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Background and aims: Surgical site infection is a common complication after
surgery. Periprocedural antibiotics are necessary to prescribe for preventing or
treating infections. The present study aimed to explore the effect of
intravenous antibiotics on gut microbiota and menaquinone biosynthesis in
patients, especially in elderly patients undergoing cardiac surgery.

Methods: A total of 388 fecal samples were collected from 154 cardiac surgery
patients. The V3-V4 hypervariable region of the bacterial 16S rRNA gene was
amplified and sequenced on a MiSeq PE300. The gut microbiota diversity of
samples was analyzed in terms of a- and B-diversity at the OTU level. The
different groups were classified according to antibiotics in combinations and
single antibiotics. PICRUSt2 was used for preliminary prediction of the gut
microbiota function for menaquinone biosynthesis.

Results: The intravenously administered antibiotics which are excreted via bile
represents the main antibiotics that could disturb the gut microbiota’s
composition in cardiac surgery patients, especially for elderly patients. The
effect of antibiotics on gut microbiota is produced after antibiotics treatments
over one week. The recovery of gut microbiota to the state of pre-antibiotics
may require over two weeks of antibiotics withdrawal. Sex factor doesn't
represent as an influencer in gut microbiota composition. Long-term use of
cefoperazone-sulbactam may affect coagulation function.
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Conclusions: The composition of the gut microbiota had a significant change
post-intravenous antibiotics treatment in cardiac surgery patients. The richness
and diversity of gut microbiota are increased in elderly patients.
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Introduction

Infections are the most common noncardiac complications
observed after cardiac surgery (Gelijns et al., 2014; Liu et al,
2021). Surgical site infection (SSI) of the sternum is a common
complication following cardiac surgery (Gudbjartsson et al.,
2016). The incidence of SSI in cardiac surgery is across a
broad range. This complication is associated with an increase
in the duration of hospitalization, mortality, and economic
burden (Frenette et al., 2016; Gudbjartsson et al., 2016;
Schimmer et al.,, 2017; Kachel et al.,, 2020; Liu et al., 2021).
The incidence of readmission and mortality for SSI patients is
about 46% and 1-14%, respectively, and the cost of treatment is
2.5 times higher than for non-SSI patients (Frenette et al., 2016;
Gudbjartsson et al., 2016). It was reported the incidence of
mortality was about 23.6% for Chinese patients with nosocomial
infections, which was higher than patients without nosocomial
infections (2.3%) (Liu et al, 2021). The prevention of post-
cardiac surgery infection remains a major challenge. Clinical
practice guidelines for antibiotic prophylaxis provide some
recommendations in cardiac surgery (Hamouda et al., 2015;
Eckardt et al., 2018). Periprocedural antibiotics are necessary to
prevent infection post-cardiac surgery (Gudbjartsson et al., 2016;
Schimmer et al., 2017; Kachel et al., 2020; Surat et al., 2021).

The surface and inside of humans are covered by a multitude
of microorganisms. The gastrointestinal tract is the site of the
majority of microbial biomass and biodiversity in the human
body (Bibbo et al., 2016; Jourova et al, 2016; Gough, 2022).
Recently, gut microbiota was found to play a critical role in
many physiological and pathological processes in the human
body. The physiology of almost all organisms’ organs is
influenced by gut microbiota. In particular, gut microbiota
could influence the biotransformation of xenobiotics
(Lozupone et al., 2012; Jourova et al,, 2016; Gough, 2022).
However, the use of antibiotics could disturb the composition
and functioning of the gut microbiota (Becattini et al., 2016;
Jourova et al., 2016; Mangiola et al., 2018; Hao et al., 2020;
Gough, 2022). Some studies evaluated the impact of antibiotics
on the gut microbiota in pediatric patients. Oral antibiotics were
the major intervention for part of these studies (Gough, 2022).
Although some intravenous antibiotics also were evaluated, a
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single antibiotic was the intervention in most studies (Gough,
2022). However, the clinical use of antibiotics is either in the
form of combination therapy or frequent replacement of
antibiotics. In addition, antibiotic drugs can affect intestinal
bacteria only when antibiotic drugs are circulated to the gut in
theory. Therefore, oral antibiotics could theoretically affect the
composition of gut bacteria, while only intravenous antibiotics
which could excrete via the biliary tract and reaches the intestine
to influence gut bacteria. Few studies have evaluated the effect of
combined antibiotics on gut bacteria in clinical practice. It has
been demonstrated that antibiotic use is associated with
neurological disorders that range from anxiety and panic
attacks to major depression, psychosis, and delirium in
humans (Angelucci et al., 2019). This may be related to
interference with the gut microbiota by antibiotics (Angelucci
et al,, 2019). Changes in the composition of the gut microbiota
should also be considered in patients with psychiatric disorders
after surgery.

The purposes of the present study were to explore the onset
time of intravenous antibiotics on gut microbiota and the time of
recovery of gut microbiota to the state of pre-antibiotic after
antibiotic withdrawal and to explore the effect of gut microbiota
on menaquinone biosynthesis in patients, especially in elderly
patients undergoing cardiac surgery.

Materials and methods
Patients and sampling

The present study was approved by the health authority
ethics committee of the First Affiliated Hospital of Soochow
University and as per the Declaration of Helsinki. All patients
gave written informed consent. Patients underwent cardiac
surgery for a variety of reasons, including valvular heart
disease, rheumatic valve disease, congenital heart disease, etc.

These patients were administered antibiotics by intravenous
drip for the prevention and/or treatment of infection. Generally,
cefuroxime was administered first by intravenous drip before
0.5-1 h of surgery. Then, a replacement or combination with
other antibiotics was performed by surgeons according to the
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patient’s condition. The used antibiotics included cefuroxime,
ceftazidime, cefoperazone-sulbactam (sulperazone), imipenem
cilastatin (tienam), meropenem, levofloxacin, moxifloxacin,
ciprofloxacin, vancomycin, teicoplanin, tigecycline, ticarcillin-
clavulanate, piperacillin-tazobactam, and penicillin. The
regimen of combined antibiotics included: sulperazone
combined with quinolones (levofloxacin, moxifloxacin,
ciprofloxacin) or glycopeptides (teicoplanin, vancomycin);
carbapenems (tienam, meropenem) combined with
quinolones, glycopeptides or tigecycline, etc.

Fecal samples of patients were collected to analyze the
composition of the gut microbiota. The time of fecal sample
collection was set as: before antibiotics administration (pre-
antibiotic group), antibiotics administration over 7 days (post-
antibiotic group), and antibiotics withdrawal over 7 days
(withdrawal-antibiotic group) for cardiac patients.

In order to evaluate the stability of fecal samples at room
temperature, fecal samples by three healthy volunteers were kept
at room temperature for 0, 2, 4, and 6 h after defecation.

All fecal samples were collected into a sterile tube (Sarstedt,
Germany) and then stored at -80°C until further analysis.

Gut microbiota analysis

Bacterial genomic DNA was extracted from fecal samples
using a genomic DNA purification kit (Omega Biotek, USA)
following the manufacturer’s protocol. The V3-V4
hypervariable region of the bacterial 16S rRNA gene was
amplified by polymerase chain reaction (PCR) using the
primer pairs: 338F, 5-ACTCCTACGGGAGGCAGCAG-3’,
and 806R, 5-GGACTACHVGGGTWTCTAAT-3’. PCR
reaction system included: 4uL 5xfastpfu buffer, 2uL 2.5 mM
deoxyribonucleotide triphosphates (ANTPs), 0.8uL 5uM primer,
0.4uL fastpfu polymerase, 0.2uL bovine serum albumin (BSA)
and 10 ng template DNA. The remaining volume would be
supplemented with purified water up to 20uL. The PCR cycling
conditions were as follows: 3 min at 95°C; 27 cycles of the 30s at
95°C, 30s at 55°C, and 45s at 72°C; and a final extension step at
72°C for 10min. PCR was conducted in triplicate for each sample
using an ABI GeneAmp® 9700 thermocycler (ABI, USA).

The PCR product was extracted from a 2% agarose gel and
purified using the AxyPrep DNA gel extraction kit (Axygen
Biosciences, USA) according to the manufacturer’s protocol and
quantified using a Quantus' ™ fluorometer (Promega, USA).
Purified PCR product amplicons were pooled in equimolar
amounts and paired-end sequenced on MiSeq PE300
(lumina, USA) according to the standard protocols developed
by Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China).

The raw 16S rRNA gene sequencing reads were
demultiplexed, quality-filtered by FASTP (version 0.19.6)
(Chen et al, 2018), and merged by Flash (version 1.2.11)
(Magoc and Salzberg, 2011). Operational taxonomic units
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(OTUs) with a 97% similarity cutoff (Stackebrandt and
Goebel, 1994; Edgar, 2013) were clustered using UPARSE
(version 7.0.1090) (Edgar, 2013), and chimeric sequences were
identified and removed. The taxonomy of each OTU
representative sequence was analyzed by the RDP classifier
(version 2.11) (Wang et al,, 2007) against the 16S rRNA
database (Silva v138) using a confidence threshold of 0.7.

Data analysis in all patients’ population

Firstly, the data was divided into different groups before
analysis. The different groups included the classification
according to antibiotics (antibiotic treatment), single antibiotic
(such as cefuroxime), and replacement antibiotic (such as
ceftazidime, sulperazone, tienam, meropenem, and quinolone
replaced cefuroxime). The latter two groups were uniformly
classified as a single antibiotic group because patients were also
prescribed a single antibiotic for the replacement antibiotic
group when fecal samples were collected. The difference in gut
microbiota was also analyzed between the elderly and the non-
elderly (younger) and between the sexes. Elderly was defined as
age 260 years, and non-elderly was defined as age< 60 years in
the present study.

The gut microbiota diversity of samples was analyzed in
terms of o and f-diversity at the OTU level. The indexes of Sobs
and Chao were used to reflect community richness for o-
diversity. The indexes of Shannon and Simpson were used to
reflect community diversity for o-diversity. The index of
Coverage was used to reflect community coverage. PCoA
(principal coordinates analysis) was used for B-diversity
analysis, and Bray-Curtis and Anosim were chosen for the
statistical test. The distribution proportion of dominant
bacteria in each group of samples and the distribution
proportion of each dominant bacteria in different groups were
reflected at the genus level by a Circos graph.

Mann-Whitney U test was used as a statistical test method
for o-diversity indexes for the antibiotics group by GraphPad
(version 8.0). Wilcoxon signed-rank test was used as a statistical
test method for o-diversity indexes for single antibiotic and
replacement antibiotic by GraphPad (version 8.0).

The differences in gut microbiota for the top 20 bacterial
species which was the relative abundance of bacterial species
ranked in the first 20 were compared between the pre-antibiotic
and post-antibiotic groups, and between the pre-antibiotic and
withdrawal-antibiotic groups by Mann-Whitney U test at the
genus level in the antibiotics group. The differences in gut
microbiota for the top 20 bacterial species were compared
between the pre-antibiotic and post-antibiotic groups by
Wilcoxon signed-rank test in a single antibiotic group. Then,
the present study further analyzed the effect of the days of
antibiotics administration and withdrawal on gut microbiota at
the genus level by the Wilcoxon signed-rank test, and this
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analysis also focused on the top 20 bacterial species in the
antibiotics group.

PICRUSt2 (phylogenetic investigation of communities by
reconstruction of unobserved states) was used to preliminarily
predict the functioning of gut microbiota based on the KEGG
(Kyoto encyclopedia of genes and genomes) database.
Menaquinone biosynthesis by gut microbiota (www.genome.
jp/pathway/map00130+K05357) was the concern in the
present study.

Data analysis in elderly patients’
population

In addition, the difference in gut microbiota for pre- and
post-antibiotic treatment also was explored for elderly patients.
Only the data for elderly patients who had simultaneously
provided the fecal samples in both pre-antibiotic and post-
antibiotic stages was analyzed in the current study. The
analysis method of gut microbiota diversity in elderly patients
was performed in terms of o- and B-diversity at the OTU level.
All the selected indexes were same with above for - and f3-

TABLE 1 Demographic characteristics of the patients.

10.3389/fcimb.2022.1043971

diversity. The differences in gut microbiota for the top 20
bacterial species were compared by Wilcoxon signed-rank test
in elderly patients.

All data analyzing were performed on the free online
platform of the Majorbio Cloud Platform (www.majorbio.com)
for the diversity and functioning of gut microbiota.

Results
Patients’ characteristics

A total of 154 cardiac surgery patients participated in the
present study. The characteristics of the patients are shown in
Table 1. Most patients underwent heart valve replacement
surgery. All patients were administered any specific kind of
antibiotic for the prevention or treatment of infection. A total of
388 fecal samples were collected from these patients. The
number of fecal samples for the pre-antibiotic, post-antibiotic,
and withdrawal-antibiotic groups were 154, 152, and 82,
respectively. A summary of antibiotic regimens for the
prevention or treatment of infection is shown in Table 2.

ltems Value (Mean = SD or Proportion)
Age (years) 59.8 + 10.7
Height (cm) 163.1 +£8.7
Weight (kg) 634 +98
BMI (kg/m?) 23.8+29

Male 86 (55.8%)
Female 68 (44.2%)
Days 1 (days) 84 +6.8

Days 2 (days) 11.1 £ 6.0
Days 3 (days) 132 +£9.0
Days 4 (days) 17.9 £10.3

Indication of surgery
Valvular heart diseases (n, %)

Rheumatic valve disease (n, %)

99 (64.3%)

44 (28.6%)

Ascending aortic aneurysm (n, %) 4 (2.6%)
Congenital heart disease (n, %) 4 (2.6%)
Aortic root aneurysm (n, %) 2 (1.3%)
Aortic dissection (n, %) 1 (0.65%)

BMI, Body mass index; Days 1, Preoperative days when fecal samples collection; Days 2, Days of antibiotic use when fecal samples collection; Days 3, Days of antibiotic withdrawal when

fecal samples collection; Days 4, Days of antibiotic use during the follow-up period.
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TABLE 2 Antibiotic regimen characteristics of antibiotic administration during the follow-up period.

Antimicrobial regimen

Value (n, %)

Cefuroxime 21(13.6%)
Cefuroxime and Ceftazidime 10(6.5%)
Cefuroxime and Sulperazone 49(31.8%)
Cefuroxime and Tienam 13(8.4%)
Cefuroxime and Meropenem 6(3.9%)
Cefuroxime and Quinolones 6(3.9%)
Cefuroxime, Sulperazone, and Tienam 1(0.6%)
Cefuroxime, Sulperazone, and Meropenem 2(1.3%)
Cefuroxime, Sulperazone, and Quinolones 10(6.5%)
Cefuroxime, Sulperazone, Tienam, and Quinolones 2(1.3%)
Cefuroxime, Sulperazone, Vancomycin, and Quinolones 2(1.3%)
Cefuroxime, Sulperazone, and Vancomycin 1(0.6%)
Cefuroxime, Sulperazone, Vancomycin, and Meropenem 1(0.6%)
Cefuroxime, Tienam, and Vancomycin 3(1.9%)
Cefuroxime, Tienam, and Quinolones 2(1.3%)
Cefuroxime, Quinolones, and Meropenem 1(0.6%)
Other 24(15.6%)

Other: Clindamycin, Teicoplanin, Ticarcillin-clavulanate, Tigecycline, Piperacillin tazobactam, and Penicillin.

Gut microbiota analysis in the antibiotics
group for all patients’ population

The community richness and diversity are shown in Figure 1.
Compared with the pre-antibiotic group, all the indexes of o~
diversity were significantly different in the post-antibiotic and
withdrawal-antibiotic groups (P<0.05). Sobs and Chao indexes
indicated no significant difference between the post-antibiotic and
withdrawal-antibiotic groups. However, Shannon and Simpson’s
indexes revealed a significant difference between the post-antibiotic
and withdrawal-antibiotic groups. These results indicate that the
richness and diversity of gut microbiota are decreased post
antibiotics administration which is quite predictable. When
antibiotics are withdrawn, the same level of richness may not
recover, but diversity has some recovery. However, the diversity
could not recover to the same or similar level of pre-antibiotic. All
coverage indexes of gut microbiota community coverage were
over 0.99.

PCoA showed that post-antibiotic group had a significant
difference from pre-antibiotic and withdrawal-antibiotic groups at
the OTU levels in the antibiotics group (Figure 2). It also indicates
that post-antibiotic over 7 days could significantly affect the -
diversity of gut microbiota, and S-diversity could recover when
antibiotics are withdrawn over 7 days. The distribution of dominant
bacteria in each group sample is shown in Figure 3. The dominant
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bacteria included that from Bacteroides, Enterococcus, Blautia,
Faecalibacterium, Lachnoclostridium, etc.

Results from fecal samples revealed that 12 bacterial genera
had a significant variation when antibiotics were administrated
over 7 days, and the relative abundance of Enterococcus and
Lactobacillus increased (P<0.05, Figure 4A). Even with
antibiotics withdrawn over 7 days, 9 bacterial genera had also
indicated significant difference (P<0.05, Figure 4B), however, the
relative abundance of Bacteroides, Faecalibacterium, Blautia,
Subdoligranulum, and Phascolarctobacterium had no
significant variation when antibiotics were withdrawn over 7
days (P>0.05, Figure 4B).

The present study further analyzed the effect of the number of
days of antibiotics administration and withdrawal on gut
microbiota at the genus level. The antibiotics administration
group was divided into 7 days (the number of patients was 19,
corresponding fecal samples size was 38) and over 7 days (the
number of patients was 133, corresponding fecal samples size was
266) according to the days of antibiotics use. Compared with the
pre-antibiotic group, the relative abundance of 7 bacterial genera
had significantly changed when antibiotics were administrated for 7
days (P<0.05, Figure 5A), and the number of the changed bacterial
genera significantly increased when antibiotics were administrated
more than 7 days (P<0.05, Figure 5B). This result also showed an
increase in the relative abundance of Enterococcus and Lactobacillus,
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while the relative abundance of other bacterial genera was decreased
in this analysis when antibiotics were administrated for more than
or equal to 7 days (P<0.05, Figure 5).

The antibiotics withdrawal group was divided into less than
14 days (the number of patients was 59, corresponding fecal
samples size was 118) and more than 14 days (the number of
patients was 23, corresponding fecal samples size was 46)
according to the days of withdrawal. Compared with the pre-
antibiotic group, the relative abundance of 11 bacterial genera
had also been significantly different when antibiotics were
withdrawn for 7-14 days (P<0.05, Figure 6A), and the number
of the changed bacterial genera significantly decreased when
antibiotics were withdrawn more than 14 days (P<0.05,
Figure 6B). Based on the results, we could assume that the
relative abundance of gut microbiota could gradually return to
the state of pre-antibiotic except for Lactobacillus, Streptococcus,
and Roseburia when antibiotics were withdrawn for more than
14 days.
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Gut microbiota analysis in the single
antibiotic group for all patients’
population

Further, the effects of a single antibiotic on gut microbiota were
explored in this study and the samples were from patients who had
simultaneously been provided with a single antibiotic in both pre-
antibiotic and post-antibiotic stages. The use of antibiotics was
generally adjusted according to the patient’s condition as per the
clinical practice. The fecal sample data of patients who were
prescribed with only a single antibiotic was collected and analyzed.
There were patients whose antibiotic regimen for cefuroxime was
replaced by ceftazidime, sulperazone, tienam, meropenem, or
quinolones in the present study. In order to rationalize the sample
size, levofloxacin, moxifloxacin, and ciprofloxacin were analyzed as
one class ie., quinolones. The number of samples for cefuroxime,
ceftazidime, sulperazone, tienam, meropenem, and quinolones were
42, 20, 98, 26, 12, and 12, respectively.
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The community richness and diversity are shown in Figures
S1-56. The results revealed that cefuroxime could change the
richness (P<0.05) and had no effect on diversity (P>0.05, Figure
S1), and sulperazone could change both the richness and
diversity (P<0.05, Figure S3), however, ceftazidime, tienam,
meropenem, and quinolones had no effect on o-diversity of
gut microbiota (P>0.05).

PCoA showed that sulperazone, tienam, and meropenem
could significantly affect the fS-diversity (Figures S7C-E), while
cefuroxime, ceftazidime, and quinolones had no effect on the f3-
diversity of gut microbiota at the OTU levels when these
antibiotics were prescribed over 7days (Figures S7A, B, F).

The number of varied relative abundance of bacterial genera
was 4, 6,14, 9, 3, and 1 for cefuroxime, ceftazidime, sulperazone,
tienam, meropenem, and quinolones, respectively (Figure S8).
The relative abundance of gut microbiota was increased for
Escherichia-Shigella and Akkermansia by cefuroxime, Blautia by
ceftazidime and quinolones, Lactobacillus by ceftazidime and
sulperazone, Enterococcus by ceftazidime, sulperazone, tienam
and meropenem, and Bifidobacterium by tienam.
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Gut microbiota analysis for age and sex
for all patients’ population

Fecal samples of pre-antibiotics were used to compare the
difference between the elderly and the non-elderly and between
the sexes. The number of samples was 88 for the elderly, and 66
for the non-elderly. The richness and diversity of gut microbiota
were significantly increased in the elderly (P<0.05, Figure 7),
however, there was no considerable difference between females
and males (P>0.05, Figure S9). PCoA and the top 20 bacterial
species also showed no difference between the elderly and the
non-elderly and between the sexes (P>0.05, Figures S10, S11).

Gut microbiota analysis in elderly
patients’ population

The effects of antibiotic treatment on gut microbiota were

explored in elderly patients who had simultaneously provided
the fecal samples in both pre-antibiotic and post-antibiotic
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stages. The number of patients was 78, the corresponding fecal
samples size was 156. Compared with the pre-antibiotic group,
all the indexes of a-diversity revealed significantly difference in
the post-antibiotic groups (P<0.05, Figure 8). PCoA showed that
post-antibiotic groups revealed a significant difference from pre-
antibiotic group at the OTU levels in elderly patients (Figure 9).
11 bacterial genera revealed a significant difference post-
antibiotic treatment over 7 days, and the relative abundance of
Enterococcus and Lactobacillus increased, while a decrease in the
relative abundance of other bacterial genera with a significant
difference has been observed (P<0.05, Figure 10).

Stability study of fecal samples from
healthy volunteers

The stability of the fecal sample was evaluated at room
temperature in terms of o-, B-diversity, and the top 20 bacterial
species. The results showed that the a- and [B-diversity at the

OTU level and the top 20 for the relative abundance of bacterial
species of gut microbiota had no significant difference when the
fecal sample was placed for approximately 6 hours at room
temperature (P>0.05, Figures S12-514). It demonstrated that the
broader composition of the gut microbiota had no significant
change when the fecal sample was stored at room temperature

for 6 hours.

Function prediction analysis of gut
microbiota

Menaquinone is mainly synthesized by gut microbiota. The
pathway of menaquinone biosynthesis could be found in the
KEGG database. The process of menaquinone biosynthesis
involves enzymes and intermediate compounds as shown in
Figure S15. The effect of gut microbiota on the enzymes of
menaquinone biosynthesis was explored in a sulperazone-
treated group. The result showed that the relative abundance

A 95% confidence intervals B 95% confidence intervals
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of bacterial genera which involved some enzymes of
menaquinone biosynthesis was significantly reduced post-
sulperazone treatment over 7 days (Table 3).

Discussion

Most surgeries require the use of antibacterial drugs to
prevent and/or treat infections at the surgical site, including
superficial and deep incision infections as well as the organs or
cavities involved in the surgery. The non-specific bactericidal
effect of antibiotics is mainly influencing the bacterial growth
curve of pathogens (Ferrer et al., 2017). Therefore, antibiotic
treatment could potentially modulate the composition of gut
microbiota (Lozupone et al., 2012; Mangiola et al., 2018; Hao
et al,, 2020). Tt is well-recognized that gut bacteria play a crucial
role in host homeostasis and are involved directly or indirectly in
the progression and development of some diseases and disorders
(Mamieva et al., 2022). Generally, the composition of the gut
microbiota is relatively stable at the species level during adult
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life. Although antibiotic treatment might perturb this balance,
these perturbations were temporary.

To evaluate the stability of the fecal sample which stayed at
room temperature without affecting the composition of gut
microbiota, 12 fecal samples were collected from 3 healthy
subjects. This work to assess stability study was performed
because the fecal samples could not store in a -80°C
refrigerator immediately after patients’ defecation in clinical
practice. The fecal samples were put into a -80°C refrigerator
after defecation within 5 minutes (as 0 h), and kept defecation
samples for 2, 4, and 6 hours, respectively at room temperature.
All fecal samples except 0-hour related samples were stored at
room temperature before putting into a -80°C refrigerator. The
result demonstrated that the broader composition of the gut
microbiota had no significant change when the fecal sample was
stored at room temperature even for 6 hours. It was previously
reported that fecal samples should be transferred to the
laboratory within 24 h after defecation when stored at room
temperature or within 3 days when stored in a refrigerated
condition (Al et al., 2018; Nagata et al., 2019). These results

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1043971
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Xue et al.
A
P <0.0001
800
T 1
600 o0
%
© o00
133
3 8.8
2 4004 sts
%) 0$0
°838
0°300
T
200+ 3§00
h g
b
N
e
bt
0 T T
Pre_antibiotic Post_antibiotic
Cc
- P <0.0001
1
B
8
4 oogo
——
8
i A
3 8
5 o5
& B3
24 g o3
s 00[8°
°8
1 o§§
000
%
s
0 T T
Pre_antibiotic Post_antibiotic
FIGURE 8

10.3389/fcimb.2022.1043971

B
P <0.0001
1000y
T 1
an
800 . s
ks s
sata
237 °
600+ sfat %
o BY]
<] 2,488 1244
400 HE og 8
afs g
—At— o
50} g 3
8 o§3°o
s 066
0500
o T T
Pre_antibiotic Post_antibiotic
D <0.0001
P <0.
1.5=
r 1
1.0
°3
o
<
o
&
£ B
7] 0080

T T
Pre_antibiotic Post_antibiotic

The community richness and diversity of gut microbiota for elderly patients. (A): Sobs index; (B): Chao index; (C): Shannon index; (D): Simpson index.

demonstrated that the fecal sample after defecation of patients
could place at room temperature for a period of time, which has
little effect on the change of gut microbiota composition, which
meets clinical practice. In the present study, all fecal samples
were stored in a -80°C refrigerator after defecation within 6
hours until DNA extraction.

The administration route of antibiotics may also affect the
microbial imbalance. The oral antibiotic therapies administered
can cause gut dysbiosis and barrier disruption inevitably (Duan
et al., 2022). Some studies have shown that parenteral antibiotic
delivery doesn’t affect the gut microbiota. However, these
findings challenge the theory that parenteral antibiotic delivery
does not reach the gut, thereby sparing the gut microbiome
(Kelly et al., 2021). Antibiotics, which included B-lactam,
quinolone, glycopeptide, and lincosamide drugs, were
prescribed for patients in the present study. The present study
explored the effect of intravenous antibiotics on gut microbiota.
The results showed intravenous antibiotics could perturb the
composition of the gut microbiota in cardiac surgery patients.
The community richness and diversity were significantly
decreased when antibiotics were administered over 7 days.
This suggests that intravenous antibiotic treatments drastically
changed the microbial community. The bacterial community in
the intestinal tract is in an ideal equilibrium state, so the
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disappearance of one “keystone” species may have a great
impact on other species. Hence, the effects of antibiotics on
the gut microbiota may extend beyond the antibiotic-sensitive
bacterial species (Duan et al., 2022). Generally, antibiotics were
administrated for a specified and prescribed period, then they
were withdrawn. The relative abundance of some bacterial
genera cannot recover to the state of pre-antibiotics when
antibiotics are withdrawn over 7 days from the aspect of the
top 20 bacterial species. The effect of antibiotics on gut
microbiota might need antibiotic treatment over 7 days, and
the disappearance of the effect of antibiotics on gut microbiota
might need antibiotics withdrawn over 14 days. This was
consistent with the previous report (Palleja et al., 2018). It had
been reported that the effective antibiotic treatment of the gut
microbiota showed up after antibiotics treatment over 4 days,
and the gut microbiota would recover from a single antibiotic
exposure within about 2 weeks in adults. Such as, Palleja et al.
(Palleja et al., 2018) reported that after a four-day broad-
spectrum antibiotic intervention for healthy volunteers, the
species richness and diversity of gut microbiota were
dramatically reduced compared to the pre-antibiotic state on
the 8™ day and 4™ day, respectively, and the diversity gradually
recovered after antibiotic intervention quit. The recovery ability
of the gut microbiota was individualized and related to
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PCoA (principal coordinates analysis) of gut microbiota for elderly patients. The dotted line represents the 95% confidence interval line.

individual ages, the amount, and frequency of antibiotic
treatment (Duan et al., 2022). The days of antibiotic treatment
were 17.9 + 10.3 days in the present study. After all, this
phenomenon was due to antibiotics moving the microbiota to
alternative stable states and body feedback action (Lozupone
et al,, 2012).

Antibiotic regimens are varied, and change in antibiotic
regimens often occurs in clinical practice. Besides the analysis
of total antibiotics, the effects of a single antibiotic on gut
microbiota were further explored. All results demonstrated
that sulperazone had a significant effect on the composition of
gut microbiota. Most cephalosporins are eliminated unchanged
in the urine. Nevertheless, approximately 70-80% of
cefoperazone (one component of sulperazone) is removed via
biliary excretion; the remainder is removed via renal excretion
(Bijie et al., 2005). 4 patients were prescribed levofloxacin, and 2
patients were prescribed moxifloxacin during the analysis of the
effect of quinolones on gut microbiota. It was reported that
approximately 87% of levofloxacin and 20% of moxifloxacin are
excreted through the kidney (Bolon, 2011; Kocsis et al., 2016),
and approximately 70% of unchanged tienam and meropenem
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are in the renal excretions (Salmon-Rousseau et al., 2020). These
results demonstrated that merely those antibiotics excreted
through bile could reach the intestinal tract and then affect the
composition of gut microbiota, however, the antibiotics excreted
through the kidney have little effect on gut microbiota for
intravenous antibiotics.

Age- and sex-related changes in gut microbiota composition
had been explored in the present study. It was reported that o-
diversity which included Chao, Sobs, and Shannon index was
stable during adulthood and then increased in the elderly
(Odamaki et al, 2016). This indicates o-diversity is higher
(Badal et al, 2020) for the elderly and the gut microbiota
becomes more diverse and variable with advancing age (Kim
and Jazwinski, 2018). Sex-related changes in gut microbiota
composition were a contradiction. Some studies reported that
the gut microbiota composition was different between females
and males (Min et al., 2019; Holingue et al., 2020; Koliada et al.,
2021). Haro et al. (Haro et al, 2016) identified the gut
microbiota signatures associated with obesity as a function of
changes in gender and body mass index (BMI), their results
showed that there were no significant differences in o~ and f-
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Comparison of the top 20 bacterial species for elderly patients. **P<0.01, ***P<0.001.

diversity between females and males (Haro et al., 2016). The
results of age- and sex-related changes in gut microbiota
composition were consistent with reported studies in the
present study. The effect of antibiotic treatment on gut
microbiota in elderly patients was consistent in all patients
and the proportion of the elderly population was 57.1% (88
elderly patients) in the present study.

The physiological function of gut microbiota was attempted to
merely explore the sulperazone treatment in the present study
because other single antibiotics did not affect both - and S-
diversity. We focused on menaquinone biosynthesis by gut

microbiota, because most patients underwent heart valve
replacement surgery, and these patients need to be administered
warfarin for the prevention and/or treatment of
thromboembolism after surgery. Warfarin acts as anticoagulant
by interfering with the recycling of vitamin K. Vitamin K is a
group of fat-soluble vitamins, and includes two major forms:
phylloquinone (vitamin K1, VK1) and menaquinone (vitamin K2,
VK2). VK1 is found exclusively in plants, while VK2 (except MK-
4) is mainly produced by a series of congeners synthesized by
gram-positive bacteria in the human gastrointestinal tract (Merli
and Fink, 2008). The human gastrointestinal tract as a VK2

TABLE 3 Change of the relative abundance of gut bacteria involved enzyme post sulperazone treatment in the process of menaquinone

biosynthesis.

Pre-sulperazone

Post-sulperazone

Description (Median, 2.5-97.5% percentiles)  (Median, 2.5-97.5% percentiles) FValdes
2.1.1.163 Demethylmenaquinone methyltransferase 11413.4(1580.3-24135.4) 4351.3 (115.4-28675.1) 0.0100
4.2.1.151 Chorismate dehydratase 654.0 (0.008-16195.8) 32.0 (0.008-25668.4) 0.0132
2.5.1.120 Aminodeoxyfutalosine synthase 818.0 (0.008-31876.4) 36.0 (0.008-51322.2) 0.0109
3.2.2.26 Futalosine hydrolase 68.0 (0.008-1246.2) 5.0 (0.008-518.6) 0.0002
1.21.98.1 Cyclic dehypoxanthinyl futalosine synthase 654.0 (0.008-16195.8) 32.0 (0.008-25668.4) 0.0132
1.14.-.- 1,4-dihydroxy-6-naphthoate synthase 136.0 (0.008-3154.1) 14.0 (0.008-2812.8) 0.0032
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reservoir is estimated to contribute 10-50% of the human vitamin
K requirement. The main sources of VK2 from gut microbiota
include Bacteroides, Prevotella, Bifidobacterium, Eubacterium
lentum, Enterobacter, Veillonella, Lactococcus lactis, Leuconostoc,
Streptococcus, Staphylococcus aureus, Escherichia, Klebsiella, and
Propionibacteria (Karl et al., 2015; Biesalski, 2016; Linares et al,
2017). Changes in the composition of gut microbiota may also
affect the anticoagulant effect of warfarin. The pathway modules of
menaquinone include menaquinone biosynthesis (M00116),
futalosine pathway (M00930), and modified futalosine pathway
(M00931). Some enzymes involved in menaquinone biosynthesis
were decreased post-sulperazone treatment. The relative
abundances of Bacteroides and Prevotella have significantly
reduced post-sulperazone treatment (Figure S8C). The result
demonstrates that sulperazone might affect coagulation function.
Combined sulperazone had an inverse correlation with warfarin
stable dosage in the previous report (Li et al., 2019).

There were also some limitations of the present study. The
composition of the gut microbiota is different in different
gastrointestinal tract sites. Fecal samples were detected to learn
about the gut microbiota in clinical practice, which merely
reflected the composition of gut microbiota in the sigmoid
colon lumen for patients (Tithonen et al., 2010). Patients have
often prescribed probiotics after surgery. Probiotics have been
demonstrated to have beneficial effects on the health of the host
person (Angelucci et al., 2019). The effect of probiotics on gut
microbiota was not considered in the present study.

In conclusion, the intravenously administered antibiotics
which are excreted via bile could disturb the composition of
the gut microbiota. The effect of antibiotics on gut microbiota is
produced by antibiotics treatments over one week. The recovery
of gut microbiota to the state of pre-antibiotics may require over
two weeks of antibiotics withdrawal. The richness and diversity
of gut microbiota are more in the elderly when compared with
other age groups. There is no difference in gut microbiota
composition between the sexes. Long-term use of sulperazone
may affect coagulation function.

Data availability statement

The partial data presented in the study are deposited in the
Sequence Read Archive repository, BioProject ID:
PRJNA923595. Further inquiries can be directed to the
corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and
approved by the health authority ethics committee of the First

Frontiers in Cellular and Infection Microbiology

14

10.3389/fcimb.2022.1043971

Affiliated Hospital of Soochow University. The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

LX, ZS, BS, and LM designed the study. LX, YD, and QQ
performed the study. LX analyzed the data and drafted the
manuscript. YD, QQ, LL, XD, and YaZ interpreted the data. YiZ,
KL, RS, KS, AD, BS, and LM reviewed the manuscript. All
authors contributed to the article and approved the
submitted version.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (grant numbers 81803628 and 81903716),
the Key R&D Program of Jiangsu Province (BE2021644), and the
National Clinical Research Center for Hematologic Diseases, the
First Affiliated Hospital of Soochow University (2020WSC07).
The authors gratefully thank all the patients who participated in
this study and the staff of Department of Cardiovascular Surgery
of the First Affiliated Hospital of Soochow University for
their collaboration.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fcimb.2022.1043971/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2022.1043971/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1043971/full#supplementary-material
https://doi.org/10.3389/fcimb.2022.1043971
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Xue et al.

References

Al K. F,, Bisanz, J. E., Gloor, G. B, Reid, G., and Burton, J. P. (2018). Evaluation
of sampling and storage procedures on preserving the community structure of stool
microbiota: A simple at-home toilet-paper collection method. J. Microbiol. Methods
144, 117-121. doi: 10.1016/j.mimet.2017.11.014

Angelucci, F., Cechova, K., Amlerova, J., and Hort, J. (2019). Antibiotics, gut
microbiota, and alzheimer's disease. J. Neuroinflamm. 16 (1), 108. doi: 10.1186/
$12974-019-1494-4

Badal, V. D,, Vaccariello, E. D., Murray, E. R,, Yu, K. E,, Knight, R, Jeste, D. V.,
et al. (2020). The gut microbiome, aging, and longevity: A systematic review.
Nutrients 12 (12), 3759. doi: 10.3390/nu12123759

Becattini, S., Taur, Y., and Pamer, E. G. (2016). Antibiotic-induced changes in
the intestinal microbiota and disease. Trends Mol. Med. 22 (6), 458-478. doi:
10.1016/j.molmed.2016.04.003

Bibbo, S., Ianiro, G., Giorgio, V., Scaldaferri, F., Masucci, L., Gasbarrini, A., et al.
(2016). The role of diet on gut microbiota composition. Eur. Rev. Med. Pharmacol.
Sci. 20 (22), 4742-4749.

Biesalski, H. K. (2016). Nutrition meets the microbiome: micronutrients and the
microbiota. Ann. N'Y Acad. Sci. 1372 (1), 53-64. doi: 10.1111/nyas.13145

Bijie, H., Kulpradist, S., Manalaysay, M., and Soebandrio, A. (2005). In vitro
activity, pharmacokinetics, clinical efficacy, safety and pharmacoeconomics of
ceftriaxone compared with third and fourth generation cephalosporins: review. J.
Chemother. 17 (1), 3-24.

Bolon, M. K. (2011). The newer fluoroquinolones. Med. Clin. North Am. 95 (4),
793-817, viii. doi: 10.1016/j.mcna.2011.03.006

Chen, S., Zhou, Y., Chen, Y., and Gu, J. (2018). Fastp: an ultra-fast all-in-one
FASTQ preprocessor. Bioinformatics 34 (17), i884-i890. doi: 10.1093/
bioinformatics/bty560

Duan, H., Yu, L., Tian, F., Zhai, Q., Fan, L., and Chen, W. (2022). Antibiotic-
induced gut dysbiosis and barrier disruption and the potential protective strategies.
Crit. Rev. Food Sci. Nutr. 62 (6), 1427-1452. doi: 10.1080/10408398.2020.1843396

Eckardt, J. L., Wanek, M. R., Udeh, C. 1, Neuner, E. A,, Fraser, T. G., Attia, T.,
et al. (2018). Evaluation of prophylactic antibiotic use for delayed sternal closure
after cardiothoracic operation. Ann. Thorac. Surg. 105 (5), 1365-1369. doi:
10.1016/j.athoracsur.2017.12.012

Edgar, R. C. (2013). UPARSE: highly accurate OTU sequences from microbial
amplicon reads. Nat. Methods 10 (10), 996-998. doi: 10.1038/nmeth.2604

Ferrer, M., Mendez-Garcia, C., Rojo, D., Barbas, C., and Moya, A. (2017).
Antibiotic use and microbiome function. Biochem. Pharmacol. 134, 114-126. doi:
10.1016/j.bcp.2016.09.007

Frenette, C., Sperlea, D., Tesolin, J., Patterson, C., and Thirion, D. J. (2016).
Influence of a 5-year serial infection control and antibiotic stewardship
intervention on cardiac surgical site infections. Am. J. Infect. Control 44 (9),
977-982. doi: 10.1016/j.ajic.2016.02.029

Gelijns, A. C., Moskowitz, A. J., Acker, M. A., Argenziano, M., Geller, N. L.,
Puskas, J. D, et al. (2014). Management practices and major infections after cardiac
surgery. J. Am. Coll. Cardiol. 64 (4), 372-381. doi: 10.1016/j.jacc.2014.04.052

Gough, E. K. (2022). The impact of mass drug administration of antibiotics on
the gut microbiota of target populations. Infect. Dis. Poverty 11 (1), 76. doi:
10.1186/540249-022-00999-5

Gudbjartsson, T., Jeppsson, A., Sjogren, J., Steingrimsson, S., Geirsson, A.,
Friberg, O., et al. (2016). Sternal wound infections following open heart surgery
- a review. Scand. Cardiovasc. J. 50 (5-6), 341-348. doi: 10.1080/
14017431.2016.1180427

Hamouda, K., Oezkur, M., Sinha, B., Hain, J., Menkel, H., Leistner, M., et al.
(2015). Different duration strategies of perioperative antibiotic prophylaxis in adult
patients undergoing cardiac surgery: an observational study. J. Cardiothorac Surg.
10, 25. doi: 10.1186/s13019-015-0225-x

Hao, W.Z,, Li, X. J., Zhang, P. W., and Chen, J. X. (2020). A review of antibiotics,
depression, and the gut microbiome. Psychiatry Res. 284, 112691. doi: 10.1016/
jpsychres.2019.112691

Haro, C., Rangel-Zuniga, O. A., Alcala-Diaz, J. F., Gomez-Delgado, F., Perez-
Martinez, P., Delgado-Lista, J., et al. (2016). Intestinal microbiota is influenced by
gender and body mass index. PloS One 11 (5), e0154090. doi: 10.1371/
journal.pone.0154090

Holingue, C., Budavari, A. C., Rodriguez, K. M., Zisman, C. R., Windheim, G.,
and Fallin, M. D. (2020). Sex differences in the gut-brain axis: Implications for
mental health. Curr. Psychiatry Rep. 22 (12), 83. doi: 10.1007/s11920-020-01202-y

Jourova, L., Anzenbacher, P., and Anzenbacherova, E. (2016). Human gut
microbiota plays a role in the metabolism of drugs. BioMed. Pap Med. Fac Univ
Palacky Olomouc Czech Repub 160 (3), 317-326. doi: 10.5507/bp.2016.039

Frontiers in Cellular and Infection Microbiology

15

10.3389/fcimb.2022.1043971

Kachel, E., Moshkovitz, Y., Sternik, L., Sahar, G., Grosman-Rimon, L.,
Belotserkovsky, O., et al. (2020). Local prolonged release of antibiotic for
prevention of sternal wound infections postcardiac surgery-a novel technology. J.
Card Surg. 35 (10), 2695-2703. doi: 10.1111/jocs.14890

Karl, J. P, Fu, X,, Wang, X,, Zhao, Y., Shen, J., Zhang, C, et al. (2015). Fecal
menaquinone profiles of overweight adults are associated with gut microbiota
composition during a gut microbiota-targeted dietary intervention. Am. J. Clin.
Nutr. 102 (1), 84-93. doi: 10.3945/ajcn.115.109496

Kelly, S. A., Nzakizwanayo, J., Rodgers, A. M., Zhao, L., Weiser, R., Tekko, I. A.,
et al. (2021). Antibiotic therapy and the gut microbiome: Investigating the effect of
delivery route on gut pathogens. ACS Infect. Dis. 7 (5), 1283-1296. doi: 10.1021/
acsinfecdis.1c00081

Kim, S., and Jazwinski, S. M. (2018). The gut microbiota and healthy aging: A
mini-review. Gerontology 64 (6), 513-520. doi: 10.1159/000490615

Kocsis, B., Domokos, J., and Szabo, D. (2016). Chemical structure and
pharmacokinetics of novel quinolone agents represented by avarofloxacin,
delafloxacin, finafloxacin, zabofloxacin and nemonoxacin. Ann. Clin. Microbiol.
Antimicrob. 15 (1), 34. doi: 10.1186/s12941-016-0150-4

Koliada, A., Moseiko, V., Romanenko, M., Lushchak, O., Kryzhanovska, N.,
Guryanov, V., et al. (2021). Sex differences in the phylum-level human gut microbiota
composition. BMC Microbiol. 21 (1), 131. doi: 10.1186/512866-021-02198-y

Li, B, Liu, R,, Wang, C, Ren, C,, Zhang, S., Zhang, F., et al. (2019). Impact of
genetic and clinical factors on warfarin therapy in patients early after heart valve
replacement surgery. Eur. J. Clin. Pharmacol. 75 (12), 1685-1693. doi: 10.1007/
500228-019-02747-5

Linares, D. M., Gomez, C., Renes, E., Fresno, J. M., Tornadijo, M. E., Ross, R. P.,
etal. (2017). Lactic acid bacteria and bifidobacteria with potential to design natural
biofunctional health-promoting dairy foods. Front. Microbiol. 8, 846. doi: 10.3389/
fmicb.2017.00846

Liu, Z., Zhang, X., and Zhai, Q. (2021). Clinical investigation of nosocomial
infections in adult patients after cardiac surgery. Med. (Baltimore) 100 (4), e24162.
doi: 10.1097/MD.0000000000024162

Lozupone, C. A., Stombaugh, J. I, Gordon, J. I, Jansson, J. K., and Knight, R.
(2012). Diversity, stability and resilience of the human gut microbiota. Nature 489
(7415), 220-230. doi: 10.1038/nature11550

Magoc, T., and Salzberg, S. L. (2011). FLASH: fast length adjustment of short
reads to improve genome assemblies. Bioinformatics 27 (21), 2957-2963. doi:
10.1093/bioinformatics/btr507

Mamieva, Z., Poluektova, E., Svistushkin, V., Sobolev, V., Shifrin, O., Guarner,
F., et al. (2022). Antibiotics, gut microbiota, and irritable bowel syndrome: What
are the relations? World ]. Gastroenterol. 28 (12), 1204-1219. doi: 10.3748/
Wjg:v28.i12.1204

Mangiola, F., Nicoletti, A., Gasbarrini, A., and Ponziani, F. R. (2018). Gut
microbiota and aging. Eur. Rev. Med. Pharmacol. Sci. 22 (21), 7404-7413. doi:
10.26355/eurrev_201811_16280

Merli, G. J., and Fink, J. (2008). Vitamin K and thrombosis. Vitam Horm. 78,
265-279. doi: 10.1016/S0083-6729(07)00013-1

Min, Y., Ma, X,, Sankaran, K., Ru, Y., Chen, L., Baiocchi, M., et al. (2019). Sex-
specific association between gut microbiome and fat distribution. Nat. Commun. 10
(1), 2408. doi: 10.1038/s41467-019-10440-5

Nagata, N., Tohya, M., Takeuchi, F., Suda, W., Nishijima, S., Ohsugi, M., et al.
(2019). Effects of storage temperature, storage time, and cary-Blair transport
medium on the stability of the gut microbiota. Drug Discovery Ther. 13 (5), 256—
260. doi: 10.5582/ddt.2019.01071

Odamaki, T., Kato, K., Sugahara, H., Hashikura, N., Takahashi, S., Xiao, J. Z., et al.
(2016). Age-related changes in gut microbiota composition from newborn to centenarian:
a cross-sectional study. BMC Microbiol. 16, 90. doi: 10.1186/512866-016-0708-5

Palleja, A., Mikkelsen, K. H., Forslund, S. K., Kashani, A., Allin, K. H., Nielsen,

T., et al. (2018). Recovery of gut microbiota of healthy adults following antibiotic
exposure. Nat. Microbiol. 3 (11), 1255-1265. doi: 10.1038/s41564-018-0257-9

Salmon-Rousseau, A., Martins, C., Blot, M., Buisson, M., Mahy, S., Chavanet, P.,
et al. (2020). Comparative review of imipenem/cilastatin versus meropenem. Med.
Mal Infect. 50 (4), 316-322. doi: 10.1016/j.medmal.2020.01.001

Schimmer, C., Gross, J., Ramm, E., Morfeld, B. C., Hoffmann, G., Panholzer, B.,
et al. (2017). Prevention of surgical site sternal infections in cardiac surgery: a two-
centre prospective randomized controlled study. Eur. . Cardiothorac Surg. 51 (1),
67-72. doi: 10.1093/ejcts/ezw225

Stackebrandt, E., and Goebel, B. M. (1994). Taxonomic note: A place for DNA-
DNA reassociation and 16S rRNA sequence analysis in the present species
definition in bacteriology. J. Int.j.syst.bacteriol 44 (4), 846-849. doi: 10.1099/
00207713-44-4-846

frontiersin.org


https://doi.org/10.1016/j.mimet.2017.11.014
https://doi.org/10.1186/s12974-019-1494-4
https://doi.org/10.1186/s12974-019-1494-4
https://doi.org/10.3390/nu12123759
https://doi.org/10.1016/j.molmed.2016.04.003
https://doi.org/10.1111/nyas.13145
https://doi.org/10.1016/j.mcna.2011.03.006
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1080/10408398.2020.1843396
https://doi.org/10.1016/j.athoracsur.2017.12.012
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1016/j.bcp.2016.09.007
https://doi.org/10.1016/j.ajic.2016.02.029
https://doi.org/10.1016/j.jacc.2014.04.052
https://doi.org/10.1186/s40249-022-00999-5
https://doi.org/10.1080/14017431.2016.1180427
https://doi.org/10.1080/14017431.2016.1180427
https://doi.org/10.1186/s13019-015-0225-x
https://doi.org/10.1016/j.psychres.2019.112691
https://doi.org/10.1016/j.psychres.2019.112691
https://doi.org/10.1371/journal.pone.0154090
https://doi.org/10.1371/journal.pone.0154090
https://doi.org/10.1007/s11920-020-01202-y
https://doi.org/10.5507/bp.2016.039
https://doi.org/10.1111/jocs.14890
https://doi.org/10.3945/ajcn.115.109496
https://doi.org/10.1021/acsinfecdis.1c00081
https://doi.org/10.1021/acsinfecdis.1c00081
https://doi.org/10.1159/000490615
https://doi.org/10.1186/s12941-016-0150-4
https://doi.org/10.1186/s12866-021-02198-y
https://doi.org/10.1007/s00228-019-02747-5
https://doi.org/10.1007/s00228-019-02747-5
https://doi.org/10.3389/fmicb.2017.00846
https://doi.org/10.3389/fmicb.2017.00846
https://doi.org/10.1097/MD.0000000000024162
https://doi.org/10.1038/nature11550
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.3748/wjg.v28.i12.1204
https://doi.org/10.3748/wjg.v28.i12.1204
https://doi.org/10.26355/eurrev_201811_16280
https://doi.org/10.1016/S0083-6729(07)00013-1
https://doi.org/10.1038/s41467-019-10440-5
https://doi.org/10.5582/ddt.2019.01071
https://doi.org/10.1186/s12866-016-0708-5
https://doi.org/10.1038/s41564-018-0257-9
https://doi.org/10.1016/j.medmal.2020.01.001
https://doi.org/10.1093/ejcts/ezw225
https://doi.org/10.1099/00207713-44-4-846
https://doi.org/10.1099/00207713-44-4-846
https://doi.org/10.3389/fcimb.2022.1043971
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Xue et al.

Surat, G., Bernsen, D., and Schimmer, C. (2021). Antimicrobial stewardship
measures in cardiac surgery and its impact on surgical site infections. J.
Cardiothorac Surg. 16 (1), 309. doi: 10.1186/s13019-021-01693-7

Tiihonen, K., Ouwehand, A. C., and Rautonen, N. (2010). Human intestinal
microbiota and healthy ageing. Ageing Res. Rev. 9 (2), 107-116. doi: 10.1016/
j.arr.2009.10.004

Wang, Q., Garrity, G. M., Tiedje, J. M., and Cole, J. R. (2007). Naive Bayesian
classifier for rapid assignment of rRNA sequences into the new bacterial taxonomy.
Appl. Environ. Microbiol. 73 (16), 5261-5267. doi: 10.1128/ AEM.00062-07

Frontiers in Cellular and Infection Microbiology

16

10.3389/fcimb.2022.1043971

COPYRIGHT

© 2023 Xue, Ding, Qin, Liu, Ding, Zhou, Liu, Singla, Shen, Din, Zhang, Shen,
Shen and Miao. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

frontiersin.org


https://doi.org/10.1186/s13019-021-01693-7
https://doi.org/10.1016/j.arr.2009.10.004
https://doi.org/10.1016/j.arr.2009.10.004
https://doi.org/10.1128/AEM.00062-07
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fcimb.2022.1043971
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Assessment of the impact of intravenous antibiotics treatment on gut microbiota in patients: Clinical data from pre-and post-cardiac surgery
	Introduction
	Materials and methods
	Patients and sampling
	Gut microbiota analysis
	Data analysis in all patients’ population
	Data analysis in elderly patients’ population

	Results
	Patients’ characteristics
	Gut microbiota analysis in the antibiotics group for all patients’ population
	Gut microbiota analysis in the single antibiotic group for all patients’ population
	Gut microbiota analysis for age and sex for all patients’ population
	Gut microbiota analysis in elderly patients’ population
	Stability study of fecal samples from healthy volunteers
	Function prediction analysis of gut microbiota

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


