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Abstract

Surgical interventions involving the gastrointestinal tract profoundly influence the composition, diver-
sity, and function of the gut microbiota, which plays a central role in human health and disease. Recent
advances in sequencing technologies, particularly 16S rRNA gene profiling and metagenomics, have
enabled detailed characterization of microbial alterations following different types of intestinal surge-
ry. Bariatric procedures such as Roux-en-Y gastric bypass and sleeve gastrectomy consistently reduce
microbial diversity in the short term but are also associated with functional reprogramming of the mi-
crobiota, including enhanced capacity for energy harvest and altered bile acid metabolism. Gastrectomy
and bowel resections induce region-specific changes, often leading to dysbiosis, small intestinal bacte-
rial overgrowth, and nutrient malabsorption. The creation of intestinal stomas modifies luminal and
mucosal microbial communities, frequently promoting the overrepresentation of opportunistic path-
ogens. In addition, perioperative interventions, including mechanical bowel preparation, perioperative
fasting, and antibiotic prophylaxis, exert acute but sometimes long-lasting effects on microbial ecology.
These microbial shifts have been linked to a broad spectrum of clinical outcomes ranging from metabo-
lic improvements and enhanced immune modulation to increased susceptibility to infections, impaired
wound healing, and long-term complications such as anastomotic leaks or inflammatory conditions. Un-
derstanding the relationship between specific surgical procedures, perioperative management, and mi-
crobiota modulation is therefore crucial for optimizing patient outcomes. This review integrates current
evidence from clinical and translational studies, highlights the mechanistic links between surgical ap-
proaches and microbial dynamics, and outlines future directions for research and therapeutic interven-
tions aimed at preserving or restoring a healthy microbiome after intestinal surgery.
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Introduction

The gut microbiota is defined as the community
of microorganisms inhabiting the human gastroin-
testinal tract. Although bacteria constitute the pre-
dominant group, the term also includes viruses, fun-
gi, and archaea. The total mass of the gut microbiota
in adults is estimated at 1-2 kg, and the number of
bacterial cells is comparable to the total number
of human cells in the body [1]. Eubiosis describes a
state of microbial balance, which is essential for ma-
intaining health and proper physiological functions.

The microbiota performs numerous functions,
including the synthesis of vitamins (e.g., vitamin
K and certain B vitamins), participation in dige-
stion and nutrient metabolism, protection against
pathogen colonization, and regulation of immune
system activity [2,3]. Disruption of this balance, re-
ferred to as dysbiosis, has been associated with the
development of metabolic disorders, inflammatory
bowel diseases, and colorectal cancer [4-6].

Surgical interventions can disturb the gastroin-
testinal microenvironment by altering pH, oxygen
availability, or intestinal transit [7-9]. In addition,
perioperative factors such as mechanical bowel pre-
paration (MBP), antibiotic administration, and die-
tary modifications may significantly influence the
gut microbiota [10].

In recent years, increasing attention has been
directed toward the role of the microbiota in po-
stoperative complications, including anastomotic
leakage, surgical site infections, and prolonged po-
stoperative ileus [11,12]. Moreover, the microbiota
is now regarded not only as a biomarker but also
as a potential therapeutic target, with interventions
such as probiotics and fecal microbiota transplanta-
tion (FMT) showing promise in improving surgical
outcomes [13,14].

Materials and methods
Eligibility criteria
The following sections provide a detailed analy-
sis of studies investigating the impact of gastroin-
testinal surgery on the composition and function of
the human gut microbiota. Both randomized clinical
trials, prospective and cohort studies, as well as sys-
tematic reviews and meta-analyses were included.
Studies were considered eligible if they met the
following criteria:
e published in
journals,
e conducted in human subjects aged 218 years,
e focused on gastrointestinal surgical procedu-
res (intestinal resections, gastrectomy, baria-
tric surgery, stoma creation or closure),
e assessed the impact of the intervention on
microbiome parameters such as compo-
sition, diversity, or function,
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¢ employed modern microbiome analysis tech-
niques (e.g., 16S rRNA sequencing, metage-
nomics, metabolomics).

Studies were excluded if they:

e were limited to animal models,

¢ focused solely on the effects of drugs or diet,

¢ did not report microbiological outcomes.

Data sources and search strategy

The literature search was performed using Pub-
Med, Scopus, and Web of Science databases. The se-
arch covered studies published between 2010 and
2025, reflecting the rapid development of sequen-
cing technologies and the growing body of research
on the gut microbiota during this period.

Study selection and data analysis

The included publications were evaluated with
respect to study design, number of participants,
sample type and timing of collection, analytical
methods applied, and the main findings regar-
ding microbiota alterations following the surgical
procedures.

Characteristics of the human gut microbiota
in health

The human gut microbiota consists predominan-
tly of bacteria, which account for approximately
99% of all microorganisms. The remaining fraction
is composed of viruses, fungi, and archaea [15]. The
number of microbial cells inhabiting the adult hu-
man intestine is estimated to be comparable to the
total number of human cells, corresponding to ap-
proximately 3.9 x 10*3 bacterial cells [1].

In the healthy adult gut, four major bacterial phy-
la dominate: Firmicutes (e.g., Faecalibacterium,
Ruminococcus), Bacteroidetes (e.g., Bacteroides,
Prevotella), Actinobacteria (mainly Bifidobacte-
rium), and, to a lesser extent, Proteobacteria [16].
Particular importance is attributed to species such
as Faecalibacterium prausnitzii, which supports in-
testinal barrier integrity and exerts anti-inflamma-
tory effects through the production of short-chain
fatty acids (SCFAs) [17].

The gut microbiome is highly variable among in-
dividuals and undergoes dynamic changes over time.
Its composition is shaped by multiple factors, inclu-
ding diet [18], age [19], antibiotic use [20], as well as
genetic and environmental determinants [21].

In this context, eubiosis refers to a state of balan-
ced and diverse microbiota that supports host he-
alth, whereas dysbiosis is characterized by reduced
diversity, loss of commensal bacteria, and overgro-
wth of opportunistic pathogens. Dysbiosis has been
associated with several diseases, including inflam-
matory bowel disease [17], type 2 diabetes [5], obe-
sity [4], and colorectal cancer [6].
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The impact of surgical procedures on the
gut microbiota

Surgical procedures significantly affect the mi-
crobial balance of the gastrointestinal tract, with
the magnitude of changes depending on the type,
extent, and technique of surgery (Tab. 1). These
consequences may manifest during early recovery
and in the long-term clinical course.

Colorectal cancer surgery

Colorectal resections induce lasting alterations
in the gut microbiota, with the magnitude and na-
ture of changes varying according to the site of re-
section. Studies have reported distinct alterations
in the abundance of key bacterial genera, including
Bifidobacterium and Faecalibacterium, as well as
increases in Escherichia-Shigella and Enterococcus
following right- versus left-sided resections [22].
Particular attention has been directed toward the
microbiota at the anastomotic site, which exhibits a
distinct microbial profile that may critically influen-
ce the healing process. The presence of pathobionts,
especially Enterococcus faecalis, has been associated
with a higher risk of anastomotic leakage [23,24],
and analysis of mucosal microbiota sampled intra-
operatively may hold predictive value for this com-
plication before clinical symptoms occur [25].
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Gastrectomy and reconstruction

Physiological alterations in the gastrointestinal
environment following gastrectomy include redu-
ced gastric acid secretion, modified intestinal tran-
sit, and altered bile flow. These alterations result in
the so-called ‘oralization’ of the microbiota, charac-
terized by the colonization of distal intestinal seg-
ments by oral-associated bacteria, such as Strepto-
coccus spp. [8]. Reconstruction using the Roux-en-Y
method has been shown to induce more pronoun-
ced alterations in the gut microbiota compared with
the Billroth I method, accompanied by increased
fecal calprotectin levels and activation of intestinal
inflammatory responses [26,27].

Bariatric surgery (RYGB, SG, BPD-DS)

Bariatric procedures such as the sleeve gastrec-
tomy (SG), Roux-en-Y gastric bypass (RYGB), and bi-
liopancreatic diversion with duodenal switch (BPD-
-DS) cause profound and sustained remodeling of
the gut microbiota. Multiple studies have documen-
ted an increase in aerobic and opportunistic bacte-
ria, particularly members of the Enterobacteriaceae
family, alongside changes in the relative abundance
of the dominant phyla Firmicutes and Bacteroidetes
[28,29]. These structural shifts are accompanied by
functional modifications, including elevated shor-

TABLE 1 Summary of studies assessing the impact of gastrointestinal surgery on gut microbiota (n = number of patients

included in each study)

SURGERY REFERENCE MAIN MICROBIOTA
TYPE (EXAMPLE) n METHOD CHANGES CLINICAL CONSEQUENCES
| Bifidobacterium,
Colorectal | Faecalibacterium, Risk of anastomotic leakage,
resection [22] 30 165 rRNA T Escherichia-Shigella, impaired healing
T Enterococcus
Gastrectomy “Oralization” 1 Inflammation
(Billroth I vs [26] 58 16S rRNA (T Streptococcus spp.), more 1 fecal cal rotect'in
RYGB) dysbiosis in RYGB P
Bariatric T Enterobacteriaceae,
Metagenomics | altered Firmicutes/Bactero- Better glucose/lipid
(RYGB, SG, [30] 50 . ) .
+ metabolomics idetes, T SCFA, metabolism
BPD-DS)
! LPS
Barlatrlc.(ma- [31] 40 Shotgun . Ml(,:I‘Ob-IOta modulate.d Nutrient deficiency risk
labsorptive) metagenomics by thiamine & magnesium
Ileostomy [9] 20 16S rRNA + | Diversity, Altered barrier,
(stoma) metabolomics | Taerobes, postprandial shifts delayed recolonization
Ileostomy [32] 25 16S rRNA + Gradual recovery, not always | Partial regeneration, mucosal
closure metabolomics baseline protection
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t-chain fatty acid (SCFA) production and reduced
serum lipopolysaccharide (LPS) levels [9,30]. Such
mechanisms are believed to contribute to improve-
ments in glycemic control and lipid metabolism, in-
dependent of weight loss. Interestingly, preliminary
evidence suggests that the microbiota composition
in patients undergoing malabsorptive procedures
may be influenced by dietary intake of nutrients
such as thiamine and magnesium [31].

Stoma formation and closure

Temporary ileostomy, which reroutes intestinal
contents away from the colon, provides an opportu-
nity to directly study the small intestinal microbiota.
[tis characterized by reduced microbial diversity and
a predominance of aerobic species. Moreover, the
stoma microbiota undergoes dynamic postprandial
changes, with bacterial biomass increasing within
hours after food intake [9]. Following stoma closure,
the colonic microbiota gradually reconstitutes, de-
monstrating partial regenerative capacity. However,
the postoperative microbial composition does not al-
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ways fully reflect the baseline state, which may be cli-
nically relevant for the recolonization processes and
the protective functions of the mucosal barrier [32].

Perioperative procedures and the gut
microbiota

Pre- and postoperative interventions, including
bowel preparation, antibiotic prophylaxis, and mi-
crobiota-supporting strategies, exert a substantial
impact on the gut ecosystem (Tab. 2). Imbalances
during this period may increase the risk of postope-
rative complications such as surgical site infections
(SSI) or anastomotic leakage (AL). At the same time,
an increasing number of studies highlight contro-
versies and inconsistencies regarding the necessity
of some traditional preparation protocols.

Bowel preparation

Mechanical bowel preparation (MBP), which
involves the administration of laxatives to clear
the colon of fecal content, together with oral anti-
biotics (OA), has long been an integral component

TABLE 2 Summary of studies evaluating the impact of perioperative procedures on gut microbiota (n = number of pa-

tients included in each study)

PERIOPERATIVE | REFERENCE N METHOD MAIN MICROBIOTA CLINICAL
PROCEDURE (EXAMPLE) CHANGES CONSEQUENCES
| Faecalibacterium .
rausnitzii Increased risk
Mechanical bowel [33] 40 16S rRNA + i diversit ! of dysbiosis,
preparation (MBP) metabolomics Y impaired mucosal
T opportunistic
defense
pathogens
Stronger reduction LSS,
MBP + Oral [34] 250 Clinical + microbiota in migcrobial load ! AL risk,
antibiotics (0A) analysis . ] but transient
transient dysbiosis .
dysbiosis
Oral antibiotics + . | Commensals, ! Inflammatory
MBP [35] 150 165 rRNA + clinical altered inflammator response,
. . outcomes Y| better short-term
(left-sided resections) markers
recovery
Selective bowel ICU patients Clinical + microbial Reduced Gram-nega- Controversial
decontamination [36] (nnot culture tive bacteria, risk of benefit,
specifie resistant strains risk of resistance
SBP ified i i isk of resi
'::tlll:l;:;(cis 37] Review of Review (various | Diversity, ! Rlsi(n(;i;.igl}lfflcﬂe
prophy . RCTs methods) T resistant strains | . . A
(cephalosporins) impaired immunity
Antibiotics Experimental . E.X pansion of Long-ttlarm
el g [38] & clinical Metagenomics resistance genes, ecological
p altered phageome disruption
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of standard preoperative protocols in colorectal
surgery. Their primary purpose is to reduce bacte-
rial load and minimize the risk of postoperative in-
fections. However, growing evidence indicates that
MBP alone leads to a significant decline in protec-
tive commensal species, such as Faecalibacterium
prausnitzii, while promoting the overgrowth of
potentially pathogenic organisms [33]. In contrast,
combining MBP with OA, particularly in Enhanced
Recovery After Surgery (ERAS) protocols, has pro-
ven more effective in reducing the risk of SSI and AL
compared with either intervention alone [34,35].
Nonetheless, this strategy induces an acute, though
usually transient, dysbiosis, which may be particu-
larly detrimental in older adults and patients with
comorbidities. An alternative approach is selective
bowel decontamination (SBP), but its use in ga-
strointestinal surgery remains controversial due to
concerns about selecting antibiotic-resistant stra-
ins and the lack of conclusive evidence supporting
clinical benefit [36].

Antibiotics

Antibiotic prophylaxis is an essential compo-
nent of surgery, but its effects on the gut microbiota
are profound and long-lasting. Even short courses,
such as those involving cephalosporins, have been
shown to reduce microbial diversity and promote
the dominance of resistant strains [37,38]. Such an-
tibiotic-induced dysbiosis increases susceptibility
to opportunistic infections, including Clostridioides
difficile, may disrupt host metabolism, and adver-
sely affect wound healing and immune responses
[37]. Against this backdrop, microbiota-targeted in-
terventions are attracting increasing attention. Ran-
domized trials suggest that probiotics may reduce
postoperative infection rates and shorten hospital
stays, although clear recommendations on the opti-
mal strains, dosages, and timing are still lacking.
Moreover, the effectiveness of probiotics and post-
biotics appears to depend strongly on the clinical
context and the patient’s baseline microbiota com-
position [39].

Clinical consequences of microbiota
alterations

Surgery- and perioperatively induced alterations
in the gut microbiota carry significant clinical impli-
cations. Microbial imbalance can affect not only the
risk of early postoperative complications but also
the long-term regulation of metabolic and immune
homeostasis.

One of the best-documented complications asso-
ciated with dysbiosis is anastomotic leakage (AL).
It shows that the microbiota composition at the
anastomotic site at the time of surgery may have
predictive value for AL, with particular attention
given to Enterococcus faecalis strains exhibiting col-
lagenolytic activity [24]. Postoperative microbial
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disturbances are also linked to an increased risk of
surgical site infections (SSI), with reduced micro-
bial diversity correlating with higher susceptibili-
ty to infections, particularly those caused by mul-
tidrug-resistant organisms [40]. Another concern is
impaired gastrointestinal motility - dysbiosis may
disrupt communication along the microbiota-ente-
ric neuron axis, contributing to prolonged postope-
rative ileus and delayed peristalsis [41]. Moreover,
emerging evidence suggests that altered microbiota
profiles may play a role in the pathogenesis of low
anterior resection syndrome (LARS), although ava-
ilable data remain limited [42].

The role of the microbiota extends beyond me-
chanical and infectious complications. Commensal
bacteria such as Faecalibacterium prausnitzii are key
producers of short-chain fatty acids (SCFAs), which
support epithelial integrity and exert anti-inflam-
matory effects. A reduction in butyrate-producing
species is a hallmark of dysbiosis observed in inflam-
matory bowel disease [17]. Conversely, disrupted
microbial composition can promote excessive lipo-
polysaccharide (LPS) production, bacterial translo-
cation through a compromised intestinal barrier, and
exacerbated inflammatory responses, as demonstra-
ted in experimental models [43]. Metabolic consequ-
ences are also relevant - after bariatric surgery and
gastrectomy, microbiota composition can modulate
glucose and lipid metabolism, influencing the meta-
bolic outcomes of surgical treatment (Fig. 1) [30].

For these reasons, microbiota-targeted interven-
tions are gaining attention. Probiotics are the most
extensively studied approach; their use has been
shown to reduce SSI risk, and some studies also
report shortened postoperative ileus and impro-
ved tolerance of oral feeding [13]. Complementary
strategies include prebiotics and postbiotics, which
provide substrates for beneficial bacteria or deliver
metabolites such as SCFAs that support immune
and metabolic homeostasis [44]. In cases of severe
or persistent dysbiosis, fecal microbiota transplan-
tation (FMT) is increasingly considered. Although
data in gastrointestinal surgery remain limited,
preliminary findings suggest its potential efficacy in
patients with recurrent infections or malabsorptive
conditions [14].

Limitations and future research directions
Current studies investigating the impact of sur-
gery on the gut microbiota have provided impor-
tant insights; however, their interpretation requires
caution due to substantial methodological limita-
tions. The lack of standardization remains the most
significant challenge - different techniques are ap-
plied, ranging from 16S rRNA sequencing to meta-
genomics and metabolomics, each offering distinct
levels of taxonomic resolution and detection depth
[45]. Another difficulty lies in the heterogeneity of
sampling timelines: some studies focus on the very
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Changes in gut microbiota composition after gastrointestinal surgery
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FIGURE 1 Relative abundance of dominant bacterial phyla after selected gastrointestinal surgical procedures. Data are

illustrative, based on reviewed studies

early postoperative period (24-48 h), while others
assess only long-term outcomes, thereby limiting
comparability and generalizability of findings [46].

To improve the quality of evidence, harmonized
research standards are needed. These should inclu-
de clearly defined sampling time points, standard-
ized bioinformatic pipelines, and parallel collection
of clinical data such as BMI, glycemia, and antibiotic
use. Multicenter prospective studies will also be
crucial for validating findings and increasing stati-
stical power [47].

An emerging concept is the personalization of
surgical management based on the patient’s micro-
biota profile. Potential applications include identi-
fying individuals at high risk of complications (e.g.,
anastomotic leakage), implementing targeted pro-
biotic therapy or fecal microbiota transplantation
(FMT) in the perioperative setting, and optimizing
the choice of reconstructive techniques. Although
this field is still in its early stages, preliminary evi-
dence suggests that such approaches may improve
surgical outcomes [48,25].

Conclusions

Alterations in the gut microbiota following sur-
gical procedures represent a dynamic and multidi-
mensional process, influenced by the type, extent,
and reconstructive technique of the operation, as
well as perioperative interventions [49,46,41]. The
most profound modifications in microbiota compo-
sition and function are observed after procedures
that involve radical anatomical and physiological

changes in the gastrointestinal tract, such as ga-
strectomy and bariatric surgery [50,30].

Available evidence indicates that postoperative
dysbiosis may not only increase the risk of compli-
cations, including anastomotic leakage, surgical site
infections, short bowel syndrome, and low ante-
rior resection syndrome (LARS), but also modulate
host immune responses and metabolic processes
[24,42,51].

Advances in analytical methods, including 16S
rRNA sequencing, shotgun metagenomics, and meta-
bolomics, have enabled more detailed characteriza-
tion of the interplay between surgery and the human
microbiome [45]. Nevertheless, standardization of
research protocols, improved control of confounding
factors, and prospective clinical studies with ap-
propriate control groups are still required [47].

In the future, the gut microbiota may serve not
only as a biomarker of postoperative risk but also
as a target for preventive and therapeutic interven-
tions such as probiotics, prebiotics, dietary modu-
lation, fecal microbiota transplantation (FMT), or
pharmacological approaches [13,14]. Personaliza-
tion of surgical management based on the patient’s
microbiota profile emerges as a promising direction
within precision medicine [48].
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