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Abstract
BACKGROUND
Cumulative evidence suggests that the aberrant immune responses in acquired
aplastic anemia (AA) are sustained by active chronic infections in genetically
susceptible individuals. Recently, the constant source to trigger and sustain the
pathophysiology has been proposed to come from the altered gut microbiota and
chronic intestinal inflammation. In this case, our serendipitous finding provides
convincing evidence that the persistently dysregulated autoimmunity may be
generated, at least in a significant proposition of AA patients, by the altered gut
microbiota and compromised intestinal epithelium.

CASE SUMMARY
A 30-year-old Chinese male patient with refractory severe AA experienced a 3-
month-long febrile episode, and his fever was refractory to many kinds of
injected broad-spectrum antibiotics. When presenting with abdominal cramps, he
was prescribed oral mannitol and gentamycin to get rid of the gut infection. This
treatment resulted in a quick resolution of the fever. Unanticipatedly, it also
produced an excellent hematological response. He had undergone three episodes
of recurrence within the one-year treatment, with each recurrence occurring 7-8
wk from the gastrointestinal inflammation eliminating preparations. However,
subsequent treatments were able to produce subsequent remissions and
consecutive treatments were successful in achieving durative hematological
improvements, strongly indicating an etiological association between chronic gut
inflammation and the development of AA. Interestingly, comorbid diseases
superimposed on this patient (namely, psychiatric disorders, hypertension,
insulin resistance, and renal dysfunction) were ameliorated together with the
hematological improvements.

CONCLUSION
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Core tip: The aberrant immune responses in aplastic anemia had been proposed to be
triggered by altered gut microbiota, and our serendipitous finding that a 30-year-old man
with refractory severe aplastic anemia had gained an inadvertently excellent
hematological response following oral administration of mannitol and gentamycin
provides convincing evidence to support the hypothetical but plausible pathogenic
association. Several comorbid diseases on this patient were ameliorated together with the
hematological improvements, indicating commonly shared etiological associations
between the comorbidities and aplastic anemia in a background consisting of altered gut
microbiota, chronic intestinal inflammation, increased epithelial permeability, and an
autoimmune nature, instead of the adverse events of cyclosporine and iron overload.

Citation: Zhao XC, Zhao L, Sun XY, Xu ZS, Ju B, Meng FJ, Zhao HG. Excellent response of
severe aplastic anemia to treatment of gut inflammation: A case report and review of the
literature. World J Clin Cases 2020; 8(2): 425-435
URL: https://www.wjgnet.com/2307-8960/full/v8/i2/425.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i2.425

INTRODUCTION
Acquired aplastic anemia (AA) is an autoimmune disease resulting from aberrant and
antigen-driven immune responses to hematopoietic stem/progenitor cells (HSPCs)[1,2].
In the immune-mediated destruction of bone marrow (BM) hematopoiesis, a growing
body of evidence suggests that the dysregulated autoimmunity is sustained by some
active chronic infections[3,4]. Multiple infectious agents are involved[5]; however, no
putative evidence has confirmed these pathogens to be capable of sustaining the
chronic inflammation.

Very recently, the constant source of persistent stimulation to trigger and sustain
the  immune  pathophysiology  has  been  proposed  to  come  from  the  altered  gut
microbiota and chronic intestinal inflammation[6,7]. A serendipitous finding reported
in this paper explains how a 30-year-old male patient with refractory severe AA
(RSAA) showed an inadvertently excellent hematological response to treatment of gut
inflammation,  which  provides  direct  and  convincing  evidence  to  support  the
hypothetical but plausible pathogenic association.

CASE PRESENTATION

Chief complaints
A 30-year-old male patient was detected as having pancytopenia for 23 years and
fever for 11 d.

History of present illness
Twenty-three years ago, at six years of age, a Chinese boy sought medical attention
with major complaints of rapidly progressive weakness, fatigue, and pallor. This
patient was detected as having pancytopenia and diagnosed with AA by BM aspirate
and biopsy at several centers. He was prescribed cyclosporine (CsA) and stanozolol,
showing a good hematological response. His symptoms gradually improved, but his
peripheral  blood  cell  counts  had  never  reached  the  normal  levels.  In  2004,  he
experienced  his  first  relapse  8  mo  after  the  discontinuation  of  CsA,  and  was
reinstituted on CsA,  again showing a good response.  In 2011,  he underwent his
second relapse 3 mo after the discontinuation of CsA. This time, he was referred to
our center.  On admission,  major complaints  included progressive weakness and
fatigue for 1 mo and high-grade fever for 11 d. His peak body temperature had risen
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to 39.7 °C, with the absence of evident localized signs or symptoms.

History of past illness
The patient had no history of diseases of the hematopoietic system or significant
infections before the diagnosis of AA.

Toxin exposures
He had a history of dimethylbenzene exposure due to his house being decorated 8 mo
before being sent to the doctor.

Personal and family history
No family history of inherited, hematological, or autoimmune diseases was recorded.

Physical examination upon admission
His height was 173 cm, and his body weight 63.5 kg. The body temperature was 38.7
°C; breathing rate 23 bp/min; heart rate 98 bp/min; and blood pressure (BP) 124/82
mmHg. Upon physical examination, except for the bruising pallor complexion, no
physical abnormalities were recorded. Conspicuous mucocutaneous hemorrhage,
jaundice,  or exanthemata was not presented. No significant signs of the nervous
system,  respiratory  system,  cardiovascular  system,  gastrointestinal  symptom,
urogenital system, and skeletal musculature system were found.

Laboratory examinations
On admission, routine blood test revealed the following results: white blood cells
(WBCs), 1730/µL; absolute neutrophil count (ANC), 270/µL; red blood cells (RBCs),
1860000/µL; hemoglobulin level (Hb), 5.4 g/dL; platelets (Plts), 6000 /µL; absolute
reticulocyte count (Ret),  7600/µL; and C-reaction protein (CRP), 145.8 mg/L. No
abnormalities were detected in his urine examination, coagulation profile, liver and
renal function, lactate dehydrogenase, antinuclear antibodies, or serological tests for
hepatitis  A,  B,  and  C,  and  anti-HIV  antibodies.  His  blood  culture  was  sterile.
Expression of CD55 and CD59 was within the normal limits. Evaluation of BM smears
from the posterior superior iliac spine revealed severe hypocellularity with severe
fatty replacement, predominantly lymphocytes, with few erythrocyte and myeloid
precursors as well as no megalokaryocytes or dysplasia (Figure 1A). Peripheral blood
smears confirmed the severe neutropenia without atypical blood cells. No positive
cytogenetic  findings were identified by culturing the BM sample.  A reticulocyte
reaction  was  not  observed  following  a  tentative  treatment  with  folinate  and
mecobalamin.

Imaging examinations
No  signs  of  pulmonary  infection  were  noted  by  chest  computed  tomography.
Lymphadenopathy and hepatosplenomegaly were not observed by ultrasonographic
examination.

FINAL DIAGNOSIS
Laboratory tests and tentative treatment fulfilled the diagnostic criteria for severe AA
(SAA) according to guidelines for the diagnosis and management of adult aplastic
anaemia.

TREATMENT
Apart from the treatment with injected antibiotics and blood transfusion, he was
retreated with CsA (250 mg/d) and stanozolol (6 mg/d). The fever was resolved
successfully by intensive antibiotic treatments, but the BM suppression showed a
reduced sensitivity to this immunosuppressive therapy that was once highly effective
before the two relapses.

Resistance to immunosuppressive therapy and other treatments
Although  this  patient  had  been  treated  all  the  while  with  CsA  and  stanozolol,
significant hematological improvements had never been observed. During the seven
years of treatment at our center, this patient had been subject to many fluctuating
infectious episodes, with each episode lacking positive microbiological findings and
localized presentations. He presented with moderate psychiatric disorders (alternate
recurrences of anxiety and depression), escalated BP, and elevated serum creatinine
(SCr) levels for the past six years. The distinct complexion and the comorbid diseases
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Figure 1

Figure 1  Bone marrow aspirate smears obtained from the posterior superior iliac spine of this refractory severe aplastic anemia patient. A: A smear
sampled 8 years ago when he was admitted to our center revealed severe hypocellularity with severe fatty replacement, predominantly lymphocytes, with few
erythrocyte and myeloid precursors; B: A smear sampled on day 294 following mannitol and gentamycin treatment showed largely normal cellularity, with a normal
proportion of myeloid precursors and lymphocytes as well as no atypical hematopoietic cells.

were, together with the progressive hematopoietic injury, frequently aggravated by
the agnogenic infections. Recombinant human granulocyte colony stimulating factor
(rhG-CSF)  was  initiated  at  200  µg/d  five  years  ago  due  to  his  severe
granulocytopenia,  but  a  significant  increase  in  WBCs  had  never  been  noted.
Deferasirox was started at 500 mg/d due to markedly elevated serum ferritin levels
four  years  ago.  Since  then,  a  rapidly  progressive  elevation  in  serum  glucose
concentration (SGC) was detected, and NovoNorm30R was prescribed. Eltrombopag
was supplemented at 100 mg/d three years ago. All these medications showed little
improvements on autologous hematopoiesis. This patient had displayed seriously
reduced sensitivity to CsA, eltrombopag, and insulin, which is making things worse
and accelerating the hematological injury. The frequency of blood transfusion had
gradually increased.

Good hematological response to treatment of gut inflammation
From March 2018 on, this patient suffered from a low-grade febrile episode. His fever
lasted for 3 mo without obvious localized presentations or positive microbiological
evidence, although laboratory tests revealed markedly elevated serum CRP levels. He
had been treated consecutively and jointly with many kinds of injected antibiotics
including piperacillin-sulbactam, levofloxacin, ceftriaxone, ornidazole, azithromycin,
imipenem-cilastatin,  vancomycin,  and  fluconazole.  However,  these  intensive
antibiotic treatments failed to relieve the inexplainable fever. Furthermore, along with
the aggravated hematopoietic injury, the comorbid diseases superimposed on this
patient were gradually or rapidly exacerbated. Only when presenting with abdominal
cramps with vogue tenderness in the right lower quadrant of his abdomen, was he
prescribed oral administration of mannitol (250 mL:50 mg for 2 d) and gentamycin (2
mL:80 mg, bid for 3 d) [mannitol-gentamycin (MG) regimen] to get rid of the gut
infection.  Prior  used  drugs  were  administered  at  the  same dose  as  before.  This
treatment resulted in a quick resolution of the febrile episode. Unanticipatedly, this
treatment  also  produced  a  good  hematological  response  and  the  RSAA patient
became transfusion-independent.

Within 2 d following the treatment, aside from the resolution of the fever, there was
a perceptible  amelioration of  the  chronic  toxic  complexion (mainly  the  bruising
appearance frequently seen on patients with various autoimmune diseases), followed
by the alleviation of the fatigue, muscular soreness, and psychiatric disorders, despite
a slight decrease in Hb level perhaps due to the relax of the increased angiotasis. A
rapid decline in BP and an evident reduction in SGC were also noted. A transiently
high responsiveness to rhG-CSF (significant increase in WBCs) was observed around
day 17, but it would decrease to considerably low levels before long and no longer
increase to the high level, despite continuous administration of rhG-CSF at the same
dose as before. SCr decreased to the normal level on day 17. A rapid increase in Plt
and  Ret  levels  was  recorded.  A  month  later,  his  second  MG  was  prescribed.
Eltrombopag was tapered according to Plt levels, with the drug tapered from 100
mg/d to 75 mg/d on day 25, to 50 mg/d on day 32, to 25 mg/d on day 42, and to 25
mg every other day on day 81.
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OUTCOME AND FOLLOW-UP

Recurrence and therapeutic outcome of subsequent treatments
On day 92, this patient underwent the first precipitous decrease in Plt and Ret levels
with the recurrence of psychiatric disorders and abdominal cramps. Eltrombopag was
prescribed again at 25 mg/d, and his third MG was prescribed. After this treatment,
the psychiatric disorders and abdominal pain were quickly resolved, and Plt and Ret
levels increased rapidly. On day 151, this patient experienced the second precipitous
decrease in Plt and Ret levels after 2 wk of constipation and recurrent abdominal pain,
accompanied by elevated SGC and CRP levels. Endoscopic examination of the large
intestine was performed and showed that the mucous membranes were congested
and swollen, the vascular lakes were absent, and there were several polyps in the
sigmoid colon and rectum, confirming the presence of gut inflammation (Figure 2A).
Pathological  examination of  the polyps showed that these polyps were enlarged
lymphoid follicles which were structurally integrated, with the infiltration of a large
number  of  lymphocytes  and  plasma  cells  around  the  lymphoid  follicles  and
underneath the mucous membranes, in accordance with inflammatory proliferation
(Figure 2B). Followed by treatment with rifaximin (200 mg, qid for 14 d), a rapid
increase in Plt and Ret levels was recorded. When insulin sensitivity was restored,
NovoNorm30R was tapered, and then discontinued on day 162.

Over  the  ensuing  4  mo,  this  patient  was  monthly  prescribed  a  polyethylene-
rifaximin (PR) regimen (1500 mL polyethylene glycol electrolyte solution for 2 d and
200 mg rifaximin,  qid for 14 d).  These consecutive treatments resulted in steady
hematological improvements. The last PR preparation was on day 278. Routine blood
test on day 291 revealed a Plt count of 237000/µL and an Hb level of 14.4 g/dL. BM
aspirate was performed again, and the smears revealed a normal cellularity (Figure
1B). On day 337, this patient experienced the third precipitous decrease in Plt and Ret
levels.  He was given another  PR,  and a  steady increase in  Plt  and Hb level  was
observed.

Results of routine blood tests in the one-year treatment
Before MG treatment, the patient’s BP was 146/94 mmHg and SCr level was 1.78
mg/dL. NovoNorm30R was injected at 28 U before breakfast and 26 U before dinner.
Routine blood test  recorded the following results:  WBCs, 1280/µL; ANC, 87/µL;
RBCs, 1500000/µL; Hb, 4.6g/dL; PLT, 1000/µL; and Ret, 2900/µL. He was transfused
with 4 U packed RBC and 10 U Plt. Hematological examinations of WBCs, Hb, Plt,
and Ret levels during the one year of treatment are shown in Figure 3.

DISCUSSION
The MG regimen was originally designed to eliminate gut infections in patients with
hematopoietic malignancies after intensive chemotherapies. Infectious episodes in
these  patients  were  sometimes  refractory  to  various  injected  antibiotics  and
complicated by gastrointestinal (GI) signs and symptoms. Since it is difficult for using
injected antibiotics to get rid of pathogens in the gut, gentamycin, a poorly absorbable
and broad-spectrum antibiotic, prescribed orally can efficiently eliminate most bacilli
and partial  cocci  without  killing  anaerobic  bacteria[8].  Mannitol  can  produce  an
osmotic diarrhea and bowel cleansing[9], thus substantially reducing the amount of gut
bacteria and minimizing the endotoxin absorption. MG has displayed excellent and
efficacious therapeutic effects for eliminating gut infections. In an attempt to treat the
3-month-long  febrile  episode  probably  generated  by  the  gut  infection,  MG was
prescribed to this patient. The treatment gave rise to a quick resolution of the febrile
episode. Unexpectedly, it also produced a good hematological response.

When  comparing  the  durative  resistance  before  MG treatment  with  the  high
responsiveness  to  the  same  drugs  and  the  same  doses  after  the  treatment,  it  is
reasonably inferred that the active chronic gut inflammation was responsible not only
for the development and perpetuation of AA but also for the seriously decreased
sensitivity  to  CsA  and  the  progressive  hematological  injury.  This  patient  had
undergone 7-year serious suppression of autologous hematopoiesis and durative
resistance to various drugs that are considered to be effective in the treatment of AA
and that were demonstrated to be effective in the previous treatment in this patient. It
is well-known that the host immune system would normally return to the immune
homeostasis rapidly after the resolution of offending pathogens in acute infections;
the exhaustion of HSPCs in AA patients strongly indicates the chronic activation of
inflammatory signals[4]. The permanently progressive hematopoietic suppression and
drug resistance, together with the resolution of the 3-month-long febrile episode, had
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Figure 2

Figure 2  Gut inflammation verified by endoscopic examination. A: Macroscopic examination of the large intestine showed that the mucous membrane was
congested and swollen, the vascular lakes were absent, and there were several polyps in the sigmoid colon and rectum, confirming the presence of gut inflammation;
B: Microscopic examination revealed that these polyps were enlarged lymphoid follicles which were structurally integrated, with the infiltration of a large amount of
lymphocytes and plasma cells around the lymphoid follicles and underneath the mucous membrane, in accordance with inflammatory proliferation.

been relieved rapidly after MG treatment, meaning that the gut inflammation had
existed at least for 7 years and had a direct relationship with the BM suppression; the
3-month-long febrile episode and the accelerated hematopoietic deterioration are
nothing more than the result of aggravated chronic gut inflammation. The episodes of
recurrence  uniformly  occurred  7-8  wk  from  the  gastrointestinal  inflammation
eliminating preparations (GIIEPs), meaning that the gut inflammation is a continuous
pathophysiology  instead  of  reinfections;  the  duration  of  the  maintenance  of
autologous hematopoiesis by these treatments lasted for about 7-8 wk and the gut
inflammation gradually return to the original state. The subsequent treatments able to
produce subsequent remissions and consecutive treatments successful in achieving
durative hematological improvements further confirmed the direct role of chronic gut
inflammation in the suppression of autologous hematopoiesis. This patient presented
with  moderate  GI  symptoms  rather  than  recurrently  acute  onset  of  serious  GI
symptoms, suggesting the gut inflammation to be an actively chronic disease with
irregular episodes of aggravation. Recurrence and subsequent therapeutic responses
suggest that the immunocompromised state in this patient may be the result of the
active chronic gut inflammation and the serious suppression of BM hematopoiesis.
The immunocompromised state induced by BM suppression would be corrected after
the recovery of autologous hematopoiesis, and this patient was unable to get rid of the
gut infection, indicating that the gut inflammation was not the result of neutropenia
caused  by  BM  suppression  but  rather  the  result  of  altered  gut  microbiota  and
compromised intestinal epithelium. On the basis of this finding, defects in HSPCs[1-4],
whether in active disease or in remission, are sustained by the persistent stimulation
originally generated by the active chronic gut inflammation. From this point of view,
administration  of  drugs  that  were  previously  reported  to  induce  AA  may  be
somewhat coincidental events or indirect consequences. Except for genotoxic drugs
that may induce malignant transformations, most of them do not exert direct toxic
effects on HSPCs[10], but rather disturb the gut microbiota or damage the intestinal
epithelial integrity[10,11],  which induces inappropriate immune responses and then
primes the autoimmune responses to HSPCs.

In the human body, the GI tract provides the largest and most vulnerable interface
linking the host psycho-neuro-endocrino-immune system to external environmental
factors. It  also harbors the most enriched lymphatic tissue and the most complex
microbial community[12], which are crucial for the education and maturation of the
host immune system[13,14]. Given the fact that genetically driven mouse models under
germ-free  (GF)  conditions  have  gained  the  ability  to  protect  themselves  from
developing  autoimmune  diseases,  this  onset  of  autoimmunity  indicates  the
contribution  of  commensal  microbiota  to  the  initiation  and  maintenance  of  the
immune pathophysiology[15-17]. Dysbiotic gut microbiota and chronic gut inflammation
are closely associated with almost all known autoimmune diseases, with the GI tract
becoming the  common spot  for  chronic  inflammation to  trigger  and sustain  the
autoimmunity[18,19].  Although the precise underlying mechanism in initiating and
perpetuating the autoimmunity remains unclear, the role of gut inflammation may be
that it provides gut microbes with the opportunity to interact with the host immune
system  via  increased  intestinal  permeability [20],  sustains  the  inflammatory
environment  through  pattern  recognition  receptors  (PPRs)  on  the  intestinal
epithelium and innate immune cells sensing pathogen associated molecular patterns
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Figure 3

Figure 3  Excellent hematological response following mannitol-gentamycin or polyethylene-rifaximin treatments in the refractory severe aplastic anemia
patient. Mannitol-gentamycin treatments were performed on days 1, 31, and 92. Polyethylene-rifaximin (PR) treatments were performed on days 158, 189, 217, 248,
278, and 337. A transiently high responsiveness to recombinant human granulocyte colony stimulating factor was noted around day 17, and since then white blood
cell counts (/µL) were maintained at relatively low levels. Plt (×10 /µL) and Ret (×10 /µL) levels increased rapidly, with each precipitous decrease occurring 7-8 wk
after mannitol-gentamycin or PR treatments. Monthly administration of PR treatments was able to result in a stable hematopoietic response. Hb (g/dL) levels increased
steadily.

and microbe associated molecular patterns on commensal  microbes[21],  and links
immunogenetics  and  environmental  exposures  to  amplify  the  autoimmune
reactions[22].

Until  now, there are only a handful of available publications documenting the
association of complicating gastrointestinal inflammatory conditions (GIICs) with the
development of AA. Reported AA-associated GIICs include inflammatory bowel
disease (IBD), celiac disease, and neutropenic enterocolitis[23-49]. The majority of these
reported cases were afflicted with more severe gut inflammation and presented as an
acute hematological episode. They presented with both more severe systemic and GI
symptoms such  as  hyperthermia,  abdominal  cramps,  and watery  and/or  blood
diarrhea, followed by rapidly progressive pancytopenia and hypocellular marrow. In
most of these reported cases with IBD, the authors had directly attributed the onset of
AA  to  the  adverse  events  of  antibiotics,  non-steroid  anti-inflammatory  drugs
(NSAIDs), and immunosuppressants[23-34], which have been widely used to treat gut
inflammation. However, successful treatment with intensive immunosuppressive
therapy strongly indicates the autoimmune nature in NSAIDs-associated AA[26,27]. In
azathioprine  and  6-mercaptopurine-induced  AA,  the  reversible  autologous
hematopoiesis suggests the direct BM suppression, which is attributed to the defects
in thiopurine methyltransferase[31-34]. In a small fraction of patients with IBD, the onset
of AA preceded the drug use or the drugs had not ever been prescribed[35-37]. Epstein-
Barr virus and cytomegalovirus have been reported to be closely associated with the
development of AA[5]. Matsumoto et al[38] reported an SAA patient with severe colitis
with both Epstein-Barr virus and cytomegalovirus reactivation, suggesting that the
gut may become the constant supply of these viruses or the colitis may share the
common etiological association with AA. A total of 12 cases in six publications have
described the association between AA and celiac disease, out of which celiac disease
was diagnosed concomitantly with AA in eight patients, whereas in the remaining
cases,  the  diagnosis  of  celiac  disease  preceded  that  of  AA.  Among  these  cases,
hematological improvements were recorded in three patients after gluten-free diet
and micronutrient supplementation[39-44], clearly indicating the pathogenic association
between gut inflammation and AA. In publications of AA-associated neutropenic
colitis, the authors had attributed the onset of colitis to severe neutropenia in the
treatment of AA, and these patients commonly presented with rapidly progressive
BM failure (BMF)[45-49],  which may represent the association of AA with acute gut
inflammation.  However,  the  presence  of  bleeding polypoid  lesions  in  the  colon
indicates an chronic inflammation preceding the onset of severe leukocytopenia and
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necrotic colitis[48].
These cases had been reported probably because of the obvious GI symptoms and

signs when presenting with serious pancytopenia. Nevertheless, a large proportion of
AA patients in clinical practice lack noticeable systemic and GI symptoms. The patient
we are reporting here had undergone a persistently moderate fever with the absence
of noticeable GI signs and symptoms until mild abdominal cramps occurred. The
presence of gut inflammation was later confirmed by endoscopic and pathological
examinations. On investigation of the medical history of AA patients treated in our
center, nearly all patients have experienced multiple episodes of mild to moderate
symptoms  of  IBD  or  IBS  such  as  agnogenic  fever,  cramping  abdominal  pain,
flatulence, diarrhea or constipation, and altered quality and quantity of stools, but
their GI symptoms have never been thought to be associated with the pathogenesis of
BMF ever  before.  We have  observed that,  in  AA patients,  the  blood cell  counts
commonly fluctuate in correlation with alterations of physical and mental states,
which are frequently catalyzed by agnogeneic infectious episodes, however, the GI
symptoms  were  so  subtle  that  they  were  always  overshadowed  by  the  serious
hematologic manifestations. Thus, gut inflammation may exist in most,  if  not all,
patients with AA. On the other hand, AA may share the common immune mechanism
with these GIICs[7].

Recurrence  is  the  most  noteworthy  issue.  This  patient  had experienced three
episodes of recurrence during the one-year treatment, with each recurrence occurring
7-8  wk after  MG or  PR treatment,  although subsequent  treatments  were  able  to
produce  subsequent  remissions  and  consecutive  treatments  were  successful  in
achieving durative hematological improvements. Possible interpretation for these
efficacious therapeutic responses and the high inclination to recurrence is that these
treatments may merely result in a short-term specific pathogen-free or low abundant
state, in which the significantly reduced gut inflammation loses its ability to overcome
the threshold to sustain the aberrant immune responses. The dysbiotic gut microbiota
would gradually return to the original state within approximately 7-8 wk. Another
question is the memory cytotoxic T cells[50,51]. They could not be eradicated by these
GIIEPs, which may be the rootstock for rapid recurrence.

Enlightened by our reporting case, a preliminary clinical investigation has been
conducted on a group of five patients with RSAA and twenty-seven patients with
refractory non-severe AA, in an attempt to testify whether or not treatment with these
GIIEPs (use PR regimen in this clinical trial) was reproducible and efficacious as that
observed in this patient. In fact, while the transiently high responsiveness to rhG-CSF
was noted in  all  RSAA patients,  a  significant  increase  in  Plt  and Ret  levels  was
recorded in all of these 32 patients. However, as have been described in this reporting
case, nearly all patients had undergone recurrence within 6-10 wk from PR treatment,
suggesting that this stable hematologic response could be sustained for only 6-10 wk
if  subsequent  GIIEP  treatment  was  not  performed.  This  preliminary  clinical
investigation has been limited by the lack of strict prospective clinical studies.

Treatment of active chronic gut inflammation to manage autoimmune diseases may
become a practicable pathway in the near future. As far, studies on the manipulation
of gut microbiota to treat autoimmune diseases have been investigated extensively
and have shown that it is highly effective to ameliorate the disease severity and to
improve survival[52]. Rifamycin may be a much promising drug to treat AA patients
for  its  eubiotic  properties[53].  Apart  from the  eubiotic  effect,  rifampicin  partially
absorbed by the gastrointestines could serve as a mammalian target of rapamycin
(mTOR) inhibitor to break down the vicious circle induced by the activation of mTOR
signaling  pathway and has  been shown to  be  highly  effective  to  ameliorate  the
immune-mediated hematopoietic  insult  in  AA[54-56];  the  therapeutic  responses  to
mTOR inhibitors in the treatment of AA have been confirmed by the use of sirolimus
to successfully treat relapsed and refractory AA patients[57].

Before popularizing the treatment option, several open questions must be raised
and warrant extensive investigations: (1) How to evaluate the possible protective role
of  BM  suppression  in  limiting  the  gut  inflammation  caused  by  overwhelming
pathogenic  infections,  chronic  gut  inflammation,  or  dysbiotic  gut  microbiota  as
evidenced by the observation that a long-term remission of IBD could be achieved by
the pancytopenia state in the course of azathioprine treatment[33]? (2) How to evaluate
the possible protective role of BM suppression in preventing the over-proliferation of
various pathogens that are able to infect and proliferate in hematopoietic progenitor
cells and immune cells[5]? (3) How to evaluate the possible protective role of BM
suppression in the repression of malignant clonal hematopoiesis as evidenced by the
fact that approximately 10% of AA patients develop malignant clonal hematopoiesis
after  the  recovery  of  autologous  hematopoiesis  following  standard  first-line
immunosuppressive therapies[1,2]?  (4)  How to evaluate  the  presence of  low-dose
lipopolysaccharide in blood circulation and BM microenvironment[20], as well as the

WJCC https://www.wjgnet.com January 26, 2020 Volume 8 Issue 2

Zhao XC et al. Response of SAA to gut inflammation treatment

432



expression of HLA-DR and PPRs on hematopoietic progenitor cells in presenting
exogenous and endogenous antigens? (5) How to evaluate the long-term effects of the
indiscriminate deletion of gut microbiota on the host immune system and metabolism
as evidenced by the studies showing that gut microbiota is indispensable and crucial
for  the  education  and sculpting  of  the  host  immune system and for  the  normal
physical  metabolism [13 ,14 ]?  (6)  How  to  evaluate  and  deal  with  the  genetic
predisposition which determines an individual whether or not to be able to develop
an autoimmune disease? (7)  How to deal  with the effector  memory CTL cells  to
prevent the rapid relapse[50,51]? (8) Which microbes and which mechanisms induce the
actively chronic pathophysiology in AA? And (9) How to select the optimal gut-
modifying regimen and dietary? Supply of sufficient indigestible polysaccharides and
immunoregulatory vitamins seems to be beneficial for all AA patients.

Interestingly,  along  with  the  hematological  improvements,  the  comorbidities
superimposed on this  patient  were  rapidly  or  gradually  ameliorated,  making it
reasonable to believe that they share a common etiological association with AA rather
than the adverse effects of CsA and iron overload. Although numerous investigations
have reported the pathogenic association of altered gut microbiota and compromised
intestinal epithelium with the diseases of the central nervous system, cardiovascular
system, kidneys, and insulin sensitivity[16,58-60], no publications have documented these
conditions as the comorbidities of AA based on the same etiology.

CONCLUSION
At least in a significant fraction of AA patients, gut inflammation plays a critical role
in initiating and maintaining the autoimmune pathophysiology. The complex and
elaborate  interplay  between  gut  microbiota  and  BM  hematopoiesis  may  be  the
convergence  of  intricate  interaction  of  host  immunogenetics  with  various
environmental exposures. In the treatment of AA with GIIEPs, recurrence was the
most  noteworthy  issue,  although  subsequent  treatments  were  able  to  produce
subsequent  remissions  and consecutive  treatments  were  successful  in  achieving
durative  hematological  improvements.  Anyway,  this  relatively  nontoxic,  highly
efficacious, and readily acceptable treatment may open a novel avenue in etiological
research and treatment option, particularly for RSAA patients.
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