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INTRODUCTION 

The so-called symptomatic 
uncomplicated diverticular 
disease (SUDD) is the main 
clinical syndrome affecting 
patients with diverticulosis of 
the colon [1]. Its prevalence is 
limited to 10-15% of patients 
having diverticulosis in both the 
Western and Eastern worlds [2, 
3], and its diagnosis is sometimes 
delayed due to overlapping with 
irritable bowel syndrome [4]. 
Symptomatic uncomplicated 
diverticular disease often recurs, 
with more than 91% of patients 
experiencing a relapse within 12 
months, and up to 8% of these 
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ABSTRACT

Background & Aims: Symptomatic Uncomplicated Diverticular Disease (SUDD) may recur, but it is still 
unknown whether the gut microbiota (GM) may play a role. We aimed to analyze whether GM plays a role 
in short-term (6 months) relapse in SUDD patients for whom GM data were retrospectively available. 
Methods: GM was profiled using 16S rRNA amplicon sequencing in SUDD patients who did or did not 
relapse within 6 months of diagnosis, as well as in patients with asymptomatic diverticulosis (AD) who 
served as controls.
Results: Of 66 SUDD patients, 5 experienced SUDD recurrence within 6 months of diagnosis. Relapsers 
and non-relapsers did not differ in in GM alpha and beta diversity, either between each other or compared 
to controls. However, taxonomically the phylum Verrucomicrobiota, the family Erysipelotrichaceae and the 
genera Prevotellaceae NK3B31 group, Roseburia and Holdemanella were enriched in SUDD relapsers, while 
Ruminococcaceae and Sutterella were enriched in non-relapsers (p<0.05).
Conclusions: This study suggests an association between recurrent SUDD and pro-inflammatory taxa that 
have previously been implicated in severe SUDD and other gut disturbances. Larger and longer cohort studies 
are warranted to further investigate the potential predictive role of GM in short-term recurrence of SUDD 
and to inform precise intervention strategies.

Key words: symptomatic uncomplicated diverticular disease − SUDD − disease recurrence −- gut microbiota. 

Abbreviations: AD: asymptomatic diverticulosis; FDR: false discovery rate; GM: gut microbiota; IBD: 
inflammatory bowel disease; SUDD: symptomatic uncomplicated diverticular disease.

patients may develop acute diverticulitis in the long term [5]. 
Until now, it is not well understood why patients having SUDD 
may often recur. 

In recent years, some studies identified gut microbiota 
(GM) perturbations in SUDD [6]. Although limited by the 
small sample size, these studies were the first to focus on the 
potential role of GM perturbation in the pathogenesis of the 
disease [6]. More recently, we found that GM changes are linked 
to the severity of abdominal pain, which is the main symptom 
characterizing SUDD [1]. In particular, potentially harmful taxa 
(such as Proteobacteria, Streptococcaceae, and Megasphaera) were 
overrepresented in patients experiencing more severe abdominal 
pain, and may contribute to inflammation and symptom 
exacerbation [7]. Interestingly, GM changes in these patients 
(particularly, an increase in Enterobacteriaceae and Megasphaera) 
have also been found to be closely associated with increasing 
endoscopic severity of the disease [8]. Despite these interesting 
findings, it is still unclear whether GM perturbation may predict 
the clinical outcomes of SUDD, including recurrence. 
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Aim of this study was therefore to assess potential 
differences in GM between SUDD patients with and without 
disease recurrence, as compared to patients with asymptomatic 
diverticulosis (AD) as controls.  

METHODS

We retrospectively assessed SUDD and AD patients, who 
had stool samples collected by fecal swab for microbiota 
profiling and stored at the Unit of Microbiome Science and 
Biotechnology, Department of Pharmacy and Biotechnology, 
University of Bologna (Bologna, Italy). All fecal swabs were 
collected using the eNAT® System (Copan, Brescia, Italy) and 
stored at -80°C. We identified patients who had experienced 
a recurrence of SUDD after diagnosis.   

The study was conducted in accordance with clinical practice 
guidelines and the principles of the Declaration of Helsinki. All 
patients gave written informed consent before undergoing 
endoscopy and/or CT scan and/or fecal sampling. Ethics 
committee approval for this retrospective study was obtained 
from the Azienda Ospedaliero-Universitaria “Ospedali Riuniti”, 
Foggia, Italy (PROT. 164/CE/2023, October 23, 2023).

Inclusion criteria were: males and females >18 years; 
colonic diverticulosis diagnosed by colonoscopy or imaging 
(abdominal computed tomography and/or ultrasonography); 
diagnosis of SUDD (defined as left-lower and long-lasting 
quadrant pain in patients with diverticulosis) [9, 10], 
during the 6 months prior to fecal collection; possibility of 
retrospectively reconstructing the symptoms and clinical 
history of patients with SUDD; GM assessment performed 
at the Unit of Microbiome Science and Biotechnology, 
Department of Pharmacy and Biotechnology, University of 
Bologna (Bologna, Italy). SUDD short-term recurrence was 
defined as recurrence of left-lower and long-lasting quadrant 
pain in patients with prior diagnosis of SUDD, in whom acute 
diverticulitis occurrence was excluded by abdominal CT scan 
or intestinal ultrasound. 

Exclusion criteria were: radiological signs (by abdominal 
computed tomography and/or ultrasonography) of acute 
diverticulitis (defined as inflammation of the colonic 
wall harboring diverticula with fat stranding, and with or 
without complications such as abscesses, stenosis or fistulas, 
namely uncomplicated or complicated diverticulitis) [10]; 
inflammatory bowel disease (IBD); irritable bowel syndrome; 
ischemic colitis; prior colonic resection; patients with a history 
of cancer, of any origin, at the time of SUDD diagnosis and/
or under treatment with chemotherapy and/or radiotherapy; 
a history of alcohol, drug, or chemical abuse; patients with a 
current or recent (≤3 months) episode of COVID-19 [11]. 
Furthermore, patients who had received treatment with GM 
manipulation tools (such as probiotics and antibiotics, including 
those not absorbed), and/or non-steroidal anti-inflammatory 
drugs (except for acetyl-salicylic acid ≤100 mg/day) <4 weeks 
prior to fecal collection, were excluded. This was done in light of 
the well-known impact of probiotics [12], antibiotics (including 
the non-absorbable rifaximin, widely used in SUDD) [13], and 
mesalazine (an anti-inflammatory drug used to relieve SUDD 
symptoms and prevent diverticulitis) [14] on the GM, which 
could potentially introduce bias. 

The primary endpoint was to compare the GM of SUDD 
patients who did or did not relapse within a short term (6 
months) of SUDD diagnosis.

Microbial DNA was extracted using the repeated bead-
beating plus column method, with minor adaptations [7]. 
Indexed libraries of the V3-V4 hypervariable regions of the 
16S rRNA gene were prepared according to the Illumina 
protocol “16S Metagenomic Sequencing Library Preparation” 
(Illumina, San Diego, CA, USA). The final pool was obtained 
by mixing all samples to an equimolar concentration of 4 
nM, denaturing and diluting to 5 pM prior to sequencing on 
an Illumina MiSeq platform using a 2 × 250 bp paired-end 
protocol according to the manufacturer’s instructions. Raw 
sequencing reads are available for download from the National 
Center for Biotechnology Information Sequence Read Archive 
(NCBI SRA; BioProject ID: PRJNA1216941).

Bioinformatics and Statistical Analysis 
Raw sequences were processed using PANDASeq (15) and 

QIIME 2 [16]. Reads were filtered for length and quality and 
then binned into amplicon sequence variants (ASVs) using 
DADA2 [17]. Taxonomic assignment was performed using 
the VSEARCH algorithm [18] and the SILVA database (August 
2020 release) [19]. Alpha diversity was calculated using several 
metrics, such as the Shannon index, the number of observed 
ASVs and Faith’s phylogenetic diversity. Beta diversity was 
calculated as weighted UniFrac distances and visualized using 
Principal Coordinates Analysis (PCoA) plots.

Statistical analysis was performed using R software and 
the “vegan” (https://cran.r-project.org/package=vegan) and 
“Made4” (20) packages. Data separation in PCoA plots was 
tested using a PERMANOVA test (“Adonis” function in 
“vegan”). Group differences in alpha diversity and relative 
taxon abundance were assessed using the Kruskal-Wallis test 
followed by post-hoc Wilcoxon tests. P-values were adjusted 
using the Benjamini-Hochberg method. A false discovery rate 
(FDR) ≤0.05 was considered statistically significant, and FDR 
≤0.1 was considered to indicate a trend. 

RESULTS

According to the inclusion and exclusion criteria, 66 patients 
with SUDD and 30 patients with AD were identified. Of the 
SUDD patients, 5 had a recurrence of SUDD and 61 had no 
recurrence within 6 months of SUDD diagnosis. The demographic 
and clinical characteristics of SUDD and AD patients are reported 
in Table I. No differences were found between SUDD relapsers 
and not relapsers, but both groups differed from AD patients in 
terms of the diet followed (a vegetarian diet was mainly recorded 
in the AD group) and abdominal pain, which was only recorded 
in the SUDD groups (p=0.0059). 

The GM of SUDD patients who did or did not relapse within 6 
months of diagnosis did not differ in alpha or beta diversity, either 
between each other or compared to AD controls (p>0.05) (Fig. 
1A). However, taxonomically the phylum Verrucomicrobiota, 
the family Erysipelotrichaceae and the genera Prevotellaceae 
NK3B31 group, Roseburia and Holdemanella showed higher 
relative abundances in the SUDD-relapsing group than in the 
non-relapsing group (Wilcoxon test, p<0.05) (Fig. 1B-D). 
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Table I. Demographic and clinical characteristics of SUDD patients who relapsed (rSUDD) or did not relapse 
(SUDD) within 6 months of diagnosis, and patients with asymptomatic diverticulosis (AD) as controls

SUDD (n=61) rSUDD (n=5) AD (n=30) pa

Male gender, n (%) 35 (57.4) 3 (60.0) 11 (36.7) 0.15

Median (IQR) age, years 63.8 (36-81) 62 (52-70) 62.5 (55-71) 0.457b

Smoking, n (%) 9 (14.7) 1 (20.0) 4 (13.3) 0.793

Presence of comorbidities, n (%) 42 (68.8) 5 (100) 24 (80.0) 0.242

Previous appendectomy, n (%) 8 (13.1) 1 (20.0) 7 (23.3) 0.389

Diagnostic tool, n (%)

   Colonoscopy 48 (78.6) 4 (80.0) 22 (73.3) 0.771c

   Computed tomography 12 (19.7) - 4 (13.3)

   Ultrasonography 5 (8.2) - 3 (10.0)

Diet, n (%) <0.0001c

   Mediterranean 33 (54.1) 1 (54.1) 16 (53.3) 0.394

   Prevalence of meat 5 (8.2) - - 0.36

   Prevalence of fish - 1 (20.0) - 0.05

   Vegetarian 8 (13.1) 1 (20.0) 12 (40.0) 0.015

   Vegan - - 2 (6.7) 0.197

Abdominal pain, median (IQR) VAS score 5 (3-10) 5 (3-10) 0 (0-3) 0.0059b

Bristol stool form scale, median (IQR) 4 (3-5) 3 (3-5) 4 (3-5) 0.263b

IQR: interquartile range; VAS: visual analogue scale; aFisher’s exact test; bKruskal-Wallis test; cChi2 test.

Fig. 1. Gut microbiota profile of SUDD patients who relapsed or did not relapse within 6 months of diagnosis compared to patients with 
asymptomatic diverticulosis. (A) Principal Coordinates Analysis (PCoA) based on weighted UniFrac distances between gut microbiota 
profiles of SUDD patients who did (rSUDD) or did not (SUDD) relapse within 6 months of SUDD diagnosis, and patients with asymptomatic 
diverticulosis (AD). Ellipses include 95% confidence area based on the standard error of the weighted average of sample coordinates. No 
significant segregation was found (Adonis, p>0.05). Boxplots showing the relative abundance distribution of phyla (B), families (C) and 
genera (D) differentially represented between study groups. Wilcoxon test; *p≤0.05, **p≤0.01, #p≤0.1.
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Notably, Erysipelotrichaceae, Prevotellaceae NK3B31 
group and Holdemanella were also overrepresented compared 
to AD patients (p≤0.06). Conversely, Ruminococcaceae 
and Sutterella were significantly enriched in non-relapsers 
compared to relapsers (p<0.05). Further differences were 
observed between SUDD groups and AD patients. In 
particular, compared to AD patients, SUDD relapsers were 
characterized by higher proportions of Desulfobacterota, 
Desulfovibrionaceae, Desulfovibrio and Agathobacter, 
and lower proportions of Peptostreptococcaceae (p<0.05). 
SUDD non-relapsers were characterized by comparatively 
lower proportions of Clostridiaceae, Anaerovoracaceae and 
Clostridium sensu stricto 1 (p≤0.04). 

DISCUSSION

This study investigated differences in GM between SUDD 
patients who experienced disease recurrence and those who 
did not, in order to assess the potential role of GM in SUDD 
recurrence. While no differences were observed in alpha or beta 
diversity, the GM of SUDD-relapsing patients differed from 
that of non-relapsing patients in the proportions of many taxa. 
In particular, SUDD relapsers were enriched in the phylum 
Verrucomicrobiota (including mucin-degrading bacteria such 
as Akkermansia), the family Erysipelotrichaceae and the genera 
Holdemanella, Prevotellaceae NK3B31 group, and Roseburia. 
Erysipelotrichaceae members, particularly Holdemanella, have 
previously been found to be overrepresented in the GM of 
SUDD patients and have been associated with IBD severity 
[21, 22]. Prevotellaceae NK3B31 is an opportunistic pathogen 
associated with stress and inflammation [23], and its family 
(Prevotellaceae) has been found to be enriched in severe 
SUDD [7]. Notably, the differences in Erysipelotrichaceae, 
Holdemanella and Prevotellaceae NK3B31 group were also 
significant compared to AD patients, further strengthening 
their potential role in SUDD recurrence. Conversely, the 
overabundance of Roseburia, a butyrate-producing genus, 
in SUDD relapsers is counterintuitive and requires further 
investigation. Compared to non-relapsers, SUDD relapsers also 
showed lower proportions of Ruminococcaceae and Sutterella. 
The underrepresentation of Ruminococcaceae, one of the 
most abundant families in a healthy adult GM, may further 
contribute to an unbalanced GM prone to favoring SUDD 
recurrence. Indeed, a decrease in Ruminococcaceae has so far 
been linked to multiple gastrointestinal disorders [24]. It should 
be noted that the Ruminococcaceae family includes known fiber 
degraders and short-chain fatty acid producers, suggesting 
a potential relationship with dietary habits. Although it was 
not possible to identify differences in diet between SUDD 
relapsers and non-relapsers in our cohort, fewer patients 
in both groups followed a vegetarian diet compared to AD 
patients. On the other hand, Sutterella has been reported 
to be depleted in IBD patients (25), although some species, 
such as Sutterella wadsworthensis, have been implicated in 
bacteremia in patients with gastrointestinal disorders (26). 
It is also worth noting that, compared to AD patients, SUDD 
relapsers were characterized by higher proportions of sulphate-
reducing bacteria (Desulfobacterota, Desulfovibrionaceae 
and Desulfovibrio), known pathobionts capable of inducing 

inflammation, also through impaired barrier function driven 
by excess production of hydrogen sulphide [27]. Once again, 
such differences could be related to diet, as sulphate-reducing 
bacteria are typically associated with western diets, low in 
fiber while high in protein and fat [28]. Other compositional 
differences were found between SUDD relapsers or non-
relapsers and AD patients, matching previous observations [7].

As expected, this study has some limitations: i) the 
retrospective design, which limits observation of the GM to a 
strict timeframe (it cannot be ruled out that acute diverticulitis 
could occur outside of the 6-month period); ii) the small cohort 
size, particularly of SUDD relapsers (which also prevented 
further investigation into the possible relationship between 
diet, GM profile and SUDD recurrence); iii) the short-term 
analysis (six months) to assess recurrence, that could limits 
the collection of potential relapsers though a longer follow-up; 
iv) the use of 16S rRNA amplicon sequencing, which, while a 
standard method for microbiota profiling, lacks the resolution 
for species-level taxonomic classification and functional 
inference; and v) the absence of mechanistic insights, which 
would necessitate further investigation, including the use of 
in vitro and animal models. 

Despite these limits, this study reveals an association 
between recurrent SUDD and GM taxa previously been 
implicated in severe SUDD and IBD. This suggests a more 
dysbiotic profile than in SUDD patients with no short-term 
disease recurrence, and hints at a potential predictive role 
of the GM. Larger and longer cohort studies are warranted 
to further investigate the presence and potential biomarker 
role of these taxa in recurrent SUDD. Similarly, these studies 
will need to investigate the relationship with dietary habits. 
However, a recent article of ours [29] suggests that diet may 
have little impact on GM in cases of severe SUDD. It is therefore 
reasonable to speculate that the same applies in cases with a 
high probability of recurrence, and that other GM modulation 
tools should consequently be employed to address dysbiosis 
and prevent recurrence.

CONCLUSIONS

This is the first time that a difference was found in the GM of 
SUDD patients with versus without a recurrence of the disease 
within 6 months. These findings may explain why some SUDD 
patients experience short-term disease relapse. However, 
further prospective studies are needed to confirm these data, 
in order to plan adequate GM-based interventional treatment.  
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