
microbial aerosols produced by garbage and sewage treatment
stations diffuse to the surrounding environment under the
action of wind (72). Furthermore, with the extension of
diffusion distance, children living in the downwind direction are
more vulnerable than other young people (72). Not only can
microbial aerosols in animal houses spread to the surrounding
environment of animal houses, they can also be detected
thousands of meters downwind of animal houses. This causes
a wider range of health risk effects and increases the difficulty of
prevention and control of animal-borne diseases.

Cowling found that aerosol transmission is one of the
important transmission modes of influenza A virus (73). Song
also found that microbial aerosol is an important transmission
route of antibiotic resistance genes in pig houses (74). It can be
seen that aerosol transmission not only can be pathogenic to the
animals raised in animal houses (7) but can also pose a threat to
the health of farm employees and surrounding residents. Aerosol
transmission increases the difficulty of disease prevention and
control. In the process of livestock and poultry breeding, aerosol
transmission must be fully considered. Minimizing the negative
impact caused by aerosol transmission could help ensure the
health of workers and surrounding residents.

Effect of occupational exposure on
respiratory system of employees

The composition of microbial aerosols is not stable and
is easily affected by other factors. In a specific occupational
environment, microorganisms can be transported by air flow,
forming a high-concentration microbial aerosol environment.
The occurrence of some human diseases is also related to the
composition of particulate matter in different places, such as
garbage collection sites (75, 76) and breeding farms (77, 78).

According to Muzaini, workers working in sewage treatment
plants face various health risks, among which lung-related
diseases are one of the main health effects (79). Early studies
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on occupational exposure risk in a breeding environment
showed that compared with ordinary farmers, farmers involved
in poultry and pig breeding had a higher probability of
suffering from respiratory diseases (80, 81). Due to the
increase of microbial aerosol concentration in chicken houses,
workers’ chances of contacting pathogens increase, and their
probability of developing respiratory diseases such as asthma
and obstructive pulmonary disease is also increased (82).

Mbareche found Moraxela spp. aerosol in a pig house
(83). It is also a dominant bacterium in the nasopharyngeal
flora of feeding workers (84). The bacteria of this genus are
opportunistic pathogens causing upper and lower respiratory
tract infections (85), and workers are at risk. Bacteria and fungi
account for the vast majority of microbial aerosols, so their
impact on health should not be underestimated.

However, a large number of livestock workers are at risk
due to respiratory transmission of zoonotic diseases, particularly
bovine tuberculosis and brucellosis (86). As early as 1953,
Oltramare proposed that brucellosis is an occupational disease of
butchers (87). Males working in slaughterhouses had the highest
seropositivity rate. This was inseparable from their working time
and the lack of professional knowledge about zoonotic nature,
such as consuming raw meat and directly contacting the blood
and tissues of infected animals (88). Moreover, human-animal
contacts at cattle markets and slaughterhouses are also acted
as the risk factor for tuberculosis transmission (89). The study
demonstrated that the prevalence of latent tuberculosis infection
(LTBI) and pulmonary tuberculosis among livestock workers
were high in Mexico, it was robustly related to occupational
exposure (90).

Globally, outbreaks of Avian Influenza Virus (AIV) continue
to burden economies and endanger human, poultry and
mammal health. Close contact with infected birds is considered
to be the main risk factor for avian influenza infection (91-93).
Serological studies are widely used to detect the positive rate
of avian influenza virus. It has been proved that a high positive
detection rate was seen in the serum of workers involved
in live poultry sales and breeding (94). The HPAIV H5N1
showed strong zoonotic characteristics and it was transmitted
from birds to mammal including humans (95). Therefore,
employees should pay attention to personal protection
when engaging in production activities to reduce the risk
of infection.

Endotoxin is also a major risk factor in occupational
exposure. Endotoxin is a component in the cell walls of Gram-
negative bacteria that is released after cell lysis. It is also a
common pollutant (96). Total mixed rations and silage were
collected from a dairy house in Lithuania and analyzed, and the
content of endotoxin was the highest in mixed rations (97). The
level of endotoxin in a hen house in Egypt was also high, with an
average concentration of 2.23 x 10° CFU/m?3 (98). It can be seen
that endotoxin pollution is common in livestock and poultry
houses (99-102).
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Endotoxin exposure has various negative impacts on health.
For example, there is a correlation between endotoxin exposure
and lung disease. As early as 1986, Brigham and Meyrick
proposed that endotoxin has a significant effect on the structure
and function of the intact lungs of animals and may even
have a pathogenic link (103). A Polish study found that
exposure to low concentrations of endotoxin is associated with a
decrease in forced expiratory volume in 1s (FEV1) (104). High
concentrations of endotoxin exposure were also associated with
an increase in hospital visits for asthma (105). Therefore, in
some specific workplaces, such as livestock and poultry farms,
landfills, etc., workers should be aware of the risks and use
appropriate personal protective equipment during their daily
work to reduce the incidence of lung diseases.

The presence and concentration of microbial aerosols in
the occupational environment are significantly related to the
health of employees, and working in an environment with high
microbial aerosol concentration for a long time causes many
adverse health effects to employees. The impact of occupational
exposure on human health may be far more serious than we
thought. With the rapid development of the breeding industry,
various occupational exposure studies could urge researchers
to find effective prevention and control measures, which could
provide new ideas for improving the working environment

of employees.

Prevention and control measures for
microbial aerosol

The danger of aerosols depends on pathogens, and some
pathogens can cause serious infectious diseases. At this point,
it is particularly important to prevent and control infectious
diseases. Control the source of infection, cut off the route of
transmission, and protect vulnerable people. These three steps
are routine methods for preventing and controlling infectious
diseases. The most important way of all is eliminating to the
source of infection, and ensuring that animals are not infected
by pathogens, especially zoonotic infections. When engaging
in breeding and production, the infected animals with obvious
clinical symptoms are found, and the infected animals are
isolated in time. If it is found to be a classI animal epidemic, it
must be reported immediately, and the diseased animals or even
the dead animals must be treated harmlessly, such as chemical
preparation or burial.

How to cut off the transmission route is as follows.
At present, the following three methods are used to reduce
the concentration of microbial aerosol. The first is keeping
the livestock and poultry houses clean. The second method
is strengthening ventilation. Ventilation has been proven to
significantly reduce (but not completely eliminate) the amount
of microbial aerosols in the air (18, 106). Reasonable ventilation
in a livestock and poultry house provides fresh air and
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removes dust particles, pathogenic microorganisms, moisture,
and harmful gases in the air. Furthermore, it maintains the
appropriate temperature and humidity to help control of the
small environment (107, 108). In addition, a kind of Nanofiber
with high capture capacity has also been found, which may have
potential applications for efficient capture of aerosols and viruses
(109, 110). The last method is using disinfectants reasonably. In
the process of disinfection, it should be ensured that every corner
of the house is cleansed of microorganisms that may remain
as much as possible to achieve environmental disinfection and
reduce the possibility of microbial aerosol transmission.

Lastly, in the process of breeding production, employees can
reduce aerosol concentration through standardized workflow.
At the same time, the health of employees can be protected
through vaccine prevention.

Perspectives

The air quality in livestock and poultry houses is closely
related to the survival and growth of animals. As an important
indicator of air quality, microbial aerosols have a far-reaching
impact on the health of animals and employees, so it is very
important to study them. In the future, we hope that more
people will pay attention to the environmental conditions in
animal houses and provide a theoretical basis for the healthy
breeding of animal. In addition, in the process of site selection
and construction of livestock and poultry houses, factors of
aerosol transmission, climate, and wind direction should be
considered comprehensively in our opinions.

Future research also should continue to monitor the
composition and concentration of microbial aerosols in different
farms to fill the gaps in related fields. Studies are also being
done on equipment or adsorbents that trap or reduce microbial
aerosol particles, which can reduce the concentration of aerosols
and reduce the risk of disease in animals and humans.

Reducing the occupational risk of microbial aerosol
exposure is also an important research topic. The research
on microbial aerosols is of great significance to animal health
breeding. Such studies could accelerate the standardization and
scientific breeding of livestock and poultry breeding industry, as
well as lay a theoretical foundation for limiting exposure risk and
the prevention and control of microbial aerosols in livestock and
poultry houses.

Conclusion

Microbial aerosols have great significance in the assessment
of the environmental status of animal houses. We have mainly
summarized the hazards of these aerosols and the risks of
transmission and occupational exposure. The results provide a
theoretical basis for further study on the damage mechanism of
such systems.
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