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biological composition of environmental PM by bacterial 16S rDNA and fungal /TS region
sequencing. We selected hazy days and a livestock farm as two typical examples of the
application in this protocol. In this study, these two sampling methods, cyclonic aerosol sampler
and filter sampler, showed different sampling efficiency. The cyclonic aerosol sampler
performed much better in terms of collecting bacteria, while these two methods showed the
same efficiency in collecting fungi. Filter samplers can work under low temperature conditions
while cyclonic aerosol samplers have a sampling limitation for temperature. A solid impacting
sampler, such as an Andersen six-stage sampler, can be used to sample bioaerosols directly into
the culture medium, which increases the survival rate of culturable microorganisms. However,
this method mainly relies on culture while more than 99% of microbes cannot be cultured. DNA
extracted from the culturable bacteria collected by the Andersen six-stage sampler and samples
collected by cyclonic aerosol sampler and filter sampler were detected by bacterial 16S rDNA
and fungal ITS region sequencing. All the methods above may have wide application in many
fields of study, such as environmental monitoring and airborne pathogen detection. From these
results, we can conclude that these methods can be used under different conditions and may
help other researchers further explore the health impacts of environmental bioaerosols.

INTRODUCTION:

In natural environments, various kinds of microorganisms exist in bioaerosols, including fungi,
bacteria, viruses and other microorganisms?. Airborne microorganisms, which can be emitted
from some human activities such as animal feeding operations in livestock farms, are the
important contents of the atmospheric environment?. These microorganisms may not only play
important roles in the atmospheric environment but also have significant impacts on human
health and diseases spread.

As an important way of spreading diseases, microbial aerosols have attracted wide attention
throughout the world. In recent studies, many human diseases were found to be associated
with the complex composition of environmental particulate matter (PM) in different locations,
such as chemical factories, livestock farms and smoggy cities**. The biological composition of
PM may contribute to some respiratory and cardiovascular diseases in PM-exposed humans®.
Different body regions, such as the mucosa, skin, digestive tract and respiratory tract, can be
potential targets of microbes attached to PM®’. An increased risk of lung cancer might be
caused by prolonged exposure to PMas 8.

Airborne bacteria have been surveyed at various locations in several countries around the
world, including in subway stations, veterinary hospitals, slaughterhouses, composting facilities,
tanneries, milk-processing facilities, coal mines, dental clinics and indoor environments®?'’,
generating a large number of reports about biological aerosols. Crowded places associated with
campuses, livestock farms and large cities during hazy days are three particularly important
public conditions for which we need to explore the connections between human health and the
potential effects of PM exposure. Furthermore, during winter days in the northern cities of
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China, high PM;s values may affect human health. Although PM; 5 can generate toxic effects by
targeting respiratory surfaces and dissolving into blood??, it is still not clear whether and how
the microbes attached to PMz s could potentially affect human health?®2°, Livestock farms are
one of the main sources of PM and microbial aerosols in the air. The large numbers of
pathogens, such as influenza virus and Brucella melitensis, that are carried by aerosols in the
fields around livestock farms are important factors causing respiratory diseases in both
livestock and poultry workers.

In this study, we explored multiple types of analyses of bioaerosols, including PM number
monitoring, bioaerosol collection and biological composition analysis. Air samples were
collected by a cyclonic aerosol sampler, a high-volume air sampler with filters and an Andersen
six-stage sampler. Then, the samples collected by these three samplers were analyzed by
biological analysis including bacterial 16S rDNA and fungal /TS sequencing to determine their
biological compositions. Herein, we show representative results from the bioaerosol samples
collected during Beijing hazy days and from livestock farms indicating that bioaerosols might
have great impacts on human and animal health. The comparison between liquid and filter
sampling methods were also explored in this study mainly based on the data from 16S DNA and
fungal ITS sequencing.

PROTOCOL:
1. PM Number Monitoring

1.1. Use an airborne laser particle counter (see Table of Materials) to determine the total PM
number. Collect the PM by the air sampling port on the top of the airborne laser particle
counter.

NOTE: This particle counter is an automation equipment and it can work independently when
the program including sampling time, interval, collection times, etc. has been set on its touch
screen.

1.1.1. Equip the instrument with a sensor to monitor temperature and relative humidity.
Measure and record temperature and relative humidity data simultaneously every 5 min.

1.1.2. Intotal, measure and record 6 different particle size classes (0.3-0.5 um, 0.5-0.7 um,
0.7-2.5 um, 2.5-5 um, 5-10 um and > 10 um) simultaneously every 5 min. Measure 4 other
particle size classes (0.3-0.5 um, 0.5-1 um, 1-3 um and = 3 um).

1.1.3. Collect the air samples though the sampling hole on the top of the sampler and use the
test modules inside the sampler to measure the particle size of each PM. Then the data is
stored automatically. All the processes above can be performed automatically after the relative
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parameters, including sampling time and counting range, are set though the mini touch
displayer of the airborne laser particle counter.

NOTE: This particle counter is an automation equipment and it has test modules that count the
number of PM of different particle size classes.

1.2. To assess experimental standard error, ensure that different particle size classes are
counted with at least 15 replications. Ensure that readings are stored in the internal memory of
the instrument and subsequently analyzed.

1.2.1. Ensure that analysis of the primary data includes PM number concentration, the
ANOVA test and the percentage of PM in each size class. For example, as shown in Figure 1A,
the PM number concentrations in December (237.6 particles/cm3) were significantly higher
than those in October (average: 110.2 particles/cm?) (ANOVA; P-value < 0.05). Figure 1B shows
that the number of particles smaller than 3 um accounted for more than 99% of the total
number.

1.2.2. Use the laser particle counter to monitor the PM number concentrations and store the
data automatically. Use a USB flash disk to export data in the computer and perform the
ANOVA test.

2. PM Collection by Cyclonic Aerosol Samplers

2.1. Perform the PM sampling in an open area without any nearby major pollution sources at ~2
m above the ground.

2.1.1. Record the position of the sampling site. For example, the campus of Beijing Institute
of Technology is the following: 39°57°51.0” N; 116°19’38.5” E.

2.2. Use a cyclonic aerosol sampler to collect air samples. Use a sampler flow of 323 L/min, and
a collection time of 6 h.

NOTE: The sampler flow rate is fixed and cannot be changed. The collection time is controlled
by manual time-keeping as there is only a Start and Stop button on this sampler.

2.2.1. Use sterile water to wash the inside of the cyclonic aerosol sampler 3 times before
collection, and use the automatic cleaning function 3 times by continuously pressing the collect
button 3 times.

2.2.2. Press the collect button to start sampling and press the pump button to stop sampling.
Put the sampler on a shelf or floor with no one holding it in place.



165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

2.2.3. Preserve all samples in the dark at -20 °C until the subsequent analyses.
3. PM Collection by Filters

3.1. Perform the PM sampling in an open area without any nearby major pollution sources at ~2
m above the ground.

3.1.1. Record the position of the sampling site. For example, the campus of Beijing Institute
of Technology is as follows: 39°57°51.0” N; 116°19’38.5” E.

3.2. Collect the PM samples on 20.32 x 25.4 cm? filters (see Table of Materials) by using a high-
volume air sampler (see Table of Materials) at a flow rate of 1000 L/min. Set the flow rate and
collection time by relative auto-programming.

3.2.1. Preserve all sampled filters in the dark at -20 °C until the subsequent analyses.

4. Biological Composition Analysis

4.1. For biological composition analysis, use each liquid sample from the cyclonic aerosol
sampler or filter sample for DNA extraction by a multisource DNA extraction Kit (see Table of
Materials) according to the manufacturer's protocols.

4.1.1. For samples from the high-volume air sampler with filters, use 1/8 of each filter sample
for DNA extraction. Put the filter into a 50 mL tube with the sample facing inward and the back
facing towards the tube wall. Add 10 beads in the central sites towards the side of the filter

containing the sample.

4.1.2. Vortex the tube for 15 min at room temperature. Pipette the liquid in the tube into a
clean 50 mL centrifuge tube to continue the DNA extraction process.

4.2. Extract the DNA from the sample by the processes as follows.

4.2.1. Centrifuge the bacteria sample at 2000 x g for 5 min, remove the supernatant, and
suspend bacteria in 2 mL of sterile PBS buffer.

4.2.2. Collect the suspension of bacteria in a 2 mL centrifuge tube and then centrifuge at
2000 x g for 5 min to discard the supernatant solution.

4.2.3. Add 350 L of sterile PBS buffer containing the suspended bacteria to the solution.
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4.2.4. Add 0.8 mL of RNase A.

4.2.5. Add 150 pL of Buffer CL and 8 uL of proteinase K, and mix immediately by vortex
shaking for 1 min. After brief centrifugation at 1000 x g for 30 s (no residues on the wall), put
the centrifugal tube in 56 °C water for 10 min.

4.2.6. Add 350 uL of Buffer PD, and mix for 30 s and then centrifuge for 10 min at 12000 x g.

4.2.7. Place the DNA preparation tube in a 2 mL centrifuge tube, and transfer the mixture
made in step 4.2.6 to the preparation tube. Then centrifuge for 1 min at 12000 x g.

4.2.8. Discard the filtrate, put back the contents of the preparation tube into the original 2 mL
centrifuge tube, and add 50 pL of Buffer W1. Centrifuge the mixture for 1 min at 12000 x g.

4.2.9. Discard the filtrate, put back the contents of the preparation tube into the original 2 mL
centrifuge tube, and add 700 pL of Buffer W2. Centrifuge the mixture for 1 min at 12000 x g.
Repeat this step to wash again with 700 uL of Buffer W2.

4.2.10. Discard the waste liquid, and put back the contents of the preparation tube into the
original 2 mL centrifuge tube. Centrifuge the mixture for 1 min at 12000 x g.

4.2.11. Put the contents of the DNA preparation tube into another clean 1.5 mL centrifuge
tube, and add 100 puL of eluent or deionized water to the middle of the membrane in the
preparation tube (deionized water or eluent was heated to 65 °C). Allow the mixture to stand at
room temperature for 1 min, and Centrifuge the mixture for 1 min at 12000 x g.

4.3. Perform quantitative real-time polymerase chain reaction (Q-RT-PCR) to quantify the
relative abundances of bacteria and fungi on the sampling filters.

4.3.1. Use primers as follows: for bacterial 165 rDNA, 515F (5’- GTG CCA GCM GCC GCG GTA
A-3’) and 806R (5’- GGA CTA CHV GGG TWT CTA AT-3’); and for the fungal ITS, ITS1 (5’-TCC GTA
GGT GAA CCT GCG G-3’) and ITS1 (5’-GCT GCG TTC TTC ATC GAT GC-3').

4.3.2.  Runthe Q-RT-PCR assays on a Real-Time PCR System (see Table of Materials). RT-PCR
condition: predegeneration, 95 °C, 10 min; degeneration, 95 °C, 15 s; anneal and extension,
60 °C, 1 min; 40 cycles from degeneration to anneal and extension.

4.4. For bacterial and fungal community structure analysis, amplify the V1-V3 region of the
bacterial 16S rDNA and the ITS region of the fungal rRNA operon by PCR.
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4.4.1. Use the primers as follows: for bacteria, V1-9F (5'-CCT ATC CCC TGT GTG CCT TGG CAG
TCT CAG ACG AGT TTG ATC MTG GCT CAG-3’) and V3-541R (5'-CCA TCT CAT CCC TGC GTG TCT
CCG ACT CAG-barcode-ACW TTA CCG CGG CTG CTG G-3'); and for fungi, ITS-3F (5’-CCT ATC CCC
TGT GTG CCT TGG CAG TCT CAG CAC ATC GAT GAA GAA CGC AGC-3’) and ITS-4R (5’-CCA TCT CAT
CCC TGC GTG TCT CCG ACT CAG-barcode-GCT CCT CCG CTT ATT GAT ATG C-3').

4.4.2. Ensure that the 20 pL mixture of PCRs included 2 L of 2.5 mM dNTPs, 4 pL of 5x
FastPfu Buffer, 0.8 uL of each primer (5 uM), 0.4 puL of FastPfu Polymerase, and 10 ng of
template DNA (see Table of Materials).

4.4.3. Use the PCR program as follows: 94 °C for 5 min; followed by 10 cycles of 94 °C for 30's,
55-60 °C for 45 s, and 72 °C for 90 s; 20 cycles of 94 °C for 30 s, 55 °C for 45 s and 72 °C for 90 s;
and a final extension at 72 °C for 5 min.

4.5. Perform DNA purification, DNA quantification and pyrosequencing as described in a
previous study 1.

5. Bioaerosol Sampling and Cultivation

5.1. Use an international standard Andersen six-stage sampler (see Table of Materials) to
sample culturable airborne bacteria and fungi at a flow rate of 28.3 L/min. Use a sampling time
of 35 min. Put the culture plate in each stage of the sampler. Sufficiently disinfect the sampler
with 75% ethyl alcohol after each sampling.

NOTE: The sampler flow rate is fixed and the collection time is controlled by manual time-
keeping.

5.1.1. Sample the six stages with the Andersen six-stage sampler, which is defined by the
aerodynamic diameters of the airborne particles, including stage VI (0.65—1.1 um), stage V (1.1-
2.1 um), stage IV (2.1-3.3 um), stage Il (3.3—4.7 um), stage Il (4.7-7.0 um) and stage | (27.0
um).

5.1.2. Collect the bacterial particles and deposit onto the culture plate in each stage
containing Soybean-Casein Digest Agar (see Table of Materials). There is a container with many
air intakes on the top in each stage of the sampler.

5.1.3. Culture the airborne bacteria collection plates at 37 °C for 24-48 h; then, count the
colony numbers of bacteria on the sample dish for each stage.

5.2. To prevent the particles collected by the Andersen six-stage sampler from overlapping,
correct the number of colonies at each sampler level by the following formula:
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Pr=N i+ ! + ! +...+ 1
N N-1 N-2 N-r+1

where Pr: corrected number of colonies at each level,
N: number of sampling holes of the sampler at all levels (400), and
r: the actual count of colonies.

5.3. Calculate the unit of colonies per m? of air as follows:
C_ N1+ N2+ Ns+ Nas+ Ns+ NGXlOOO
txF
where C: concentration (CFU/m3),
N1-Ns: the corrected number of colonies at each level,
T: sampling time (min), and
F: sampling flow rate (28.3 L/min).

5.4. Use methods from Steps 5.1 - 5.3 to study the bioaerosol in livestock farm, including four
types of piggeries.

NOTE: The livestock farm is located in Changchun, China. The central position 2 m above the
ground in each piggery was selected as sampling location.) After culture of bacteria, treat all
colonies in the plates as described in Steps 6.1 - 6.2.

6. Identification of Culturable Bacteria

6.1. After 48 h or 72 h of culturing, place the bacteria into a 2 mL centrifuge tube. Extract the
DNA of these bacteria or fungi by using a multisource DNA extraction Kit (see Table of
Materials). The DNA extraction process is described in section 4.2.

6.2. Use 200 pL DNA extraction sample for 16S rDNA sequencing. Use the same processes as
described in Steps 4.2, 4.3 and 4.4 on biological composition analysis.

REPRESENTATIVE RESULTS:

In this study, we performed an assessment of the overall PM distribution and a comprehensive
analysis of the bioaerosols in a dairy farm from September to December. Many environmental
factors contribute to the distribution of aerosol particles. We studied the concentration and size
distributions of PM in a cow house by using a TSI laser particle counter. As shown in Figure 1A,
the concentration of aerosol particles was highest in December and lowest in October, which
might be caused by changes in temperature and humidity (Table 1). The concentration of
inhalable aerosol particles (0.3-3.0 um) accounted for more than 99% of the total particle
concentration (Figure 1B), and the particles in this range could reach the deep respiratory tract,
causing serious hazards for humans and animals.
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Biological composition analysis of samples can be performed by DNA extraction, bacterial 16S
rDNA and fungal ITS region sequencing instead of microorganism culture. From the biological
analysis of bioaerosol samples collected by using a cyclonic aerosol sampler or a high-volume
air sampler with filters, we can preliminarily compare the efficiencies of these two methods in
collecting bacteria and fungi. Figure 2 showed the analysis results of the bioaerosol samples
collected during Beijing hazy days in the campus of Beijing Institute of Technology in December
20, 2016. For bacteria collection, the results indicated that the cyclonic aerosol sampler
collected many more genera than the high-volume air sampler with filters (Figure 2A). For fungi
collection, these samplers showed equal collection efficiencies and almost the same genus
abundances (Figure 2B). From the results presented in Figure 2, we were able to measure the
different collection efficiencies of these two methods for bacteria and fungi. For bacteria
collection, the cyclonic aerosol sampler performed much better than the high-volume air
sampler with filters because the samples from the former showed a higher genus abundance
(Figure 2A). However, the fungal sequencing analysis of the two samples from different
sampling methods showed nearly identical community structures (Figure 2B).

We studied airborne culturable bacteria by using an Andersen six-stage sampler. As shown in
Figure 3, the colony numbers of culturable bacteria for stage I-VI particles was reduced. Stage |
particles (particle size > 8.2 um) had the highest numbers of culturable bacteria colonies. The
percentage of stage | colonies in four different types of piggeries including farrowing house,
pregnant sow house, fattening house and weaning house was 33%, 30%, 26% and 34%,
respectively. The percentage of stage Il colonies in four different types of piggeries was 20%,
22%, 19% and 20% respectively. The percentage of stage Il colonies in four different types of
piggeries was 18%, 18%, 18% and 19% respectively. The percentage of stage IV colonies in four
different types of piggeries was 17%, 16%, 16% and 16% respectively. The percentage of stage V
colonies in four different types of piggeries was 10%, 10%, 14% and 6% respectively. Stage VI
particles (particle size < 1.0 um) had the lowest numbers of culturable bacteria colonies. The
percentage of stage VI colonies in the four different types of piggeries was 3%, 5%, 6% and 5%,
respectively.

The air samples were collected in four different types of piggeries by using an Andersen six-
stage sampler and then cultured under suitable conditions. The whole-genome DNA of the
culturable bacteria collected from each particle stage was extracted and detected by bacterial
16S rDNA and fungal ITS region sequencing. A total of 91 genera and 158 species of bacteria
were identified in the culturable bacteria in piggeries. The culturable bacteria community
structures in four different types of piggeries, including farrowing house, pregnant sow house,
fattening house and weaning house are shown in Figure 4 with data from stage | to stage VI. The
content of different predominant bacterial genera is not the same among different piggeries.

FIGURE LEGENDS:
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Figure 1. The concentration and size distribution of PM in four different months. (A) Boxplot of
PM number during the study period. Each boxplot includes the Maximum, minimum, median,
two quartiles and abnormal value of the database. (B) Average size distribution maps of PM.
There were eighty cows in the house from September to December. The percentage of PM (> 3
um) in four months (September, October, November and December) was 0.005, 0.005, 0.002
and 0.002 respectively.

Figure 2. Biological analysis of bioaerosol samples collected by two samplers. (A) and (B) show
the abundances of bacterial or fungal genera in bioaerosol samples obtained with different
collection methods. Wetted-Wall Air Sampler represents the cyclonic aerosol sampler. Quartz
Filters represents the high-volume air sampler with filters.

Figure 3. Average hierarchical distribution maps of culturable bacteria in four types of
piggeries. The four types of piggeries are farrowing house, pregnant sow house, fattening house
and weaning house. S1 to S6 represent the six particle stages (I to VI) collected by the Andersen
six-stage sampler. The stages were defined by the aerodynamic diameters of the airborne
particles, including stage VI (0.65—1.1 um), stage V (1.1-2.1 um), stage IV (2.1-3.3 um), stage Il
(3.3-4.7 um), stage 1l (4.7-7.0 um) and stage | (7.0 um).

Figure 4. Bacterial community structures with different abundances in the air samples. The air
samples were collected in four different types of piggeries by using an Andersen six-stage
sampler and then cultured under suitable conditions. The whole-genome DNA of the culturable
bacteria in each particle stage collected by the Andersen six-stage sampler was extracted and
detected by bacterial 165 rDNA sequencing. The numbers 1 to 6 in each type of piggery
represent particle stages | to VI measured by the Andersen six-stage sampler. The text on the
right side includes the genus name for each bacterium.

DISCUSSION:

In this study, we provided some representative results that were obtained during hazy days and
in livestock farms. The results from bioaerosol samples taken during Beijing hazy days facilitated
a better understanding of the biological compositions of the biological composition of PM
without PM present during Beijing hazy days. The results from samples taken from livestock
farms will also provide basic data for environmental air quality control in piggeries and a
theoretical foundation and technical support for healthy breeding and safe production in
livestock farms. Many environmental factors, such as temperature, humidity and wind speed,
might contribute to the distribution of aerosol particles in the cow house (Figure 1). Previous
studies have revealed that the PM in livestock farms mainly comes from the fodder, feces, fur
and feather, which may be related to the animal activities. The environmental factors can affect
not only animal activities, but also the aggregation and diffusion of PM in a relatively closed cow
house. Therefore, we detect different concentrations and size distributions of PM in four
different months. Besides, the sanitary condition, feeding method and animal activity were
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different between the four types of piggeries, which might also affect their community structure
of culturable bacteria in the air (Figure 4).

However, in this study, we mainly focused on the available methods that we could use to study
the composition and distribution of bioaerosols under different environmental conditions.
Compared with other microbial samples, those of airborne microorganisms have very low
concentrations and are mixed with a large number of impurities, such as inorganic dust
particles, which introduce certain difficulties during the collection and detection of such
microorganisms?!. Therefore, appropriate methods of collection and detection should be
selected for microbial aerosols. The collection of microbial aerosol samples is generally
performed by using the precipitation method or specialized equipment to collect the
microorganisms in liquid, semi-solid or solid sampling medium?%24, Then, some corresponding
technical treatment and specific testing and analysis are subsequently carried out?®. The
sampling medium should keep microorganisms intact to reduce the error associated with
detection and analysis?®. However, different aerosol microorganism samplers have different
effects on the integrity of samples due to their different sampling principles and media. People
have designed many kinds of bioaerosol samplers that use different sampling principles, such as
inertial impaction, filtration resistance, and electrostatic precipitation?’.

Impacting samplers can push airborne PM into the sampling medium at high speed by using
extraction equipment. There are two types of impacting samplers: solid and liquid. Solid
impacting samplers can be used to sample bioaerosols at a low concentration and can be almost
impervious to air flow?®. Aerosol particles of different sizes can be preliminarily screened, and
microbes can be sampled directly into the culture medium, which increases the survival rate of
culturable microorganisms'®. Due to inertial impact, microbial aerosol particles easily collide at
the same site, and colonies may overlap easily after culture. At present, the most common solid
impacting sampler is the Andersen-6 microbial aerosol sampler. In this study, we used an
Andersen six-stage sampler to study the culturable bacteria distributed in airborne PM of
different sizes.

Cyclonic aerosol samplers use cyclones to spiral air at high speed into a cylinder or cone.
Bioaerosol particles can be separated from the airflow by centrifugal force, which means that
microbes can bump into the inner wall of the sampler and then be collected by the sampling
buffer. This method is convenient and can be used for long sampling times in large flow and
sampling operations. However, this method cannot be implemented at low temperatures
because the operation is dependent on liquid. The cyclonic aerosol sampler used in this study is
a cyclonic wetted-wall aerosol sampler that can extract and transfer airborne pathogens and
particles from sampled air into a small volume of water for analysis®.

Filter samplers can work under low temperature conditions and can sample particles above a
certain size. However, they have a great impact on microbial activity and are prone to damage,
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which will greatly influence subsequent studies on sampling activity. In this study, bioaerosol
samples from Beijing hazy days were collected by using both a high-volume air sampler with
filters and a cyclonic aerosol sampler. The aim of this experiment was to analyses the biological
composition of PM without the separation and culturing of airborne microbes. Therefore, these
two sampling methods were suitable for this study. For the cyclonic aerosol sampler method,
airborne microbes at a low concentration can be easily extracted into the running buffer and
then can be analyzed conveniently without the additional treatment that is commonly used for
filter samples. In this study, these two sampling methods, cyclonic aerosol sampler and filter
sampler, showed different sampling efficiency. The additional treatment that is commonly used
for filter samples, such as recovering the sample from the filter, is one of the main differences
between these two methods. Besides, the air samples were collected directly into the running
buffer by cyclonic aerosol sampler while the other method collected samples on filters. The
characteristics of different type of sampling method might contribute to this different sampling
efficiency. We can assume that the cyclonic aerosol sampler is the better choice for
microorganism collection, and this assumption needs further confirmation.

In this study, bacterial 16S rDNA and fungal /TS region sequencing were used to perform the
biological analysis of bioaerosols. 16S rDNA sequencing is the determination of 16S rDNA
segments in the microbial genome3°. 16S rDNA widely exists in prokaryotes with high
conservation and specificity, which makes it useful for the identification of microbial species3..
Whole-genome sequencing requires only the extraction of genomic DNA and subsequent
sequencing. In addition to producing a large amount of data, this process also allows for a more
comprehensive analysis of microbial community structure. Besides, metagenomics can also be
used in this field of study by providing more information in the future. Handelsman et al. first
proposed the concept of the metagenome in a 1998 paper on microbes in soil®2. In subsequent
studies, the concept of the metagenome was gradually accepted, and much research was
carried out on the microbes included in the human gut, ocean and soil33-3°, With the support of
high-throughput sequencing technology, metagenomics has developed rapidly, and it plays an
increasingly important role in the study of pathogen detection. Traditional microbial research
methods mainly rely on culture for separation and purification. However, many studies cannot
be carried out because more than 99% of microbes cannot be cultured. In contrast to
traditional methods, metagenomics can take the genetic information of all the microbes in the
environment as a whole without the need to separate individual organisms6. A comprehensive
analysis of all the resulting microorganisms can be conducted directly.

In summary, this study showed several detection, sampling and analysis methods that could be
used for studies on the biological composition of environmental PM, including PM monitoring;
PM sampling by an Andersen six-stage sampler, a high-volume air sampler with filters or
cyclonic aerosol sampler; and subsequent biological analysis based on DNA sequencing. In
practice, these methods can be used under different environmental conditions, such as many
types of livestock farms. Our protocols and results may help other researchers all over the
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world further explore the health impacts of fungal and bacterial bioaerosols in the
environment.
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Table

Table 1. The environmental factors from September to December

Month Temperatur Humidity Wind Speed

e (°C) (% rh) (m/s)
September 22.9+0.9 64.1+2.4 0.06+0.005
October 12.1+0.7  38.6x1.7 0.05+0.005
November  4.3x0.4 62.2+3.9 0.02+0.004
December  1.6+0.1 67.8+2.3 0.02+0.003

Click here to access/download;Table;Table 1.xIsx %
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necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors. "
13: Fees. To cover the cost incurred for publication
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement,

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Zhendong Guo
Department:
None
Institution: Academy of Military Medical Sciences, Beijing, China
Title: Associate professor
Signature: th”/ﬂ do hﬂ 6/‘)'0 Date: 20 / 2.071.17

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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1. Please take this opportunity to thoroughly proofread the manuscript to
ensure that there are no spelling or grammar issues.

Response 2: Thank you for your suggestion. We are sure that there are no
spelling or grammar issues.

2. Please do not highlight notes for filming.
Response 2: Thank you for your suggestion. We have revised the highlighted
part including no note.

3. Please do not abbreviate journal titles for all references.
Response 3: Thank you for your suggestion. All the journal titles have been
corrected.

4. Step 1.1.2: How to measure and record? Please add more details to your
protocol steps. Please ensure you answer the “how” question, i.e., how is the
step performed?
Response 4: Thank you for your good question. More details were added to the
step 1.1.2 as follow:

1.1.2) In total, measure and record 6 different particle size classes (0.3-
0.5 gym, 0.5-0.7 pm, 0.7-2.5 pm, 2.5-5 pm, 5-10 pm and > 10 pm)
simultaneously every 5 min. Also measure 4 other particle size classes (0.3-
0.5 ym, 0.5-1 ym, 1-3 pm and = 3 pm). Collect the air samples though the
sampling hole on the top of the sampler and use the test modules inside the
sampler to measure the particle size of each PM. Then the data was stored
automatically. All the processes above can be performed automatically after the
relative parameters, including sampling time and counting range, were set
though the mini touching displayer of the airborne laser particle counter.

5. 4.2.1: What'’s the centrifugation rate (in x g) and time?
Response 5: Thank you for your good question. Centrifuge the bacteria sample
at 2000 x g for 5 min.

6. 4.2.5: What'’s the centrifugation rate (in x g) and time?

Response 6: Thank you for your good question. After brief centrifugation at
1000 x g for 30 s (no residues on the wall), put the centrifugal tube in 56 °C
water for 10 min.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript has been substantially improved by providing appropriate
modification and other information to each comment.

*
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I recommend that the revised manuscript may be accepted without
modifications.

Response: Thank you very much for your comments and suggestions. We are
looking forward to the publication of this manuscript.

Reviewer #2:

Manuscript Summary:

This manuscript has revised in dependence on the comments of editor and
reviewers. However, there are some remaining issues.

I recommend publication after major revision.

Major Concerns:
1) The section of Materials and Methods is thought to be fragmented and does
not include sufficient information about sampling methods.
Response 1: Thank you for your good question. More details were added to the
step 1.1.2 as follow:

1.1.2) In total, measure and record 6 different particle size classes (0.3-
0.5 gym, 0.5-0.7 pm, 0.7-2.5 pym, 2.5-5 pm, 5-10 pm and > 10 pm)
simultaneously every 5 min. Also measure 4 other particle size classes (0.3-
0.5 ym, 0.5-1 ym, 1-3 pm and = 3 pm). Collect the air samples though the
sampling hole on the top of the sampler and use the test modules inside the
sampler to measure the particle size of each PM. Then the data was stored
automatically. All the processes above can be performed automatically after the
relative parameters, including sampling time and counting range, were set
though the mini touching displayer of the airborne laser particle counter.

2) The description style for data results (taxonomic composition) has not
reached to research article level, and now just data values are shown in the
result section.

Response 2: Thank you very much for your comments and suggestions.
According to your suggestion, we have shortened the description of the
taxonomic composition results as follow:

The air samples were collected in four different types of piggeries by using
an Andersen six-stage sampler and then cultured under suitable conditions.
The whole-genome DNA of the culturable bacteria collected from each particle
stage was extracted and detected by bacterial 16S rDNA and fungal ITS region
sequencing. A total of 91 genera and 158 species of bacteria were identified in
the culturable bacteria in piggeries. The culturable bacteria community
structures in four different types of piggeries, including farrowing house,
pregnant sow house, fattening house and weaning house are shown in Figure
4 with data from stage I to stage VI. The content of different predominant
bacterial genera is not the same among different piggeries.

3) The aims of study also should be re-written for showing the comparison



between liquid and filter sampling and between 16S and ITS.
Response 3: Thank you very much for your comments and suggestions. We
have added the relative description as follow:

In this study, we explored multiple types of analyses of bioaerosols,
including PM number monitoring, bioaerosol collection and biological
composition analysis. Air samples were collected by a cyclonic aerosol sampler,
a high-volume air sampler with filters and an Andersen six-stage sampler. Then,
the samples collected by these three samplers were analysed by biological
analysis including bacterial 16S DNA and fungal ITS sequencing to determine
their biological compositions. Herein, we show representative results from the
bioaerosol samples collected during Beijing hazy days and from livestock farms
indicating that bioaerosols might have great impacts on human and animal
health. The comparison between liquid and filter sampling methods were also
explored in this study mainly based on the data from 16S DNA and fungal ITS

sequencing.

Minor Concerns:

"16S rRNA genes" and "ITS" are not shown as italic letters.

Response: Thank you very much for your comments and suggestions. I have
revised all the "16S rRNA” and “ITS”, all of them are italic letters in the revised
manuscript.



