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Abstract

Viral myocarditis is a rare but life-threatening complication in patients with ulcerative colitis. Management of
myocarditis is primarily supportive, because there are currently no established targeted therapies. Recent studies
have increasingly highlighted the association between the gut microbiota and myocarditis. Here, we report a case
of acute severe ulcerative colitis complicated by cytomegalovirus and Epstein-Barr virus co-infections that led to
viral  myocarditis.  The  patient  experienced  rapid  remission  of  both  intestinal  and  cardiac  symptoms  following
washed microbiota transplantation, suggesting this intervention may serve as a potential alternative treatment for
these life-threatening conditions.
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Introduction

Myocarditis  is  a  life-threatening  complication  in
patients  with  inflammatory  bowel  disease[1].  It  is
primarily  associated  with  viral  infections,  such  as
enteroviruses,  adenoviruses,  parvovirus  B19,
cytomegalovirus  (CMV),  and  Epstein-Barr  virus
(EBV)[2].  Recommended  therapies  for  acute  severe
ulcerative  colitis  (ASUC)  include  corticosteroids,
biologic  agents,  and  JAK  inhibitors;  however,  these
treatments may increase the risk of opportunistic viral
infections[3].  Viral  myocarditis  may  result  in  dilated
cardiomyopathy,  heart  failure,  and  cardiogenic

shock[4].  The  underlying  cause  determines  the
treatment  for  myocarditis,  which  remains  primarily
supportive[4].

Increasing  studies  have  shown  that  gut  microbiota
play  a  significant  role  in  the  pathogenesis  of
myocarditis[5–6].  Fecal  microbiota  transplantation
(FMT) has been shown to reduce myocardial damage
and  inflammatory  infiltration  in  mice  with
autoimmune  myocarditis  by  restoring  microbiota
composition[7].  A  new  method  of  FMT,  based  on  an
automatic  washing  process,  is  called  washed
microbiota  transplantation  (WMT),  which  improves
transplantation-related  safety  and  standardizes
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quantitative  methods,  and  delivery  of  microbiota
suspension[8–9].  Here,  we  report  a  patient  with  ASUC
complicated  by  viral  myocarditis  who  rapidly
achieved clinical remission through WMT.

The current study was approved by the Institutional
Review  Board  of  the  Second  Affiliated  Hospital  of
Nanjing Medical University (Approval No. [2012]-ky-
015). Informed consent was obtained from the patient. 

Case report

A  36-year-old  man,  who  presented  with
hematochezia,  diarrhea,  and  abdominal  pain,  was
hospitalized  on  May  7,  2022.  Upon  admission,  he
reported  more  than  10  bloody  stools  per  day,
accompanied  by  anorexia  and  fatigue.  He  had  been
diagnosed with ulcerative colitis (UC) two years prior
and  had  taken  mesalazine  irregularly  since  then.  He
had  stopped  taking  mesalazine  six  months  earlier
because of poor compliance. There was no personal or
family history of cardiovascular disease.

The  vital  signs  on  admission  were  stable
(temperature  [T], 36.6 ℃;  pulse  [P],  68/min;
respiration  [R],  18/min;  blood  pressure  [BP],

124/85  mmHg).  Physical  examination  showed  no
significant  signs  except  for  lower  abdominal
tenderness  and  hyperactive  bowel  sounds.  C-reactive
protein  (CRP)  and  erythrocyte  sedimentation  rate
(ESR)  were  24.3  mg/L  and  44  mm/h,  respectively
(Fig. 1). Serological tests revealed positive CMV-IgG
(3.63 AU/L). Colonoscopy showed completely absent
vessels,  significant  congestion,  erosion,  and  scattered
punched-out  ulcers  throughout  the  colon,  graded  as
Mayo 3, with an Ulcerative Colitis Endoscopic Index
of Severity (UCEIS) of seven[10] (Fig. 2A).

On  day  4,  the  patient  experienced  persistent
chest  tightness,  with  decreased  BP  (106/65  mmHg)
and an elevated heart rate (99/min). Elevated levels of
troponin  T  (143  ng/L),  troponin  I  (0.07  ng/mL),  and
NT-proBNP  (3 989 pg/mL)  were  detected.  The
electrocardiogram showed  dynamic  ST-T  changes  on
day 5 (Fig. 3). Echocardiography conducted on day 6
revealed  normal  findings.  Myocarditis  was  highly
suspected  based  on  cardiac  symptoms,  dynamic
electrocardiogram  changes,  and  elevated  biomarkers
of myocardial injury.

To  identify  the  cause  of  myocardial  injury,  viral
serology  for  EBV and  metagenomics  next-generation
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Fig.  1   Clinical  course  and  changes  of  the  important  laboratory  indicators  of  the  patient. Abbreviations:  ECG,  electrocardiogram;
EBV,  Epstein-Barr  virus;  mNGS,  metagenomics  next-generation  sequencing;  UCG,  ultrasonic  cardiogram;  CAG,  coronary  angiography;
WMT, washed microbiota transplantation; CMV, cytomegalovirus; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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sequencing  (mNGS)  were  conducted.  An  endomyo-
cardial  biopsy  was  not  performed  to confirm  the
etiological  diagnosis  of  viral  myocarditis  because  of
the  invasive  nature  of  the  procedure. The  serological
test  revealed  positive  VCA-IgG (45.05  AU/mL)  and
EBNA-IgG  (> 50.00  AU/mL).  CMV  and  EBV  were
also  detected  in  the  blood  through  mNGS.  Coronary
angiography was conducted on day 6 to exclude acute
coronary  artery  disease,  and  no  abnormalities  were
found.

The patient was diagnosed with ASUC complicated
by viral myocarditis. Ganciclovir was initiated on day
7 at a dose of 5 mg/kg intravenously, twice daily, for
10  days.  Following  discharge,  treatment  was
transitioned  to  oral  ganciclovir  capsules  at  a  dose  of
250  mg  three  times  daily  for  an  additional  21  days.
The  patient's  disease  was  progressive  with
conventional  treatments,  including  oral  mesalazine
and mesalazine enema, as CRP (71.5 mg/L) and ESR
(83  mm/h)  on  day  9  were  higher  than  at  admission.
Rescue  WMT  was  administered  on  days  10  and  11
through  the  colonic  transendoscopic  enteral  tubing
after  obtaining  consent  from  the  patient  and  his
relatives. The symptom of chest tightness disappeared,
with stable  vital  signs  (T,  36.6  ℃;  P,  70/min;  R,
18/min;  BP,  114/70  mmHg)  on  the  second  day  after
the initial WMT. The level of troponin T was 6.3 ng/L
on  the  same day.  From the  sixth  day  post-WMT,  the
patient  had  yellow  loose  stools  once  daily  without
abdominal  pain.  The  patient  was  discharged  seven
days post-WMT. CRP and serological  tests  for  CMV
and  EBV  normalized  one  month  after  WMT.  A
colonoscopy  conducted  one  month  after  WMT
showed  a  small  number  of  aphthous  ulcers  in  the
rectum and sigmoid, as well as scars in the mucosa of
the whole colon, graded as Mayo 1, with an UCEIS of

one  (Fig.  2B).  During  the  one-year  follow-up,  UC
relapsed  once  nine  months  post-WMT,  but  clinical
remission  was  achieved  after  the  second  course  of
WMT,  with  no  recurrent  cardiac  symptoms.  No
adverse  events  were  observed  during  the  short-term
and long-term follow-up after WMT. 

Discussion

In  this  case,  WMT  effectively  treated  ASUC
complicated  by  viral  myocarditis.  The  patient's
clinical  manifestations  and  examination  results  met
the  diagnostic  criteria  for  myocarditis[11].  Both  CMV
and  EBV  are  cardiotropic  viruses  that  may  lead  to
viral  myocarditis  with  a  poor  prognosis[4].  The
etiology  of  myocarditis  in  this  case  was  attributed  to
CMV/EBV  co-infection,  as  supported  by
seropositivity  for  both  viruses  and  detection  by
mNGS.  Mesalazine  toxicity  and  UC-related  extra-
intestinal manifestations were excluded because of the
six-month  treatment  discontinuation  and  the  absence
of prior cardiac symptoms.

Myocardial  injury in viral  myocarditis  results  from
direct  damage  mediated  by  viral  infection  and
secondary  immune  responses.  Gut  microbiota
reconstruction  may  inhibit  CMV  infection  by
regulating  the  activation  of  CD8+ T  cells  and
increasing  the  expression  of  type Ⅰ interferon
signaling  pathways[12].  Furthermore,  microbiota-
derived short-chain fatty acids (SCFAs) may enhance
T  helper  cell  function  and  maintain  gut  epithelial
barrier  integrity,  which  helps  prevent  aberrant
inflammatory  responses[13].  Tang et  al[14] found  that
FMT  could  promote  cardiac  repair  in  mice  with
myocardial  infarction by increasing the  abundance of
SCFA-producing Lactobacillus.  In  this  case,  the
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Fig.  2   Endoscopy  images  of  the  patient  before  and  after  WMT. A:  Endoscopic  findings  showed  punched-out  ulcers  before  WMT,
graded  Mayo  3,  UCEIS  7.  B:  Endoscopic  findings  showed  significant  improvement  without  punched-out  ulcers  one  month  after  WMT,
graded  Mayo  1,  UCEIS  1.  Abbreviations:  WMT,  washed  microbiota  transplantation;  UCEIS,  Ulcerative  Colitis  Endoscopic  Index  of
Severity.
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patient's  intestinal  and  cardiac  symptoms  improved
after WMT, an effective method for reconstructing gut
microbiota.  The  mechanisms  by  which  WMT  treats
viral  myocarditis  may  involve  increasing  the
abundance  of  SCFA-producing  bacteria  and
supporting the immune system.

Patients  with  inflammatory  bowel  disease  infected
with  EBV  or  CMV  may  experience  a  prolonged
course  of  the  disease,  serious  complications,  and
frequent recurrences[15]. WMT was administered three
days  after  the  commencement  of  antiviral  therapy  in

response  to  disease  progression.  The  patient's
intestinal  symptoms  improved  significantly  on  the
sixth  day  after  WMT.  Eighteen  days  after  the  end  of
antiviral  therapy,  which  was  much  shorter  than  the
three  months  reported  in  Rachele  Ciccocioppo's
study[16],  the  colonoscopy  revealed  the  disappearance
of characteristic ulcers and old scars in the mucosa of
the entire colon, with a reduction in the UCEIS score
from seven to one. These findings suggest that WMT
accelerated  clinical  and  endoscopic  remission  in
ASUC with CMV and EBV infections.

The  treatment  of  UC  with  viral  infections  is
complex  because  the  use  of  corticosteroids  or
immunosuppressants  may  exacerbate  the  infection.
Increasing  studies  have  demonstrated  the  efficacy  of
FMT  in  UC[17] and  the  safety  of  FMT  in
immunocompromised  populations[18].  Zhang et  al[19]

reported  that  eukaryotic  viruses  were  reduced  after
FMT  in  a  patient  with  graft-versus-host  disease,
indicating  the  potential  of  FMT  in  eliminating
pathogenic  viruses.  WMT  is  a  newer  generation  of
FMT  that  reduces  the  incidence  of  adverse  events  in
patients  with  UC  from  35.5% to  7.2%[20].  Given  the
favorable  safety  of  WMT  and  the  established
association  between  gut  microbiota  and  viral
infections,  we  applied  the  rescue  WMT,  and  the
patient's  intestinal  and  cardiac  symptoms  rapidly
improved without any adverse events.

In conclusion,  this  case demonstrates that  a  patient
with  ASUC  complicated  by  viral  myocarditis  was
successfully  treated  with  WMT,  suggesting  a  new
potential  treatment  option  for  these  life-threatening
conditions. 

Fundings

This work received no funding from any source. 

Acknowledgments

We  acknowledge  Dr.  Shushu  Zhu  for  her
professional guidance on cardiology.

References

 Ammirati  E,  Moslehi  JJ. Diagnosis  and  treatment  of  acute
myocarditis: A review[J]. JAMA, 2023, 329(13): 1098–1113.

[1]

 Leone  O,  Pieroni  M,  Rapezzi  C,  et  al. The  spectrum  of
myocarditis: From pathology to the clinics[J]. Virchows Arch,
2019, 475(3): 279–301.

[2]

 Toruner M, Loftus Jr EV, Harmsen WS, et al. Risk factors for
opportunistic infections in patients with inflammatory bowel

[3]

 

A

B

C

D

 

Fig. 3   Dynamic ECG changes during the disease. A: The ECG
revealed oblique ST-segment elevation in leads Ⅱ and V4 to V6 on
May 7. B: Normal ECG on May 11. C: The ECG showed that the
T-wave in leads Ⅱ and V4 to V6 changed from upright to flat  on
May 12. D: The ECG revealed T-wave changes in leads Ⅱ and V4
to V6 on May 17. Abbreviation: ECG, electrocardiogram.

WMT treats ASUC and viral myocarditis 433

https://doi.org/10.1001/jama.2023.3371
https://doi.org/10.1007/s00428-019-02615-8


disease[J]. Gastroenterology, 2008, 134(4): 929–936.
 Tschöpe  C,  Ammirati  E,  Bozkurt  B,  et  al. Myocarditis  and
inflammatory  cardiomyopathy:  Current  evidence  and  future
directions[J]. Nat Rev Cardiol, 2021, 18(3): 169–193.

[4]

 Gil-Cruz  C,  Perez-Shibayama  C,  De  Martin  A,  et  al.
Microbiota-derived peptide mimics drive lethal inflammatory
cardiomyopathy[J]. Science, 2019, 366(6467): 881–886.

[5]

 Wang  J,  Zhang  X,  Yang  X,  et  al. Revitalizing  myocarditis
treatment  through  gut  microbiota  modulation:  Unveiling  a
promising therapeutic avenue[J]. Front Cell Infect Microbiol,
2023, 13: 1191936.

[6]

 Hu  X,  Zhang  W,  Wen  Q,  et  al. Fecal  microbiota
transplantation  alleviates  myocardial  damage  in  myocarditis
by  restoring  the  microbiota  composition[J]. Pharmacol  Res,
2019, 139: 412–421.

[7]

 Zhang  T,  Lu  G,  Zhao  Z,  et  al. Washed  microbiota
transplantation vs. manual  fecal  microbiota  transplantation:
Clinical  findings,  animal  studies  and in  vitro screening[J].
Protein Cell, 2020, 11(4): 251–266.

[8]

 Lu  G,  Wen  Q,  Cui  B,  et  al. Washed  microbiota
transplantation  stopped  the  deterioration  of  amyotrophic
lateral sclerosis: The first case report and narrative review[J].
J Biomed Res, 2022, 37(1): 69–76.

[9]

 Ikeya  K,  Hanai  H,  Sugimoto  K,  et  al. The  ulcerative  colitis
endoscopic index of severity more accurately reflects clinical
outcomes and long-term prognosis than the Mayo endoscopic
score[J]. J Crohns Colitis, 2016, 10(3): 286–295.

[10]

 Caforio ALP, Pankuweit S, Arbustini E, et al. Current state of
knowledge on aetiology, diagnosis, management, and therapy
of myocarditis: A position statement of the European Society
of Cardiology Working Group on Myocardial and Pericardial
Diseases[J]. Eur Heart J, 2013, 34(33): 2636–2648.

[11]

 Steed  AL,  Christophi  GP,  Kaiko  GE,  et  al. The  microbial
metabolite desaminotyrosine protects from influenza through

[12]

type Ⅰ interferon[J]. Science, 2017, 357(6350): 498–502.
 Kau AL, Ahern PP,  Griffin NW, et  al. Human nutrition,  the
gut  microbiome  and  the  immune  system[J]. Nature, 2011,
474(7351): 327–336.

[13]

 Tang  TWH,  Chen  HC,  Chen  CY,  et  al. Loss  of  gut
microbiota  alters  immune  system  composition  and  cripples
postinfarction  cardiac  repair[J]. Circulation, 2019, 139(5):
647–659.

[14]

 Xu  S,  Chen  H,  Zu  X,  et  al.  Epstein-Barr  virus  infection  in
ulcerative  colitis:  A  clinicopathologic  study  from  a  Chinese
area[J]. Therap  Adv  Gastroenterol,  2020,  13:
1756284820930124.

[15]

 Ciccocioppo  R,  Racca  F,  Paolucci  S,  et  al. Human
cytomegalovirus  and  Epstein-Barr  virus  infection  in
inflammatory  bowel  disease:  Need  for  mucosal  viral  load
measurement[J]. World  J  Gastroenterol, 2015, 21(6):
1915–1926.

[16]

 Paramsothy S,  Kamm MA, Kaakoush NO, et  al. Multidonor
intensive  faecal  microbiota  transplantation  for  active
ulcerative  colitis:  A  randomised  placebo-controlled  trial[J].
Lancet, 2017, 389(10075): 1218–1228.

[17]

 de  Clercq  NC,  van  den  Ende  T,  Prodan  A,  et  al. Fecal
microbiota  transplantation  from  overweight  or  obese  donors
in cachectic patients with advanced gastroesophageal cancer:
A  randomized,  double-blind,  placebo-controlled,  phase Ⅱ

study[J]. Clin Cancer Res, 2021, 27(13): 3784–3792.

[18]

 Zhang F,  Zuo T,  Yeoh YK,  et  al. Longitudinal  dynamics  of
gut bacteriome, mycobiome and virome after fecal microbiota
transplantation  in  graft-versus-host  disease[J]. Nat  Commun,
2021, 12(1): 65.

[19]

 Lu  G,  Wang  W,  Li  P,  et  al. Washed  preparation  of  faecal
microbiota  changes  the  transplantation  related  safety,
quantitative  method  and  delivery[J]. Microb  Biotechnol,
2022, 15(9): 2439–2449.

[20]

434 Ai R et al. J Biomed Res, 2025, 39(4)

https://doi.org/10.1053/j.gastro.2008.01.012
https://doi.org/10.1038/s41569-020-00435-x
https://doi.org/10.1126/science.aav3487
https://doi.org/10.3389/fcimb.2023.1191936
https://doi.org/10.1016/j.phrs.2018.11.042
https://doi.org/10.1007/s13238-019-00684-8
https://doi.org/10.7555/JBR.36.20220088
https://doi.org/10.1093/ecco-jcc/jjv210
https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.1126/science.aam5336
https://doi.org/10.1038/nature10213
https://doi.org/10.1161/CIRCULATIONAHA.118.035235
http://dx.doi.org/10.1177/1756284820930124
https://doi.org/10.3748/wjg.v21.i6.1915
https://doi.org/10.1016/S0140-6736(17)30182-4
https://doi.org/10.1158/1078-0432.CCR-20-4918
https://doi.org/10.1038/s41467-020-20240-x
https://doi.org/10.1111/1751-7915.14074

	Introduction
	Case report
	Discussion
	Fundings
	Acknowledgments
	References

