Supporting information

Methods
Study participants, in- and exclusion criteria

Study participants were recruited from the Oslo University Hospital rheumatology
outpatient clinic from August to December 2017. Disease duration was defined as the time
from onset of first non-Raynaud symptom attributed to SSc until the first study visit. Patients
could be on concomitant immunosuppressive medications if provided doses were stable for at
least 3 months prior to inclusion and were not likely to change during the study. Major
exclusion criteria were (i) systemic antibiotic treatment within last 6 weeks, (ii) severe end
organ disease (lung disease with forced vital capacity (FVC) <50% and/or diffusing lung
capacity for carbon monoxide (DLCQO) <40%, severe heart failure with ejection fraction<30%
or end stage kidney disease with glomeration filtration rate <30 ml/min) and (iii) active digital

ulcers, due to increased risk of antibiotics use.

Gastroduodenoscopy procedures

Patients were examined by a trained endoscopist applying standard technique using
Olympus endoscopes. Eight biopsies were sampled from the descending part of the duodenum
using biopsy forceps. ACHIM was administered by a through-the-scope catheter distal for the

biopsy site, followed by 30mL of saline.

Efficacy and clinical assessment

The UCLA GIT score was applied for efficacy assessment as the primary outcome. All
scales are scored from O (better) to 3 (worse) except the diarrhea and constipation scales
(ranges are 0-2.0 and 0— 2.5). The total UCLA GIT score is the sum of all scales (except

constipation) converted into a score ranging from 0.00-2.83 providing an estimation of the



severity of Gl involvement. The total UCLA GIT score and each individual domain has
previously been validated. Clinical Gl involvement was defined as apparent if the patients
reported symptoms resulting in a total score or at least one of the five GI items >0.01 and was
segregated into mild (<0.5 or for fecal incontinence and distention/bloating <1.01) or
moderate-severe GI symptoms (>0.5 or for fecal incontinence and distention/bloating >1.01)
[1].

Secondary clinical efficacy assessments were determined at each study visit including
patient and physician global assessments (Supplementary material Figure 1). Clinical
examinations were performed, and blood samples (including erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP)), drawn after standard procedures at each visit. Modified
Rodnan Skin Score and digital ulcers were assessed at all visits by the same investigators
(AMHV, HF). Pulmonary function tests were carried out according to the American Thoracic
Society/European Respiratory Society guidelines, using Jaeger Master Screen Body (Eric
Jaeger, Wurzburg, Germany) at week 0 and 12 [2]. Use of antibiotics and medications,

change in medication and change in nutrition was noted at all visits.

Biological material collection and analysis

The study participants collected weekly fecal samples at home, using an easy-to-use
collecting device (Protocult™) [3], stored the samples immediately at -20 °C in sterile
containers without additives and brought their frozen fecal samples to the study site at each
study visit. At the study site, the samples were stored immediately at —-80°C. Fecal
calprotectin was measured in stool samples from week 0, 4 and 16 using a standard ELISA
assay. Fecal concentrations of short-chain fatty acids (SCFASs), including major SCFAs
(acetic, propionic, and butyric acids), and minor SCFAs (iso-butyric, valeric, iso-valeric,

caproic and iso-caproic acids), were analyzed with gas chromatography and quantified using



flame ionization detection, as previously described [4]. A modified version of BUGFACS
(below) was applied to assess relative abundance of bacterial genera in IgA and IgM coated
fractions as well as total (unsorted) fecal bacteria [5]. Library preparations were performed in
accordance with an established protocol with amplification of the VV3-V4 region of the 16S

rRNA gene and sequencing on the lllumina MiSeq platform [6].

IgA and IgM binding patterns protocol

We applied a modified method adopted from Planer et al. [7]. Briefly, frozen fecal
samples were suspended in PBS. 5 mg of feces passes through a mesh filter, ice cold PBS was
added and centrifuged at 10,000 g. The cell pellet re-suspended in FACS buffer and aliquoted
into 5 tubes before addition of anti-IgM PE, anti-lgG PE, anti-IgA PE, anti-IgA isotype
control or PBS. SytoBC bacterial DNA stain was added and before sort using FACS. For
each sample, 50,000 ‘events’ were recovered. Each fraction was stored at —20°C before 16S

rRNA sequencing.

Statistical analysis, sequence processing and bioinformatics

Linear mixed models analysis were used to estimate changes in the microbiota
composition and the changes in IgA and IgM coating patterns over the entire follow-up period
(i.e. baseline, 4 weeks, and 16 weeks) and to control for repeated measurements. Time, group
(FMT or placebo), and time-by-group interaction were fixed effects in all models. All models
included random intercept. Based on the linear mixed models, we estimated mean treatment
group values with 95% Cls for the three time points (baseline, 4 weeks, and 16 weeks) for
each group. We also estimated the mean group changes from baseline to 4 and 16 weeks and

the between-group difference in change from baseline to 4 and 16 weeks. Bacterial genera



present in less than 20% of the samples were excluded from further analysis. All p-values

<0.1 were included in the results.

Relative abundance and taxonomic profiles were computed using the Quantitative
Insights Into Microbial Ecology (QIIME) tool [8].
Reads containing Illumina Universal Adapters or PhiX were discarded using bbduk

version 38.25 (BBTools, https://jgi.doe.gov/data-and-tools/bbtools/) and the remaining reads

were demultiplexed using je version 1.2 [9]. Indexes, heterogeneity spacers and primers were
trimmed with cutadapt version 1.18 [10] and the paired-end reads were subsequently quality
trimmed and merged using bbmerge version 38.25 [11]. The merged contigs were trimmed to
400bp and denoised to retrieve ASV (Amplicon Sequence Variants) with deblur [12] in
Qiime2 [13]. ASVs with an abundance <0.005% of the total abundance in the library were
discarded. Taxonomic classification of each ASV was done in Qiime2 using a naive bayes
classifier [14] trained on a preclustered version (99% sequence similarity) of the Silva
database version 132 [15]. Contaminants were determined based on negative correlation with
read-depth and was removed (Rhizobiales, Caulobacterales, Chloroplast, Pseudomonadales,
Halomonadaceae, Shewanellaceae, Microbacterium, Renibacterium), and a phylogenetic tree
was created based on the remaining ASVs. Samples were rarefied (subsampled) to an ASV
count of 3875 per sample, and all further analyses were performed on this rarefied dataset.
Calculations of alpha diversity (bacterial richness estimate (Observed ASV), Shannon
diversity index and Faith's phylogenetic diversity) and beta diversity (unweighted UniFrac)
were performed in Qiime2. Differences between paired comparisons was calculated by Mann-

Whitney U test.


https://jgi.doe.gov/data-and-tools/bbtools/
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