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Introduction

Abstract

Background and Aim: Fecal microbiota transplantation (FMT) is used to treat
recurrent or refractory Clostridioides difficile infection (CDI). In the past, screening of
fecal donors required surveillance of personal behavior, medical history, and diseases
that could be transmitted by the blood or fecal-oral route. In addition, the exclusion
of multidrug-resistant organisms (MDROs) has been recommended since 2018. This
task has become more complicated in the era of the coronavirus disease-2019
(COVID-19) pandemic. To prevent fecal transmission of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), it is crucial to commence screening for SARS-
CoV-2, alongside other traditional tests. Our aim was to investigate whether hidden
carriers of SARS-CoV-2 were enrolled for stool donation, and the status of the pres-
ence or incidence of MDRO during fecal donation in Taiwan.

Methods: Fecal products collected from March 2019 to December 2022 were tested
for MDRO and nucleic acid amplification tests for SARS-CoV-2 using the pooling
method. The period of fecal product collection crossed the time before and during the
COVID pandemic in Taiwan.

Results: A total of 151 fecal samples were collected. The fecal products were tested
using polymerase chain reaction (PCR) to detect SARS-CoV-2. The results were neg-
ative for all stocks. This was similar to the results of MDRO testing. The safety of
FMT products has been guaranteed during the pandemic.

Conclusion: Our FMT center produced MDRO-free and COVID-19-free products
before and during the COVID-19 outbreak in Taiwan. Our protocol was effective for
ensuring the safety of FMT products.

June 20193 Furthermore, after the outbreak of coronavirus disease

Fecal microbiota transplantation (FMT) is an effective treatment for
recurrent or refractory Clostridioides difficile infection (CDI). The
first successful randomized controlled trial was published in 2013."
This concept has been accepted and implemented by gastroenterol-
ogists worldwide.”> The donors should undergo strict screening,
including personal behavior, travel history, blood tests for infec-
tious diseases, and stool tests for pathogens.> In 2019, two immu-
nocompromised patients who received FMT were infected with
extended-spectrum beta-lactamase (ESBL)-producing Escherichia
coli* Because of concern of multidrug-resistant organisms
(MDROs) via FMT, screening of MDROs for stool products was
also recommended by the Food and Drug Administration (FDA) in
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2019 (COVID-19), evidence showed that the virus could be
secreted into the stool and persistently could exist in the rectal
swab even after the nasopharyngeal swab became negative.® There-
fore, screening for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) among donors and their products has been rec-
ommended since May 2020"~° (Fig. 1).

In Taiwan, FMT was approved as a treatment for recurrent
of refractory CDI by the Ministry of Health and Welfare in
September 2018. We then established a stool bank in our insti-
tute in March 2019. We not only followed the recommendations
of international consensus in donor selection®> but also screened
for MDRO carriers in our protocol from the early era of stool
bank establishment, which was before the FDA recommendation.
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2020/05
FDA recommended
COVID-19 screening
in donor 7
2013/01 2019/03 2019/12 2021/09
First successful RCT FMT center First COVID-19 Nasopharyngeal PCR
of FMT in rCDI ! establishment case in China in donor screening
2018/09 2019/06 2020/01 2021/05 ~2021/07 2022/08
Taiwan government FDA recommended First COVID-19 Third level national alert Anti-S/anti-N Ab
approved MDRO screening case in Taiwan in Taiwan due to in screening
FMT for rCDI in donor ¥ outbreak

Figure 1 Timeline for fecal microbiota transplantation (FMT) center development. Anti-N/anti-S Ab, spike (S) or nucleocapsid (N) proteins; COVID-
19, coronavirus disease-2019; MDRO, multidrug-resistant organism; PCR, polymerase chain reaction; rCDI, recurrent/refractory Clostridioides difficile

infection; RCT, randomized controlled trial.

Products were discarded or placed under quarantine if MDRO
was detected in the following donations (Fig. 1).

The local outbreak of COVID-19 occurred only until May
2021, owing to the strict quarantine policy of Taiwan’s gover-
nors. Therefore, we did not routinely check for SARS-CoV-2
among donors before stool collection in May 2021. The collec-
tion of fecal products was postponed from May 2021 to August
2021 because of rigorous access control in medical institutions
under the nationwide level-3 alert for COVID-19. Owing to the
raging risk of community infection in the local population and
the responsibility of ensuring the safety of products in our center,
we started to include SARS-CoV-2 in the donor screening proto-
col in September 2021. However, the safety of fecal products
collected before May 2021 may not be fully guaranteed.

A routine screening program was conducted before the
COVID-19 outbreak in our community.'® After the outbreak of
COVID-19 in our community in May 2021, we screened for
SARS-CoV-2. Therefore, the aim of this study was to investigate
whether hidden carriers of SARS-CoV-2 or MDROs participated
in stool donation.

Methods

All fecal products were collected from healthy donors who
underwent strict screening. The protocol included questionnaires
and clinical assessment on age, body mass index, travel and con-
tact history, high-risk behaviors, and a thorough review of gas-
trointestinal comorbidities and chronic diseases that may alter the
gut microbiome.>>'*'® Individuals who passed the clinical
assessment would undergo serologic tests for biochemical pro-
files and infectious diseases, as well as tests for gastrointestinal
pathogens.>*'%' We collected additional stocks for further
analysis, including MDRO testing and SARS-CoV-2 screening,
from each fecal product during collection.

Screening for MDROs. All fecal products were tested for
pathogens and MDROs after collection at the FMT center. MDROs
were defined as microorganisms resistant to at least one agent in
three or more antimicrobial categories, including methicillin-
resistant  Staphylococcus aureus (MRSA), vancomycin-resistant

enterococci (VRE), and multidrug-resistant gram-negative
(MDRGN) bacilli.'” Patients with MDROs detected in fecal speci-
mens were considered fecal carriers of MDROs. In addition to stool
routines and stool culture for C. difficile and Helicobacter pylori
stool antigen test, stool pathogens were also examined by the
BIOFIRE FILMARRAY Gastrointestinal Panel. This panel
included 22 pathogens, including C. difficile, Salmonella, Campylo-
bacter, E. coliO157, enteroaggregative E. coli (EAEC), entero-
pathogenic E. coli (EPEC), Norovirus, Rotavirus, and parasites.
MDROs were examined using stool cultures, including car-
bapenem-resistant Enterobacteriaceae (CRE), extended-spectrum
beta-lactamase (ESBL), VRE, MRSA, and Listeria. Furthermore, to
detect MDROs carriage (MRSA, VRE, and MDRGN) in each fecal
donation, stool samples were obtained using the Fisherbrand Com-
mode Specimen Collection System and inoculated onto selective
agar plates at 37°C for 24 h. MDROs were identified using matrix-
assisted laser desorption-ionization time-of-flight mass spectrometry
(bioMérieux SA, Marcy I’Etoile, France). Antibiotic susceptibility
tests were performed using the VITEK?2 system (bioMérieux), and
the results were interpreted according to the 2020 Clinical and Lab-
oratory Standards Institute (CLSI) guidelines.'® Stool polymerase
chain reaction (PCR) quantification of C. difficile was also per-
formed for each donation. To qualify for fecal transplantation, the
products must be negative in the above-mentioned assessments;
otherwise, they are discarded.

Screening for SARS-CoV-2. For SARS-CoV-2 screening,
a questionnaire was used to exclude individuals with suspicious
symptoms, travel, or contact history in the first step. Serial tests,
including nasopharyngeal swabs, stool tests, and blood tests, were
performed.”™'® Stool donations were approved after the donor pas-
sed all screening tests. The donors underwent SARS-CoV-2 rapid
antigen tests before each donation. The products were quarantined
in the first month after donation. The stool products were sent for
pooling nucleic acid amplification tests during quarantine.”®>* The
pooling method allowed researchers to examine multiple samples
simultaneously without decreasing the sensitivity of the test.?' Blood
test for anti-spike (S) and anti-nucleocapsid (N) antibodies were
added to the screening protocol in August 2022 (Fig. 2). Products
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Clinical evaluation and Questionnaire
Potential exposure to COVID-19, clinical symptoms of COVID-19

Failed Exclude

Re-evaluation after 8 weeks

Passed

PCR
Nasopharynx/ saliva swab

Positive

l Negative

Stool Tests

Failed 5 Exclude 5

l Passed

Blood Tests
(Include anti-N/anti-S Ab
of SARS-CoV-27)

| Recheck after 12 weeks 5

Failed

Passed

each donation

Appoint for donation

Questionnaire and SARS-CoV-2 rapid antigen tests at

Passed

Donation and Quarantine
Stool SARS-CoV-2 pooled PCR

Positive S

l Negative

Blood and Stool test
1 Month later

(Include SARS-CoV-2 N/S Ab)

Passed

Discard products in 1 month and
exclude for 12 weeks

3 Months later

Nasopharynx/ saliva PCR

Positive

Figure 2 Protocol for coronavirus disease-2019 (COVID-19) screening in our hospital. "Screening for anti-N/anti-S Ab of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was started after August 2022. Anti-N/anti-S Ab, spike (S) or nucleocapsid (N) proteins; PCR, polymerase

chain reaction.

were allowed for use only if the donor passed SARS-CoV-2
detection and MDRO evaluation in the following donation.

As for stool products that were collected before the screen-
ing protocol of SARS-CoV-2 was established in September
2021, nucleic acid amplification was performed immediately to
detect SARS-CoV-2 hidden carrier retrospectively (Fig. 3)."*
The fecal stocks collected during stool donation were used for
the analysis. For pooling method PCR, five samples were pooled
together into a total volume of 400 pL and mixed with 400 pL
MagNA Pure 96 External Lysis Buffer for the inactivation of the
viral particles. The mixtures were centrifuged and injected into
the Roche Cobas 6800 system for dual-target real time-PCR. The
assay targeted the open reading frames (ORFs) la/b and E genes.
The results were considered positive if ORFla/b and E or only
ORFla/b expressed positive signals, negative if both revealed
negative signals, and equivocal if only E showed positive sig-
nals.”> A pooling program was implemented in the laboratory
informatics system (LIS) to facilitate efficiency and reduce man-
ual errors. The pooled samples were automatically linked to a
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unique pooling barcode for each sample during sample reception,
and the pooling barcode was then recognized by Cobas 6800.
The “negative” results could be assigned to the individual sam-
ples automatically after analysis. If the result of the pool was
positive, the LIS suspended the reporting, and further
deconvolution was requested to identify positive samples.

Results

SARS-CoV-2 screening. Our strategies for SARS-CoV-2
screening have changed several times since the pandemic.
From January 2020 to May 2021, most COVID-19 cases were
those infected overseas. Thus, we only selected donors through
questionnaires according to their travel, contact, or cluster his-
tory, who may be at a higher risk of SARS-CoV-2 infection.
Thirteen donors completed the questionnaires as well as basic
blood and stool tests during this period. However, due to the
increasing risk of community infection in the local population
in Taiwan and the strict policy of access control in our
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2022/09 ~2022/12
a Number
Fecal slurry 2
2019/12 2021/03 Frozen capsule 0
First COVID-19 Vaccination Freeze-dried capsule 1
case in China started in Taiwan
Questionnaire PCR N/S
I I
2019/03 2021/09 2022/08
~2020/01 2021/05 ~ 2021/07 2022/03
First COWD‘19 case Third level national Omicron outbreak
in Taiwan alert in Taiwan due to in Taiwan
outbreak
2019/03 ~2021/05 2021/09 ~ 2022/08
Number Number
Fecal slurry 48 Fecal slurry 33
Frozen capsule 7 Frozen capsule
Freeze-dried capsule 7 Freeze-dried capsule
b Clinical evaluation and
Questionnaire
Passed
A4
Stool and Blood Tests
Passed
Appoint donations
26 different donors
42 products discarded
24 ESBL pathogens(+)
Testing for MDROs at each donation Failed 2 EPEC (+)
during 2019/03~2022/12 2 Clostridioides difficile (+)
151 products 8 in ESBL quarantine
1 pasty stool
Passed 4ANA ()
- 1 freeze-dryer error
Testing for SARS-CoV-2 (pooled PCR)

retrospectively till 2022/12
109 products

Figure 3 The rolling adjustment of coronavirus disease-2019 (COVID-19) screening in fecal microbiota transplantation (FMT) products donation in
our FMT center. (a) Donors with a high-risk history of traveling, contact, or cluster were excluded from the questionnaires from March 2019 to May
2021. No fecal products were collected from May 2021 to September 2021 because of the outbreak of COVID-19 in Taiwan. After September 2021,
owing to the rising risk of community infection in Taiwan, a nasopharyngeal swab for polymerase chain reaction (PCR) testing was added to the
screening protocol. (b) The flowchart of multidrug-resistant organism (MDRO) and COVID-19 screening for fecal products. ANA, anti-nuclear anti-
body; EPEC, enteropathogenic Escherichia coli; ESBL, extended-spectrum beta-lactamase-producing pathogens; FC, freeze-dried capsule; N/S, spike
(S) or nucleocapsid (N) proteins of SARS-CoV-2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

institution after May 2021, donor screening was postponed for swab at donor screening. From September 2021 to August
approximately 4 months. In September 2021, we started the 2022, 13 healthy donors passed the screening protocol but had
protocol for SARS-CoV-2 PCR testing with a nasopharyngeal negative results for the SARS-CoV-2 antigen rapid test at each
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stool donation. None of the donors donated because of
SARS-CoV-2 infection during this period.

From March 2019 to May 2021, 7 volunteers were pre-
cluded from donation screening due to new-onset symptoms of
the respiratory tract within 1 month before the questionnaire, and
19 were precluded due to travel abroad after December 2019.
From September 2021 to August 2022, five volunteers were
excluded from donation screening because of new-onset symp-
toms of the respiratory tract, and three were excluded because of
a contact history of suspected or confirmed cases of COVID-19.
No individuals were excluded from the screening due to a history
of traveling abroad or taking care of COVID-19 patients within
3 months before the questionnaire. Finally, from September 2022
to October 2022, one volunteer was precluded due to new-onset
respiratory symptoms, one was precluded due to traveling
abroad, and three were excluded because of a contact history of
suspected or confirmed cases of COVID-19.

A total of 109 fecal products provided by 26 donors from
March 2019 to December 2022 were tested using pooling
methods. Among these products, 31 were collected in 2019,
16 in 2020, 33 in 2021, and 29 in 2022. This period includes the
transition period of the screening protocol. To verify the safety
of these products, they were divided into groups for the pooling
test. All patients tested negative for SARS-CoV-2 infection.

Furthermore, from September 2021 to December 2022,
two volunteers were excluded during the screening process
because of positive SARS-CoV-2 PCR results from the nasopha-
ryngeal swab. In addition, none of the donors was delayed from
fecal donation due to SARS-CoV-2 infection.

MDRO detection. Between March 2019 and August 2022,
151 fecal products were collected from 26 different donors
(36 person-times due to revisits) in our FMT center. Fourteen of
the 26 donors (53.8%) failed steady donations because of ESBL
detection during fecal donations. Most donors failed within the
first month of the serial donations. Only one donor remained free
of MDRO during sequential stool donation for 102 days. Among
these products, 37 were discarded because of the presence of
pathogenic organisms, of which 24 were positive for ESBL
organisms, 2 had EPEC, and 2 had C. difficile. In addition, eight
products that were negative for pathogens were abandoned
because the former and latter feces donated by the same donor
were both positive for ESBL pathogens. However, four products
were discarded because the donor was found to be positive in
blood tests for antinuclear antibodies (ANAs). One product was
disposed of because of a Bristol scale of 6 on donation. One
product was discarded owing to freeze-dryer error. The
remaining 109 fecal products were stored for further use.

Therapeutic efficacy. From December 2019 to December
2022, 31 FMTs were performed on 29 patients with recurrent or
refractory CDI in our center. Among them, two patients received
FMT twice. One patient was cured after the second course of
FMT and the other had persistent diarrhea after the second course
due to antibiotic use. One patient had recurrent CDI after the first
FMT but was unable to receive another course of FMT treatment
due to an underlying illness. Three patients were still in the ini-
tial stages of observation after FMT. Among the 31 FMTs,
22 were performed via colonoscopy, 4 via frozen capsules, and
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5 via freeze-dried capsules. The success rate of the FMT was
92.3%. None of the patients had SARS-CoV-2 infection or
reported MDRO infection after the procedure.

Discussion

In the present study, we ascertained that the fecal products in our
FMT center were free of MDRO and SARS-CoV-2. The strict
screening protocol guarantees product quality. Our strategy for
SARS-CoV-2 screening was adjusted instantly as the pandemic
trend changed. The retrospective pooled PCR examination rev-
ealed that the fecal products remained free of SARS-CoV-2 even
during the period when screening relied only on the question-
naire. Serial rapid antigen tests at each donation can further
ensure the safety of fecal products during the window period
from screening to donation. Our MDRO screening protocol was
established even before the FDA recommendation. Both
approaches achieved admirable accomplishment of safety issues
and were beneficial for the operation of FMT.

Since the COVID-19 outbreak, the possibility of SARS-
CoV-2 transmission via FMT has attracted much attention. The
possibility of virus shedding into the stool and its prolonged exis-
tence in the gastrointestinal tract threaten the safety of fecal prod-
ucts.® Besides, community infection with COVID-19 occurred
until May 2021. Therefore, a protocol for SARS-CoV-2 screen-
ing among donors before stool collection was not established
from 2019 to 2021. Implicit transmission before this time point
is also considered. Thus, screening for SARS-CoV-2 is crucial to
ensure the safety and quality of storage.””

Strategies for SARS-CoV-2 screening included a standard
questionnaire on clinical exposure and symptoms of COVID-19,
nasopharyngeal swab and serology for SARS-CoV2 at recruit-
ment, and periodic questionnaires and rapid stool tests for
SARS-CoV-2 at serial donations.” These strategies have been
adopted by different institutions.”*’ The number of qualified
donors declined significantly under this strict protocol.>>%’
Khanna et al. reported a protocol for COVID-19 symptom
assessment every 2 weeks for all donors and serology tests for
anti-SARS-CoV-2 IgG or PCR on nasopharyngeal swab every
2 weeks for donors and recipients.”* Although the protocol was
applied only on a small number of donors, it presented a safety
profile for FMT. SARS-CoV-2 transmission was not observed.
Groenewegen et al. from the Netherlands adopted a similar pro-
tocol, and two donors developed mild symptoms of COVID-19
and were later confirmed to be infected.”® Both donors were
immediately prevented from stool donations. The patients under-
went repeated PCR and anti-SARS-CoV-2 IgG tests. One of the
infected donors tested negative for SARS-CoV-2 PCR 6 weeks
after symptom onset and negative for anti-SARS-CoV-2 IgG
after 28 weeks.”® No significant decline in the efficacy of FMT
has been reported.”

However, the cost of nucleic acid amplification tests is
high if the specimens are tested separately. Hence, a pooling
method was introduced into the program. The pooling method
for PCR was applied for routine checkups with nasal swabs in
patients who underwent endoscopic examination, surgery, or
admission at our institution.”> Because the prevalence of commu-
nity infection was low during stool collection, the samples were
assumed to be negative in the nucleic amplification test. This
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method allowed us to examine multiple samples at once but had
little chance to confirm positive results. The pooling method is
reliable and time saving. Furthermore, the cost of nucleic acid
amplification tests decreased from NT$3500 to NT$950 per
sample.

Currently, our center approves only healthy individuals
without a previous COVID-19 infection for donor recruitment.
However, whether a previously healthy individual who had
recovered from COVID-19 infection could be recruited is another
issue to debate®® Although the prolonged presence of
SARS-CoV-2 in stool of infected individuals would eventually
subside,7‘26‘28 individuals who have recovered from COVID-19
may have an altered composition of gut microbiota and distorted
metabolic status of bile acids and short-chain fatty acids.
Whether stool from post-COVID-19 individuals has the same
therapeutic efficacy as that from non-infected individuals remains
uncertain. Nevertheless, the proportion of non-infected individ-
uals decreased after the COVID-19 pandemic. Donor recruitment
would be difficult if healthy individuals were excluded, but only
once were COVID-19-infected individuals excluded. Thus,
evaluating the changes in microbial metabolism in
COVID-19-infected individuals is important for stool banks in
the future.

From August 2019 to August 2022, more than half of the
donors failed to maintain sequential donations because of
MDRO, and approximately 18% of the collected stool products
were discarded because of MDRO detection. We used various
strategies to reduce the recruitment of MDRO carriers during
donor selection. We also suggested donors who passed screening
tests to maintain dietary hygiene and avoid entering medical
institutions during the period of donation. Furthermore, our
members sterilized the toilet used by donors at each stool dona-
tion with 75% alcohol every time. These approaches were aimed
to maintain qualified donors and reduce the wastage caused by
newly discovered MDRO carriages during donation. The details
of donor screening in our group had been reported earlier.''
Briefly, about 78.6% individuals were excluded by questionnaire,
and only 5.0% individuals were qualified at the final stage.'' The
success rate of donor screening ranged from 0.8 to 11.9% in
centers of the United States, Australia, Hong Kong, and
China,'?716:25-27:29.30 e criteria for donor selection were sim-
ilar in different countries. In these leading FMT institutions,
the online questionnaire and clinical assessment could help
exclude most of the unqualified donors, which ranged from
65.2 to 92%. A strict clinical assessment could avoid unneces-
sary costs on further gastrointestinal pathogens and serologic
screening.'>716:25:27-30 Thege institutions also followed the rec-
ommendation of the FDA, such as screening for MDROs and
SARS-CoV-2. Furthermore, some centers in China had proto-
cols of bacterial composition assessment via stool sequencing
during the screening process.>’°

Although the COVID-19 seems to have ended, there are
still possibilities of emerging infectious diseases in the future.
The ways in which infectious diseases spread vary. To ensure the
safety of stool donation, it is crucial for us to constantly monitor
international trend about emerging infectious diseases to
promptly adjust the questionnaire for donor screening and
to modify the blood or fecal tests based on the natural history of
disease transmission. Moreover, we have constantly monitored
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protocols for donors and recipients. If the donors have suspected
symptoms or signs of emerging infectious diseases after stool
donation, the fecal products collected during the incubation
period will be turned to quarantine until further validation. If the
donors are confirmed to be victims of emerging infectious dis-
eases, the serial fecal products will be discarded. For recipients
who had possible infection after FMT, we would trace back the
fecal products and donors for additional confirmation.

In conclusion, our FMT center established protocols to
provide MDRO- and SARS-CoV-2-free products before and dur-
ing the COVID-19 pandemic. SARS-CoV-2-free fecal products
could be guaranteed under current protocols by using question-
naires and nasopharyngeal swabs during screening and rapid
antigen tests during each donation. Moreover, using a pooling
method for SARS-CoV-2 detection in fecal products is a time-
and cost-saving method for large-quantity specimen examination
for the retrospective confirmation of product safety. Although
MDRO-free products can be ensured by current methods, the rate
of screening failure or donation postponement due to MDRO car-
riage is high. Finding a way to efficiently reduce the rate of stool
donation due to MDRO colonization remains a challenge in the
future.
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