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Abstract
Background and Aims: Surgery is performed in 50–70% of Crohn’s disease [CD] patients, and its main risk is surgical site infection [SSI]. The 
microbiota has been extensively assessed in CD but not as a potential risk factor for septic morbidity. The objective of this study was to assess 
the impact of the gut microbiota on SSI in CD.

Methods: We used the multicentric REMIND prospective cohort to identify all patients who experienced SSI after ileocolonic resection for CD, 
defined as any postoperative local septic complication within 90 days after surgery: wound abscess, intra-abdominal collection, anastomotic 
leakage or enterocutaneous fistula. The mucosa-associated microbiota of the ileal resection specimen was analysed by 16S gene sequencing in 
149 patients. The variable selection and prediction were performed with random forests [R package VSURF] on clinical and microbiotal data. The 
criterion of performance that we considered was the area under the Receiver Operating Characteristic [ROC] curve [AUC].

Results: SSI occurred in 24 patients [16.1%], including 15 patients [10.1%] with major morbidity. There were no significant differences between 
patients with or without SSI regarding alpha and beta diversity. The top selected variables for the prediction of SSI were all microbiota-related. 
The maximum AUC [0.796] was obtained with a model including 14 genera, but an AUC of 0.78 had already been obtained with a model 
including only six genera [Hungatella, Epulopiscium, Fusobacterium, Ruminococcaceae_ucg_009, Actinomyces and Ralstonia].

Conclusion: The gut microbiota has the potential to predict SSI after ileocolonic resection for CD. It might play a role in this frequent postoperative complication.

Key Words:  Gut microbiota; Crohn’s disease; prediction
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1. Introduction

Despite significant progress in the medical treatment of 
Crohn’s disease [CD], at least 50–70% of patients eventu-
ally undergo surgery.1 Indeed, in medical treatment failure, 
complications [haemorrhage, perforation, obstruction] and 
neoplasia, surgery is indicated.2 Serious postoperative compli-
cations such as anastomotic leak and intra-abdominal sepsis 
occur more frequently in CD than in other indications for 
intestinal resection.3 The short-term outcomes after surgery 
for ileocolonic CD have been markedly improved by better 
perioperative management,4 and the introduction of the lap-
aroscopic approach.5 However, despite better knowledge of 
the risk factors for surgical complication in CD,6–9 the occur-
rence of serious complications remains high. Therefore, some 
of these risk factors probably still remain unknown.

The gut microbiome has emerged as a major actor in sev-
eral diseases10 and was shown to play a role in postoperative 
recurrence in CD.11,12 It might also play a role in postoperative 
complications such as anastomotic leakage, which is associ-
ated with a low microbial diversity and a higher abundance of 
mucin-degrading members of the families Bacteroidaceae and 
Lachnospiraceae.13 Despite a huge number of studies explor-
ing the alterations of the microbiome in inflammatory bowel 
disease [IBD],14 there is a lack of information about its poten-
tial impact in postoperative septic complications.

In this context, we analysed a large prospective multicentric 
cohort of patients with CD who underwent ileocolonic resec-
tion11,15 with the aim of identifying predictors of postoperative 
surgical site infection [SSI].

2. Patients and Methods

2.1.  Study design and patient selection

The present study was undertaken in parallel with a pro-
spective multicentre study performed by the REMIND study 
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group and aimed to identify predictors of early postoperative 
endoscopic recurrence.16 Inclusion criteria were age over than 
18 years, ileal or ileocolonic CD, and an indication of CD-
related intestinal surgery [ileocolonic resection] in the absence 
of intestinal dysplasia or cancer. Mucosal samples were col-
lected from the surgical specimen in the inflamed portion of 
the ileum.

All patients presenting with SSI were identified in the pro-
spective database. All centres involved were expert in IBD, 
with surgeons taking into account clinical and biological risk 
factors for septic complications that were known until 2015, 
to choose between stoma creation and primary anastomosis, 
namely: pre-operative steroids within 3  months before sur-
gery, malnutrition, smoking habit, intra-operative abscess or 
fistula, and iterative surgery.9,17 Stoma creation was chosen 
when there were at least three of these risk factors. Pre-
operative anti-tumour necrosis factor α [anti-TNFα] therapy 
and anaemia <10 g/dL were not included as risk factors by the 
surgeons as they were identified in 2016.8

The collected clinical data included the following: demo-
graphic data, such as gender, age at the time of surgery, 
body mass index [BMI], malnutrition and smoking status; 
pre-operative data, such as CD phenotype according to the 
Montreal classification,17,18 associated perianal disease, CD 
activity according to the Harvey Bradshaw index,19 CD 
medical treatment within the 3  months before surgery [i.e. 
steroids, immunomodulators and biotherapies, such as anti-
TNFα], systemic antibiotics within 1 month before surgery, 
pre-operative blood count and parenteral nutritional support; 
intra-operative data, such as the type of surgical approach 
[i.e. open or laparoscopic], operative time,and the presence 
of a primary anastomosis; and postoperative data, such as 
SSI, haemorrhage, major morbidity, unplanned surgery with 
or without stoma creation, and mortality.

2.2.  Outcome definitions

SSI was defined as any postoperative local septic complica-
tion, with or without systemic sepsis20 and occurring until Day 
90 after surgery, namely: wound abscess, enterocutaneous fis-
tula, intra-abdominal collection treated by antibiotics and/or 
drainage, and anastomotic leakage. The diagnosis of anasto-
motic leakage was confirmed by computed tomography [CT] 
with iodine injection and CT enterography; intra-abdominal 
collections located around the anastomosis were considered 
as anastomotic leakage. Major morbidity was defined as any 
complication requiring surgical, radiological or endoscopic 
intervention [Clavien-Dindo III], life-threatening complica-
tions requiring intensive care management [Clavien-Dindo 
IV] or death [Clavien-Dindo V].21 Malnutrition was defined
as a BMI ≤18.5 kg/m2, weight loss >10% or albuminaemia 
<30 g/L. All patients had a clinical review 1 month after dis-
charge, and complications occurring after hospitalization 
were collected.

2.3.  Ileal biopsies collection, DNA extraction and 
16S DNA sequencing and analysis

Biopsies collected on ileal resection specimens were 
used for global microbiota analysis (samples stored at 
Nice Hospital Biobank [BB-0033-00025], University 
Côte d’Azur, France). DNA was extracted and 16S gene 
sequencing data were generated as previously described.11 
Briefly, a 16S rDNA fragment comprising the V3 and V4 
hypervariable regions was amplified using the following 
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primers: 16S sense 5′-TACGGRAGGCAGCAG-3′ and anti-
sense 5′-CTACCNGGGTATCTAAT-3′, as previously de-
scribed.11 Sequencing was performed using a 300-bp paired-
end sequencing protocol on an Illumina MiSeq platform 
[Illumina] at GenoScreen. Raw sequence data [already pub-
lished]11 are accessible in the European Nucleotide Archive 
[Accession number PRJEB31684]. Following sequencing, raw 
paired-end reads were processed in a data curation pipeline 
that includes a step of removal of low-quality reads [Qiime2 
2020.6].22 Remaining sequences were assigned to samples 
based on barcode matches, and barcode and primer sequences 
were then trimmed. The sequences were denoised using the 
DADA2 method, and reads were classified using the Silva 
reference database [version 138].23 Alpha and beta diversity 
were computed using the phyloseq package [v1.24.2].24 The 
number of observed features and Shannon indexes were cal-
culated using rarefied data [depth = 6000 sequences per sam-
ple] and used to characterize alpha diversity.

2.4.  Statistical analyses

The quantitative data are reported as means and standard 
deviations, and compared using the two-tailed non-paramet-
ric Mann–Whitney test. The qualitative data are reported 
as the number of patients [percentage of patients] and were 
compared using Pearson’s χ 2 test or Fisher’s exact test, as ap-
propriate. GraphPad Prism v6.0and R software v3.5.2 [R 
Foundation for Statistical Computing] were used for analyses 
and graph preparation.

The MaAsLin2 R package was used to find associations 
between SSI and microbial community abundance.25 The fol-
lowing potential confounding factors were taken into account 
in the analysis: corticosteroid, thiopurine or methotrexate 
treatments in the 3  months before surgery, antibiotics and 
anti-TNFα in the last month before surgery, preoperative nu-
tritional support, primary anastomosis [or stomia], planned 
or emergency surgery, laparoscopic [vs laparotomy] surgery, 
the type of anastomosis, gender, presence of inflammation 
or of a stenosis seen during the surgery. Default statistical 
parameters were used [p < 0.05 with q < 0.25 were considered 
significant].

The R package VSURF [Variable Selection Using Random 
Forests] was used to perform variable selection and predic-
tion by minimizing the classification error. This method as-
signed a score to each variable, which allowed us to rank the 
variables by decreasing order of importance. It also computed 
a threshold such that all variables with a score lower than 
this threshold were considered not to be useful for explain-
ing the outcomes and could therefore be discarded from the 
model. However, to avoid overfitting of the data, 80% of the 
initial population was randomly sampled several times and 
VSURF was trained on each subsample. The final score of 
each variable was the average value obtained over all sub-
samples. Moreover, the final model only contained variables 
that had been selected at least 50% of the times, in order to 
exclude variables contributions for which might have been 
overestimated in a few subsamples. All variables were then 
ranked by decreasing order of importance so that it only  
remained to decide how many variables would be kept in the 
final model. This number was chosen according to two goals: 
first, determining which subset of variables provided the best 
results in terms of prediction score, and second, what was the 
minimum number of variables that were necessary to reach a 
reasonable predictive performance.

The criterion of performance that we considered was the 
area under the Receiver Operating Characteristic [ROC] 
curve, referred to as AUC. For a subsample of size 80% of 
the initial population, we performed the previously described 
algorithm and then predicted the outcomes on the remaining 
20% of the population, which we compared to the actual out-
comes. This procedure also allowed us to compute empirical 
confidence intervals, bounds of which were the values that 
contained 95% of the AUC obtained over all subsamples. We 
used the R package pROC to create the ROC curves.

3. Results

3.1.  Characteristics of the study population

In total, 149 patients from the REMIND cohort enrolled be-
tween September 1, 2010 and September 30, 2017 were in-
cluded. Their characteristics are presented in Table 1. Mean 
age was 35 ± 12 years, and 74 patients [49.7%] were men, 
presenting with predominantly ileal or ileo-colonic involve-
ment [55% and 43.6%, respectively]. CD phenotype was 
divided into stricturing [49.7%], penetrating [34.9%] and 
inflammatory [15.4%]. Twenty-four patients presented with 
SSI [16.1%], including intra-abdominal sepsis in 18 pa-
tients [12.1%], anastomotic leakage in eight [5.4%], intra-
abdominal collection in 15 [10.1%] and wound-abscesses in 
six [4%].

Malnutrition was more frequent and albumin level was 
lower in SSI patients [Table 1]. The other pre-operative 
items were comparable between groups: overall, 69 patients 
[46.3%] received anti-TNFα, and 55 patients [36.9%] re-
ceived steroids within 3  months before surgery. Thirty pa-
tients [20.1%] had a history of previous intestinal resection. 
Forty-eight patients [32.2%] required pre-operative nutri-
tional support, which was parenteral in 26 cases [17.4%].

Regarding intra- and postoperative factors, 39 patients 
[26.2%] had no primary anastomosis because of septic risk 
factors, which was not different between groups [p = 0.72]. 
Major morbidity occurred in 16 cases [10.7%] and was sig-
nificantly more frequent with SSI [58.3% vs. 1.6%, p < 0.001], 
along with unplanned surgery [41.7% vs. 0.8%, p < 0.001], 
stoma creation [20.8% vs. 0%, p < 0.001] and radiological 
drainage [20.8% vs. 0%, p  <  0.001]. The only unplanned 
surgery which was not performed for SSI was indicated by 
postoperative haemorrhage. There were no postoperative 
deaths.

3.2.  Ileal mucosa-associated microbiota features 
associated with surgical site infection

The gut microbiota analysis did not show any difference ac-
cording to the occurrence of SSI in term of alpha or beta di-
versity [Figure 1A–C; Supplementary Figure 1].

To identify the microbial features associated with SSI oc-
currence and control for potential confounding factors, 
we used the second version of Microbiome Multivariable 
Associations with Linear Models [Maaslin2, see ‘Patients and 
methods’ for details], which relies on general linear models 
to determine multivariable associations between phenotypes, 
covariates and gut microbiota data.25 The strongest signals 
was observed with the genera Fusobacterium, Epulopiscium 
and Hungatella for which an increased abundance was sig-
nificantly associated with SSI occurrence [Figure 1D].

Intestinal inflammation [defined by the presence of patent 
inflammation during surgery or fistula] was associated with 
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alterations in alpha and beta diversity [Supplementary Figure 
2A and B]. Maaslin2 identified several taxa significantly  
associated with intestinal inflammation [Supplementary 
Figure 2C].

3.3.  Ileal mucosa-associated microbiota at surgery 
as a predictor of SSI

To identify factors predicting SSI, we used a random forest-
based approach taking into account both clinical param-

eters [gender, age, CD phenotype, malnutrition, smoking 
status, previous surgery, occurrence of abscess or fistula 
during the surgery, pre-operative treatment including ster-
oids, anti-TNFα and antibiotics, laparoscopic approach, and 
anastomosis characteristics] and microbiota features at the 
genus level.

For this, 80% of the initial population was randomly sam-
pled 200 times and VSURF was applied on each subsample, 
allowing us to rank the variables according to their respective 

Table 1. Perioperative characteristics of 149 patients undergoing intestinal resection for Crohn’s disease

Total, n = 149 SSI, n = 24 No SSI, n = 125 Univariate P 

Men 74 [49.7] 14 [58.3] 60 [48.0] 0.35

Mean age at surgery [years] 35 [±12] 32 [±13] 35 [±12] 0.21

BMIa 21.6 [±4] 21.2 [±4.5] 21.7 [±4.1] 0.61

Active smoking at surgery 16 [10.7] 5 [20.8] 11 [8.8] 0.14

Montreal A 0.93

 A1 18 [12.1] 2 [8.3] 16 [12.8]

 A2 112 [75.2] 19 [79.2] 93 [74.4]

 A3 19 [12.7] 3 [12.5] 16 [12.8]

Montreal L 0.30

 L1 82 [55.0] 12 [50.0] 69 [55.2]

 L2 1 [0.7] 1 [4.2] 0 [0]

 L3 65 [43.6] 11 [45.8] 54 [43.2]

 L4 1 [0.7] 0 [0] 1 [0.8]

Montreal B 0.57

 B1 23 [15.4] 2 [8.3] 21 [16.8]

 B2 74 [49.7] 12 [50.0] 61 [48.8]

 B3 52 [34.9] 10 [41.7] 42 [33.6]

Surgical indication: 0.827

Symptomatic stenosis resistant to medical treatment 79 [53.0] 11 [45.8] 68 [54.4]

Inflammatory form resistant to medical treatment 8 [5.4] 1 [4.2] 7 [5.6]

Fistulizing presentation 43 [28.9] 8 [33.3] 35 [28.0]

Combination of several criteria 19 [12.8] 4 [16.7] 15 [12.0]

Anoperineal lesion 34 [22.8] 5 [20.8] 29 [23.2] 1

Malnutrition 43 [28.9] 15 [62.5] 28 [22.4] <0.001

Albumin [g/L]b 34.7 [±6.0] 30.6 [±6.5] 35.5 [±5.7] 0.001

Previous intestinal resection 30 [20.1] 3 [12.5] 27 [21.6] 0.41

Preoperative steroids 23 [15.4] 5 [20.8] 18 [14.4] 0.54

Preoperative IS 11 [7.4] 0 [0] 11 [8.8] 0.21

Preoperative anti-TNFα 31 [20.8] 4 [16.7] 27 [21.6] 0.79

Parenteral nutrition 26 [17.4] 5 [20.8] 21 [16.8] 0.57

HB index 5.1 [±3.9] 5.8 [±3.1] 5.0 [±4.1] 0.36

Preoperative antibiotics 86 [57.7] 14 [58.3] 72 [57.6] 0.95

Laparoscopic surgery 82 [55.0] 14 [58.3] 68 [54.4] 0.72

Primary anastomosis 110 [73.8] 17 [70.8] 93 [74.4] 0.72

SSI 24 [16.1] 24 [100] 0 [0] <0.001

Only wall abscess 6 [4.0] 6 [25.0] 0 [0] <0.001

Clavien-Dindo ≥ 3 16 [10.7] 14 [58.3] 2 [1.6] <0.001

Haemorrhage 5 [3.4] 2 [8.3] 3 [2.4] 0.18

Unplanned surgery 11 [7.4] 10 [41.7] 1 [0.8] <0.001

with stoma 5 [3.4] 5 [20.8] 0 [0] <0.001

Data are reported as n [%] or means and standard deviation [±]. SSI = surgical site infection; BMI = body mass index; IS = immuno-suppressive drugs; anti-
TNFα = anti-tumor necrosis factor alpha; HB index = Harvey–Bradshaw index. 
Statistically significant differences are indicated in bold.
aMissing data for 17 patients. 
bMissing data for 24 patients.
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importance in predicting models. Strikingly, no single clinical 
variable was among the most relevant, and only gut micro-
biota features were selected [Figure 2A]. We then determined 
the optimal number of variables [N] to include in the predict-
ive model. In a first analysis, we tested one to more than 100 
variables and evaluated the AUC in 100 trials, showing that 
the optimal number of variables to include in the model was 

around 12 [Figure 2B]. To refine this result, we performed 
the same analysis testing one to 30 variables in 1000 trials. 
Although the maximum AUC [0.79] was obtained for N = 14, 
only six variables was sufficient to get an AUC of 0.78 (95% 
confidence interval [CI] 0.55–0.96) [Figures 2C and 3]. As ex-
pected, a model including only the clinical variables was not 
relevant [Figure 3]. The variables ranked according to their 
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importance in the model are shown in Table 2. Interestingly, 
the first three genera [Hungatella, Epulopiscium and 
Fusobacterium] were also the best ones identified in Maaslin2 
analysis [Figure 1D].

3.4.  Low albuminaemia is a predictor of SSI 
but ileal mucosa-associated microbiota features 
improve the prediction accuracy

As pre-operative malnutrition [defined as a BMI ≤ 18.5 kg/m2, 
weight loss >10% or albuminaemia <30 g/L] was significantly 
more frequent in SSI patients than in non-SSI patients, we ex-
plored this parameter further. Malnutrition was not associated 
with changes in alpha or beta diversity [Supplementary Figure 
3A and B], but Maaslin2 analysis identified several taxa as-
sociated with it [Supplementary Figure 3C]. We then focused 
on albuminaemia. We re-ran our analysis excluding the 24 pa-
tients [16.1% of the global population] in which albuminaemia 
was not available. Among the most relevant variables, the only 
clinical one selected by VSURF was albuminaemia [Figure 4A]. 
When albuminaemia was included in the predictive model, it 
was necessary to add six more microbiota variables to reach 
the accuracy we obtained in the whole population with six 
microbiota variables alone [Figure 4B].
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4. Discussion

In this study, we showed that the ileal mucosa-associated 
microbiota might serve as a predictive factor for SSI in pa-
tients with CD. SSI represents a challenge in the surgical man-
agement of CD patients.3 Several risk factors are known and 
have already been well studied, such as smoking, malnutri-
tion, corticosteroid therapy within 3 months before surgery, 
and abscess or fistula during surgery.9,17 Other risk factors re-
main of debate, such as previous surgical resection,7,9,17 anti-
TNFα therapy, operating time and pre-operative anaemia.6–8 
However, these factors alone may not explain every septic 
complication. In this study, we investigated the potential 
role of the ileal mucosa-associated microbiota at the time of  
surgery as a predictive factor for SSI in CD, a condition par-
ticularly involving gut microbiota alterations.26,27 Using a ran-
dom forest-based approach, we identified a microbiota-based 
model that is able to accurately predict SSI. Interestingly, just 
six genera [i.e. Hungatella, Epulopiscium, Fusobacterium, 
Ruminococcaceae_ucg_009, Actinomyces, Ralstonia] was 
enough to achieve an AUC of 0.78 [95% CI 0.55–0.96]. 
Among these genera, the three most important in the predict-
ive model were also identified by Maaslin2.

None of the clinical parameters studied [including mal-
nutrition but not albuminaemia per se] were selected in the 
predictive model. This result may be explained by the fact 
that these factors were already integrated in the surgical strat-
egy.4,6–9,17 Such findings have already been observed in the 
recent prospective study by Brouquet et  al.8 In their study, 
ileo-colostomy was more frequent than in the previous retro-
spective cohorts that have defined the clinical risk factors for 
postoperative sepsis.9,17 Indeed, in Brouquet et al. as well as in 
the present study, primary anastomosis was contraindicated 
when three or more of the following risk factors were pre-
sent: pre-operative steroids within 3 months before surgery, 
malnutrition, smoking habit, intraoperative abscess or fistula, 
and iterative surgery. Such changes in the modern surgical 
management of CD patients explain why previous clinical 
risk factors have been ‘erased’ from statistical analysis in re-
cent studies, but these risk factors should still be taken into 
account.

We then focused on the potential role of pre-operative nu-
tritional status as it was different in patients with or with-
out SSI. Although no alteration in alpha or beta diversity was 
associated with malnutrition, changes in several taxa were 
noted, in accordance with previous studies showing an al-

Table 2. AUC according to the number of variables in the predictive model 

Number of variables Genus added to the model Average AUC on 1000 trials Number of times the variable was selected by VSURF 

1 g_Hungatella 0.612 197

2 g_Epulopiscium 0.659 190

3 g_Fusobacterium 0.677 190

4 g_Ruminococcaceae_ucg_009 0.698 118

5 g_Actinomyces 0.762 196

6a g_Ralstonia 0.784 160

7 g_Anaerostipes 0.775 102

8 g_Eubacterium_brachy_group 0.78 172

9 g_Ruminococcaceae_ucg_004 0.784 126

10 g_Pseudoxanthomonas 0.783 125

11 g_Roseburia 0.781 199

12 g_Eubacterium_eligens_group 0.795 135

13 g_Lachnoanaerobaculum 0.793 120

14 g_Peptoniphilus 0.796 183

15 g_Bradyrhizobium 0.793 169

16 g_Gemella 0.792 151

17 g_Blautia 0.789 151

18 g_Campylobacter 0.777 129

19 g_Uba1819 0.778 144

20 g_Erysipelatoclostridium 0.778 127

21 g_Roseomonas 0.778 131

22 g_Eubacterium_nodatum_group 0.77 171

23 g_Terrisporobacter 0.775 129

24 g_Anaerotruncus 0.767 156

25 g_Olsenella 0.764 148

26 g_Rothia 0.763 124

27 g_Cellulomonas 0.794 172

28 f_Ruminococcaceae|g_uncultured_9 0.782 199

29 g_Acidovorax 0.782 198

30 g_Butyricicoccus 0.785 175

aThe 6th row provides the AUC for the model that contains the top six variables.
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teration of the gut microbiota in malnourished children.28–30 
When we studied the subgroup of patients in which data for 
albuminaemia level at surgery were available, it was selected 
in the SSI predictive model. Nevertheless, the predictive effi-
ciently of albuminaemia alone was low and adding micro-
biota features improved the model. Indeed, a model including 
albuminaemia and six gut microbiota features was roughly as 
good as one with six microbiota features alone.

In the present series, SSI occurred in 16.1% of patients, 
including 12.1% with intra-abdominal sepsis and 6% with 
wound abscess. These results were consistent with the litera-
ture, in which intra-abdominal septic morbidity is the most 
common complication in this high-risk population.17,31 In their 
case-matched study of 2007, Alves et al. reported 9.3% with 
intra-abdominal sepsis and 7.3% with wound abscess.17 Ten 
years later, Brouquet et al. found 8% with intra-abdominal 
sepsis and 4% with wound abscess.31 This shows that des-
pite improvements in both medical therapies and knowledge 
of clinical risk factors for septic morbidity, the incidence of 
such morbidity remains quite stable, implying that some other 
risk factors remain unknown. Improving our knowledge of 
these risk factors is also especially relevant in this setting, as 

the consequences of SSI are serious in this young CD popula-
tion, including 58.3% with major morbidity, 41.7% with un-
planned surgery and 20.8% with unplanned stoma creation 
in the present series.

The predictive ability of the microbiota regarding septic 
morbidity is relatively high in our study. However, this does 
not preclude a causality link between the gut microbiota al-
teration and SSI, as microbiota alterations and SSI might be 
under the influence of similar factors such as inflammation 
and oxygen exposure. Indeed, Winter et al. explained that the 
host inflammatory response generates by-products [namely, 
electron acceptors] that modify the microbiota as these elec-
tron acceptors selectively feed facultative anaerobic bacteria, 
thereby increasing their prevalence.32 The bacterial variations 
between SSI and non-SSI patients could therefore be explained 
as a consequence of a more aggressive disease and not as the 
potential cause of SSI. This hypothesis is supported by a re-
cent publication showing a correlation between CD severity, 
faecal amino acid concentrations and/or bacterial nitrogen 
flux.33 Regarding the use of antibiotic therapy, which could 
have theoretically explained these variations, the criterion of 
preoperative antibiotic therapy was collected and taken into 
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account in the analysis of clinical co-factors. Moreover, peri-
operative antibiotic prophylaxis was homogeneous in all pa-
tients, and in accordance with the French recommendations.34

Interestingly, the bacterial genera identified in the predict-
ive model have already been associated with IBD features. 
Fusobacterium abundance is increased in both faecal and 
mucosal tissues of patients with CD.14,15,35 This pathogen is 
considered to be pro-inflammatory and pro-oncogenic.35 
Moreover, Fusobacterium has been previously associated 
with postoperative and chronic inflammation in both CD and 
ulcerative colitis [UC].36

Epulopiscium abundance was shown to be increased in 
patients with active IBD, and particularly CD, compared 
to inactive IBD or healthy controls.37 Compared to healthy 
subjects, patients with CD requiring an ileocecal resection ex-
hibited an increased abundance of Epulopiscium in their mu-
cosal microbiota.12 Interestingly, Epulopiscium has been asso-
ciated with newly diagnosed CD in paediatric populations.38

Recently, in a paediatric study, Hungatella was found to 
be decreased in patients with CD not responding to exclu-
sive enteral nutrition in comparison to healthy subjects or re-
sponders.39 Similarly, in an adult CD cohort, exclusive enteral 
nutrition was associated with an increase in Hungatella.40 
Thereby, preoperative management of malnutrition and exclu-
sive enteral nutrition could alter the incidence of Hungatella. 
In TNFdeltaARE mice, Schaubeck and colleagues observed that 
different strains of Hungatella were found in mice developing 
and not developing a spontaneous ileitis, suggesting that dif-
ferent strains from the genus Hungatella may have different 
proinflammatory behaviour.41

Understanding the microbiota variations only as a conse-
quence and not a root-cause of intestinal inflammation is dis-
cordant with the results of faecal microbiota transplantation. 
Faecal microbiota transplantation in CD is still emerging,42 
but promising results are already available in UC.43 Moreover, 
it is reasonable to think that the microbiota not only has an 
impact on the severity of the disease but also on the risk of 
SSI, as an indirect reflection of the healing capacity of the tis-
sues. Indeed, Kumar et al. suggested that commensal bacteria 
modulate the protein degradation machinery of several essen-
tial signalling components, which in turn influence diverse 
physiological processes of the gut cells.44

Beyond the field of IBD, Van Praagh et al. reported a pos-
sible impact of the microbiota in colorectal anastomotic fis-
tulas.13 In their study, a low microbiota diversity as well as a 
high abundance of bacteria from the families Bacteroidaceae 
and Lachnospiraceae were associated with an increased risk 
of anastomotic fistula. Although the disease and the type of 
anastomosis are different from our study, they still support 
the concept of a predictive role of the gut microbiota in SSI.

Finally, although suggest that the microbiota can predict SSI 
in patients operated on for CD, validation in an external co-
hort is needed, and we should remain aware that the quality of 
prediction can vary substantially from one sample to another 
[the confidence intervals of the AUC values are quite large]. 
This is an additional motivation to develop new mathematical 
methods more adapted to the microbiota data, which could 
for instance take into account their hierarchical structure.

In conclusion, our study shows that the mucosal micro-
biota has the potential to predict the occurrence of SSI after 
surgery for CD. Forthcoming studies should confirm these 
findings and assess if preoperative analysis of the microbiota 
may impact postoperative morbidity in CD patients. Beside 

its potential role as a biomarker, if the gut microbiota plays 
an active role in SSI pathogenesis, therapeutic or preventive 
intervention targeting the gut microbiota might be considered 
to reduce the risk of postoperative complications and increase 
the rate of primary anastomosis in patients with CD.

Supplementary Data

Supplementary data are available online at ECCO-JCC on-
line.

Conflict of Interest 

H.S. received unrestricted study grants from Biocodex; board 
membership, consultancy or lecture fees from Carenity, 
Abbvie, Astellas, Danone, Ferring, Mayoly Spindler, MSD, 
Novartis, Roche, Tillots, Enterome, Maat, BiomX, Biose, 
Novartis and Takeda; and is a co-founder of Exeliom bio-
science. M.N.  received board membership, consultancy or 
lecture fees from Abbvie, Adacyte, Amgen, Arena, Biogen, 
CTMA, Celltrion, Ferring, Fresenius-Kabi, Janssen, Mayoli-
Spindler, MSD, Pfizer and Takeda. J.H.L. reports lecture fees 
from Ethicon, Takeda, Intuitive and B-Braun, invitation to a 
medical congress by Biomup and MD start. J.H..L is a con-
sultant for Safeheal and Coloplast and a personal investor 
in digital companies, medical device companies or biotech 
companies. S.N. declares counselling, board, transport or fees 
from Abbvie, Biogen, HAC-pharma, Janssen, MSD, Novartis, 
Pfizer, Takeda, Tillots, BMS, Amgen and Fresenius. The other 
authors declare no conflict of interest. The data underlying 
this article will be shared on reasonable request to the corres-
ponding author.

Acknowledgments

This study was supported by Association François Aupetit. 
Patient and public involvement: no involvement.

REMIND Study group investigators

Saint-Louis, Paris: Pierre Cattan, Mircea Chirica, Nicolas 
Munoz-Bongrand, Hélène Corte, Nathan Beaupel, Jonathan
Catry, Jean-Marc Gornet, Clotilde Baudry, Nelson Lourenco, 
Mariane Maillet, My-Linh Tran-Minh, Victor Chardiny, Joelle 
Bonnet, Leila Chedouba, Andrée Nisard; Saint-Antoine, Paris:
Laurent Beaugerie, Anne Bourrier, Isabelle Nion-Larmurier, 
Julien Kirchgesner, Cécilia Landman, Elodie Quevrain, Loic
Brot, Najim Chafai, Yann Parc, Clothilde Debove, Magali 
Svreck, Camille Vincent; Beaujon, Clichy: Nathalie Guedj, 
Marianne Ferron, Yoram Bouhnik, Olivier Corcos, Carmen 
Stefanescu, Sarah Khabil; Lariboisière, Paris: Philippe 
Marteau, Xavier Dray, Ulrika Chaput; Clermont-Ferrand: 
Gilles Bommelaer, Marion Goutte, Jérémie Denizot, Nicolas
Barnich, Dilek Coban; Lille: Pierre Desreumaux, Benjamin 
Pariente, Coralie Sommeville; Amiens: Jean-Louis Dupas, 
Julien Loreau, Franck Brazier, Denis Chatelain, Christophe 
Attencourt, Martine Leconte; Lyon: Gilles Boschetti, Bernard 
Flourié, Eddy Cotte, Anne-Laure Charlois, Peggy Falgon,
Helena Hadjisavvas, Driffa Moussata, Marion Chauvenet, 
Sarah Boyer; Nice: Xavier Hebuterne, Nadia Arab, Raja 
Barhoumi, Paul Hofmann.

CRB NICE: Nice Hospital Biobank [BB-0033-00025], 
University Côte d’Azur, France

9



Author Contributions

C.J.: acquisition of data, drafting of the manuscript; E.A., 
S.L.C., A.B.: mathematical and statistical analysis; L.B-B.: 
drafting of the manuscript; H.S.: analysis and interpretation 
of the data, drafting of the manuscript; all authors: acquisi-
tion of data, critical revision of the manuscript. All the au-
thors revised and approved the manuscript.

References

 1. Cosnes  J, Nion-Larmurier  I, Beaugerie  L, Afchain  P, Tiret  E,

Gendre  JP. Impact of the increasing use of immunosuppres-

sants in Crohn’s disease on the need for intestinal surgery. Gut

2005;54:237–41.

2. Bemelman  WA, Warusavitarne  J, Sampietro  GM, et  al. ECCO-

ESCP consensus on surgery for Crohn’s disease. J Crohns Colitis

2018;12:1–16.

 3. Farmer  RG, Hawk  WA, Turnbull  RB. Indications for surgery

in Crohn’s disease: analysis of 500 cases. Gastroenterology

1976;71:245–50.

 4. Müller-Wille R, Iesalnieks I, Dornia C, et al. Influence of percutan-

eous abscess drainage on severe postoperative septic complications

in patients with Crohn’s disease. Int J Colorectal Dis 2011;26:769–

74.

 5. Dasari BV, McKay D, Gardiner K. Laparoscopic versus Open sur-

gery for small bowel Crohn’s disease. Cochrane Database Syst Rev

2011. Doi: 10.1002/14651858.CD006956.pub2.

 6. Fumery M, Seksik P, Auzolle C, et al. Postoperative complications

after ileocecal resection in Crohn’s disease: a prospective study

from the REMIND Group. Am J Gastroenterol 2017;112:337–45.

 7. Abdalla  S, Brouquet  A, Maggiori  L, et  al.; GETAID Chirurgie

Group. Postoperative morbidity after iterative ileocolonic resec-

tion for Crohn’s disease: should we be worried? A  prospective

multicentric cohort study of the GETAID Chirurgie. J Crohns Col-

itis 2019;13:1510–7.

 8. Brouquet  A, Maggiori  L, Zerbib  P, et  al.; GETAID chirurgie

group. Anti-TNF therapy is associated with an increased risk

of postoperative morbidity after surgery for ileocolonic Crohn

disease: results of a prospective nationwide cohort. Ann Surg

2018;267:221–8.

 9. Yamamoto  T, Allan  RN, Keighley  MRB. Risk factors for intra-

abdominal sepsis after surgery in Crohnʼs disease. Dis Colon Rec-

tum 2000;43:1141–5.

 10. Kashyap  PC, Chia  N, Nelson  H, Segal  E, Elinav  E. Microbiome

at the frontier of personalized medicine. Mayo Clin Proc

2017;92:1855–64.

 11. Sokol  H, Brot  L, Stefanescu  C, et  al.; REMIND Study Group

Investigators. Prominence of ileal mucosa-associated microbiota

to predict postoperative endoscopic recurrence in Crohn’s disease.

Gut 2020;69:462–72.

 12. Wright EK, Kamm MA, Wagner J, et al. Microbial factors associ-

ated with postoperative Crohn’s disease recurrence. J Crohns Co-

litis 2017;11:191–203.

 13. van Praagh  JB, de Goffau MC, Harmsen HJM, Havenga K. Re-

sponse to Comment on “Mucus microbiome of anastomotic tissue

during surgery has predictive value for colorectal anastomotic

leakage”. Ann Surg 2019;269:e69–70.

 14. Sartor RB, Wu GD. Roles for intestinal bacteria, viruses, and fungi

in pathogenesis of inflammatory bowel diseases and therapeutic

approaches. Gastroenterology 2017;152:327–39.e4.

 15. Liguori G, Lamas B, Richard ML, et al. Fungal dysbiosis in mucosa-

associated microbiota of Crohn’s disease patients. J Crohns Colitis

2016;10:296–305.

 16. Auzolle C, Nancey S, Tran-Minh ML, et al.; REMIND Study Group 

Investigators. Male gender, active smoking and previous intestinal

resection are risk factors for post-operative endoscopic recurrence

in Crohn’s disease: results from a prospective cohort study. Aliment

Pharmacol Ther 2018;48:924–32.

 17. Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk

factors for intra-abdominal septic complications after a first

ileocecal resection for Crohnʼs disease: a multivariate analysis in

161 consecutive patients. Dis Colon Rectum 2007;50:331–6.

 18. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal

classification of inflammatory bowel disease: controversies, con-

sensus, and implications. Gut 2006;55:749–53.

 19. Harvey  RF, Bradshaw  MJ. Measuring Crohn’s disease activity.

Lancet 1980;1:1134–5.

 20. Balk RA, Bone RC. The septic syndrome. Definition and clinical

implications. Crit Care Clin 1989;5:1–8.

 21. Dindo  D, Demartines  N, Clavien  PA. Classification of surgical

complications: a new proposal with evaluation in a cohort of 6336

patients and results of a survey. Ann Surg 2004;240:205–13.

 22. Bolyen E, Rideout JR, Dillon MR, et al. Author Correction: repro-

ducible, interactive, scalable and extensible microbiome data sci-

ence using QIIME 2. Nat Biotechnol 2019;37:1091.

 23. Quast C, Pruesse E, Yilmaz P, et al. The SILVA ribosomal RNA gene 

database project: improved data processing and web-based tools.

Nucleic Acids Res 2013;41:D590–6.

 24. McMurdie PJ, Holmes S. phyloseq: an R package for reproducible

interactive analysis and graphics of microbiome census data. PLoS

One 2013;8:e61217.

 25. Mallick H, Rahnavard A, McIver LJ, et  al. Multivariable associ-

ation discovery in population-scale meta-omics studies. Microbi-

ology 2021.

 26. IBDMDB Investigators, Lloyd-Price J, Arze C, Ananthakrishnan AN, 

et al. Multi-omics of the gut microbial ecosystem in inflammatory

bowel diseases. Nature 2019;569:655–62.

 27. Gevers  D, Kugathasan  S, Knights  D, Kostic  AD, Knight  R,

Xavier RJ. A microbiome foundation for the study of Crohn’s dis-

ease. Cell Host Microbe 2017;21:301–4.

 28. Xiang L, Yu Y, Ding X, et al. Exclusive enteral nutrition plus immediate 

vs. delayed washed microbiota transplantation in Crohn’s disease with 

malnutrition: a randomized pilot study. Front Med 2021;8:666062. 

 29. Chen  RY, Mostafa  I, Hibberd  MC, et  al. A microbiota-directed

food intervention for undernourished children. N Engl J Med

2021;384:1517–28.

 30. Wang Y, Wiesnoski DH, Helmink BA, et al. Fecal microbiota trans-

plantation for refractory immune checkpoint inhibitor-associated

colitis. Nat Med 2018;24:1804–8.

 31. Brouquet A, Blanc B, Bretagnol F, Valleur P, Bouhnik Y, Panis Y.

Surgery for intestinal Crohn’s disease recurrence. Surgery

2010;148:936–46.

 32. Winter SE, Lopez CA, Bäumler AJ. The dynamics of gut-associated

microbial communities during inflammation. EMBO Rep

2013;14:319–27.

 33. Ni J, Shen TCD, Chen EZ, et al. A role for bacterial urease in gut

dysbiosis and Crohn’s disease. Sci Transl Med 2017;9:eaah6888.

 34. Martin  C, Auboyer  C, Boisson  M, et  al. Antibioprophylaxie

en chirurgie et médecine interventionnelle (patients adultes).

Actualisation 2017. Anesth Réanim 2019;5:544–66.

 35. Forbes  JD, Van Domselaar G, Bernstein CN. Microbiome survey

of the inflamed and noninflamed gut at different compartments

within the gastrointestinal tract of inflammatory bowel disease

patients. Inflamm Bowel Dis 2016;22:817–25.

 36. Petersen  AM, Mirsepasi-Lauridsen  HC, Vester-Andersen  MK, 

Sørensen  N, Krogfelt  KA, Bendtsen  F. High abundance of

proteobacteria in ileo-anal pouch anastomosis and increased abun-

dance of fusobacteria associated with increased pouch inflamma-

tion. Antibiotics 2020;9:237.

 37. Ma  HQ, Yu  TT, Zhao  XJ, Zhang  Y, Zhang  HJ. Fecal microbial

dysbiosis in Chinese patients with inflammatory bowel disease.

World J Gastroenterol 2018;24:1464–77.

 38. Kansal S, Catto-Smith AG, Boniface K, et al. The microbiome in

paediatric Crohn’s disease—a longitudinal, prospective, single-

centre study. J Crohns Colitis 2019;13:1044–54.

 39. Tang W, Huang Y, Shi P, et al. Effect of exclusive enteral nutrition on 

the disease process, nutrition status, and gastrointestinal microbiota 

10

https://doi.org/10.1002/14651858.CD006956.pub2


for Chinese children with Crohn’s disease. JPEN J Parenter Enteral 

Nutr 2021;45:826–38.

 40. Svolos V, Hansen R, Nichols B, et al. Treatment of active Crohn’s

disease with an ordinary food-based diet that replicates exclusive 

enteral nutrition. Gastroenterology 2019;156:1354–67.e6.

 41. Schaubeck M, Clavel T, Calasan J, et al. Dysbiotic gut microbiota

causes transmissible Crohn’s disease-like ileitis independent of 

failure in antimicrobial defence. Gut 2016;65:225–37.

 42. Sokol H, Landman C, Seksik P, et al.; Saint-Antoine IBD Network.

Fecal microbiota transplantation to maintain remission in Crohn’s

disease: a pilot randomized controlled study. Microbiome 2020;8:12.

 43. Benech N, Sokol H. Fecal microbiota transplantation in gastrointes-

tinal disorders: time for precision medicine. Genome Med 2020;12:58.

44. Kumar  A, Wu  H, Collier-Hyams  LS, et  al. Commensal bacteria

modulate cullin-dependent signaling via generation of reactive ox-

ygen species. EMBO J 2007;26:4457–66.

11


