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This experiment was to study the impact of rumen fistula surgery on the rumen microbios

in sheep. Six male adult Hu sheep (48.8 ± 0.23 kg, 0.5 years) were fed at 0700 and

1,800 with ad libitum access to water. The rumen fistula was installed in the same

batch from 0600 to 0900. Monitoring the dry mater intake and the output of dry mater

faces 1, 2, 4, 6, 8, 10, 12, 14 days after fistulated surgery. The collection of rumen

fluid was arranged at 1d during rumen surgery (DRS1), 3d after rumen surgery (ARS3),

and 14d after rumen surgery (ARS14) for volatile fatty acid (VFA) and DNA extraction for

sequencing and bioinformatics analysis. There was no difference in DMI, the pH apparent

digestibility of dry matter, organic matter, neutral detergent fiber, acid detergent fiber both

before and 14 days after surgery. Increases were observed in the acetate and total VFA

at ARS3. There was no difference in digestion of dry material, organic material, neutral

detergent fiber, and acid detergent fiber before and after surgery. The relative abundance

of Bacteroides decreased from 61.96% at DRS1 to 28.85% at ARS3. In comparison

with the DRS1 and ARS3, the relative abundance of Firmicutes in the ARS14 increased

to 44.58% (P < 0.01). Proteobacteria increased from 11.33% at DRS1 to 51.66% at

ARS3 and then decreased to 11.39% at ARS14. Prevotella decreased form 61.06% at

DRS1 to 28.04% in the ARS3. Succinivibrio increased from 8.32% at DRS1 to 48.58%

at ARS3, but decreased to 10.43% in the ARS14. Compared with DRS1 and ARS3,

the ARS14 was higher in the Simpson and Shannon index. As for the BugBase function

prediction, rumen fistula surgery increased the microorganism abundance of aerobic and

facultative anaerobic phenotype, and anaerobic phenotype was decreased in the ARS3.

There was higher microorganism abundance of aerobic phenotype in the ARS14 than

before fistula installation. In conclusion, the rumen fistula surgery destroys the anaerobic

environment of rumen, leading to differences in rumen microbial diversity and function,

but the apparent digestibility and total VFA were not affected.
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INTRODUCTION

Previous studies proposed that the feasibility of rumen fistula

in animal experiments is based on the assumption that rumen
fistula surgery does not impact the rumen function (1). Rumen

fistula installation is a challenge for ruminants and requires a slit

through the abdominal cavity and rumen, causing serious trauma

(2, 3). As we all know, the rumen microbial community and
protozoa undertake the digestion and metabolism of fiber, starch,
protein, and other substances in an anaerobic environment (4).
The destruction of the anaerobic environment is a disaster for the
microorganisms exposed to the oxygen stress in the rumen after
fistula surgery (5). Compared with the intact rumen, the rumen
microbial diversity of the fistulated is reduced (6–8), and the total
volatile fat acid (TVFA) increased and the pH decreased (9). The
fistulated abdominal cavity owned a lower proportion of CH4,
H2, and CO2, and a higher proportion of O2 and N2 in the rumen
headspace gasses, which results in a decrease in energy utilization
(8, 10).

On the other hand, the presence or absence of fistula
surgery directly determines the sampling methods. Svga et al.
(11) considered that the oral tube sampling is not a feasible
alternative to fistula sampling to research the gas production
and composition when comparing oral tube sampling to fistula
sampling. In addition, there is little difference in profile of
VFA (12) and microbial community because of the influence
of saliva (13–15). However, some scientists concluded that
there was no difference between oral tube sampling and fistula
sampling, and it can adequately represent rumen fermentation
parameters such as the pH, VFA profile, and mineral
concentrations (16, 17).

The contribution of fistula animals cannot be denied, and they
had been applied in ruminants for many decades (17). However,
there is still controversy surrounding the question of whether the
sample of rumen fistula animals really representatively reflects
the purpose of the experiment for animal experiments. In
practice, many animal trials and sampling methods leave these
changes of microbial community wholly out of account. In some
cases, comparing the sample of the oral tube and fistula on
fistulated animals was equivalent to comparing with the sample
of the fistulated or intact (15, 17, 18), which lacks sufficient
evidence to provide proof. At present, figuring out the impact of
fistula needs to unify three key variations: whether fistulated or
not; whether it is the same group of animal before and after the
fistula; whether a unified samplingmethod has been selected (oral
tube or fistula). In addition, the different fistula methods (the
one-step and two-step surgery) (19), individual differences, and
species genetic backgrounds (15), may also be considered, but the
impact of fistulation on destruction of rumen environment may
be consistent.

Therefore, it is necessary to study the impact of rumen
fistulation on the microbial community and the digestive
physiology of ruminants. In this experiment, six sheep from the
same batch were used to monitor the change before and after
the fistulation, which could systematically reveal the effect of
rumen fistulation on the microbial community and the digestive
physiology of ruminants.

MATERIALS AND METHODS

The Animal Feeding and Management
Six healthy adult male Hu sheep (mean weight: 48.8 ± 0.23 kg,
0.5 years), were selected from the Research Institute of Chinese
Academy of Sciences, Lanzhou, China. The sheep were fed dry
matter which was restricted to 3.5% of their body weight (7). The
sheep were housed in metabolic cage and has ad libitum access
to water. All sheep were fed the pelleted TMR [45% roughage
and 55% concentrate supplements (Supplementary Table S1)] at
0800 and at 1,800.

Surgery and Post-surgical
The surgical details of the procedure were based on the method
reported by R. J. Komarek and Santra on sheep fistula (2, 20),
the method of One-step installation was adopted by using T-
shaped fistula (21). In addition, the post-operative care procedure
referred to sheep fistula surgery concepts and techniques from
Durmic’s (22) study, of this second stage are described elsewhere.
Some simple procedures are shown as follows. It is necessary to
fully disinfect the surgical site and all instruments. The length
of incision in the skin to the underlying layers was made large
enough (4 cm) for the fistula. With the help of a wound retractor,
the rumen was exposed, so that the rumen was visible. Rumen
was pulled out from the incision by the gastric forceps gently. The
assisting veterinarian fixed the rumen by two gastric forceps and
two leaf forceps to avoid to slipping into the abdominal cavity.
The rumen incision should be away from the main blood vessels
on the rumen wall, then fixing the position with two gastric
forceps. After the rumen incision was made. The wound retractor
needed to be relieved. The silicone fistula was softened with hot
water in advance, and then inserted into the rumen through the
skin and rumen incision. After the fistula was reset, the rumen
and skin were inlaid in the fistula. Finally, the purse string suture
was sewed around the edge of the skin and rumen incision and
drawn tight and tied around the neck of the fistula.

Sample Collection and Test
Total fecal output and dry matter intake (DMI) was collected
from each individual sheep every 2 days during 14 consecutive
days for determining the change of the apparent digestibility of
DMI (23). Restricted feeding was carried out on the 1st and 2nd
days, and the digestibility results were invalid. The fecal samples
were collected on the 1st day before the surgery and 14th day
after the surgery. The BRS1 and ARS14 were collected separately
to determine the apparent digestibility of organic matter (OM),
neutral detergent fiber (NDF), and acid detergent fiber (ADF).
The ash, OM, and DM was determined by complete combustion
in automatic ash and drying analyzer (prepASH 340, Swiss). The
measurement method of the NDF and ADF referenced Van Soest
et al. (24) by fiber analyzer (ANKOMA200i fiber analyzer, USA).
The sheep were weighed before and 14 days after the surgery.
The rumen fluid was collected from [1 day during the rumen
surgery (DRS1), 3 days after rumen surgery (ARS3) and 14 days
after rumen surgery (ARS14)]. When sampling rumen fluid, the
location and depth of the sample were identical. Sampling time
was before feeding in the morning. The sample was filtered by
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four layers of cheesecloth and pH was immediately measured by
pH-meter (Sartorius PB-10, Göttingen, Germany), and stored at
−80◦C until the DNA and VFA extraction. The concentrations
of VFA in rumen fluid were measured by Gas Chromatography
(GC) on a Thermo Fisher Trace 1300 GC system (Thermo Fisher
Scientific, Milano, Italy) and the detailed method was described
by Li et al. (25).

DNA Extraction and 16S rRNA Sequencing
and Bioinformatics Analysis
The DNA in rumen fluid samples was extracted by DNA
extracted Kit (PowerSoil DNA Isolation Kit (Mobio Technologies
Ins, Vancouver, Canada), and the detailed method described
by Vandeventer et al. (26). According to the manufacturer’s
instructions, glass beads were added in the sample to
mechanically lyse the microbial cells. After extraction, the
concentration of DNA was determined by Spectrophotometry
(NanoDropTM 2000 Spectrophotometer, Massachusetts, USA),
and the quality of DNA was evaluated by 2% gel electrophoresis.
The electrophoresis results were quantified by utilizing software
(Image J Software) and the sample was recovered and purified
by 0.8X magnetic beads (Magic Pure Size Selection DNA
Beads). After verifying the quality of DNA, the DNA was stored
at −80◦C, and was sent to 16S rRNA sequencing (Beijing
Biomarker Technologies Co., Beijing, China) with dry ice. The
amplicons were sequenced by utilizing single-molecule real-time
sequencing (SMRT Cell) for 16S rRNA full-length to obtain
the marker genes and the process was described by Schloss
et al. (27). Making taxonomic annotations was based on Silva
(Release132, http://www.arb-silva.de, SSU115) and abundance of
microorganism reaching the 0.1% threshold will be distinguished
and identified. Sequencing and sequence analysis are performed
by qualified companies (Beijing Biomarker Technologies Co.,
Beijing, China).

Statistical Analysis
The data of composition of rumen microbial, the pH, VFA and
alpha diversity were analyzed by single factor repeated measures
analysis (IBM SPSS statistics 20.0). All data are expressed as the
mean and standard error. Significance was defined as P < 0.05
and < 0.01. Due to the uneven variance of rumen microbial data,

data of rumenmicrobial composition needs to be log10 converted
before single factor repeated measures analysis (17). The images
of the BugBase feature prediction, Principal coordinate analysis
plot (PcoA) provided by the platform of Biomarker Technologies
Co after bioinformatics analysis (Beijing Biomec Biotechnology
Co., China).

RESULT

Feed Intake and Nutrients Digestion
Before the surgery, the average DMI was 1.85 kg/d (Figure 1).
The DMI was 0.5 kg/d on the second day and 1.8 kg/d on the
4th day after fistula surgery. Sheep were restricted to 0.5 kg on
the 2nd day after the surgery to prevent excessive pressure in
the rumen from affecting the stability of the fistula. On the third
day, free feeding will be restored. From the 4th day to the 14th
day, the DMI was within 1.65–1.8 kg/d. The output of feces dry
mater gradually recovered to 0.6 kg/d from 1st to 4th days after
the surgery and increased from 0.15 to 0.88 kg within 4 to 12
days after the surgery. The apparent digestibility of DM gradually
decreased from 60.50 to 49.24% (the lowest point) within 12 days
after the surgery, and increase to 58.50% on 14th days (Figure 1).
There was no difference in the apparent digestibility of DM, OM,
NDF, and ADF compared with BRS1 and ARS14 (Table 1).

Rumen Fermentation
In this experiment, compared with the DRS1, the pH value
decreased by 0.27 in the ARS3 (P < 0.01, Table 2), and the
DRS1 did not differ with the ARS14 (P > 0.05). Compared with

TABLE 1 | Changes in apparent digestibility before and after surgery.

Items BRS1 ARS14 SEM P-value

DM, % 60.50 58.50 3.325 0.559

OM, % 66.96 65.16 3.670 0.569

NDF, % 38.06 36.93 3.186 0.763

ADF, % 32.15 29.75 3.578 0.521

BW, kg 48.80 51.18 2.043 0.278

DM, dry mater; OM, organic matter; NDF, neutral detergent fiber; ADF, acid detergent

fiber; BW, body weight.

FIGURE 1 | The picture shows the change of dry matter intake (A), output of dry matter feces (B), apparent digestibility of dry matter (C) within 14d after rumen fistula

surgery. Restricted feeding was carried out on the 1th and 2th days, and the digestibility results were invalid (C).
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TABLE 2 | The fermentation parameters of rumen fluid after fistula surgery in

sheep.

Items DRS11 ARS32 ARS143 SEM P-value

pH 6.69a 6.45b 6.62a 0.036 <0.01

VFA (mmol/L)

Acetate (A) 39.63b 53.39a 41.23b 2.130 <0.01

Propionate (P) 18.08 19.12 19.47 0.713 0.73

Isobutyrate 0.39 0.29 0.17 0.051 0.23

Butyrate 16.23a 11.33b 8.22b 1.061 <0.01

Isovalerate 0.60 0.86 0.28 0.118 0.13

Valerate 0.93 1.48 0.88 0.121 0.07

TVFA 75.85b 86.47a 70.26b 2.304 <0.01

A:P 2.25 2.85 2.20 0.154 0.15

1DRS1, 1d before rumen surgery; 2ARS3, 3d after rumen surgery; 3ARS14, 14d after

rumen surgery.
a,bValues with different superscripts within a row differ significantly at P < 0.05.

TVFA, Total Volatile fatty acid; A:P, Acetate: Propionate.

TABLE 3 | The results of α diversity of microbes in rumen fluid after fistula surgery

in sheep.

Items DRS11 ARS32 ARS143 SEM P-value

OTUs 90.0b 80.7b 138.2a 8.15 0.02

Seqs_Num 3,644 4,267 3,875 287.3 0.70

Simpson 3.19b 2.84b 4.70a 0.253 <0.01

Shannon 0.74b 0.70b 0.91a 0.032 0.01

Coverage 0.99 0.99 0.99 0.001 0.72

1DRS1, 1d before rumen surgery; 2ARS3,3d after rumen surgery; 3ARS14, 14d after

rumen surgery.
a,bValues with different superscripts within a row differ significantly at P < 0.05.

OTUs, operational taxonomic units after Classification.

the DRS1, the concentration of acetate and TVFA increased in
the ARS3 (P < 0.01 and = 0.01), but the butyrate decreased
in the ARS3 and ARS14 (P < 0.01). Compared with the
ARS3, the concentration of acetate, TVFA decreased in the
ARS14 (P < 0.05). Furthermore, the fistula surgery had no
effect on the concentration of propionate, iso-butyrate, and A:P
(acetate: propionate) among the sample times (P > 0.05). The
concentration of valerate had increased tendency in the ARS3,
and similar to the pre-operation level in the ARS14.

Rumen Bacterial Diversity
Compared with the DRS1 and ARS3, the value of OTUs, Simpson
and Shannon indexes (Table 3) in the ARS14 were higher (P <

0.02 and < 0.01 and = 0.01). The sequence number in the ARS3
was higher than those of the DRS1 and ARS14. The coverage of
microbes in this investigation was ≥0.99 which indicated that
the sequencing depth covers the sample size for most of the
microbes. The PCoA analysis was made under the weighted-
unifarc conditions in the OTUs level (Figure 2). The results
showed that the first component approximately separated the
DRS1, ARS3, and ARS14, which demonstrated the difference
in rumen microbial diversity. The first principal component

FIGURE 2 | Principal coordinate analysis plot of total microbiota in rumen

samples of 3 stages after rumen fistula surgery in sheep. PC1, principal

component 1; PC2, principal component 2. DRS1, 1d during the rumen

surgery; ARS3, 3d after the rumen surgery; ARS14, 14d after the rumen

surgery.

explained 57.37% of the variation and the second principal
component explained 13.12% of the variation.

Rumen Microbial Community
The microbes at phylum-level (Table 4) that were >0.1% include
8 main phyla. The relative abundances of Bacteroides and
Firmicutes accounted for more than 80% of the total rumen
microbes in the DRS1 and ARS14. The relative abundance of
Bacteroides decreased from 61.96% in the DRS1 to 28.85% in
the ARS3 (P = 0.01), but cannot differ between in the ARS14
and ARS3 (P > 0.05). The relative abundance of Firmicutes in
DRS1 was similar to the ARS3 (P > 0.05), but the ARS14 was
higher than those in the DRS1 and ARS3 (P < 0.01). The relative
abundance of Proteobacteria in in the ARS3was higher than those
in the DRS1 and ARS14 (P < 0.01), but cannot differ between in
the ARS14 and the DRS1. In addition, the fistula surgery had no
effect on the relative abundance of other phylum (P > 0.05).

The composition and relative abundance of micro-organisms
that were >0.1% at the genus level in abundance (Table 5) are
accounted for. The relative abundance of Prevotella in the DRS1
was lower than those in the ARS14 with the ARS3 (P < 0.01),
but there was no difference between in the ARS14 and the ARS3
(P > 0.05). The relative abundance of Succinivibrio in the ARS3
was higher than those of the DRS1 and ARS14 (P < 0.01), but
cannot differ in both the ARS14 andDRS1. In addition, the fistula
surgery had no effect on the relative abundance of other genera
(P > 0.05).

BugBase Feature Prediction
The results (Figure 3) show that, within 14 days after surgery,
the microorganism abundance of aerobic phenotype was
gradually increased among the stages after surgery. The
microorganism abundance of anaerobic phenotype decreased
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TABLE 4 | The composition of phylum-level microbes in rumen fluid after fistula

surgery in sheep and their relative abundance.

Phylum (%) DRS11 ARS32 ARS143 SEM P-value

Bacteroidota 61.96a 28.85b 36.25b 4.983 0.01

Firmicutes 23.54b 17.00b 44.58a 3.643 <0.01

Proteobacteria 11.33b 51.66a 11.69b 6.097 <0.01

Planctomycetota 0.30 1.05 1.84 0.397 0.30

Verrucomicrobiota 0.00 0.05 1.57 0.473 0.32

Spirochaetota 0.23 0.03 1.16 0.256 0.16

Actinobacteriota 0.48 0.12 0.14 0.087 0.17

Desulfobacterota 0.10 0.06 0.12 0.019 0.46

Others 0.08 0.09 0.20 0.029 0.16

Unclassified 1.95 1.08 2.44 0.356 0.30

1DRS1, 1d before rumen surgery; 2ARS3, 3d after rumen surgery; 3ARS14, 14d after

rumen surgery.
a,bValues with different superscripts within a row differ significantly at P < 0.05.

in the ARS3 initially, followed by an increase in the ARS14;
the microorganism abundance of the facultative-anaerobic,
contains-mobile element, potential-pathogenicity, stress-
tolerance, forms-biofirms phenotype was increased in the
ARS3, and then decreased to close to the value of the DRS1 in
the ARS14; the microorganism abundance of Gram-negative
phenotype was increased in the ARS3 initially and then decreased
in the ARS14, while the microorganism abundance of Gram-
positive phenotype decreased in the ARS3 and then started to
increase in the ARS14.

DISCUSSION

In this experiment, the DMI of sheep was not affected by fistula
surgery, but the output of dry matter feces increased gradually,
which resulted in a gradual decrease in DM digestibility until
the 12th day (Figure 1). The output of dry matter feces
decreased 14 days after fistula surgery. There was no difference
in DM, OM, NDF, and ADF between before and 14 days after
surgery (Table 1). Nevertheless, in terms of rumen microbes, we
observed that the diversity of rumen microbes was increased
and the relative abundance of Prevotella was decreased. The
contradictory result may be attributed to two factors. The fistula
surgery destroyed the pressure environment of the rumen and
slowed down the peristalsis, to which led an increase in the
retention time of the diet in the rumen (28), and it was conducive
to rumen digestion. Likewise, the change in the composition of
rumen microorganisms, the decrease in the relative abundance
of Prevotella, and the increase in the unclassifiedmicroorganisms
were observed, which influence the digestion activity of rumen
microorganisms. From the results of previous studies, MacRae
et al. (29) and Moate et al. (10) also observed no difference in the
digestibility of DMI and DM on sheep and Holstein dairy cow
in the ARS14. Furthermore, Hirayama et al. (28) observed that
the fistula surgery reduced rumen pressure and rumen content
passage rate on goats, thereby increasing the cumulative number
of recovered particles in feces. From a numerical view in this

TABLE 5 | The composition of genus-level microbes in rumen fluid after fistula

surgery in sheep and their relative abundance.

Genus (%) DRS11 ARS32 ARS143 SEM P-value

Prevotella 61.06a 28.04b 32.17b 4.978 <0.01

Succinivibrio 8.32b 48.58a 10.43b 5.828 <0.01

Ruminococcus 10.00 7.42 9.78 2.426 0.65

Succiniclasticum 4.02 4.58 8.24 2.162 0.74

Selenomonas 3.28 2.36 4.42 0.954 0.13

Ruminobacter 0.27 1.77 0.01 0.898 0.33

Gabonia 0.46 0.46 1.40 0.239 0.16

Anaerovibrio 0.53 0.09 0.83 0.141 0.14

Schwartzia 0.67 1.42 0.41 0.328 0.31

Quinella 0.01 0.01 1.21 0.273 0.14

Bact 0.25 0.15 0.78 0.143 0.12

Treponema 0.23 0.03 1.16 0.256 0.19

Clostridium 0.05 0.03 0.57 0.122 0.14

Succinimonas 0.00 0.00 1.07 0.326 0.36

Sharpea 0.53 0.01 0.24 0.178 0.56

Anaerocella 0.00 0.02 0.52 0.146 0.30

Anaerobiospirillum 0.33 0.29 0.00 0.135 0.56

Olsenella 0.48 0.06 0.09 0.085 0.09

Oscillibacter 0.00 0.00 0.49 0.114 0.16

Solobacterium 0.08 0.06 0.24 0.048 0.20

Sinibacillus 0.00 0.00 0.57 0.192 0.43

Desulfovibrio 0.10 0.05 0.09 0.018 0.37

Others 0.38 0.57 1.02 0.227 0.54

Unclassified 8.95b 6.68b 24.28a 2.262 <0.01

1DRS1, 1d before rumen surgery; 2ARS3, 3d after rumen surgery; 3ARS14, 14d after

rumen surgery.
a,bValues with different superscripts within a row differ significantly at P < 0.05.

experiment, the apparent digestibility of DM, OM, NDF, and
ADF in the ARS14 were lower than those of the DRS1, but
there was no difference. The phenomenon indicated that the
influence of rumen microorganisms may be slightly greater than
the slowing down of rumen peristalsis, which contributed to the
conclusion that rumen fluid of rumen fistula animals cannot
completely reflect the rumen fermentation function (11, 30). In
summary, the rumen fistula surgery has no effect on the apparent
digestibility of DM, OM, NDF, and ADF, and its rationalities are
acceptable by judging from present results and previous studies.

The fermentation parameters are important indicators for
determining the impact of fistula surgery on the rumenmicrobial
function of sheep. In this experiment (Table 2), compared
with the ARS14 and DRS1, the value of rumen pH and
the concentration of butyrate were decreased (P < 0.05), the
concentration of TVFA and acetate were increased (P < 0.05),
as observed in the ARS3. However, there were no difference in
rumen pH, the concentration of TVFA, and acetate between the
ARS14 and DRS1. Consistent with our results, Wang et al. (7)
also reported that no difference in rumen pH was observed at
14 days between the fistulated and the intact goat (P > 0.05).
However, Rumsey et al. (6) reported that the rumen pH of the
fistulated cattle was lower than that of the intact, and the TVFA
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FIGURE 3 | BugBase feature prediction include aerobic, anaerobic facultative anaerobic, contains mobile element content, potential pathogenicity, stress tolerance,

forms biofirms and gram-negative feature. DRS1, 1d during the rumen surgery; ARS3, 3d after the rumen surgery; ARS14, 14d after the rumen surgery; f_: family,

taxonomic unit. The datas are accessible in https://www.ncbi.nlm.nih.gov/, SUB9200751.

was higher than that of the intact after 20 days. Wang et al. (8)
compared the fermentation parameters of fistulated and intact
cows, and the results were consistent with Rumsey et al. (6). The
rumen peristalsis was decreased after fistula surgery, leading to
an increase in the retention time of feed and a decrease in the
pass rate of rumen (28). A study reported fully verified this results
that considering the degree of rumen acidosis in fistula cow, the
intact cows have a characteristic difference in oxygen utilization
and nitrogen metabolism and suggested that the results of rumen
fistula cows cannot reflect the normal metabolic process (30).
Judging from VFA results in this experiment, it objectively
reflects that the metabolism of rumen microbes is indeed affected
by rumen fistula surgery.

Considering the result of rumen microbial diversity, the
Shannon-wiener and Simpson indexes are higher in the ARS14

than those in the ARS3 and DRS1 (P < 0.05, Table 3) and the
results of PcoA analysis suggested that there are differences in
the diversity of rumen microbes in the three stages after surgery
(Figure 2). Wang et al. (7) and Wang et al. (8) also reported that
the ruminal microbial diversity of goats and cows received fistula
surgery was lower than that of the intact goats and cows. The
fistula surgery usually led considerable amounts of air to flow
into the rumen headspace (10) and introduce the unclassified
microbes into the rumen during the surgery, which could lead
to the increase of microbial diversity. Moreover, in accordance
with Wang et al. (8) who studied the gas compositions in the
rumen by comparing the intact and fistulated cow and observed
that the concentration of CO2, H2, and CH4 in fistula cattle
are reduced and N2 and O2 are increased. Comprehensively,
although the plug can prevent the unimpeded exchange of gas
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inside and outside of the rumen, it is inevitable that rumen fistula
cause gas leakage. The destruction of the gas environment and
the increase in the unclassified may be the reason for the change
in diversity.

The different microbial diversity among the three stages may
provide the evidence that the fistula surgery could change the
rumen microbial composition in different taxonomic levels. In
comparison with the DRS1, decrease in the relative abundance
of Bacteroidetes was observed in the ARS3 and ARS14 (P <

0.05, Table 4). In comparison with the DRS1 and ARS3, the
relative abundance of Firmicutes in the ARS14 increased to
44.58% (P < 0.05). The relative abundance of Proteobacteria
in the ARS3 was higher than the ARS14 and DRS1 (P <

0.05). However, Wang et al. (7) reported that no differences in
the relative abundance of Firmicutes and Bacteroidetes between
the intact and fistulated goat after 2 weeks, but an increase
in the relative abundance of Proteobacteria was observed (P
< 0.001) (7). The similar relative abundance of Firmicutes
and Bacteroidetes between the treatments mainly attributed to
the different genotypes of rumen microorganisms carried by
different species (8). Shin et al. (31) suggested that the increase of
Proteobacteria is a distinctive signal for the occurrence of animal
intestinal disorder and imbalance of dietary nutrition, whichmay
indicate that a disorder of rumenmicrobes were caused by rumen
fistula surgery.

Compared with the DRS1, the relative abundance of the
Prevotella decreased (P < 0.05) nearly by 50% in the ARS3 and
ARS14 (Table 5). However, Wang et al. (7) found no difference
in the relative abundance of the Prevotella compared with the
intact and the fistulated goat after 2 weeks. A study indicated that
the increase by 5 fold in the level of recA mRNA was observed
in response to conditions of oxidative stress when Prevotella was
exposed to oxygen by removing the culture from the anaerobic
box, and the recA genes are related to the stress response of
cells when chromosomal DNA was severely damaged (32). The
destruction of the anaerobic environment is the direct cause of
the decrease of Prevotella in the present study. In addition, the
DMI of sheep may be also the cause of the decrease in Prevotella.
However, the relative abundance of Prevotella did not return to
that before the operation in the ARS14, which may lead to the
decrease in digestive activity of microorganisms in the ARS14.

Compared with the DRS1, the relative abundance of the
Succinivibrio was increased in the ARS3 (P < 0.05) and
then decreased in the ARS14 (P < 0.05, Table 5). The first
reason was the decline in Prevotella, which caused the relative
abundance of the Succinivibrio to increase. The second reason
was the optimal carbon dioxide concentration and CO2 balance
of the Succinivibrio. A study indicated that Succinivibrio
dextrinosolvens grow well in 5% CO2 environment compared
with 0% CO2, and the 5% CO2 flowing environment was
contributed to the fixation of CO2 (33). The ratio of CO2 in
the rumen headspace gas is 49.8%, and the dissolved CO2 was
69.7mM before rumen fistula surgery, but the ratio of CO2 in the
rumen headspace gasses was 13.4% after fistula surgery and the
dissolved CO2 was 43.6mM (8, 10). The high concentration of
CO2 before the fistula surgery may inhibit the metabolic activity
of the Succinivibrio (Succinivibrio produce CO2 as anaerobic

metabolism). Moreover, the CO2 concentration after fistula
surgery was closer to the optimum CO2 concentration of the
Succinivibrio and the increases of air circulation rate promote the
CO2 circulation. The third factor, and possibly the most likely
factor, is that Succinivibrio has a wide selection of substrates,
which can ferment dextrin, disaccharides and monosaccharides,
and fructans (33), which makes it more energy-supplying
than other microorganisms and better adapted to the rumen
environment in the early stage of fistula surgery.

Furthermore, it should be noted that the relative abundance of
un-classified microorganisms has increased. This result indicates
that there was introduction of non-rumen microorganisms due
to fistula surgery, but whether these non-rumen microorganisms
are related to apparent digestibility, it cannot be determined due
to the limitations of the sequencing data. According to microbial
structure and apparent digestibility, this experiment could be
read that the main factors affecting rumen digestibility are still
concentrated in the obligated anaerobic (Firmicutes), such as the
decrease of Prevotella (participating in synergistically digestion
of fiber and starch) caused the continued impact on rumen
digestive function in the ARS14. Considering the structure and
diversity of microorganisms, a series of studies agreed that oral
tube sampling and fistula sampling (fistula and non-fistula) can
be substituted for each other in the composition and diversity
of rumen microbes, and the representative samples can also
be obtained (12, 17, 34). However, some scientists have made
completely the opposite conclusions (11, 30), and suggested that
the rumen fluid of fistula animals can not reflect the condition
of intact animals. In summary, whether the fistula and intact
sampling can replace each other may require reconsideration of
the impact of rumen fistula surgery.

Through the analysis of the BugBase Feature Prediction,
the changes in rumen microbial function have been further
verified. In this trial, the microorganism abundance of aerobic
and facultative anaerobic increased, and the microorganism
abundance of anaerobic phenotypes decreased in the ARS3
(Figure 3). The study showed that the fistula surgery destroys
the rumen anaerobic environment, resulting in the air enter the
rumen along with the fistula moving, the activity of obligate
anaerobic was impacted by the imbalance of rumen anaerobic
environment (8, 10, 14). In addition, the changes in the
microorganism abundance of contains-mobile element, form-
biofilm and potential-pathogenic phenotypes increased in the
ARS3 and then declined in the ARS14, which demonstrated
that some rumen microbial community and function trend
to become active after fistula surgery, then gradually forms
a new balance as the internal environment becomes stable.
The microorganism abundance of gram-negative and gram-
positive phenotypes showed completely opposite results after
fistula surgery. In addition, the microorganism abundance of
stress-tolerant phenotype showed that rumen fistula surgery has
caused stress in the ARS3. A study conducted by Dahl et al. (35)
illustrated that the outer membrane-lipopolysaccharide portion
of the gram-negative cell wall initially protects the bacteria from
extracellular singlet oxygen, which further verified the existence
of oxygen stress in the rumen of a fistulated animal. The
microorganism abundance of stress-tolerant phenotype in the
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ARS14 was declined in those before the surgery, but the results
of aerobic phenotype, anaerobic phenotype, and facultative
anaerobic phenotype did not seem to be considered as recovery,
or there was no difference. The acid-base balance of experimental
acidosis given in the fistulated and intact illustrated that the intact
cows have more pronounced and longer duration of acidosis
caused by the administration of sucrose to the rumen and the
trial of the fistulated cows do not reflect the normal metabolic
process and characteristic differences were observed in oxygen
utilization and nitrogen metabolism (30). All in all, the results
of the BugBase feature prediction turn out that the function of
rumen microorganism has experienced fluctuations due to the
damage of rumen anaerobic environment, and then rebalance
existed in this process, but whether the new balance can be
equivalent to the balance of the intact needs to be further verified
by experiments.

CONCLUSION AND PROSPECT

The present results illustrated that the rumen fistula surgery
increasedmicrobial diversity, and led to the decrease of Prevotella
(Bacteroidota) 3 and 14 days after fistula surgery and the increase
of Succinivibrio (Proteobacteria) 3 days after fistula surgery.
In addition, the rumen fistula surgery leads to an increase
of the microorganism abundance of aerobic, stress-tolerance,
facultative anaerobic phenotype, and a decrease in anaerobic
phenotype. However, there is no difference in DMI, apparent
digestibility of DM, OM, NDF, ADF, pH, and TVFA both
before and 14 days after surgery. The rumen fluid of fistula
animals in microbiota research may not be representative of the
intact animals, which requires further detailed functional analysis
and identification.
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