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Abstract 

In terms of pig farming, pig gut microbes have a significant effect on farmers and the farm environment. However, 
it is still unclear which microbial composition is more likely to contribute to this effect. This study collected a total 
of 136 samples, including pigs’ faeces samples, farmers’ faeces samples, samples from individuals who had no con‑
tact with any type of farm animal (referred to as ‘non‑exposed’ persons), and environmental dust samples (collected 
from inside and outside pig houses and the farm) from two pig farms, pig farm A and pig farm B. Whereafter, 16S rRNA 
sequencing and taxonomic composition analysis were performed. According to the study, compared to non‑exposed 
persons, pig farmers had a significantly higher abundance of 7 genera. In addition, the farmers were grouped accord‑
ing to the duration of their occupational exposure, and it was shown that 4 genera, including Turicibacter, Terrisporo-
bacter, and Clostridium_sensu_stricto_1, exhibited a rise in more frequent contact with pigs. As compared to out‑
side the pig house, the environmental dust has a greater concentration of the 3 bacteria mentioned before. Therefore, 
these 3 microbes can be considered as co‑occurring microbes that may exist both in humans and the environment. 
Also, the 3 co‑occurring microbes are involved in the fermentation and production of short‑chain fatty acids and their 
effectiveness decreased as distance from the farm increased. This study shows that the 3 microbes where pig farmers 
co‑occur with the environment come from pig farms, which provides fresh ideas for preventing the spread of micro‑
bial aerosols in pig farms and reducing pollution.
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Introduction
Pigs are the dominant species in livestock production, 
and there is a resemblance between the gut microbi-
omes of pigs and humans. This is because around 96% 
of the functional pathways identified in the human gut 
microbiome are also present in pigs (Xiao et  al. 2016; 
Patil et al. 2020). However, pig farmers work in an envi-
ronment that is rich in pig-related microbes. Prolonged 
occupational exposure can potentially impact an indi-
vidual’s microbiota. Consequently, this sets them apart 
from individuals who are not occupationally exposed to 
pigs (Hong et al. 2021; Sun et al. 2020). Studies indicate 
that individuals working on pig farms may experience 
notable changes in their nasal microbes, resulting in a 
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significantly more diverse nasal microbiota (Kraemer 
et  al. 2019, 2021). The pig farm environment also has 
an impact on the composition of faeces microbes in pig 
farm workers (Sun et  al. 2017). It is possible that the 
process of aerosolization, where pig faeces microbes 
from the upper respiratory tract enter the gastrointes-
tinal tract, could result in changes to the population 
of faeces microbes (Moor et  al. 2021). Many factors, 
including dietary habits and the environment, have an 
impact on the composition of the gut microbes, which 
in turn influences physical health in a variety of ways 
(Shang et al. 2022; Martel et al. 2022; Yang et al. 2022). 
Therefore, it is crucial to investigate the effects of occu-
pational exposure on the intestinal microbes of farmers.

The atomization of pig faeces microbes can also facil-
itate the exchange of microorganisms in the air both 
inside and outside the pig house, leading to changes 
in the environmental microbes of the pig farm (Hong 
et  al. 2021; Luiken et  al. 2020). For instance, the odor 
emanating from the pig farm is primarily caused by 
Clostridium (Zhu 2000). And within the pig farm, there 
is a significant correlation between dust and Staphylo-
coccus aureus exposure in farms (Madsen et  al. 2019). 
Both fungi and anaerobic bacteria have the potential to 
create poor indoor air quality, which can increase the 
chances of pigs getting sick (Kristiansen et al. 2012). In 
addition, pig faeces microbes become dust microbes 
through aerosol transmission, which will change antibi-
otic resistance and the composition of microbial com-
munities in soil (Gao et  al. 2020a; Van Gompel et  al. 
2020; Luiken et  al. 2020). However, it is worth noting 
that farms generally exhibit higher levels of microbial 
diversity. When farmers bring these dust microbes 
home, the indoor microbiota can resemble that of a 
farm and play a crucial role in protecting children from 
developing asthma (Kirjavainen et al. 2019; Wang et al. 
2023). Therefore, the influence of pig farms on micro-
organisms in the surrounding environment has long 
been a research hotspot. In order to facilitate subse-
quent analysis and improve microbial contamination of 
pig faeces, we hope to explore the common susceptible 
microbes in pigs, humans and the environment based 
on the concept of “one health”. The study aims to pro-
vide theoretical support for reducing pollution and pre-
venting the spread of aerosol of microorganisms in pig 
farms. Also, it will demonstrate the sustainable devel-
opment of pig farms from a microorganism perspective.

Two pig farms were sampled and analyzed for the 
study, pig farm A and pig farm B. The first focus of the 
study was on the differences in faecal microorganisms 
between pig farmers and non-exposed persons. Addi-
tionally, the study inferred the path and distance of 

microbial diffusion by analyzing the distribution of dust 
microbes in the pig farm environment.

Material and methods
Sample collection
In this study, two pig farms were sampled, pig farm A 
and pig farm B in different provinces of China. Primarily, 
a total of 136 samples were gathered from pig farm A in 
December 2021, including 22 samples of human faeces, 
70 samples of pig faeces, and 44 environmental samples. 
Out of the 22 samples of human faeces, 18 were obtained 
from farmers (13 breeders and 5 less exposed individu-
als), while the remaining 4 were from non-exposed per-
sons who had no contact with farm animals. A total of 
44 environmental samples were gathered from the pig 
house’s interior, outside, living area, and cesspool, among 
other places (see Table  1). 3 particular areas within the 
pig house were sampled: the floor, the handrail, and the 
inside windscreen, a deflector plate that controls the air-
flow within the pig house (see Additional file 1: Fig. S1). 
Each location was sampled 4 times. 5 samples were taken 
at each of 3 points outside the farm that were 5, 500, and 
1000 m from the pig farm, respectively.

In November of the subsequent year, samples were 
collected from pig farm B. A total of 43 samples were 
obtained, including 10 pig faeces samples, 24 environ-
mental samples, and 9 human faeces samples. The 9 
human faeces samples were obtained from 7 farmers, 
including 4 breeders and 3 less exposed leaders. It is 
worth mentioning that two of breeders used to be the 
leaders of pig farm A for microbial collection, but they 
had been out of work for half a year and had not been 
exposed to animals for three consecutive months at the 
time of this sampling. A total of 24 environmental sam-
ples were collected from both the inside and outside of 
the pig house. 3 places were selected in the pig house: 
the floor, the windscreen outside the pig house, and the 
windscreen inside the pig house. 4 samples were obtained 
at each of 3 points in the area outside the house, which 
were spaced apart by 5, 500, and 1000  m. The specific 
sampling plan and number are shown in Table 1.

Fresh faeces samples were collected from pigs using 
rectal palpation. Each pig was sampled using a new nitrile 
examination glove. After that, the samples were squeezed 
into frozen tubes. The volunteers collected their own fae-
ces samples, which were subsequently placed in frozen 
tubes and stored in liquid nitrogen. Environmental dust 
samples were collected using sterile swabs and trans-
ferred into sterile centrifuge tubes. The samples were 
placed in liquid nitrogen immediately after collection. All 
samples were promptly transported to the liquid nitro-
gen in the laboratory and stored at − 80 °C until further 
analysis.
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DNA extraction and polymerase chain reaction (PCR) 
amplification
DNA was extracted using the OMEGA Soil DNA Kit 
(Omega Bio-Tek, Norcross, GA, USA) and stored at 
–  20  °C before analysis. From these DNA extracts, the 
V3–V4 region of the 16S rRNA gene was amplified using 
forward (5′-ACT CCT ACG GGA GGC AGC A-3′) and 
reverse (5′-GGA CTA CHVGGG TWT CTAAT-3′) prim-
ers, and Illumina linker sequences were used at 5′ end. 
PCR cycling conditions included initial denaturation at 
95 ℃ for 5 min and 25 cycles of denaturation at 95 ℃ for 
30 s, annealing at 59 ℃ for 30 s and extension at 72 ℃ for 
45 s. This process was followed by a final extension step 
at 72  °C for 5  min. PCR amplicons were purified using 
Vazyme VAHTS™ DNA Clean Beads (Vazyme, Nanjing, 
China) and quantified using the Quant-iT PicoGreen 
dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA). The 
subsequently constructed library was sequenced on 
the Illumina HiSeq 2500 platform (2 × 250 pairs), and 
sequencing was performed by Shanghai Personal Bio-
technology Co., Ltd. (Shanghai, China).

16S rRNA gene sequence assembly and clustering
16S rRNA sequencing data were processed using the 
Quantitative Insight Into Microbial Ecology 2 (QIIME2, 
20019.4) platform (Bolyen et  al. 2019). Then, the 
sequences were quality filtered, denoised, and merged, 
and chimeras were removed using the DADA2 plugin 
(Callahan et  al. 2016). Non-single amplicon sequence 
variants (ASVs) were aligned with mafft (Katoh et  al. 
2002). Subsequently, species taxonomic annotation was 

performed using the SILVA database (Release132, http:// 
www. arb- silva. de), and the classify-sklean algorithm with 
default parameters was used in the analysis in QIIME2. 
Moreover, each naive Bayes classifier was used to obtain 
the composition and abundance of individual samples in 
the taxonomic-level distribution table. The resulting ASV 
scale was flattened with QIIME2 using rarefaction at 
the 95% depth of the lowest sample sequence. Sequenc-
ing and bioinformatics were performed on the QIIME2 
platform of Shanghai Personal Biotechnology Co., Ltd. 
(Shanghai, China) and the sequencing results were ana-
lyzed based on amplicon sequence variants (ASVs).

Bioinformatics and statistical analysis
Taxa abundances at the phylum and genus levels were 
statistically compared between groups. ASV-level alpha 
diversity indices, Beta diversity Venn diagram and Vol-
cano map were analyzed at the ASVs level. And then, 
ASVs were aggregated at the genus level, and other 
results were analyzed at the genus level. Alpha diversity 
indices, such as Observed species, and Shannon diversity 
indices were calculated using the ASV table in QIIME2, 
and visualized as box plots; Beta diversity was evaluated 
by nonmetric multidimensional scaling (NMDS) based 
on the Bray–Curtis distance; the significance of differ-
entiation of microbiota structure between groups was 
assessed by ANOSIM using QIIME2; Volcano map was 
performed to make a differential analysis of ASVs/genus 
using R package “DESeq2”; Scores of Linear discrimi-
nant analysis effect size(LEfSe), a method for biomarker 
discovery, measure the consistency of differences in rela-
tive abundance between taxa in the groups analyzed (As 

Table 1 The specific sampling plan and number

Group Location Number of samples from pig farm 
A

Number of 
samples from pig 
farm B

Pig faeces Pig 70 10

Dust inside the pig house Handrail 4 –

Floor 4 4

Indoor windscreen 4 4

Dust outside the pig house Living 4 –

Outdoor windscreen 4 4

Outside 3 –

Cesspool 6 –

Dust outside the pig farm 5 m outside the farm 5 4

500 m outside the farm 5 4

1000 m outside the farm 5 4

Volunteer’s faeces Breeder 13 4

Leader 5 3

Non‑exposure 4 2

http://www.arb-silva.de
http://www.arb-silva.de
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farmer vs As non-exposed), with a higher score indicat-
ing higher consistency. Taxa with linear discriminant 
analysis scores > 2 and P < 0.05 were considered to be 
significant. Hierarchical clustering analysis consists of 
two parts: the left represents the hierarchical cluster-
ing tree of community samples, and the right represents 
the stacked histogram of species composition; UPGMA 
cluster analysis of Bray–Curtis distance matrix was per-
formed using R package “stat”, and the visualizations were 
performed using R package “ggtree”; random forest anal-
ysis was applied to discriminate the samples from differ-
ent groups using QIIME2 with default settings. Nested 
stratified k-fold cross-validation was used for automated 
hyperparameter optimization and sample prediction; 
spiral heatmaps were plotted using heatmap tools in the 
genescloud platform (https:// www. genes cloud. cn). The 
data was normalized by z-scores. The package uses popu-
lar clustering distances and methods implemented in dist 
and hclust functions in R.

For the grouped samples (the number of samples in 
each group ≥ 3), the R package can be used to draw a box 
line diagram to visually display the differences among 

different samples in both groups, and the Kruskal–Wal-
lis rank sum test and dunn’s test can be used as post hoc 
tests to verify the significance of the differences (the 
Kruskal–Wallis test is equivalent to the Wilcoxon test 
for both groups of samples). Statistical significance was 
defined as a P-value < 0.05.

Results
Firmicutes were the main bacterial phyla in both farms
After sequencing analysis, a total of 197,712 ASV 
sequences were obtained in pig farms. Both farms were 
divided into two domains, Archaea and Bacteria, by clas-
sification annotation. 2081 genera were analyzed in pig 
farm A while 1196 in pig farms B. Taxa abundances at 
the phylum and genus levels were statistically compared 
between groups. Samples were divided into human fae-
ces microbes, pig faeces microbes, and environmental 
microbes. The taxonomic composition of the total sam-
ples was analyzed at the top 20 phylum and the top 20 
genus levels (see Fig.  1), as well as 16 phylum and 14 
genera were repeated in both farms. Among the top 20 
genera, more Clostridium_sensu_stricto_1 was found 

Fig. 1 Relative abundance of the sample classification level. A, B The phylum level of the top 20 phyla in the total sample. C, D The genus level 
of the top 20 genera in the total sample

https://www.genescloud.cn
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in environmental samples and pig faeces microbes (see 
Additional file 1: Fig. S2 and Additional file 1: Fig S3). The 
microbial distribution of the two farms showed similar 
trends.

The diversity index of Farmer alpha was higher
Human faeces microbe samples were divided into two 
groups, farmers and non-exposed persons. In terms of 
alpha diversity indices, non-exposed were slightly higher 
(see Fig.  2A, B). NMDS analysis was performed using 
Bray–Curtis distances calculated from the relative abun-
dance of ASVs (see Fig. 2C, D). The results revealed that 
there was no significant difference between groups of 
farmers and non-exposed persons in farm A (R = 0.080, 
P = 0.287, ANOSIM). However, a significant difference 
was observed in farm B (R = 0.245, P = 0.027, ANOSIM). 
The 95% confidence circle indicates that the microbial 

communities of the farmers are closer, particularly in 
pig farm B. The Alpha diversity index revealed the same 
trend of diversity among farmers in both farms.

Farmers’ faeces microbiota changes with working hours
To further explore the effects of pig farming on farm-
ers, samples of all human faeces microbiota were divided 
into two groups. The volcano maps showed the differ-
ent ASVs and genera. 6 ASVs are marked as increas-
ing in farmers (see Fig.  3A), including ASV_133662 
(Streptococcus), ASV_311074 (Escherichia-Shigella), 
ASV_111920(Terrisporobacter), ASV_57963 (Clostrid-
ium_sensu_stricto_1), ASV_192153(Faecalibacterium), 
and ASV_101783(Prevotella_9). Then, in the volcano map 
at the genera level (see Fig. 3B), 7 genera were abundant 
among farmers but not among non-exposed persons, 
including Terrisporobacter, Enterococcus, Turicibacter, 

Fig. 2 Analysis of human faeces samples from different pig farms: A, B alpha diversity index of farmers and non‑exposed individuals; C, D Bray–
Curtis distance matrix for NMDS analysis;
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Fig. 3 Analysis of faeces samples from all humans: A, B ASVs level and genera level farmer vs non‑exposed volcano diagram. log2FoldChange 
as abscissa, −  log10 (P‑value) as ordinate, horizontal dotted line Y =  −  log10 (0.05), vertical dotted line x =  ± 1. The red dots are marked as ’up’ 
when the log2FoldChange is greater than or equal to 1 and the P‑value is less than 0.05. This indicates the enrichment of ASVs in farmers. The blue 
dots are marked as ’down’ when log2FoldChange ≤  −  1 and P‑value < 0.05, indicating enriched ASVs in non‑exposed persons. No difference is found 
in gray spots; C Random forest analysis of the intra‑group mean in human samples. D, E LEfSe was combined with LDA score to differentiate 
bacterial biomarker groups biologically and statistically. Bacterial with P < .05 and LDA score > 2 were considered significant
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Clostridium_sensu_stricto_1, Prevotella_7, Nitrosomonas 
(see Additional file 2).

In addition, farmers were divided into breeders and 
leaders based on the duration of their occupational expo-
sure in the production area. Therefore, samples of all 
human faeces microbes were divided into three groups: 
breeders’, leaders’ and non-exposed persons’. To get the 
average value within the group, random forest analy-
sis was performed on all the microorganisms found in 
human feces (see Fig. 3C). In this random forest analysis, 
the number of k-fold cross-validations was set to 5. The 
study found that the 3 genera significantly enriched by 
farmers, which increased with the increase of exposure 
time. 4 of the top 20 dominant genera in the Random For-
est analysis showed significant enrichment on the genus 
level volcano map, including Terrisporobacter, Turicibac-
ter, Clostridium_sensu_stricto_1, Nitrosomonas. Further-
more, when the number of working hours declines, these 
genera become less important. It is worth mentioning 
that 1 of the workers who worked at the pig farms B hap-
pened to be one of the non-exposed persons and 2 farm-
ers in pig farm A had been out of work for 3 consecutive 
months at the time of the second sampling. Therefore, we 
treated them as non-exposed persons in the second anal-
ysis. These 3 people are regarded as "farmer" and "non-
exposed persons" according to their working state when 
they are sampled. Clostridium_sensu_stricto_1 and Ter-
risporobacter were notably present in the group of farm-
ers (see Fig. 3D and E).

Clostridium_sensu_stricto_1 and Terrisporobacter are 
frequently mentioned above, and therefore may coexist 
more easily with humans, yet they exhibit notable differ-
ences 3 months after leaving pigs.

Dust microbes closer to pigs are more similar to pig faeces 
microbiota
Beta diversity analysis was performed on environmental 
dust and pig faeces microbiota from the two farms. Beta 
diversity was evaluated by NMDS based on the Bray–
Curtis distance. In the NMDS diagram, the pig house 
dust microbes were closest to the pig faeces microbiota 
(see Fig. 4A and B). In pig farm A, the study found that 
the cesspool runs through each group (see Fig.  4A and 
C). The results of the subsequent anosim test revealed 
that there was no significant difference between the out-
side group and cesspool group (P = 0.063). Hierarchical 
cluster analysis of pig farm A shows clustering inside and 
outside pig house (see Fig. 4C). NMDS diagram and hier-
archical cluster analysis of pig farms B shows more obvi-
ous clustering inside and outside pig farm (see Fig.  4B 
and D). In other words, the microbes in the environmen-
tal dust outside the farm cluster on a branch.

Therefore, the closer the environmental samples 
were to pigs, the more distinct species were found. Fur-
thermore, 3 genera can be considered as co-occurring 
microbes, including Terrisporobacter (ASV_111920), 
Clostridium_sensu_stricto_1 (ASV_57963), and Turici-
bacter (ASV_20732), which may co-occur between 
humans and the environment. Therefore, these 3 genera 
are called the co-occurring microbes in this study.

Environmental samples were drawn and grouped into 
spiral heat maps using the co-occurring bacteria as a 
marker (see Fig. 4E and F). The co-occurring microorgan-
isms at the pig farm B, as seen in the figure, were almost 
nonexistent outside the farm, which may be related to 
the spray disinfection of the walls and gates there. while 
the co-occurring microbes at the pig farm A decreased as 
the distance from the farm increased. The co-occurring 
microbes detected by Dunn’s test were significantly dif-
ferent inside and 1000 m outside the gate of the pig farm 
A (see Additional file 1: Fig. S4).

Simple filtration can reduce cross‑infection between pig 
houses
In the spiral heat maps of the two pig farms, there were 
significant differences between the inside and outside 
windscreen of the pig farm A, while there were no signifi-
cant differences between that of the pig farm B. This was 
also demonstrated by the cluster analysis diagrams of the 
floor and inside and outside the windscreen of pig farms 
A and B, respectively (see Fig. 5A and B). It is known that 
the pig farm A has a simple filtration system with two 
screens while the pig farm B has only a simple screen as a 
filter for exhaust air.

The windscreen inside the pig house was compared 
with that outside the pig house to identify different 
microorganisms. A total of 76 genera showed high abun-
dances on the board of the windscreen inside pig farm A, 
but not in pig farm B (see Fig. 5C and D). The co-occur-
ring microorganisms were all included in the enriched 
genera (see Additional file 2). This result indicates that in 
pig farm A neither or less of the co-occurring microbes 
were able to reach the outside of the house with air. 
Although microbes can be transmitted by aerosols, sim-
ple filtration can reduce cross-infection between houses.

Discussion
Effects of the co‑occurring microbes on farmers
In the analysis of humans, the study found no signifi-
cant differences in Observed_species and Shannon 
index between the two groups, which does not deny 
that pig farming will result in differences in human fae-
ces microbes. As omnivore, human beings have complex 
dietary habits. Therefore, the diversity and abundance of 
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human intestinal microbes are in a certain steady state 
(Martel et al. 2022).

In this study, farmers were found to have lower micro-
bial diversity than non-exposed persons, which is con-
trary to the results of Kates (Kates et al. 2019) but similar 
to the result of Vestergaard (Vestergaard et al. 2018). Chi-
nese farms are getting more stringent when it comes to 
biosafety, and this is shown not just in disinfection and 

prevention but also in the regulation of farmers’ diets. A 
pig farm is like a Petri dish with fixed supplies, unifying 
and fixing farmer’s diet and limiting microbial diversity. 
This finding could help to explain why farmer samples 
cluster in the NMDS diagram.

The co-occurring microbes that were prominent on 
farmers were considered as the three most abundant 
genera in the environment, which had the highest 

Fig. 4 Outdoor environment analysis: A, B NMDS of environmental samples and pig faeces microbes; C, E hierarchical clustering analysis of pig 
farm A environmental dust; E, F spiral heat map of environmental dust co‑occurring genera abundance
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absolute abundance in pig samples among other sam-
ples. On the contrary, the co-occurring microorgan-
isms were less prevalent in areas that were not affected 
by pigs. In light of this, we hypothesize that the co-
occurring microbes came from pigs, and they are 
susceptible to humans and the environment. Accord-
ing to classification level analysis, the co-occurring 
microbes, including Turicibacter, Terrisporobacter, 
and Clostridium_sensu_stricto_1, belong to Firmicutes. 
Short-chain fatty acids are produced and fermented by 
gut microbes, which accounts for the majority of their 
physiological contributions. The abundance of Turici-
bacter was related to the digestibility of acid detergent 
fiber (Niu et al. 2019) and α linolenic acid (X. Gao et al. 
2020b). The abundance of Terrisporobacter was asso-
ciated with short-chain fatty acids (Li et  al. 2021) and 
C-reactive protein triglycerides (Lee et  al. 2020). The 
high abundance of Clostridium_sensu_stricto_1 may 
have a role in β-oxidation (Usman et  al. 2022), which 
results in the degradation of the majority of long-chain 
fatty acids. Therefore, it may be inferred that the 3 co-
occurring microbes also have an effect on the growth 
traits of pigs. Xylo-Oligosaccharides (Chen et al. 2021), 

as a substitute for antibiotics, were found to reduce the 
relative abundance of Terrisporobacter and Clostrid-
ium_sensu_stricto_1 and increase body weight, daily 
gain, and feed conversion rate in weaned piglets. Fur-
thermore, Clostridium_sensu_stricto_1 was negatively 
associated with litter size and daily gain of piglets (R. 
Wang et al. 2021b; Hu et al. 2021).

The 3 co-occurring microbes in this study are from 
pathogenic genera, which can cause intestinal inflam-
mation and even cancer and are related to a variety of 
digestive diseases: Turicibacter causes pancreatic cancer 
(Jeong et al. 2020) and colon cancer (Chung et al. 2021; 
Wen et al. 2021), and is associated with Parkinson’s dis-
ease (Jin et al. 2019) and autoimmune encephalomyelitis 
(Wang et  al. 2021c); Turicibacter and Terrisporobacter 
affect type I diabetes (Radwan et al. 2020). Of the 3 co-
occurring microbes, researchers are more familiar with 
the Clostridium_sensu_stricto_1 class. In addition to 
being associated with colitis (Yang et  al. 2019), fatty 
liver (Yi et  al. 2021), gout (Mendez-Salazar et  al. 2021), 
etc., it is also positively correlated with levels of inflam-
matory markers (TNF-α, IL-1β, and IL-6) (Yi et al. 2021). 
Thus, Clostridium_sensu_stricto_1 is correlated with host 

Fig. 5 A, B Hierarchical clustering analysis of environmental microbes; C, D indoor and outdoor volcano map of windscreen
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inflammatory genes (including REG3G, CCL8, and IDO1) 
(Wen et al. 2021).

The unexpected aspect of our sampling was the pres-
ence of 3 participants, whose identities had been 
switched between the two groups, making them serve 
as the control group. Three months after leaving the pig 
farms, the farms gut microbiota partially reverted to their 
original microbial composition (Sun et al. 2020). There-
fore, we believe those who remained unemployed by the 
pig farm for 3 months were regarded as the non-exposed 
group. When the co-occurring microbes in this group 
of gut flora were examined, it was shown that they had 
a tendency to decline once out of work. There are sig-
nificant differences between Clostridium_sensu_stricto_1 
and Terrisporobacter (P < 0.05).

Effects of the co‑occurring microbes on the environment
In pig farm A, the 3 co-occurring microbes were signifi-
cantly less on the windscreen inside the environmen-
tal samples taken from the pig house, probably because 
the windscreen is the furthest away from the pig and is 
thus harder to touch. The windscreen can detect cer-
tain microorganisms that are carried by airborne dust, 
though. In addition, fewer co-occurring microbes in pig 
farm A were found on the windscreen outside the pig 
house. It turns out that this pig farm is in an easy air fil-
tration mode in terms of ventilation, which improves the 
environmental impact, although no significant differ-
ences in the co-occurring microbes inside and outside of 
the pig house.

After analyzing environmental samples of pig farm B, 
the environment in the pig house is a branch, and the 
outside environment is also a branch. Outside of the pig 
farm, the co-occurring microbes were reduced. Unlike 
pig farm A, pig farm B just has a layer of gauze for air 
filtering. Therefore, there weren’t many different bacteria 
discovered on the windscreens inside and outside the pig 
house.

A few co-occurring microbes also appeared in the liv-
ing areas. The microbial community in the living area 
did not significantly differ from that in other areas of the 
farm, which may have been caused by the dust present 
there or carried in by farmers. Because the abundance 
of co-occurring microbes at the genera level in the living 
area is the lowest, the environmental pollution caused by 
farmers can be ignored. Therefore, the results indicate 
that the co-occurring microbes primarily affect the envi-
ronment through aerosol diffusion. As is known to all, 
the co-occurring microbes at the genera level are trans-
mitted in two possible ways, aerosol diffusion or farmers 
after leaving the farm. Farmers seldom ever carry co-
occurring microbes, therefore the co-occurring microor-
ganisms’ main source of environmental impact is aerosol 

diffusion in cesspools or pig houses. Numerous investiga-
tions (Ko et al., 2008; White et al., 2019; Moor et al. 2021) 
have been supported by the findings.

The study found that two samples in cesspool con-
tained several co-occurring microbes, and two samples 
in cesspool did not contain such co-occurring microbes. 
The microbial community in the cesspool was seen the 
greatest difference. Cesspools, especially gut microbes in 
it, cause huge risks to the environment (Peng et al. 2021) 
and biological health (Ruang-Areerate et al. 2021; Salem 
et al. 2021), such as ARG (Van Gompel et al. 2020).

Co-occurring microbes such as Clostridium_sensu_
stricto_1, Terrisporobacter, and Turicibacter are non-
exposed potential hosts of antibiotic-resistant genes 
(ARGs) and mobile genetic elements (MGEs) (Q. Wang 
et al. 2020; J. Wang et al. 2021a). The relative abundance 
of tetT gene (Zhou et al. 2021) was positively correlated 
with the 3 co-occurring genera (P < 0.05).

The ARG transmission can be reduced by filtering 
bio-aerosols through the pathway (Song et al. 2021b). In 
addition, compost (Yang et  al. 2019) reduces the risk of 
ARG transmission by reducing the relative abundance 
of Clostridium_sensu_stricto_1 and Terrisporobacter and 
antibiotic-resistant genes. The co-occurring mibrobe is 
also used by humans to participate in some fermentation 
work. Terrisporobacter and Clostridium_sensu_stricto_1 
participate in anaerobic digestion (Detman et  al. 2021; 
Song et  al. 2021a). More narrowly, Terrisporobacter is a 
main microorganism during Xiaoqu wine fermentation 
(Su et al. 2020) and Clostridium_sensu_stricto_1 is abun-
dant in glucose fermentation broth (Lu et al. 2020).

At 1000 m outside the pig farm A, the environmental 
pollution in the pig house is not significant. Environmen-
tal contamination brought on by co-occurring microbes 
has been lessened when aerosols move through ventila-
tion and filtering systems. In pig farm B, the 3 co-occur-
ring microbes showed the same trend: the farther away 
from the gate of the pig farm, the fewer co-occurring 
microbes there are. In the study of pig farms, the impact 
of distance from porcine gut microbes might be stead-
ily diminished by disinfection. Although microbes can 
be transmitted by aerosols, simple filtration can reduce 
cross-infection between houses.

In conclusion, the study found that the microbes 
Turicibacter, Terrisporobacter, and Clostridium_sensu_
stricto_1 were more prevalent in pig breeders and their 
abundance increased with longer working hours. Fur-
thermore, these microbes were also found in greater 
quantities in areas closer to the pigs. Further analysis 
showed that Clostridium_sensu_stricto_1 and Terrisporo-
bacter significantly decreased after 3  months of leav-
ing the pig farm. Additionally, the abundance of these 3 
microbes considerably dropped at a distance of 1000 m 
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from the pig farm. The implementation of a simple filtra-
tion system can effectively reduce the cross-infection of 
these 3 microbes between pig houses.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13568‑ 023‑ 01631‑x.

Additional file 1: Figure S1. Photo of Windscreen. Figure S2. In A pig 
farm: The top 20 genera of pigs were analysed. Figure S3. In B pig farm: 
The top 20 genera of pigs were analysed. Figure S4. In pig farm A: The 
three co‑occurring genera detected by Dunn’s test were significantly 
different.

Additional file 2: Volcano diagram table.

Acknowledgements
None.

Author contributions
JH, ML, and X‑JL conceived and designed the experiments. JH, XL, and CL 
analyzed the data. JH and ML wrote the manuscript. X‑JL, XH, X‑LL, RQ, JW, and 
FY provided manuscript editing. All authors statistically analyzed, discussed, 
critically revised the contents, and approved the final manuscript.

Funding
This work was supported by National Kye Research and Development 
Program of China (2021YFD1301202); Agricultural Breeds Research Project of 
Henan Province [grant number 2022020101].

Availability of data and materials
The raw sequencing data in this study were deposited in the NCBI Sequence 
Read Archive (SRA) under accession number PRJNA984441.

Declarations

Ethics approval and consent to participate
All of the experiments involving animals were carried out in accordance with 
the guidelines for the care and use of experimental animals established by 
the Ministry of Science and Technology of the People’s Republic of China 
(Approval Number DWLL20211193). The animal study was reviewed and 
approved by the Henan Agricultural University Animal Care and Use Com‑
mittee. In addition, all experiments were conducted in accordance with the 
relevant approved guidelines and regulations during sampling, and sample 
conservation.

Competing interests
No competing interest to report.

Received: 9 June 2023   Accepted: 26 October 2023

References
Bolyen E, Rideout J, Dillon M, Bokulich N, Abnet C, Al‑Ghalith G, Alexander 

H, Alm E, Arumugam M, Asnicar F, Bai Y, Bisanz J, Bittinger K, Brejnrod A, 
Brislawn C, Brown C, Callahan B, Caraballo‑Rodríguez A, Chase J, Cope E, 
Da Silva R, Diener C, Dorrestein P, Douglas G, Durall D, Duvallet C, Edward‑
son C, Ernst M, Estaki M, Fouquier J, Gauglitz J, Gibbons S, Gibson D, Gon‑
zalez A, Gorlick K, Guo J, Hillmann B, Holmes S, Holste S, Huttenhower C, 
Huttley G, Janssen S, Jarmusch A, Jiang L, Kaehler B, Kang K, Keefe C, Keim 
P, Kelley S, Knights D, Koester I, Kosciolek T, Kreps J, Langille M, Lee J, Ley 
R, Liu Y, Loftfield E, Lozupone C, Maher M, Marotz C, Martin B, McDonald 
D, McIver L, Melnik A, Metcalf J, Morgan S, Morton J, Naimey A, Navas‑
Molina J, Nothias L, Orchanian S, Pearson T, Peoples S, Petras D, Preuss 

M, Pruesse E, Rasmussen L, Rivers A, Robeson M, Rosenthal P, Segata N, 
Shaffer M, Shiffer A, Sinha R, Song S, Spear J, Swafford A, Thompson L, Tor‑
res P, Trinh P, Tripathi A, Turnbaugh P, Ul‑Hasan S, van der Hooft J, Vargas 
F, Vázquez‑Baeza Y, Vogtmann E, von Hippel M, Walters W, Wan Y, Wang 
M, Warren J, Weber K, Williamson C, Willis A, Xu Z, Zaneveld J, Zhang Y, 
Zhu Q, Knight R, Caporaso J (2019) Reproducible, interactive, scalable 
and extensible microbiome data science using QIIME 2. Nat Biotechnol 
37(8):852–857. https:// doi. org/ 10. 1038/ s41587‑ 019‑ 0209‑9

Callahan B, McMurdie P, Rosen M, Han A, Johnson A, Holmes S (2016) DADA2: 
high‑resolution sample inference from Illumina amplicon data. Nat Meth‑
ods 13(7):581–583. https:// doi. org/ 10. 1038/ nmeth. 3869

Chen Y, Xie Y, Zhong R, Liu L, Lin C, Xiao L, Chen L, Zhang H, Beckers Y, Everaert 
N (2021) Effects of xylo‑oligosaccharides on growth and gut microbiota 
as potential replacements for antibiotic in weaning piglets. Front Micro‑
biol 12:641172. https:// doi. org/ 10. 3389/ fmicb. 2021. 641172

Chung Y, Ryu Y, An BC, Yoon YS, Choi O, Kim TY, Yoon J, Ahn J, Park H, Kwon S, 
Kim J, Chung M (2021) A synthetic probiotic engineered for colorectal 
cancer therapy modulates gut microbiota. Microbiome 9(1):122. https:// 
doi. org/ 10. 1186/ s40168‑ 021‑ 01071‑4

Detman A, Laubitz D, Chojnacka A, Kiela PR, Salamon A, Barberan A, Chen 
Y, Yang F, Blaszczyk M, Sikora A (2021) Dynamics of dark fermentation 
microbial communities in the light of lactate and butyrate production. 
Microbiome 9(1):158. https:// doi. org/ 10. 1186/ s40168‑ 021‑ 01105‑x

Gao FZ, He LY, He LX, Zou HY, Zhang M, Wu DL, Liu Y, Shi Y, Bai H, Ying G (2020) 
Untreated swine wastes changed antibiotic resistance and microbial 
community in the soils and impacted abundances of antibiotic resistance 
genes in the vegetables. Sci Total Environ 741:140482. https:// doi. org/ 10. 
1016/j. scito tenv. 2020. 140482

 Gao X, Chang S, Liu S, Peng L, Xie J, Dong W, Tian Y, Sheng J (2020) Correla‑
tions between alpha‑linolenic acid‑improved multitissue homeostasis 
and gut microbiota in mice fed a high‑fat diet. mSystems. https:// doi. org/ 
10. 1128/ mSyst ems. 00391‑ 20

Hong SW, Park J, Jeong H, Kim M (2021) Evaluation of the microbiome compo‑
sition in particulate matter inside and outside of pig houses. J Anim Sci 
Technol 63(3):640–650. https:// doi. org/ 10. 5187/ jast. 2021. e52

Hu C, Niu X, Chen S, Wen J, Bao M, Mohyuddin SG, Yong Y, Liu X, Wu L, Yu Z, 
Ma X, Ju X (2021) A comprehensive analysis of the colonic flora diversity, 
short chain fatty acid metabolism, transcripts, and biochemical indexes 
in heat‑stressed pigs. Front Immunol 12:717723. https:// doi. org/ 10. 3389/ 
fimmu. 2021. 717723

Jeong JY, Kim TB, Kim J, Choi HW, Kim EJ, Yoo HJ, Kim S, Kim SC, Jun E (2020) 
Diversity in the extracellular vesicle‑derived microbiome of tissues 
according to tumor progression in pancreatic cancer. Cancers. https:// 
doi. org/ 10. 3390/ cance rs120 92346

 Jin M, Li J, Liu F, Lyu N, Wang K, Wang L, Liang S, Tao H, Zhu B, Alkasir R (2019) 
Analysis of the gut microflora in patients with parkinson’s disease. Front 
Neurosci 13:1184. https:// doi. org/ 10. 3389/ fnins. 2019. 01184

Kates AE, Dalman M, Torner JC, Smith TC (2019) The nasal and oropharyngeal 
microbiomes of healthy livestock workers. PLoS ONE 14(3):e0212949. 
https:// doi. org/ 10. 1371/ journ al. pone. 02129 49

Katoh K, Misawa K, Kuma K, Miyata T (2002) MAFFT: a novel method for rapid 
multiple sequence alignment based on fast Fourier transform. Nucleic 
Acids Res 30(14):3059–3066. https:// doi. org/ 10. 1093/ nar/ gkf436

 Kirjavainen PV, Karvonen AM, Adams RI, Taubel M, Roponen M, Tuoresmaki P, 
Loss G, Jayaprakash B, Depner M, Ege MJ, Renz H, Pfefferle PI, Schaub B, 
Lauener R, Hyvarinen A, Knight R, Heederik DJJ, von Mutius E, Pekkanen J 
(2019) Farm‑like indoor microbiota in non‑farm homes protects children 
from asthma development. Nat Med 25(7):1089–1095. https:// doi. org/ 10. 
1038/ s41591‑ 019‑ 0469‑4

Kraemer JG, Aebi S, Oppliger A, Hilty M (2019) The indoor‑air microbiota of 
pig farms drives the composition of the pig farmers’ nasal microbiota in 
a season‑dependent and farm‑specific manner. Appl Environ Microbiol. 
https:// doi. org/ 10. 1128/ AEM. 03038‑ 18

Kraemer JG, Aebi S, Hilty M, Oppliger A (2021) Nasal microbiota composition 
dynamics after occupational change in animal farmers suggest major 
shifts. Sci Total Environ 782:146842. https:// doi. org/ 10. 1016/j. scito tenv. 
2021. 146842

Kristiansen A, Saunders AM, Hansen AA, Nielsen PH, Nielsen JL (2012) Com‑
munity structure of bacteria and fungi in aerosols of a pig confinement 
building. FEMS Microbiol Ecol 80(2):390–401. https:// doi. org/ 10. 1111/j. 
1574‑ 6941. 2012. 01305.x

https://doi.org/10.1186/s13568-023-01631-x
https://doi.org/10.1186/s13568-023-01631-x
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.3389/fmicb.2021.641172
https://doi.org/10.1186/s40168-021-01071-4
https://doi.org/10.1186/s40168-021-01071-4
https://doi.org/10.1186/s40168-021-01105-x
https://doi.org/10.1016/j.scitotenv.2020.140482
https://doi.org/10.1016/j.scitotenv.2020.140482
https://doi.org/10.1128/mSystems.00391-20
https://doi.org/10.1128/mSystems.00391-20
https://doi.org/10.5187/jast.2021.e52
https://doi.org/10.3389/fimmu.2021.717723
https://doi.org/10.3389/fimmu.2021.717723
https://doi.org/10.3390/cancers12092346
https://doi.org/10.3390/cancers12092346
https://doi.org/10.3389/fnins.2019.01184
https://doi.org/10.1371/journal.pone.0212949
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1038/s41591-019-0469-4
https://doi.org/10.1038/s41591-019-0469-4
https://doi.org/10.1128/AEM.03038-18
https://doi.org/10.1016/j.scitotenv.2021.146842
https://doi.org/10.1016/j.scitotenv.2021.146842
https://doi.org/10.1111/j.1574-6941.2012.01305.x
https://doi.org/10.1111/j.1574-6941.2012.01305.x


Page 12 of 13Han et al. AMB Express          (2023) 13:136 

Lee SH, You HS, Kang HG, Kang SS, Hyun SH (2020) Association between 
altered blood parameters and gut microbiota after synbiotic intake in 
healthy elderly Korean women. Nutrients. https:// doi. org/ 10. 3390/ nu121 
03112

Li H, Shang Z, Liu X, Qiao Y, Wang K, Qiao J (2021) Clostridium butyricum 
alleviates enterotoxigenic escherichia coli k88‑induced oxidative damage 
through regulating the p62‑keap1‑nrf2 signaling pathway and remod‑
eling the cecal microbial community. Front Immunol 12:771826. https:// 
doi. org/ 10. 3389/ fimmu. 2021. 771826

Lu JH, Chen C, Huang C, Lee DJ (2020) Glucose fermentation with biochar‑
amended consortium: microbial consortium shift. Bioengineered 
11(1):272–280. https:// doi. org/ 10. 1080/ 21655 979. 2020. 17356 68

 Luiken REC, Van Gompel L, Bossers A, Munk P, Joosten P, Hansen RB, Knudsen 
BE, Garcia‑Cobos S, Dewulf J, Aarestrup FM, Wagenaar JA, Smit LAM, 
Mevius DJ, Heederik DJJ, Schmitt H (2020) Farm dust resistomes and 
bacterial microbiomes in European poultry and pig farms. Environ Int 
143:105971. https:// doi. org/ 10. 1016/j. envint. 2020. 105971

Madsen AM, Markouch A, Frederiksen MW, Tendal K (2019) Measurement of 
dust‑borne MRSA in pig farms using different approaches. J Appl Micro‑
biol 126(5):1580–1593. https:// doi. org/ 10. 1111/ jam. 14198

Martel J, Chang SH, Ko YF, Hwang TL, Young JD, Ojcius DM (2022) Gut barrier 
disruption and chronic disease. Trends Endocrinol Metab 33(4):247–265. 
https:// doi. org/ 10. 1016/j. tem. 2022. 01. 002

 Mendez‑Salazar EO, Vazquez‑Mellado J, Casimiro‑Soriguer CS, Dopazo J, 
Cubuk C, Zamudio‑Cuevas Y, Francisco‑Balderas A, Martinez‑Flores K, Fer‑
nandez‑Torres J, Lozada‑Perez C, Pineda C, Sanchez‑Gonzalez A, Silveira 
LH, Burguete‑Garcia AI, Orbe‑Orihuela C, Lagunas‑Martinez A, Vazquez‑
Gomez A, Lopez‑Reyes A, Palacios‑Gonzalez B, Martinez‑Nava GA (2021) 
Taxonomic variations in the gut microbiome of gout patients with and 
without tophi might have a functional impact on urate metabolism. Mol 
Med 27(1):50. https:// doi. org/ 10. 1186/ s10020‑ 021‑ 00311‑5

 Moor J, Wuthrich T, Aebi S, Mostacci N, Overesch G, Oppliger A, Hilty M (2021) 
Influence of pig farming on human Gut Microbiota: role of airborne 
microbial communities. Gut Microbes 13(1):1–13. https:// doi. org/ 10. 
1080/ 19490 976. 2021. 19276 34

Niu Q, Li P, Hao S, Kim SW, Du T, Hua J, Huang R (2019) Characteristics of gut 
microbiota in sows and their relationship with apparent nutrient digest‑
ibility. Int J Mol Sci. https:// doi. org/ 10. 3390/ ijms2 00408 70

Patil Y, Gooneratne R, Ju XH (2020) Interactions between host and gut micro‑
biota in domestic pigs: a review. Gut Microbes 11(3):310–334. https:// doi. 
org/ 10. 1080/ 19490 976. 2019. 16903 63

Peng S, Zheng H, Herrero‑Fresno A, Olsen JE, Dalsgaard A, Ding Z (2021) 
Co‑occurrence of antimicrobial and metal resistance genes in pig feces 
and agricultural fields fertilized with slurry. Sci Total Environ 792:148259. 
https:// doi. org/ 10. 1016/j. scito tenv. 2021. 148259

 Radwan S, Gilfillan D, Eklund B, Radwan HM, El Menofy NG, Lee J, Kapuscinski 
M, Abdo Z (2020) A comparative study of the gut microbiome in Egyp‑
tian patients with type I and type II diabetes. PLoS ONE 15(9):e0238764. 
https:// doi. org/ 10. 1371/ journ al. pone. 02387 64

 Ruang‑Areerate T, Piyaraj P, Suwannahitatorn P, Ruang‑Areerate P, Thita T, 
Naaglor T, Witee U, Sakboonyarat B, Leelayoova S, Mungthin M (2021) 
Zoonotic transmission of blastocystis subtype 1 among people in Eastern 
communities of Thailand: organic fertilizer from pig feces as a potential 
source. Microbiol Spectr 9(2):e0036221. https:// doi. org/ 10. 1128/ Spect 
rum. 00362‑ 21

Salem M, Pajunen MI, Jun JW, Skurnik M (2021) T4‑like bacteriophages isolated 
from pig stools infect Yersinia pseudotuberculosis and Yersinia pestis 
using LPS and OmpF as receptors. Viruses. https:// doi. org/ 10. 3390/ v1302 
0296

 Shang P, Dong S, Han Y, Bo S, Ye Y, Duan M, Chamba Y (2022) Environmental 
exposure to swine farms reshapes human gut microbiota. Chemosphere 
307(Pt 2):135558. https:// doi. org/ 10. 1016/j. chemo sphere. 2022. 135558

Song C, Li W, Cai F, Liu G, Chen C (2021) Anaerobic and microaerobic pretreat‑
ment for improving methane production from paper waste in anaerobic 
digestion. Front Microbiol 12:688290. https:// doi. org/ 10. 3389/ fmicb. 2021. 
688290

Song L, Wang C, Jiang G, Ma J, Li Y, Chen H, Guo J (2021) Bioaerosol is an 
important transmission route of antibiotic resistance genes in pig farms. 
Environ Int 154:106559. https:// doi. org/ 10. 1016/j. envint. 2021. 106559

Su C, Zhang KZ, Cao XZ, Yang JG (2020) Effects of Saccharomycopsis fibuligera 
and Saccharomyces cerevisiae inoculation on small fermentation starters 

in Sichuan‑style Xiaoqu liquor. Food Res Int 137:109425. https:// doi. org/ 
10. 1016/j. foodr es. 2020. 109425

Sun J, Huang T, Chen C, Cao TT, Cheng K, Liao XP, Liu YH (2017) Comparison of 
fecal microbial composition and antibiotic resistance genes from swine, 
farm workers and the surrounding villagers. Sci Rep 7(1):4965. https:// doi. 
org/ 10. 1038/ s41598‑ 017‑ 04672‑y

Sun J, Liao XP, D’Souza AW, Boolchandani M, Li SH, Cheng K, Luis Martinez J, Li 
L, Feng YJ, Fang LX, Huang T, Xia J, Yu Y, Zhou YF, Sun YX, Deng XB, Zeng 
ZL, Jiang HX, Fang BH, Tang YZ, Lian XL, Zhang RM, Fang ZW, Yan QL, Dan‑
tas G, Liu YH (2020) Environmental remodeling of human gut microbiota 
and antibiotic resistome in livestock farms. Nat Commun 11(1):1427. 
https:// doi. org/ 10. 1038/ s41467‑ 020‑ 15222‑y

Usman M, Zhao S, Jeon BH, Salama ES, Li X (2022) Microbial beta‑oxidation of 
synthetic long‑chain fatty acids to improve lipid biomethanation. Water 
Res 213:118164. https:// doi. org/ 10. 1016/j. watres. 2022. 118164

 Van Gompel L, Luiken REC, Hansen RB, Munk P, Bouwknegt M, Heres L, Greve 
GD, Scherpenisse P, Jongerius‑Gortemaker BGM, Tersteeg‑Zijderveld 
MHG, Garcia‑Cobos S, Dohmen W, Dorado‑Garcia A, Wagenaar JA, Urlings 
BAP, Aarestrup FM, Mevius DJ, Heederik DJJ, Schmitt H, Bossers A, Smit 
LAM (2020) Description and determinants of the faecal resistome and 
microbiome of farmers and slaughterhouse workers: A metagenome‑
wide cross‑sectional study. Environ Int 143:105939. https:// doi. org/ 10. 
1016/j. envint. 2020. 105939

 Vestergaard DV, Holst GJ, Basinas I, Elholm G, Schlunssen V, Linneberg A, Santl‑
Temkiv T, Finster K, Sigsgaard T, Marshall IPG (2018) Pig farmers’ homes 
harbor more diverse airborne bacterial communities than pig stables or 
suburban homes. Front Microbiol 9:870. https:// doi. org/ 10. 3389/ fmicb. 
2018. 00870

Wang Q, Gu J, Wang X, Ma J, Hu T, Peng H, Bao J, Zhang R (2020) Effects of 
nano‑zerovalent iron on antibiotic resistance genes and mobile genetic 
elements during swine manure composting. Environ Pollut 258:113654. 
https:// doi. org/ 10. 1016/j. envpol. 2019. 113654

Wang J, Gu J, Wang X, Song Z, Dai X, Guo H, Yu J, Zhao W, Lei L (2021a) 
Enhanced removal of antibiotic resistance genes and mobile genetic 
elements during swine manure composting inoculated with mature 
compost. J Hazard Mater 411:125135. https:// doi. org/ 10. 1016/j. jhazm at. 
2021. 125135

Wang R, Liu N, Yang Y, Lei Y, Lyu J, Dai Z, Kim IH, Li J, Wu Z, Li D (2021) Flavor 
supplementation during late gestation and lactation periods increases 
the reproductive performance and alters fecal microbiota of the sows. 
Anim Nutr 7(3):679–687. https:// doi. org/ 10. 1016/j. aninu. 2021. 01. 007

Wang S, Chen H, Wen X, Mu J, Sun M, Song X, Liu B, Chen JJ, Fan X (2021) The 
Efficacy of Fecal Microbiota Transplantation in Experimental Autoim‑
mune Encephalomyelitis: Transcriptome and Gut Microbiota Profiling. J 
Immunol Res 2021:4400428. https:// doi. org/ 10. 1155/ 2021/ 44004 28

 Wang Z, Dalton KR, Lee M, Parks CG, Beane Freeman LE, Zhu Q, Gonzalez A, 
Knight R, Zhao S, Motsinger‑Reif AA, London SJ (2023) Metagenomics 
reveals novel microbial signatures of farm exposures in house dust. Front 
Microbiol 14:1202194. https:// doi. org/ 10. 3389/ fmicb. 2023. 12021 94

Wen X, Wang HG, Zhang MN, Zhang MH, Wang H, Yang XZ (2021) Fecal micro‑
biota transplantation ameliorates experimental colitis via gut microbiota 
and T‑cell modulation. World J Gastroenterol 27(21):2834–2849. https:// 
doi. org/ 10. 3748/ wjg. v27. i21. 2834

Xiao L, Estelle J, Kiilerich P, Ramayo‑Caldas Y, Xia Z, Feng Q, Liang S, Pedersen 
AO, Kjeldsen NJ, Liu C, Maguin E, Dore J, Pons N, Le Chatelier E, Prifti E, Li 
J, Jia H, Liu X, Xu X, Ehrlich SD, Madsen L, Kristiansen K, Rogel‑Gaillard C, 
Wang J (2016) A reference gene catalogue of the pig gut microbiome. 
Nat Microbiol 1:16161. https:// doi. org/ 10. 1038/ nmicr obiol. 2016. 161

Yang WY, Lee Y, Lu H, Chou CH, Wang C (2019) Analysis of gut microbiota 
and the effect of lauric acid against necrotic enteritis in Clostridium 
perfringens and Eimeria side‑by‑side challenge model. PLoS ONE 
14(5):e0205784. https:// doi. org/ 10. 1371/ journ al. pone. 02057 84

 Yang H, Wu J, Huang X, Zhou Y, Zhang Y, Liu M, Liu Q, Ke S, He M, Fu H, Fang 
S, Xiong X, Jiang H, Chen Z, Wu Z, Gong H, Tong X, Huang Y, Ma J, Gao 
J, Charlier C, Coppieters W, Shagam L, Zhang Z, Ai H, Yang B, Georges 
M, Chen C, Huang L(2022) ABO genotype alters the gut microbiota by 
regulating GalNAc levels in pigs. Nature 606(7913):358–367. https:// doi. 
org/ 10. 1038/ s41586‑ 022‑ 04769‑z

Yi Z, Liu X, Liang L, Wang G, Xiong Z, Zhang H, Song X, Ai L, Xia Y (2021) Antro‑
din A from Antrodia camphorata modulates the gut microbiome and 

https://doi.org/10.3390/nu12103112
https://doi.org/10.3390/nu12103112
https://doi.org/10.3389/fimmu.2021.771826
https://doi.org/10.3389/fimmu.2021.771826
https://doi.org/10.1080/21655979.2020.1735668
https://doi.org/10.1016/j.envint.2020.105971
https://doi.org/10.1111/jam.14198
https://doi.org/10.1016/j.tem.2022.01.002
https://doi.org/10.1186/s10020-021-00311-5
https://doi.org/10.1080/19490976.2021.1927634
https://doi.org/10.1080/19490976.2021.1927634
https://doi.org/10.3390/ijms20040870
https://doi.org/10.1080/19490976.2019.1690363
https://doi.org/10.1080/19490976.2019.1690363
https://doi.org/10.1016/j.scitotenv.2021.148259
https://doi.org/10.1371/journal.pone.0238764
https://doi.org/10.1128/Spectrum.00362-21
https://doi.org/10.1128/Spectrum.00362-21
https://doi.org/10.3390/v13020296
https://doi.org/10.3390/v13020296
https://doi.org/10.1016/j.chemosphere.2022.135558
https://doi.org/10.3389/fmicb.2021.688290
https://doi.org/10.3389/fmicb.2021.688290
https://doi.org/10.1016/j.envint.2021.106559
https://doi.org/10.1016/j.foodres.2020.109425
https://doi.org/10.1016/j.foodres.2020.109425
https://doi.org/10.1038/s41598-017-04672-y
https://doi.org/10.1038/s41598-017-04672-y
https://doi.org/10.1038/s41467-020-15222-y
https://doi.org/10.1016/j.watres.2022.118164
https://doi.org/10.1016/j.envint.2020.105939
https://doi.org/10.1016/j.envint.2020.105939
https://doi.org/10.3389/fmicb.2018.00870
https://doi.org/10.3389/fmicb.2018.00870
https://doi.org/10.1016/j.envpol.2019.113654
https://doi.org/10.1016/j.jhazmat.2021.125135
https://doi.org/10.1016/j.jhazmat.2021.125135
https://doi.org/10.1016/j.aninu.2021.01.007
https://doi.org/10.1155/2021/4400428
https://doi.org/10.3389/fmicb.2023.1202194
https://doi.org/10.3748/wjg.v27.i21.2834
https://doi.org/10.3748/wjg.v27.i21.2834
https://doi.org/10.1038/nmicrobiol.2016.161
https://doi.org/10.1371/journal.pone.0205784
https://doi.org/10.1038/s41586-022-04769-z
https://doi.org/10.1038/s41586-022-04769-z


Page 13 of 13Han et al. AMB Express          (2023) 13:136  

liver metabolome in mice exposed to acute alcohol intake. Food Funct 
12(7):2925–2937. https:// doi. org/ 10. 1039/ d0fo0 3345f

Zhou Q, Zhou T, Feng F, Huang S, Sun Y (2021) The response of copper 
resistance genes, antibiotic resistance genes, and intl1/2 to copper 
addition during anaerobic digestion in laboratory. Ecotoxicol Environ Saf 
210:111822. https:// doi. org/ 10. 1016/j. ecoenv. 2020. 111822

Zhu J (2000) A review of microbiology in swine manure odor control. Agr 
Ecosyst Environ 78(2):93–106. https:// doi. org/ 10. 1016/ s0167‑ 8809(99) 
00116‑4

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1039/d0fo03345f
https://doi.org/10.1016/j.ecoenv.2020.111822
https://doi.org/10.1016/s0167-8809(99)00116-4
https://doi.org/10.1016/s0167-8809(99)00116-4

	Effects of microbes in pig farms on occupational exposed persons and the environment
	Abstract 
	Introduction
	Material and methods
	Sample collection
	DNA extraction and polymerase chain reaction (PCR) amplification
	16S rRNA gene sequence assembly and clustering
	Bioinformatics and statistical analysis

	Results
	Firmicutes were the main bacterial phyla in both farms
	The diversity index of Farmer alpha was higher
	Farmers’ faeces microbiota changes with working hours
	Dust microbes closer to pigs are more similar to pig faeces microbiota
	Simple filtration can reduce cross-infection between pig houses

	Discussion
	Effects of the co-occurring microbes on farmers
	Effects of the co-occurring microbes on the environment

	Anchor 18
	Acknowledgements
	References


