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1. Challenges in the treatment of respiratory spreading diseases

The respiratory spreading disease pandemic has had a profound
impact on all aspects of society around the world, including mental
health and physical health, especially for the outbreak of coronavirus
disease 2019 (COVID-19, named by WHO on Feb 11, 2020) [1–5]. Pre-
vious coronavirus (CoV) outbreaks, including severe acute respiratory
syndrome (SARS)-CoV [6] and Middle East respiratory syndrome
(MERS)-CoV [7], also posed a huge threat to public health. Multiple case
series and cross-sectional studies found that patients with respiratory
infections generally complicate with intestinal symptoms and/or sec-
ondary gut dysbiosis [1,8,9], which are related with a more severe
clinical course [10]. For these patients with enterogenous infection [11,
12], gut microbiota restoration was reported to be an effective treatment.
Unfortunately, most physicians currently have limited knowledge on
microbiota transplantation [13], which is the most effective way to
reconstruct gut microbiota [14], in treating severe respiratory spreading
diseases. Currently, an ongoing outbreak of COVID-19 caused by
SARS-CoV-2 has prompted an urgent need to provide a specific program
to guide physicians on how to make adequate preparations for micro-
biota transplantation in patients with severe respiratory infections and
the related gut dysbiosis.

According to Declaration of Helsinki (Fortaleza, 2013) and Interna-
tional Ethical Guidelines for Health-related Research Involving Humans
(Geneva, 2016), the desperately ill patients with respiratory spreading
infection such as COVID-19 during disease outbreaks have a moral right
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to try unvalidated medical interventions (UMIs) and it is therefore un-
ethical to restrict access to UMIs to the clinical trial context [15]. Fecal
microbiota transplantation (FMT) has been recommended to rescue re-
fractory or recurrent Clostridium difficile infection in practice and it also
shows promising therapeutic role in some other dysbiosis-related dis-
eases in trials [16,17]. The improved methodology of FMT based on the
automatic washing process [18] and the related delivering consideration
was named as washed microbiota transplantation (WMT) by the
consensus statement from the FMT-standardization Study Group in 2019
[19]. Nanjing consensus [19] on methodology of WMT has pushed FMT
standardization forward and guided physicians to implement this ther-
apy well in practice and trails. Patients underwent WMT with the
decreased adverse events (AEs) and unchanged clinical efficacy in ul-
cerative colitis (UC) [20,21] and Crohn's disease (CD) [21–23]. Although
there is no direct clinical evidence that FMT has the therapeutic role in
coronavirus infection up to now, as the leading WMT team for providing
national FMT service (www.fmtbank.org) in China and unique experts
fighting against respiratory spreading diseases, we are collaborating
closely to considerWMT as UMIs which should subsequently be made the
object of clinical research, designed to evaluate its rescue value and
safety for dysbiosis-related conditions in patients with severe respiratory
infection such as COVID-19. We discussed and integrated the following
evidences.
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2. Feasibility of WMT in the treatment of respiratory spreading
diseases

There is a vital link between the intestinal and respiratory tract,
which was exemplified by intestinal complications during respiratory
disease and vice versa [24–26]. The gut-lung axis plays an important role
in respiratory health and disease [27,28]. For example, the first case
series study on COVID-19 reported that the common symptoms of pa-
tients at onset of illness were fever, cough, diarrhea, which indicated the
systematic inflammation involving respiratory, intestinal tract and other
organs [1]. Consistently, a recent cross-sectional, multicenter study
evaluated the clinical characteristics of COVID-19 patients with digestive
symptoms and found that 50.5% (103/204) of patients reported a
digestive symptom, including lack of appetite in 81 cases, diarrhea in 35
cases, vomiting in 4 cases, and abdominal pain in 2 cases [8]. Another
case-control study from the united states included all variables related
with a positive COVID-19 test result into a multivariable model, and
reported that the presence of gastrointestinal symptoms was related with
a 70% increased risk of testing positive (adjusted odds ratio 1.7, 95%
confidence interval 1.1 to 2.5) [9]. Respiratory viral infections predis-
pose patients to secondary bacterial super-infections, and these are
related with a more severe clinical course [10]. The antibiotics can cause
secondary gut microbiota dysbiosis, such as antibiotic-associated diar-
rhea (AAD). Li's group reported that microbiota restoration reduced
enterogenous secondary infection in critically ill patients with H7N9
infections [11]. A randomized controlled trial recently reported modu-
lating gut microbiota could reduce enteritis and ventilator-associated
pneumonia in critically ill patients with sepsis [12]. More importantly,
Zuo et al. [29] reported that persistent alterations in the fecal micro-
biome were observed in patients with COVID-19 during hospitalization,
and the gut microbiota alterations were associated with fecal levels of
Box 1
General steps of WMT in patients with respiratory spreading diseases

1. Regulation
(1) Approval by hospital ethical review board when necessary;
(2) Informed consent from patients before WMT;
(3) Commercial abuse of WMT must be avoided;
(4) The source of WMT should be provided by FMT center in hospita

records and fecal samples.
2. Potential indications:

(1) Antibiotic-associated refractory diarrhea during hospitalization;
(2) Intestinal dysbiosis related symptoms with treatment difficulty or f
(3) Long-term antibiotic use before the respiratory infection.

3. Contraindications
(1) Gastrointestinal perforation;
(2) Gastrointestinal obstruction;
(3) A recent history of intestinal fistulas;
(4) Disturbance of consciousness (risk of aspiration pneumonia).

5. Patient preparation
(1) Informed of the donor source and the methods of microbiota prepa
(2) Stop antibiotics 12–48 h before WMT;
(3) Metoclopramide by im. 30 min before WMT;
(4) Proton pump inhibitors by iv. one hour before WMT;
(5) Fasting 6 h before WMT if not choosing nasojejunal tube;
(6) Undergo blood testing for transmissible infections.

6. Delivery ways and frequency
(1) Nasogastric tube or oral is acceptable if nasojejunal tube cannot be
(2) At least 10� upright position for 30 min after infusion;
(3) Once daily, totally 1–3 times.

7. Evaluation of efficacy and safety
(1) Efficacy: clinical symptoms and acute inflammatory markers;
(2) Adverse events: elevated acute inflammatory markers, worse symp
(3) Records: transparent to public at the right time for knowledge spre
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SARS-CoV-2 and COVID-19 severity. Another study [30] found gut
microbiota was characterized by losing salutary bacteria and enriching
opportunistic pathogens in patients with active SARS-CoV-2 GI infection.
Therefore, altering the gut microbiota might be a strategy to reduce
disease severity for patients with COVID-19 [31,32]. The success of FMT
for treating gastrointestinal conditions shows the promise of ability to
respiratory health [27].

Animal studies also indicate that targeting gut microbiota might be a
new therapeutic option for the treatment of respiratory virus infection.
The recent animal study demonstrated that antibiotics could decrease gut
microbiota and the lung stromal interferon signature and facilitate early
influenza virus replication in lung epithelia [33]. In this study, the above
antibiotics caused negative effects can be reversed by FMT which sug-
gested that FMTmight be able to induce a significant improvement in the
respiratory virus infection. Another evidence is that the microbiota could
confer protection against influenza virus and respiratory syncytial virus
by priming the immune response to viral evasion [34]. The microbiota
could prime the immune response to confer protection against viral
infection and some bacterial species could increase the antiviral response
[35].

Recent findings partially eliminate the worries from researchers and
clinicians, and encourage them to set up new trials to use WMT in crit-
ically ill patients. The manual FMT has been replaced by WMT in most
centers in China [20,21]. Compared to traditional manual FMT which is
used in America and Europe, WMT contributed to the decreased
FMT-related AEs from 38.7% to 14.4% in patients with UC [20,21], saves
the time exposure to oxygen during manipulating fecal matter, stabilizes
the delivery dose based on the enriched bacteria instead of the weight of
stool [21], and facilitates delivery of microbiota into intestine. A recent
pilot cohort study on usingWMT as rescue therapy in critically ill patients
with AAD demonstrated the important clinical benefits and safety of
l with well-build safety traceability on donors screening, laboratory
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Fig. 1. The endoscopist performed mid-gut tube with standard three-level
protective equipment in a patient with COVID-19 in China.
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WMT [36]. In this study, of the 18 critically ill patients with AAD un-
derwent rescue WMT, 88.9% of patients had respiratory tract infection,
44.4% had sepsis, and 27.8% had multiple organ dysfunction syndrome.
After rescue WMT, 72.2% of patients achieved improvement of abdom-
inal symptoms within one week. 44.4% of patients achieved rescue
success which referred to recovering from abdominal symptoms without
recurrence and surviving for a minimum of 12 weeks after being dis-
charged from intensive care unit. No WMT-related death or infective
complications occurred.

The COVID-19 outbreak and the latest development of FMT remind us
to look back a case with respiratory infection, who benefited from the
WMT primarily targeting refractory CD in our previous trial 5 years ago
(Supplementary file 1). A 75-year-old man with active CD complicated
with chronic obstructive pulmonary disease (COPD) was transferred to
the Second Affiliated hospital of Nanjing Medical University due to re-
fractory breathing difficulty for three weeks. On admission, his dyspnea
was defined as grade 4 according to Modified British Medical Research
Council (mMRC). His Harvey-Bradshaw Index (HBI) score was 9, indi-
cating serious active CD. He couldn't even get out of bed for cardiopul-
monary complications. He achieved improved life quality and was
significantly relieved from the respiratory symptoms within two weeks
after microbiota transplantation, including coughing, sputum produc-
tion, dyspnea, asthma and chest distress. His HBI score decreased to 3
and his mMRC decreased to grade 1. The patient's stool microbial di-
versity and relative abundance at eight months post-WMT were signifi-
cantly higher than that before WMT, which was much similar to the
Box 2
Potential challenges of WMT in patients with respiratory spreading diseas

1. Risk of human-to-human transmission
(1) Via personal contact with a sick person or their belongings;
(2) Via respiratory transmission through droplets and aerosol.

2. Different cognition on WMT affected clinical decision-making
(1) Limited physician's knowledge on WMT in those without specialty
(2) Limited understanding on WMT in hospital managers;
(3) Failure to obtain patient's informed consent.

3. Difficulties in selecting delivering ways
(1) Oral or enema may decrease the efficacy;
(2) Not each patient has a nasojejunal tube in advance;
(3) Endoscopy or colonic TET [40] required further endoscopic proced

TET, transendoscopic enteral tubing.
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healthy donor (Supplementary figure 1). We also observed the obvious
changes of respiratory microbial composition at 10 days post-WMT. As
we know, this should be the first case report on successful FMT on res-
piratory disease in practice. Of course, it is not time to draw conclusion
based on one case.

3. Protocol of WMT in treating patients with respiratory
spreading diseases

Integrated the progress of the gut-lung axis in recent years, this case
inspires us to suggest hypothesis that targeting gut microbiota by WMT
should be important for patients with respiratory spreading diseases,
including the disease related AAD, potentially preventing the develop-
ment of infection and enhancing recovery after systematic inflammation.
Our recommendations for using rescue WMT in severe respiratory
spreading diseases, such as COVID-19 in the specific hospitals focusing
disease outbreaks were briefly shown (Box 1) as below. During the
endoscopic procedure for infected patients, the operators should adopt
standard three-level protective measures (Fig. 1).

Dysfunction and failure of the digestive tract generally existed in
critical patients with COVID-19 is, on the one hand, a phenomenon of
multiple organ failure, and on the other hand, long-term used many
antibiotics leading to serious disturbance of intestinal microecology, thus
triggering off impaired gut barrier function, seducing secondary infec-
tion, then more antibiotics used, and finally to gastrointestinal functional
failure. Intestinal microbiota disorder is found in all critical cases.

In the time of the pandemic, physicians can consider rescue therapy
for respiratory spreading diseases based on safety and quality control on
WMT. Recently, the worldwide experts have proposed a workflow that
FMT centers and stool banks should follow to ensure reliable patient
access to FMT while maintaining its safety and quality during the COVID-
19 pandemic [37,38]. Chiu et al. [39] proposed that an efficient and
stringent protocol should be used to screen FMT donors before a vaccine
is available. We have ever registered the pilot trial (NCT04251767) for
providing the rescue therapy during the pandemic of SARS-CoV-2.
However, because of some uncertain factors, it has not been success-
fully applied to the clinic. Although we have provided the cutting-edge
evidences to support the potential therapeutic of WMT in pneumonia,
it might be still difficult for quite a few physicians and researchers to
accept this point. During the WMT rescue procedure, the potential
challenges were listed in Box 2. For example, the delivery via enema is
not proper because the frequent cough generally causes difficulty to hold
the infused fluid within anus. Although there is no specific treatment to
control the new respiratory spreading diseases, it might be still difficult
for some people to understand the importance of UMIs and the ethical
consideration for saving life.
es
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4. Conclusion

In general, we report expert recommendations of the novel rescue
WMT for patients with severe respiratory spreading diseases, such as
COVID-19 in order to set clinical work-flow during disease outbreaks. We
believe the expert opinion would encourage more researchers to focus on
microbiome-virome interactions and more physicians to attempt the new
treatment targeting microbiota in controlling diseases. However, we
must point out that the motion of this study may become the evidence of
commercial profit driven FMT abuse, which is a problem we must be
aware of in the face of disaster.
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