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Ankylosing spondylitis (AS) is the prototype of a group of systemic inflammatory

diseases referred to as spondyloarthritis. Comorbid inflammatory bowel disease

and changed gut microbiota in AS have attracted attention to the influence of

gut–joint axis and encouraged treating AS by targeting gut microbiota. Here we

first reported a patient with refractory AS and comorbid ulcerative colitis (UC)

who underwent three fecal microbiota transplantations (FMTs). Inadequate

response to conventional treatments including tumor necrosis factor inhibitors

impelled FMT as alternative therapy. Notable improvements in AS and UC

accompanied with changed fecal microbiota were recorded at 1 week post-

FMT1. Further recovery was found after the other two FMTs, and a roughly stable

status was maintained in the follow-up period. More studies are needed to

validate the effectiveness of FMT in AS and its mechanisms.

KEYWORDS
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Introduction

Ankylosing spondylitis (AS) is the prototype of a broader class of systemic

inflammatory diseases referred to as spondyloarthritis (SpA). Evidences of gut

comorbidities, including inflammatory bowel disease (IBD) and functional bowel disease

(FBD) (1, 2), and changed gut microbiota in AS prompt the important role of the gut–joint

axis in the pathogenesis of AS (3). It was supposed that the effects of gut microbiota on AS

were mediated through multiple ways including gut inflammation, expansion of mucosal

Th17, migration of lymphocytes, and molecular mimicry (4–7). Explorations on an AS

model had shown that gut microbiota and its metabolites, such as short-chain fatty acids

(SCFAs), indole-3-acetate, and lipopolysaccharide, could influence the inflammatory status

(8–11). However, there is still a lack of direct evidence showing the efficacy of therapies
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targeting gut microbiota on patients with AS. Here we describe a

patient with AS and ulcerative colitis (UC) who underwent fecal

microbiota transplantation (FMT).
Case report

A 24-year-old male patient with a medical history of AS and UC

visited our hospital. The patient, who had low back and hip pain for

6 months, was given a diagnosis of AS 8 years ago according to the

1984 modified New York criteria (12). Human leucocyte antigen B-

27 (HLA-B27) was positive. His mother was diagnosed with UC

many years ago, and his father had ever presented low back pain in

his early 20s. Treated with loxoprofen, leflunomide, and Chinese

herbal medicine, the symptoms got controlled. Due to recurrent

episodes of low back pain and an elevated level of C-reactive protein

(CRP) 7 years ago, etanercept was used to control the flare-up of AS.

Then, 3 years ago, with a presentation of continuous diarrhea

and abdominal pain, the patient underwent a colonoscopy and was

diagnosed with UC, the symptoms of which were controlled after

the use of mesalazine.

Furthermore, the interruption of drugs for nearly 1 month

flared the inactive disease1 year ago. Subsequently, adalimumab at

40 mg subcutaneously biweekly or etanercept at 50 mg

subcutaneously every week, combined with acemetacin at 180

mg/day and mesalazine at 4 g/day, was used for over 3 months,

but it failed to achieve an adequate response. Based on our previous

successful FMT experience with UC (13), this patient was treated

with three FMTs, which was proceeded 4 weeks after the last

subcutaneous injection of etanercept to avoid infection risk.

Stools for FMTs were obtained from a 26-year-old healthy man

(FMT1 and FMT2) and a 36-year-old healthy woman (FMT3), which

had been screened through procedures including a preliminary

questionnaire, physical examination, laboratory examinations, etc.
Frontiers in Immunology 02
(13). Briefly, a preliminary questionnaire including queries on

medical history and lifestyle habits was used to exclude any

exposure to infectious agents or risky behaviors, and laboratory

examinations, including serology screening tests for HIV, hepatitis

A, B, C, and E, syphilis, Epstein–Barr virus, cytomegalovirus, and

rotavirus, and stool culturing for enteric pathogens including

Escherichia coli O157, Salmonella spp., Shigella spp., Campylobacter

spp., Staphylococcus aureus, Yersinia,Vibrio parahaemolyticus,Vibrio

cholerae, Candida albicans, Clostridium difficile toxin A/B, ova, and

parasites was performed to avoid a potential infection risk through

FMT. On the day of each FMT, fresh stool (100 ± 20 g) was diluted

with 500 ml normal saline, and the final volume of the fecal

suspension was 400 ml after the procedures of suspension and

filtration subsequently. In total, 100 ml of fecal suspension was

infused into the jejunum by gastroscopy, and 300 ml was infused

from the terminal ileum to the rectum by colonoscopy.

At baseline, the assessments of AS showed a high disease activity,

of which the AS Disease Activity Score based on C-reactive protein

(ASDAS-CRP) and Bath Ankylosing Spondylitis Disease Activity

Index (BASDAI) was 4.81 and 5.1, respectively (Figure 1A). Severe

back pain with a limitation of axial mobility led the patient to be

wheelchair-ridden. Besides this, a moderate disease activity of UC was

exhibited (Mayo score = 6), in which bloody diarrhea occurred

accompanied with a low level of hemoglobin (85 g/L). At 3 days

after FMT1, the patient reported relief from low back pain. However,

the right frontotemporal skin broke out in a rash, which faded 2 days

later after using cetirizine hydrochloride. At 1 week after FMT1,

dramatic improvements in AS as well as a reduction of bowel

movements and abdominal pain were recorded. CRP decreased

from a baseline of 164.3 to 51.15 mg/L. The erythrocyte

sedimentation rate from baseline was 115 to 86 mm/h, and

interleukin (IL)-6 from baseline was 47.95 to 2 pg/ml. Hemoglobin

rose from a baseline value of 85 to 108 g/L (Figure 1B). Although the

use of acemetacin was subsequently reduced to 90 mg/day, further
A B

FIGURE 1

Therapeutic evaluation of fecal microbiota transplantation. (A) Clinical assessments of ankylosing spondylitis (AS) and ulcerative colitis (UC).
(B) Laboratory findings. ASDAS, AS Disease Activity Score; BASDAI, Bath AS Disease Activity Index; BAS-G, Bath AS Patient Global Score; BASFI, Bath
AS Functional Index; BASMI, Bath AS Metrology Index; pMS, partial Mayo score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6,
interleukin-6; Hb, hemoglobin.
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improvements were noted at 4 weeks after FMT1 and at 1 week after

FMT2 (week 5). Besides these, colonoscopy at FMT2 revealed slighter

colitis (Mayo endoscopic sub-score from baseline 2 to 1) (Figure 2).

The favorable recovery from AS and UC enabled the patient to restart

his postgraduate study since 2 weeks before FMT3 (week 10), but

staying up late led to a slight revival in AS. The symptoms of AS got

controlled again after FMT3. During the follow-up period (week 16

and week 36), the AS disease status was maintained (Figure 1).

16S ribosomal RNA gene V4 region sequencing was performed

on fecal DNA isolated from stool samples collected from the patient

at serial evaluation points and from donors of FMTs for microbiota

analysis. The results of the principal coordinate analysis

demonstrated that the microbial profile of the patient improved

toward those of donors following FMTs and remained roughly

stable (Figure 3A). The Shannon index of the patient’s fecal

microbiota was increased after FMT1 and decreased after FMT3

(Figure 3B). Marked changes at the genus level, such as decreased

relative abundance of Escherichia-Shigella and Intestinibacter and

increased relative abundance of Faecalibacterium and

Parasutterella, were detected after FMT (Figure 3C). Moreover, a

microbial disturbance at 8 weeks post-FMT2 (week 12), which

might have been influenced by external factors such as staying up

late, was also observed (Figure 3).
Discussion

To our knowledge, this is the first report on treating refractory

AS with FMT. For the treatment of inflammatory arthritis other

than AS, there had been cases reporting the efficacy of FMT in

psoriatic arthritis (PsA) and rheumatoid arthritis (RA) (14, 15).

Incidental improvements of back pain and morning stiffness after

FMT were also reported by one UC patient without sacroiliitis (16),

whereas a positive efficacy of FMT on PsA was not found in a

randomized placebo-controlled trial (17).

Conventionally, the donor is of vital importance to the safety

and efficacy of FMT. For the present case, although the donors had

undergone adequate examinations to avoid potential infectious risk
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through FMT (13), a cutaneous hypersensitivity reaction appeared

to the patient after FMT1. In retrospect, a similar skin rash had

previously occurred once to the patient after the consumption of

mango, which, coincidentally, was also consumed by the donor 2

days before the stool donation. Hence, it was speculated that FMT

might have transferred some components causing the allergic

reaction in the patient but not in the donor, indicating that a

patient’s factors should be considered in the dietary management of

the donor to avoid relative risk. In addition, replacement of a donor

should not be neglected as among the possible reasons why no more

significant improvement was found after FMT3.

Any procedure of FMT, from defecation of the donor to infusion

of fecal suspension into the recipient, might also influence the

outcome. In view of previous studies, we chose procedures which

included fresh stools rather than frozen stools (18), three doses rather

than only one (19), and multiple routes (via colonoscopy and

gastroscopy) rather than a single one (20) to protect the microbial

efficacy from disturbance in the process as far as possible.

The microbial changes after FMT in the present case, including

the increased amount of Parasutterella (21–24) and the decreased

amounts of Escherichia–Shigella (23, 25) and Intestinibacter (21, 26),

were in accordance with the results of studies comparing the gut

microbiota of cases with AS versus healthy controls. However, the

amount of the genus Faecalibacterium, which was previously reported

to be enriched in patients with AS compared with controls (25, 27),

was increased, accompanied with a decreased disease activity after

FMT. Studies on Faecalibacterium had reported its anti-inflammatory

characteristics such as maintaining Th17/Treg balance, blocking NF-

kappaB activation, and increasing IL-10 production (28, 29). In

addition, the deficiency of Faecalibacterium was also observed in

patients with early RA (30). Hence, Faecalibacterium might be

protective to AS, and the paradoxical results were probably

attributed to the medication use of patients in previous case–control

studies. Except for taxa related to the disease activity of the patient,

other taxa such as Streptococcus (21, 25, 26), Dialister (23, 26, 31), and

Clostridium bolteae (22, 32) might also have potential impacts on AS,

which need explorations to testify the causal relationship between

specific bacteria and the progression of AS.
FIGURE 2

Colonoscopy photographs. FMT1 showing mucosal erythema, friability, erosions with white fur-like substance, and an obscure vascular pattern
(Mayo endoscopic score = 2). FMT2 showing a milder degree of the above-mentioned characteristics (Mayo endoscopic score = 1). FMT3 showing
an almost normal colonic mucosal appearance with faint inflammatory evidence (Mayo endoscopic score = 1).
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The slight relapse of AS at 4 weeks post-FMT2, accompanied

with a deviation of the fecal microbial profile, elicited a further

question about the achievement of durable remission. External

factors could influence the gut microbiota. Poor lifestyle such as

staying up late could influence normal diurnal rhythmicity

exhibited in the gut microbiota and its metabolites to cause

fatigue (33), and then it might lead to a flare of AS (34). Diet

could influence both the disease activity of AS and gut microbiota.

High dietary fiber intake might be helpful to maintain the efficacy

of FMT through promoting beneficial bacteria and increasing the

production of SCFAs (35). Moreover, a successful combination of

FMT and a multidimensional sulfide-reducing diet on one patient

with UC supported a defined diet that might also be conducive to
Frontiers in Immunology 04
prolong the efficacy of FMT (36). Prebiotics was also reported to

improve the anti-inflammatory effect of FMT (37). Drugs for AS,

including non-steroidal anti-inflammatory drug and tumor

necrosis factor inhibitor, could change the gut microbiota (23,

38, 39); however, whether FMT and drugs could mutually

strengthen the efficacy on AS remains unknown and is worthy

of exploration.

Collectively, the present case shows a notable efficacy of FMT in

refractory AS with comorbid UC, which deserves cohort studies

with large samples. Further exploration on strains or microbial

metabolites related to AS is beneficial to the advancement of FMT

in donor selection, durable remission, and even replacement of fecal

suspension by certain elements.
A B

C

FIGURE 3

Microbial profiles. (A) Principal coordinate analysis of the taxonomy profile. (B) Shannon index of the gut microbiota. (C) Taxonomy at the genus
level. D1–D3 represent the microbial profiles of donors for FMT1–3.
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Patient’s perspective

The alternative therapy, FMTs, alleviated me from refractory AS

and UC which had afflicted me for almost 1 year. Now, I am feeling

fine in the mass and could continue my postgraduate study, even

though low back pain sometimes disturbs me accompanied with

laborious work and cold weather. I hope that my case inspires more

doctors to advance therapies on AS.
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