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 Tibetan pig is an important native pig breed surrounding the Qinghai-Tibet 
Plateau of China. The dysbiosis of gut microbiota in piglets induced by the 
weaning transition, which resulted in diarrhea commonly, could decrease the 
feed intake and weight gain. Uncovering of the turbulence and dysbiosis of gut 
microbiome related to post-weaning diarrheal piglets were conducted based on 
sequencing V3-V4 hypervariable regions of 16S rDNA using Miseq platform in 
this study. A total of 49 piglets from two farms were divided into four groups, pre-
weaning normal group, pre-weaning diarrheal group, post-weaning normal group 
and post-weaning diarrheal group. The results obtained reveal that weaning 
increased the bacterial diversity and decreased the composition of 
Lactobacillus. In non-weaned piglets, diarrhea decreased the bacterial diversity. 
However, in post-weaning piglets, bacterial diversity, richness and compositions 
were not influenced by diarrhea. Alloprevotella belonging to Prevotellaceae, and 
Streptococcaceae were microbiological markers for post-weaning diarrhea. The 
results obtained are not in agreement with other studies published previously. 
This study may provide a new insight into understanding the dysbiosis of gut 
microbiome caused by weaning and diarrhea. 

©2019 Blue Pen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
Weaning associated with social, environmental and 
dietary stress (including removal from their mothers; 
grouping with unknown individuals; change of 
environment; and transition from liquid to solid feeding) is 
critical for swine production (Campbell et al., 2013; 
Gresse et al., 2017; Kil et al., 2011; Pluske, 2013; Wu et 
al., 2018; Dowarah et al., 2017). The feed intake and 
weight gain decrease by these changes, which lead to 
poor growth performance of pigs (Lallã et al., 2007). 
Some reports also reveal that colonization of gut 
microbiota decrease in the process of weaning and some 
pathogenic bacteria over grow in the piglets (Funk et al., 
2010; Lojanica et  al.,  2010;  Gresse  et  al.,  2017).  The  
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dysbiosis of gastrointestinal (GI) microbiome is 
susceptible to disease, mainly including coli-bacillosis 
diarrhea (Gresse et al., 2017; Schokker et al., 2015).  

There are huge number of microbial communities 
harbored in pig gastrointestine, which profoundly 
influence health and disease of piglets (Gresse et al., 
2017). The dysbiosis of microbiota in piglets during the 
weaning transition decrease the abundance of the 
Lactobacillus and microbial diversity, meanwhile rising in 
some anaerobic bacteria Clostridium spp., Prevotella 
spp., Escherichia coli and so on. The dysbiosis of 
microbiota caused by weaning was a critical factor to 
diarrhea (Gresse et al., 2017). Unveiling the mechanisms 
of dysbiosis of microbiota in post-weaning piglet isan 
important way to mine the new treatments for diarrhea 
(Dowarah et al., 2017).  

Tibetan pig is an important animal for the Tibetans 
surrounding the Qinghai-Tibet  Plateau  of  China,  mainly  
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distributing at Gansu, Qinghai, Sichuan and Tibet 
provinces with altitude 3000 m above the sea level 
(Angelakis,2016; Li et al., 2016a, 2017). Compared to 
western and other breeds, Tibetan pigs are characterized 
by higher tenderness and texture in nature, which makes 
the pigs an important economic source to the local 
herdsmen (Angelakis,2016; Li et al., 2016a, 2017). Post-
weaning diarrhea threatens the health and production, 
and may cause serious economic losses to Tibetans. 
However, there are no studies focusing on the dysbiosis 
of gut microbiota causing post-weaning diarrhea in 
Tibetan pigs. Some researches related to Tibetans and 
yak revealed that the gut microbiome of both were 
different from other places (Li and Zhao, 2015; Li et al., 
2016b; Zhang et al., 2016). The high altitude may 
contribute to shaping the unique gut microbiota. We 
hypothesize that the turbulence of gut microbiomes 
during weaning stages in the high-altitude pigs may be 
also different from those of low-altitude breeds. It is 
important to characterize the gut microbiome in pigs living 
at high altitude to diverse the studies of the microbial 
community in post-weaning piglets.  

In this study, we uncovered the gut microbiomes of 
Tibetan piglets during weaning stages in two farms 
(Guihe and Shuixie). Though exact underlying 
mechanisms of post-weaning diarrhea remain unclear, 
we explain the turbulences of gut microbiota dysbiosis 
during weaning stage and hope to provide new insights 
into developing new means for treatments. 
 
 
MATERIALS AND METHODS 
 
Animal and sample collection  
 
All the animal experiment protocols were approved by 
Beijing Vocational College of Agriculture. The 
experiments were conducted at Guihe and Shuixie farms. 
Throughout the study, all animals were housed in 
controlled-access specific pathogen free facilities, which 
were individually housed in a pen (1.2×2.0 m). The same 
feedings with corn, whey permeates and poultry fat, 
soybean meal, fishmeal and blood plasma as major 
energy and protein supplements were used in the two 
farms. The weight of the newborn piglets was similar. 
Finally, a total of 49 piglets were selected for the 
experiments. At Guihe (GH) farm, 2 non-weaning 
diarrhoeal (GHND) and 6 non-weaning normal piglets 
(GHNN) after 25 days born, 6 weaning diarrhoeal 
(GHWD) and 6 weaning normal piglets (GHWN) with age 
60 days at day 15 post-weaning were selected. At 
Shuixie (SX) farm, 6 non-weaning diarrhoeal (SXND) and 
6 non-weaning normal piglets (SXNN) after 100 days 
born, 2 weaning diarrhoeal (SXWD) at day 45 post-
weaning and 15 weaning normal (12 piglets at day 15 
post-weaning  and  3  piglets  at  day   45   post-weaning)  
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piglets were selected. The fecal collections were 
performed according to the manual published previously. 
Fresh feces were collected from all the piglets. All fresh 
feces samples were stored at -80°C before genomic DNA 
extraction. 
 
 
DNA extraction, polymerase chain reaction (PCR) 
amplification and Miseq sequencing 
 
The fecal DNA was extracted using a commercially 
prepared kit (QIAampDNA Stool Mini Kit) according to the 
manufacturer’s protocol. The amount and quality of DNA 
were determined by Nanodrop ND-2000 (Nanodrop, 
USA). The DNA was used for the templates for PCR 
amplifications. The V3-V4 hypervariable regions of 
bacterial 16S rRNA gene were amplified using forward 
338F (ACTCCTACGGGAGGCAGCAG) and reverse 
806R (GGACTACHVGGGTWTCTAAT) previously 
published (Li et al., 2017). In order to differentiate 
samples, 10-digit barcode sequence was added to the 5’ 
end of the forward and reverse primers. The amplification 
was completed in a 50 μl reaction consisting of 25μl 2× 
PCR MIX, 2 μl template DNA, 1μl barcoded primers and 
21 μl H2O. The reaction conditions were 94°C for 2 min, 
followed by 30 cycles of 94°C for 30 s, 57°C for 30 s and 
72°C for 45 s, and a final extension at 72°C for 10 min. 3 
PCR repetitions for each sample were used to offset PCR 
bias. The mixed PCR products were purified using a 
QIAquick Gel Extraction Kit (QIAGEN, Germany), and 
quantified using Real Time PCR. The cleaned 
amplification products were deep sequenced using 
Illumina Miseq platform at Allwegene Company (Beijing). 
 
 
Data analyses 
 
The paired-end reads were assembled and screened to 
remove according to the criterions: the length <200 bp; 

the average quality score ≤ 30; contained ambiguous 
base calls; did not exactly align with primer sequences 
and barcode tags (Li et al., 2017). The qualified reads 
belonging to different samples were sorted out by the 
corresponding specific barcode sequences. The 
sequences were clustered into different operational 
taxonomic units (OTUs) using QIIME (Kuczynski et al., 
2012) at a sequences similarity of 97%. The richness and 
diversity indices were calculated based on the OTU 
composition in each sample. All sequences were 
assigned taxonomy using the Ribosomal Database 
Project (RDP) Classifier tool (Cole et al., 2014).  

The core OTUs presented in all the sample were 
determined by QIIME. For beta diversity, PCA analysis 
was conducted based on the OTU information from each 
sample using R (Ihaka and Gentleman, 1996). The 
statistical analyses between different groups were  tested  
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Figure 1. Microbial diversity and richness in the samples. A, ACE index. B, Shannon. 

 
 
 
using analysis of variance (ANOVA)(Chung et al., 2016). 
The Mann-Whitney U test was used to compare 
taxonomic compositions between groups at different 
levels (phylum, class, order, family and genus) (Kasuya, 
2001; Jervis-Bardy et al., 2015). Canonical correlation 
analyses (CCA) were performed to evaluate the linkages 
between gut microbial structure and environmental 
attributes using R (Hardoon ET AL., 2014; Legendre and 
De Caceres, 2013). Lefse was used to detect the 
microbiological bacteria among different groups. 
Differences were considered significant when P-value 
(corrected) < 0.05. 
 
 
RESULTS 
 
Sequencing results 
 
A total of 3,324,503 pair-ends reads were generated from 
Miseq platform. After filtering the low quality reads, 
3,112,152 high quality reads were retained and about 
7.49% raw data were filtered. The average number of 
high quality reads in each sample was 63,513. Based on 
the least reads, 10,021 reads per sample were randomly 
selected to balance the reads in each sample for later 
analyses. All the reads were submitted to Sequence 
Read Archive (SRA) under the accession number of 
SRR7125025-SRR7125073. 

Microbial diversity in different samples 
 
A total of 1,580 OTUs were detected after clustering 
3,112,152 high quality sequences at the 97% sequence 
similarity. The rarefaction curves showed that the plateau 
level reached in all the samples (Figure S1) with the 
Good’s coverage value ranged from 97.35 to 99.70%, 
which revealed that the sequencing depth was enough 
for mining the microbial community in these faecal 
samples. The microbial diversity (Shannon index) and 
richness (ACE index) showed significant differences 
across the samples in different stages (P<0.05, Figure 1). 
The ACE index was higher in samples GHWN (619) and 
GHWD (598), SXWN (804) and SXWD (705) in the two 
farms respectively. After weaning, the bacterial richness 
in piglets was much higher than in non-weaning ones. 
However, diarrhea did not significantly decrease the 
bacterial richness in the weaning samples from both 
farms. On the contrary, bacterial richness was much 
lower in diarrheal piglets than that in normal ones in non-
weaning samples. The Shannon index was nearly the 
same patterns in different samples. After weaning, 
bacterial diversity was not influences by diarrhea.  

Comparisons of the bacterial diversity and richness 
between Guihe and Shuixie farms, the ACE was not 
different in non-weaning samples, and after weaning, 
bacterial richness in Shuixie were higher than in Guihe; 
Shannon   index   revealed   no   significantly    difference 
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Figure 2. PCA analyses for detecting the similarities between different samples in the two farms. A, Guihe; B, Shuixie. 
 
 
 
between the both farms. However, non-weaning-diarrhea 
piglets in Guihe had higher bacterial diversity. 
 
 
Beta diversity of gut microbiota among different 
sages  
 
Comparisons of beta diversity were conducted to uncover 
the differences among the samples from different stages 
in both farms. The PCA analysis suggested that there 
were significantly differences all across the samples 
among different stages (p<0.001) (Figure 2). In order to 
confirm the similarity between samples, ANOVA analysis 
was performed. The results revealed that the microbial 
community between GHNN and GHWD were different 
(Figure 2A, p<0.05). The samples from SXND, SXNN and 
SXWN, SXNN and SXWN were also different (Figure 
2B). The interaction of weaning and diarrhea altered the 
bacterial community in piglets in Guihe farms. 
 
 
Bacterial compositions of Tibetans gut in different 
stages 
 
There were 18 bacterial phyla recovered across the 
samples, including Firmicutes (64.47%), Bacteroidetes 
(26.03%), Proteobacteria (2.44%), Fusobacteria (1.31%), 
Tenericutes (2.21%) and so on (Figure 3 and Figure S2), 
which occupied over 96% of the total sequences.  A  total 
of 14 phyla excluded Proteobacteria, Synergistetes, 

Lentisphaerae and Deferribacteres (Figure S2) were 
significant different across all the samples. Weaning 
significantly decreased the rate of Firmicutes, the relative 
abundances of Firmicutes in samples GHND, GHNN, 
SXND and SXNN were higher than 60%, which was more 
abundance than that in weaning samples (Figure 3). 
However, there were no differences among the weaning 
samples from GHWD, GHWN, SXWD and SXWN groups 
(Figure 3). It revealed that diarrhea did not alter the 
composition of Firmicutes in weaning samples. The 
percentage of Bacteroidetes in samples GHWD, GHWN, 
SXWD and SXWN was higher than that in non-weaning 
samples (GHND, GHNN, SXND and SXNN) (Figure 3).  

At genus level, Lactobacillus, Alloprevotella, 
Ruminococcaceae_UCG-005, 
Prevotellaceae_NK3B31_group, Treponema_2, 
Prevotellaceae_UCG-003 and 
Eubacterium_coprostanoligenes_group were dominated 
all the samples (Figure S3). Lactobacillus was the most 
abundant, reaching to 11.31% of the total sequences. 
Alloprevotella presented over 5.87% of the total 
sequences. The percentage of Lactobacillus decreased 
after weaning. And in non-weaning piglets, diarrhea 
stimulated the reproduction of Lactobacillus, increasing 
from 20.98% in SXNN to 37.08% in SXND and from 
8.49% in GHNN to 32.06% in GHND; the richness of 
Alloprevotella rising was associated with diarrhea, for 
example, rising from 2.48% in samples GHNN to 8.39% 
in GHND, from 1.17% in SXNN to 5.07% in SXND. 
However, after weaning the percentages of Alloprevotella
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Figure 3. Different bacterial compositions in different samples from two farms at phylum level. A, Firmicutes; B, Bacteroidetes; C, 
Fusobacteria. 

 
 
 
 
were not different across the samples. And Anaerovibrio 
and Fusobacterium decreased sharply. The group 
Ruminococcaceae_UCG-009 increased response to 
practice of weaning (Figure 4). Another surprising finding, 
the percentages of Clostridium and Escherichia in the 
samples were not different. 
 
 
The core and shared bacteria in gut of Tibetan piglets 
 
The core compositions of gut bacteria in all the 49 
samples of piglets were detected based on the OTUs. A 
total of 19 core OTUs were obtained, belonging to 16 
different groups, for example, Lactobacillus, Phascolarcto 
bacterium, Coprococcus, Subdoligranulum, Anaerovibrio, 
Clostridium_sensu_stricto_1, Eubacterium_rectale_ 
group, Lachnospiraceae, Family_XIII_AD3011, 
Lachnoclostridium, Blautia, Dorea, Oscillibacter, 
Faecalibacterium, Ruminiclostridium and Streptococcus 
(Table 1). The OTU belonging to Lactobacillus was the 
most abundant. 
 
 
The microbial signatures in different samples and the 
correlations between bacteria and weaning and 
diarrhea 
 
Lefse  was  further  conducted  to   detect   the   microbial  
signatures       in       each        group.      Bacteroidaceae,  

Christensenellaceae, Erysipelolrichaceae, 
Veillonellaceae were the signatures in samples NN. 
Prevotellaceae, Spirochaeldceae and Streptococcaceae 
were microbial markers in WD group. Lactobaccillaseae 
and Acidaminococcaceae were microbial markers in ND 
group, Rikenellaceae and Ruminacoccaceae in WN 
group (Figure S4). The correlations between bacterial 
community and weaning, diarrhea were conducted using 
microbial composition at genus level (>1%). The result of 
CCA analysis revealed that Lactobacillus, Alloprevotella 
and Treponema_2 were positive with diarrhea and 
Ruminococcaceae_UCG-005, Prevotellaceae_UCG-003 
and Rikenellaceae_RC9_gut_group were negative with 
diarrhea. Alloprevotella, Ruminococcaceae_UCG-005, 
Prevotellaceae_NK3B31_group, Treponema_2, 
Prevotellaceae_UCG-003 and 
Rikenellaceae_RC9_gut_group were positive with 
weaning and Lactobacillus and 
Eubacterium_coprostanoligenes_group were negative 
with weaning (Figure 5). 
 
 
DISCUSSION 
 
Comparisons of gut microbiota of weaning and diarrheal 
Tibetan piglets from two farms were conducted based on 
sequencing V3-V4 hypervariable regions of 16S rDNA 
using Miseq platform. The surprising results revealed that 
weaning increased the bacterial diversity  and  decreased 
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Figure 4. Different bacterial compositions in different samples from two farms at genus level. A, Anaerovibrio; B, 
Ruminococcaceae_UCG-009; C, Fusobacterium; D, Alloprevotella; E, Lactobacillus. 

 
 
 

Table 1. The core bacterial compositions (%) in gut in all the samples. 
 

Groups GHND GHNN GHWD GHWN SXND SXNN SXWD SXWN 

Lactobacillus 32.06 8.49 4.48 3.82 37.08 20.98 0.31 2.69 

Phascolarctobacterium 4.25 6.17 3.62 3.71 11.66 9.07 0.60 10.39 

Coprococcus 3.51 24.71 12.34 9.57 4.33 7.76 1.23 20.86 

Subdoligranulum 2.35 4.02 25.30 3.91 1.87 14.86 0.16 1.57 

Anaerovibrio 2.14 9.95 0.88 0.92 6.10 0.57 0.02 0.70 

Clostridium_sensu_stricto_1 2.07 16.94 8.88 12.45 0.11 20.33 2.99 12.60 

Eubacterium_rectale_group 2.04 6.24 13.23 14.73 0.64 8.28 2.45 13.41 

Lachnospiraceae 1.38 10.42 19.87 8.28 1.31 5.38 10.54 39.61 

Family_XIII_AD3011 1.36 2.27 3.62 1.07 0.29 1.80 0.51 4.40 

Lachnoclostridium 1.08 1.01 0.42 0.65 0.75 0.31 0.10 1.17 

Blautia 0.94 3.64 1.28 0.80 4.99 3.25 0.18 1.39 

Dorea 0.39 1.00 0.18 0.25 1.74 0.56 0.57 1.82 

Oscillibacter 0.38 2.67 1.13 3.08 0.36 0.38 0.46 6.05 

Faecalibacterium 0.25 0.43 0.53 0.60 0.94 0.33 0.07 0.33 

Ruminiclostridium 0.07 0.43 0.29 0.22 0.34 0.19 0.16 0.78 

Streptococcus 0.05 7.10 20.14 21.48 1.09 2.75 2.92 17.66 
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Figure 5. CCA analysis of weaning and diarrhea on community composition on the genus level. Note: Arrows 
indicated weaning and diarrhea. Triangle indicated species. 

 
 
 
the composition of Lactobacillus, diarrhea decreased the 
bacterial diversity and increased the composition of 
Lactobacillus. The results were not agreement with other 
studies published previously. This study might provide a 
new insight into understanding the dysbiosis of gut 
microbiome caused by weaning and diarrhea. 

Many studies focusing on gut microbiome during the 
weaning transition published previously revealed that 
weaning decreased the microbial diversity (Dou et al., 
2017). However, the results in this study were not 
accordance with it. On the contrary, weaning raised the 
microbial diversity in both farms. Both altitude and 
genetic backgrounds significantly influenced gut 
microbiome composition between Tibetan and Han 
populations (Li et al., 2016a). Tibetan pigs might form 
their unique gut bacterial structures in relation to high 
altitude. However, some reports also suggested that 
bacterial diversity increased from the day 7 up to day 21 
(started to wean), and reached to maximal value at day 
38 in pigs (Dou et al., 2017). The same result was also 
got  in  the  study  of  Frese  et al. (2015). During weaning  
transition, the diet  of  pigs  changed  from  liquid  to  solid 

diets, from solely sow milk to a complete feed, the low 
microbial abundances shaped from early times of life 
were unable to consume the complicated 
substrates(Frese et al., 2015). The transitions involved in 
activity dynamic of some enzymes from breakdown of 
milk glycans (sialidases, β-hexosaminidases contributed 
primarily by Bacteroides) to a wider range of diets (β-
xylosidases, endo-1,4-β-xylanases, and α-N-
arabinofuranosidases distributed among a broader 
diversity of taxa) in weaned animals (Frese et al., 2015).  

In non-weaning piglets, diarrhea decreased the 
bacterial diversity. The gastrointestinal disorders after 
weaning immunosuppression, changes in intestinal 
microbiota and mucosa resulted in diarrhea. However, 
bacterial diversity, richness and compositions were not 
influenced by diarrhea in post-weaning piglets. The 
reason to explain was that the impact of weaning was 
more serious than diarrhea. But the experimental 
verifications need to be further confirmed.  

The most abundant genus in all the samples was 
Lactobacillus (Frese et al., 2015; Cairo et al., 2017; 
Gresse et al., 2017). At early times of life, colonization  of 



 

 

 
 
 
 
gut microbiota was initiated and shaped by consumption 
of the sow’s milk (Lallã¨S et al., 2007). The population of 
lactic acid bacteria could be made good use of the milk-
oriented nutrition and presented the most abundant taxa 
(Lallã¨S et al. 2007; Frese et al. 2015). In weaned piglets, 
there was a loss of Lactobacillus and increased 
Prevotellaceae (Cairo et al. 2017). The transitions of diets 
to enriched pectin diets as well as a soybean meal 
decreased the relative abundance of Lactobacillus and 
increased Prevotella in the colon for weaning pigs 
(Lallã¨S et al., 2007). Lactobacillus was the major players 
in prevention of diseases, their abrupt decrease during 
weaning transition might contribute to increasing in the 
risk of diseases (Konstantinov et al., 2006). In order to 
reduce the incidence of diarrhea, Lactobacillus was 
usually considered as the most effective probiotics 
supplement to improve the intestinal morphology and 
regulate the microbiome during the weaning period 
(Inatomi et al., 2017).  

It was reported that post-weaning diarrhea was induced 
by enter toxigenic Escherichia and Clostridium (Gresse et 
al., 2017). However, the relative abundance of 
Escherichia and Clostridium in each group was not 
significantly different from others in this study. And the 
relative percentages of Prevotellaceae and 
Ruminococcaceae increased in weaned piglets were 
common. Alloprevotella belonging to Prevotellaceae, and 
Streptococcaceae were most positive with post-weaning 
diarrhea. In other studies, Ruminococcaceae, 
Prevotellaceae and Treponema were positive with 
weaning (Frese et al., 2015). And some Streptococcus 
taxa associated with dysentery in human might played 
the same roles in occurrence of diarrhea in weaned 
piglets (Pop et al., 2014). Pathogenesis mechanisms of 
Alloprevotella needed to be further studied. 
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Figure S1. Rarefaction curves. 
 
 
 

 
 

Figure S2. Taxonomic classification of bacterial reads at phylum level. Sequences were classified into 
different taxonomic groups using RDP Classifier with a threshold value of 80%. 
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Figure S3. Taxonomic classification of bacterial reads at genus level. Sequences were classified into 
different taxonomic groups using RDP Classifier with a threshold value of 80%. 

 
 
 

 
 

Figure S4. The Lefseanalyse conducted based on the bacterial community in all the samples.  


