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Abstract. — OBJECTIVE: For safe implemen-
tation and broader application of fecal microbio-
ta transplantation (FMT), quality controlled stool
banking is a must. Establishing a stool bank is
a complex, time-consuming, and expensive pro-
cess, making it a real challenge in an Eastern
European country. We aimed to establish the
first stool bank in Eastern Europe — in Bulgaria.

SUBJECTS AND METHODS: A multidisci-
plinary team of gastroenterologists, microbiolo-
gists, infectionists, and geneticists was set up.
We used a questionnaire based on the First Eu-
ropean FMT Consensus in order to recruit pos-
sible stool donors. Laboratory blood and stool
tests were performed on all potential donors.

RESULTS: Between October 2018 and April
2019, 112 donor volunteers completed a ques-
tionnaire; 70 (62.5%) were excluded, mainly be-
cause of age above 50, an unhealthy BMI, and
risk behavior. Fourty-two (37.5%) donor can-
didates were invited for laboratory testing of
blood and feces, of which 12 (28.6%) passed this
screening. Of 12 donors, 4 (33%) failed at the fol-
lowing screening test, which is performed ev-
ery 3-6 months. Finally, 8 (7.14%) active donors
were enrolled. Ten successful FMTs were per-
formed on patients with recurrent Clostridium
difficile infection.

CONCLUSIONS: Even though we found ma-
ny healthy volunteers, only a low percentage
(7.14%) of them were suitable to become feces
donors. Establishing a stool bank in an Eastern
European country is essential for making FMT
safe and more popular as a treatment method,
finding further implementation and regulation
of FMT and supporting physicians offering this
treatment to their patients.
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Introduction

Clostridioides difficile infection (CDI) is the
main cause of antibiotic-associated gastrointes-
tinal disease inducing significant morbidity and
mortality'. The clinical answer to antibiotic treat-
ment of CDI is 80% in the first episode” and rap-
idly drops to only 30-40% in recurrent disease’.

Fecal microbiota transplantation (FMT) is an
extremely efficient treatment against recurrent
Clostridium difficile infection (rCDI)". Guide-
lines now recommend FMT as a treatment choice
for both mild and severe recurrent CDI and re-
fractory CDI*. However, there is still inadequate
evidence to recommend FMT as a treatment for
the first episode of CDI*. FMT is increasingly
being used for other disorders, including irritable
bowel syndrome (IBS), inflammatory bowel dis-
ease (IBD), metabolic syndrome, and critically
ill patients®’, but none of them emerged an evi-
dence-based recommendation to use FMT except
that in the context of research®’. Several case
reports have demonstrated positive outcomes of
using FMT for treating septic shock and intrac-
table diarrhea in the intensive care unit (ICU)®°.

To ensure a safe, disseminated, and cost-ef-
fective implementation of FMT, stool banks that
produce ready-to-use donor feces suspensions
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are needed. Such stool banks may work at a
national, institutional, or international level and
are currently being set up in several European
countries'™!. To date, FMT and stool banking
protocols differ significantly within institutions,
mostly due to the modernity of this treatment
method, and the lack of guidelines addressing
FMT and stool banking,.

In 2017 the First European Consensus for FMT
in clinical practice was published, addressing
the following key issues: indications for FMT,
donor selection, preparation of fecal material,
clinical management and fecal delivery, and basic
requirements for implementing an FMT centre®.
However, the Consensus lacks clear guidelines
for the establishment of a stool bank, therefore
in 2018, the United European Gastroenterology
(UEG) established a multidisciplinary working
group, including a participant from Bulgaria, to
standardize stool banks for FMT across Europe.

In the same year, a similar multidisciplinary
working group was established in Bulgaria that
aimed to create the first stool bank in an Eastern
European country. The working group aimed to
describe a standardized process of stool banking
and FMT in Bulgaria, based on available consen-
sus reports, including the new consensus on stool
banking for FMT", previous experiences*!, and
lessons learned from blood banks'?. The estab-
lishment of a stool bank may facilitate further
implementation and regulation of FMT in Bul-
garia and will support physicians who offer this
treatment to their patients.

Subjects and Methods

In October 2018, a multidisciplinary working
group for the establishment of the first stool bank
in Bulgaria was set up that aimed at safe and
effective FMT. It included gastroenterologists,
microbiologist, infectionists and geneticists.

The current study is observational. Between
October 2018 and April 2019, we recruited healthy
volunteers as potential stool donors. Stool dona-
tion is a voluntary action and should not become
a subject of commerce. The use of unpaid do-
nors decreases the risk that candidates withhold
information during the screening process. We
prefer universal donors over patient-selected do-
nors. In individual cases, a patient-selected donor
may be accepted; if he or she meets all criteria
defined in the screening process for universal
donors. We have not used healthcare workers as

stool donors to reduce the transmission risk of
multiresistant commensals*. All donors fulfilled
written informed consent. The current study was
approved by the Ethics Committee of the Medical
University of Sofia. The study protocol conforms
to the ethical guidelines of the 1975 Declaration
of Helsinki (6th revision, 2008) as reflected in a
priori approval by the institution’s Human Re-
search Committee.

During the first round of the screening pro-
cess, the medical history and risk behavior of
potential donors were evaluated using a dedicated
questionnaire based on the First European FMT
Consensus (Table 1)*. A physician evaluated all
the results.

Once a potential donor had been found suitable
for additional assessment based on the donor
questionnaire and the physical examination, he
or she experienced blood and feces screening for
transmissible pathogens listed in Table I1.

When a donor had been approved, he or she
performed a second short questionnaire before
every donation, evaluating any event that may
have occurred between donor approval and do-
nation. Total donor screening based on blood and
fecal analyses should be replicated at a minimum
every 3-6 months. FMT products made during a
donation period were put under quarantine until
the repeat donor screening results were ready.

The approved donors deliver their feces within
two hours after defecation. After defecation and
until further processing, the stool sample was
stored at room temperature. If it took more than
30 minutes to deliver the collected feces to the
stool bank, temporary storage in a refrigerator
was preferred as fecal storage without stabiliza-
tion buffer significantly changes taxa copiousness
from 30 minutes onwards'>'*. The fecal microbi-
ota is prepared within six hours after defecation.

Storage of FMT Solutions

FMT suspensions were stored in sealed, clean
plastic containers, with an individual code guar-
anteeing the traceability of the sample. Accom-
modation of FMT suspensions should be sup-
ported by the stool bank in a dedicated -80°C
freezer with connected alarm notification to en-
sure constant registration of the storage. Docu-
mentation demands biobanking information and
management method for registrations, coding,
and tracing of the samples.

To guarantee the maximum security and quali-
ty of the fecal suspension, it is necessary to spec-
ify the best storage time with an expiry date. The
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Table I. Screening of potential donors before approval for FMT in the Bulgarian stool bank. The obligatory issues to be
evaluated in the questionnaire are listed.

Medical history:

— Previous history of inflammatory, autoimmune, neurodegenerativa or psychiatric disease

— Any current chronic disease

— Any abdominal surgery

— Previous oncological or immunological diagnosis

— Ongoing pregnancy

— Antibiotic, immunosupressive treatment or chemotherapy ongoing, scheduled or received within the last 3 months
— BMI > 18 and < 30 kg/m?

Current symptoms:

— Diarrhea, obstipation, hematochezia or any other gastrointestinal symptom within the last 3 months
— Fever or rash within the last 3 months

— Any other relevant clinical sign or symptom within the last 3 months

At-risk behavior:

— Current or previous intravenous drug use

— Ongoing high risk sexual behavior

— Travel to high-risk foreign countries within the last 6 months
— Healthcare workers and medical students

— Individual working with animals

— Tattoo, piercing or acupuncture within the last 6 months

— Previous tissue/organ transplantation

— Blood transfusion within the last 6 months

— Recent (< 6 months) needle stick accident

Infectious diseases:

— History or exposure to infectious diseases with chronic activity: particular human immunodeficiency virus (HIV),
hepatitis B virus (HBV) or hepatitis C virus (HCV), non-successfully eradicated Helicobacter pylori, syphilis, malaria,
trypanosomiasis, tuberculosis, Chagas disease, strongyloidiasis, parasitosis or other gastrointestinal infection.

— Any currently active infection or those of relevance treated within the last 6 months.

— Vaccination with a live attenuated vaccine within the last 8 weeks.

relationship between storage requirements and
clinical effectiveness has not been studied. Cur-
rent data recommend that fecal suspensions may
be stored at —20°C for up to one month without

should be at -80°C or lower to limit sample de-
generation. High cure rates have been described
with frozen FMT suspension collected up to 10
months at -80°C'-'%; however, this could, in theo-

loss of efficiency. Long-term accommodation ry, be even longer.

Table II. Blood and feces tests screening for potential stool donors in the Bulgarian stool bank.

Stool analysis:

— Bacterial enteral pathogens: Shiga-like toxin-producing E. coli (STEC) stx1/stx2, Shigella spp., Campylobacter jejuni/
coli/lari, Salmonella spp., Yersinia enterocolitica, Yersinia pseudotuberculosis, Clostridioides difficile (GDH, Toxin A/B)
Clostridioides difficile (PCR), Helicobacter pylori (fecal antigen)

— Multidrug-resistant commensals: Extended spectrum beta-lactamase producing bacteria (ESBLs), Vancomycin resistant
enterococci (VRE), Carbapenem-resistant bacteria, Methicillin-resistant Staphylococcus aureus.

— Viruses: Norovirus, Rotavirus, Adenovirus, [Tarechovirus, Astrovirus, Enterovirus.

— Parasites: Cryptosporidium spp., Giardia lamblia, helminths, Entamoeba histolytica and dispar, Dientamoeba fragilis,

Cyclospora isospora, microsporidia.

— Others: Candida, fecal calprotectin.

Blood analysis:

— General laboratory: complete blood count, CRP, ESR, creatinine, bilirubin, albumin, electrolytes, ALT, AST, GGT, AP.

— Viruses: Hepatitis A (IgM), Hepatitis B (HbsAg, HBc-Total), Hepatitis C (anti HCV), Hepatitis E (IgM), HIV 1 u 2,
CMV, EBV.

— Bacteria: Treponema pallidum (TPHA)
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A sample of the first donor feces and/or of the
processed FMT suspension was collected for a
minimum of two years for retrospective quality
evaluation in case of an unfavorable event.

Distribution of FMT suspensions should be
performed on dry-ice shipment through a certi-
fied courier service.

Preparation of FMT Solution and
Fecal Microbiota Transplantation

We used just fresh fecal material from ap-
proved donors for FMT in our patients. We uti-
lized a minimum amount of 50 g of feces, which
was suspended in saline in a 1:5 ratio using a
blender or manual effort and sieved in order to
avoid the clogging of infusion. The fresh stool
was used within 6 hours after defecation. In
order to protect anaerobic bacteria, the storage
and preparation were as brief as possible. We
prepared everything in a dedicated disinfected
space, and we used protective gloves and facial
masks.

We froze fecal material from each approved
donor for further FMT. We used at least 30 g of
donor feces and 150 mL of saline solution. Before
freezing, the cryoprotectant glycerol was added
up to a final concentration of 10%. The final
suspension was clearly labelled and traceable and
stored at —80°C*.

In all the patients, we inserted fresh fecal
suspension by colonoscopy. After the FMT, the
patients were followed-up every 1-3 months to
assess the efficacy.

Statistical Analysis

The statistical analysis was performed using
SPSS for Windows, Version 25.0. (SPSS Inc.,
Chicago, USA). Descriptive statistic for tabular
and graphical presentation of results was used.

Results

Between October 2018 and April 2019, 112
donor volunteers completed a questionnaire; 70
(62.5%) were excluded, mainly because of age
above 50, an unhealthy BMI, and risk behavior.
Fourty-two (37.5%) donor candidates were invit-
ed for laboratory testing of blood and feces, of
which 12 (28.6%) passed this screening.

The presence of Helicobacter pylori fecal an-
tigen and Multi-Drug Resistant Organisms were
the most observed exclusion criteria. Of 12 do-

nors, 4 (33%) failed at the following screening
test, which is performed every 3-6 months. Final-
ly, 8 (7.14%) active donors were enrolled (Figure
1). The mean age of donors was 30.43 (23-42,
SD- 5.74) years.

The approved donors donated fresh fecal mate-
rial for ten FMTs, performed at Tsaritsa Yoanna
University Hospital, Sofia. The FMTs were done
by colonoscopy, and the fecal suspension was in-
serted into the cecum of each patient through the
working channel. The mean age of the patients
was 61.1 (55-71, SD — 5.22) years. They were ful-
filling ESCMID guidelines"” for recurrent CDIL
All the patients were positive for C. difficile
glutamate dehydrogenase and toxins A and/or B.
All patients had a history of antibiotic treatment,
a history of C. difficile infection treated with
metronidazole and/or vancomycin, and all sought
medical attention due to diarrhea syndrome (av-
erage ten bowel movements per day). Four of the
patients (40%) reported fever, 8 (80%) had ab-
dominal pain, and 5 (50%) had tachycardia. Four
patients (40%) had blood in their stools, all of
whom had concomitant IBD — two with Crohn’s
disease and two with ulcerative colitis.

After FMT, all ten patients responded positive-
ly - the disappearance of diarrhea and normal-

112 donor volunteers completed
a questionnaire
70 (62.5%) excluded (age > 50,
unhealthy BMI, risk behavior)

42 (37.5%) invited for laboratory
testing of blood and feces

> 30 excluded
12 passed the screening
L
v

= 4 failed at the
following screening

8 (7.14%) active
donors were enrolled

Figure 1. Stool donors enrollment.
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ization of accompanying symptoms. C. difficile
toxins normalized in 4 (40%) patients up to one
month after FMT and in all of them up to 6
months after FMT.

Discussion

In the current study, we present the creation of
the first stool bank for Bulgaria and Eastern Eu-
rope and the first series of effective FMTs in Bul-
garia. FMT has entered mainstream medicine for
the treatment of rCDI in the last few years, with
FMT being widely available in many locations,
either using locally processed samples or samples
obtained from commercial stool banks. However,
appropriate donor selection remains a challenge,
especially with few studies describing donor se-
lection and retention processes, the rationale for
exclusion, and results from donor screening!®.

Several studies describe physicians’ knowledge
and attitude toward FMT showing increased ac-
ceptance of FMT for rCDI among physicians'®2'.
Furthermore, a recent study demonstrates® that
stool donation is well accepted by healthy in-
dividuals; however, a significant proportion of
healthy individuals (57%) who volunteer for stool
donation failed prescreening with a history ques-
tionnaire. Previous studies®?° show that many
donors who sign up for stool donation fail pre-
screening and stool testing due to asymptomatic
colonization by potential pathogens, with very
few ultimately serving as donors. Overall, data
from a broad USA stool bank* suggest that near-
ly 90% of applicants are excluded after medical
evaluation. Similar data have been performed by
an Australian stool bank, where approximately
50% of donors are excluded after fulfillment of
the clinical questionnaire®'. We obtained similar
results in our study, where 62.5% of the volun-
teers failed after the questionnaire. Even though
we found many healthy volunteers, only a low
percentage (7.14%) of them were suitable to be-
come feces donors.

There are variations in the donor screening pro-
tocols adapted by different institutions with stan-
dardized recommendations on blood and stool
tests for donors. Most institutions including ours
screen for chronic hepatitis, HIV and syphilis,
which are pathogens not known to be transmit-
ted by stool. It is unclear if Helicobacter pylori,
symptomatic Cytomegalovirus, and Epstein-Barr
can be transmitted by FMT, but we suggest that
they must be added to donor screening.
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Since progressing age has been associated with
modified gut microbiota composition, young in-
dividuals (aged <50 years) are preferred as possi-
ble donors'®. Although some stool banks like ours
exclude healthcare workers with exposure to pa-
tients, available data recommend a low predomi-
nance of antibiotic-resistant bacteria colonization
in this population?. On the other hand, we prefer
not to risk and exclude all medical professionals
and medical students from the list of potential do-
nors. Long-term cost-effectiveness analyses are
necessarily needed for donor screening for FMT.

Thanks to the establishment of a stool bank
in Bulgaria, ten successful and safe FMTs were
performed in patients with rCDI. The presence
of verified donors enabled safety, high efficiency,
and centralization of the process and created the
potential for this methodology to be performed
routinely throughout the country by trained spe-
cialists.

FMT is regarded as a medical therapy that
is performed by registered specialists*'®. FMT
is not yet consistently regulated within Europe;
however, it seems evident that the voluntarily do-
nated fecal material should be collected, handled,
and used according to the standards determined
by the EU Commission in the EU Tissue and
Cells Directive (2004/23/ec)*2%. Faeces should
be considered a substance of human origin (So-
Ho) and may be considered equal to a tissue?’.
Any alteration of donor feces other than those
required for conservation and/or administration
of the fecal microbiota indicates that the changed
products from this step should be considered a
drug and classified according to this legislation
(Directive 2004/23/ec §6 and Directive 2001/83/
ec). Regrettably, some countries within the EU
have currently listed donor feces suspensions as
a drug. Currently, the FMT in Bulgaria is consid-
ered neither as medicine nor as a tissue or organ.

In addition to the classification of the fecal
microbiota as tissue or drug, there are many
unanswered questions about FMT. There needs
to be awareness among healthcare professionals
about FMT and other microbiome-based ther-
apies. Moreover, it will be interesting to know
how gut microbiota interacts with drugs, herbal
supplements, dairy products, pollutants, and oth-
er xenobiotics?®. More than physician awareness,
there needs to be public awareness so that poten-
tial patients can make informed decisions regard-
ing procedure methodology and donor selection.

Several limitations should be noted in this
study. First of all, we performed FMT on a small
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sample of patients. However, this method was
done for the first time in Bulgaria; therefore, this
is a good start. Secondly, the composition of fecal
microbiota was not assessed in the donors and the
patients due to a lack of resources.

Conclusions

FMT is a safe and effective method for the
treatment of rCDI. An essential process for the
implementation of a successful FMT is the pro-
cess of donor selection and screening, which is
why stool banks are significant for the central-
ization of the process. For the first time, a stool
bank was established in Bulgaria, which helped
ten successful and safe FMTs to be performed.
This will allow the implementation of this meth-
odology in the country by quality assurance and
guaranteeing the availability of fecal donor sus-
pensions for patients in need.
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