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Abstract

The aim of this study is to elucidate the differences of the clinicopathological characteristics

between acute gastrointestinal (GI)-graft-versus-host disease (GVHD) and infectious colitis

(IC) after hematopoietic stem cell transplantation (HSCT). Of the 282 patients who underwent

HSCT at our institution between January 1991 and December 2015, we could investigate

182 patients in detail. Of the 182 patients, we selected those who underwent colonoscopy

and were diagnosed with acute GI-GVHD or IC after HSCT. Patients’ backgrounds, colono-

scopic findings, and pathological findings were retrospectively analyzed. There were 30

patients who had colonoscopy performed and diagnosed with acute GI-GVHD or IC after

HSCT. Of the 30 patients, 20 had acute GI-GVHD and 10 had IC. All the cases of acute GI-

GVHD were diagnosed by endoscopic biopsy and 4 of the IC patients had Clostridium difficile

associated colitis. In the IC group, the period from the transplantation up to diagnosis was sig-

nificantly shorter than acute GI-GVHD group (10.0 days vs. 43.2 days, p = 0.03). In the acute

GI-GVHD group, tortoiseshell-like mucosal patterns were significantly more common than

the IC group (70% vs. 0%, p < 0.001). Furthermore, there were some cases presenting nor-

mal mucosal appearance despite the diagnosis with acute GI-GVHD by pathological findings.

Clinically, we should consider IC when abdominal symptoms appeared in the early period

after HSCT. Endoscopically, tortoiseshell-like mucosal pattern was a characteristic feature of

acute GI-GVHD. In addition, it is essential to perform mucosal biopsy for diagnose of acute

GI-GVHD even in patients showing the normal mucosal appearance.

Introduction

Hematopoietic stem cell transplantation (HSCT), also known as bone marrow transplantation

(BMT), peripheral blood stem cell transplantation (PBSCT), and cord blood transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0200627 July 30, 2018 1 / 10

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Ohwada S, Iida T, Hirayama D, Sudo G,

Kubo T, Nojima M, et al. (2018) Clinicopathological

comparison between acute gastrointestinal-graft-

versus-host disease and infectious colitis in

patients after hematopoietic stem cell

transplantation. PLoS ONE 13(7): e0200627.

https://doi.org/10.1371/journal.pone.0200627

Editor: Senthilnathan Palaniyandi, University of

Kentucky, UNITED STATES

Received: December 11, 2017

Accepted: June 29, 2018

Published: July 30, 2018

Copyright: © 2018 Ohwada et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper.

Funding: Hiroshi Nakase: Health and Labour

Sciences Research Grants for research on

intractable diseases from the Ministry of Health,

Labour and Welfare of Japan (Investigation and

Research for intractable Inflammatory Bowel

Disease) http://www.nanbyou.or.jp/entry/1569.

Tomoya Iida: Japan Society for the Promotion of

Science (JSPS) KAKENHI Grant Number

https://doi.org/10.1371/journal.pone.0200627
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0200627&domain=pdf&date_stamp=2018-07-30
https://doi.org/10.1371/journal.pone.0200627
http://creativecommons.org/licenses/by/4.0/
http://www.nanbyou.or.jp/entry/1569


(CBT), involves the intravenous infusion of hematopoietic stem cells collected from the bone

marrow, peripheral blood, and umbilical cord blood, respectively. HSCT has been performed

with increasing frequency for the common treatment of numerous malignant and nonmalig-

nant diseases, such as leukemia, malignant lymphoma (ML), multiple myeloma (MM), myelo-

dysplastic syndromes (MDS), aplastic anemia (AA), and other disorders of the hematopoietic

system. The development of acute and chronic graft-versus-host disease (GVHD), which can

lead to life-threatening processes [1], is one of the significant complications after HSCT.

Acute GVHD is defined as GVHD that occurs within the first 100 days of allogeneic (allo)-

HSCT. Acute GVHD is a major cause of morbidity and mortality in patients who undergo

HSCT [2]. Although acute GVHD mainly affects the skin, the gastrointestinal (GI) tract is one

of the most sensitive organ systems that is affected by GVHD [2]. GI-GVHD results from dam-

age to the recipient’s GI epithelium caused by the donor’s lymphocytes. Acute GI-GVHD was

reported in 30%–70% of patients who underwent HSCT [3–6].

Patients with acute GI-GVHD usually present with frequent watery diarrhea, abdominal

pain, and hematochezia; similar complaints are also seen in patients with HSCT accompanied

with infectious colitis (IC). In the pre- and early post-HSCT phases, patients are at a high risk

for developing infections, which are caused by bacteria (Clostridium difficile [CD], Pseudomo-
nas, and Klebsiella species), fungi (Aspergillus and Candida species), viruses (cytomegalovirus

[CMV] and herpes simplex virus), and parasites. In particular, CD and CMV infections are the

most commonly occurring GI infections after HSCT. The treatment of acute GI-GVHD is

quite different from IC. Therefore, it is important to distinguish acute GI-GVHD from IC in

patients with HSCT for initiating optimal treatments.

Several studies have demonstrated the clinicopathological characteristics of GI-GVHD [7–

12]. Nevertheless, no studies were found directly compare the differences between acute

GI-GVHD and IC except for a study using barium [13]. Our study aimed to elucidate the clini-

copathological differences between acute GI-GVHD and IC in patients with HSCT.

Materials and methods

Ethical considerations

This study obtained ethical approval from the institutional review board of Sapporo Medical

University. The data used in this study were de-identified and released to the public for

research purposes. Therefore, the institutional review board of Sapporo Medical University

waived informed consent from the enrolled patients. This study was conducted in accordance

with the Declaration of Helsinki.

Study protocol

A total of 282 patients underwent HSCT at our institution between January 1991 and Decem-

ber 2015. Of the 282 patients, 182 patients have been investigated in detail. Of the 182 patients,

we selected those who underwent colonoscopy (CS) and were diagnosed with acute GI-GVHD

or IC after HSCT. The patients who did not undergo CS, those who had a history of severe GI

disease before the transplantation, and those who coexisted with GI-GVHD and IC were

excluded.

To diagnose acute GI-GVHD, an endoscopic biopsy was performed in all the cases, which

was based on the presence of crypt cell degeneration or crypt cell apoptosis, with or without

crypt loss (Fig 1A) [8,14,15]. If such findings were not observed, other histological findings,

such as ductal atrophy (Fig 1B) or development of crypt abscesses, were included for definitive

diagnosis. In the present study, biopsy specimens were stained using hematoxylin and eosin

and evaluated according to the criteria for the histological diagnosis of acute GVHD. In

Acute gastrointestinal-graft-versus-host disease and infectious colitis
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contrast, to diagnose IC, fecal culture, CD toxin testing, CMV antigenemia, and endoscopic

biopsy were performed. Endoscopic biopsy was performed to diagnose CMV enteritis (Fig 1C)

and to exclude GI-GVHD.

Distinguishing thrombotic microangiopathy (TMA) from acute GI-GVHD and IC is

required. TMA was excluded based on the laboratory findings and pathological findings,

which pointed to the presence of hyaline thrombi in the capillaries, or fibrinoid necroses of the

terminal arterioles of the intestine.

Endoscopic procedure

CS was performed to observe the entire colon and terminal ileum. However, in patients with

poor condition or cases involving difficult colonoscopy (difficulty in intubation), the endo-

scopic observation was limited to the site where the scope could reach. The biopsy samples

were collected from the normal mucosa and the intestinal mucosa, which demonstrated endo-

scopic features, such as redness, edema, erosion, and ulceration. CS was performed using an

Olympus colonoscope (CF-Q240/260AI, CF-Q260ZI, CF-HQ290ZI, PCF-260AI; Olympus

Medical Systems Co., Tokyo, Japan) with indigo carmine dye contrast, and narrow band imag-

ing, with or without magnifying observation, by experienced endoscopists. Sedatives were

administered according to the patients’ conditions.

Examination items

Patients’ characteristics (mean age, sex, type of HSCT, mean days from HSCT to diagnosis

[from HSCT to the day performed CS or stool test], mean frequency of diarrhea at the onset of

enteritis), endoscopic and histopathological findings, and clinical courses were reviewed from

medical charts and films, retrospectively.

Statistical analysis

The significant differences in the variable characteristics were investigated using Fisher’s exact

test for categorical variables and a Student’s t-test for continuous variables. EZR [16], version

1.32, was used to record and analyze the data. The differences were considered significant

when the two-sided p-value was <0.05.

Results

The backgrounds of the 182 patients are shown in Table 1. The mean age of the patients was

52.8 years (2–69 years). The primary diseases that warranted a transplantation included acute

myelogenous leukemia (n = 35), acute lymphoblastic leukemia (n = 6), chronic myelogenous

Fig 1. Pathological findings. (a) Crypt cell apoptosis in patients with acute GI-GVHD, (b) Ductal atrophy in patients

with acute GI-GVHD, (c) Inclusion body in patients with CMV infection.

https://doi.org/10.1371/journal.pone.0200627.g001

Acute gastrointestinal-graft-versus-host disease and infectious colitis
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leukemia (n = 1), ML (n = 63), MM (n = 52), MDS (n = 14), AA (n = 2), and others (n = 9).

BMT (n = 41), PBSCT (n = 128), and CBT (n = 13) were the types of transplantation included.

Subject analysis is shown in Fig 2. Of the 182 patients, 145 patients exhibited GI symptoms,

including abdominal pain and diarrhea. CD toxin testing and fecal cultures were performed in

Table 1. Backgrounds of 182 patients who underwent hematopoietic stem cell transplantation.

Mean Age (years, range) 52.8 (2–69)

Sex (M: F) 102: 80

Type of primary disease AML 35

ALL 6

CML 1

CLL 0

ML 63

MM 52

MDS 14

AA 2

Others 9

Type of HSCT BMT 41

PBSCT 128

CBT 13

Others 0

HSCT: hematopoietic stem cell transplantation

AML: acute myelogenous leukemia, ALL: acute lymphoblastic leukemia

CML: chronic myelogenous leukemia, CLL: chronic lymphoblastic leukemia

ML: malignant lymphoma, MM: multiple myeloma

MDS: myelodysplastic syndromes, AA: aplastic anemia

BMT: bone marrow transplantation

PBSCT: peripheral blood stem cell transplantation

CBT: cord blood transplantation

https://doi.org/10.1371/journal.pone.0200627.t001

Fig 2. Analysis subject.

https://doi.org/10.1371/journal.pone.0200627.g002
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all the patients. In addition, CS was performed in 40 of these patients. Of the 40 patients, acute

GI-GVHD was observed in 20 patients, and IC was observed in 10 patients (CD [n = 4], Pseu-
domonas aeruginosa [n = 3], Klebsiella oxytoca [n = 1], Trichosporon asahii [n = 1], and CMV

[n = 1]). Remaining 10 patients were performed not only colonoscopy but also esophagogas-

troduodenoscopy (EGD). Then, they were not diagnosed with GI-GVHD or IC by the result of

endoscopic histologic examination and stool culture. It was considered that the abdominal

symptoms of these 10 patients were associated with pretreatments prior to HSCT. No patients

with TMA were observed.

Table 2 shows the characteristics of patients in the acute GI-GVHD and IC groups. Signifi-

cant differences in types of transplantation and the mean number of days from HSCT were

observed between the GI-GVHD and IC group. In contrast, no significant differences were

observed in the mean age, sex, and the mean frequency of diarrhea at the onset of enteritis

between the two groups.

The endoscopic findings of acute GI-GVHD and IC groups are shown in Table 3.

GI-GVHD patients had a high frequency of tortoiseshell-like mucosal pattern (aggregated

granular edematous lesion) (70%: 14/20) (Fig 3A), while these endoscopic features were less

common in patients with IC (0%: 0/10) with statistical significance (p<0.001). In acute

GI-GVHD group, tortoiseshell-like mucosal pattern was found in 10, 4, and 2 of 14 patients

(including duplicate) in rectosigmoid, left-side, and right-side colon, respectively. No signifi-

cant differences in erosion/ulceration (Fig 3B), redness (Fig 3C), edema, and normal appear-

ance were observed between the two groups. However, two of 20 patients with GI-GVHD

(10%) showed normal mucosal appearance.

The pathological findings of acute GI-GVHD and IC groups are shown in Table 4. No spe-

cific pathological findings for diagnosis of IC were identified.

Table 2. Backgrounds of patients with acute gastrointestinal graft-versus-host disease or infectious colitis.

Acute GI-GVHD

(n = 20)

IC

(n = 10)

p value

Mean Age (years, range) 44.1 (2–67) 52.0 (26–64) 0.36

Sex (M: F) 13: 7 7:3 1

Type of HSCT (BMT/PBSCT/CBT) 14/0/6 3/7/0 <0.01

Mean frequency of diarrhea (/day) 5.9 5.4 0.86

Mean Days from HSCT to diagnosis (days) 43.2 10.0 0.03

GI: gastrointestinal, GVHD: graft-versus-host disease, IC: infectious colitis M: male, F: female, HSCT: hematopoietic

stem cell transplantation, BMT: bone marrow transplantation, PBSCT: peripheral blood stem cell transplantation,

CBT: cord blood transplantation

https://doi.org/10.1371/journal.pone.0200627.t002

Table 3. Lower gastrointestinal endoscopic findings in patients with acute gastrointestinal graft-versus-host dis-

ease or infectious colitis.

Acute GI-GVHD

(n = 20)

IC

(n = 10)

p value

Tortoiseshell-like pattern 70% 0% <0.001

Erosion/Ulceration 30% 0% 0.07

Redness 65% 60% 1

Edema 40% 80% 0.42

Normal 10% 0% 0.54

GI: gastrointestinal, GVHD: graft-versus-host disease, IC: infectious colitis

https://doi.org/10.1371/journal.pone.0200627.t003

Acute gastrointestinal-graft-versus-host disease and infectious colitis
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Discussion

The aim of this study is to evaluate the differences in the clinicopathological characteristics

between patients with acute GI-GVHD and with IC. Three important points were found: (1)

abdominal symptoms appeared in HSCT patients with IC significantly earlier than those with

acute GI-GVHD; (2) a tortoise shell-like mucosal pattern was a characteristic endoscopic fea-

ture of acute GI-GVHD; and (3) sufficient amount of biopsy specimens should be taken from

the GI tract because some patients with acute GI-GVHD had endoscopically normal mucosal

appearance.

No reports were found comparing the difference of the mean time to diagnosis between

acute GI-GVHD and IC. Wild et al. [17] showed that the median time to diagnosis in 169

patients with acute GI-GVHD after allo-HSCT was 84 days. Holmberg et al. [18] reported that

the mean time to diagnosis in 181 patients with acute GI-GVHD after HSCT was 42 days. In

contrast, Alonso et al. [19] showed that that a median time to CD infection (CDI) from auto-

HSCT was 6.5 days. According to Willems et al. [20], the median time to CDI from HSCT was

25 days. Taken together, previous reports and current data suggest that IC, including CDI, are

likely to occur relatively earlier after HSCT in comparison with GI-GVHD. Possibly, the daily

use of antibiotics and significant reduction of immune response against various pathogens

because of pre-transplant treatments and HSCT might be involved in the early onset.

In the present study, a tortoiseshell-like mucosal pattern was a characteristic endoscopic

finding. Fig 3A shows an edematous mucosa in which the mucosal surface seems to be finely

cracked and colonic pits are exaggerated, which was more clearly observed using chromoendo-

scopy with indigo carmine dye spraying. Tortoiseshell-like mucosal pattern appeared because

of histopathologically maintained surface structure and the presence of remarkable edema in

the lamina propria, without inflammatory cell infiltration. Hiejima et al. [12] reported that

acute GI-GVHD was significantly frequently associated with short blunt villi in the duodenum,

Fig 3. Endoscopic findings. (a) tortoiseshell-like mucosal pattern in patients with acute GI-GVHD, (b) erosion/

ulceration in patients with acute GI-GVHD, (c) redness in patients with infectious colitis.

https://doi.org/10.1371/journal.pone.0200627.g003

Table 4. Pathological findings of the biopsies during lower gastrointestinal endoscopy in patients with acute gas-

trointestinal graft-versus-host disease or infectious colitis.

Acute GI-GVHD

(n = 20)

IC

(n = 8)

p value

Crypt cell apoptosis 75% 0% 0.005

Ductal atrophy 35% 0% 0.16

Crypt abscess 10% 25% 0.41

Inflammatory cell infiltration 40% 75% 0.20

Inclusion body 0% 20% 0.20

GI: gastrointestinal, GVHD: graft-versus-host disease, IC: infectious colitis

https://doi.org/10.1371/journal.pone.0200627.t004

Acute gastrointestinal-graft-versus-host disease and infectious colitis
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variable defect villi and short blunt villi in the ileum, and edema, erosion, and tortoiseshell-like

mucosa in the colon. Consistent with his report, tortoiseshell-like mucosal pattern was found

to be one of the endoscopic characteristics of adult GI-GVHD. It was important that the pres-

ent study supported it.

Ten percent of the patients diagnosed with acute GI-GVHD showed endoscopically normal

mucosal appearance. In some cases, skin biopsy can be used for GVHD diagnosis; however,

biopsy from GI can also be used because its diagnostic rate is higher (58%) than that of the

skin biopsy (46%) [21]. A positive association between the endoscopic grading and the histo-

logical grading of GI-GVHD has been reported previously [22,23]. Cox et al. [24] reported that

the rate of observed normal endoscopic appearance was 21% in patients with histologically

confirmed acute GI-GVHD. Aslanian et al. [25] showed that 60% and 46% of patients with

GI-GVHD had endoscopically normal appearance through EGD and CS, respectively. In addi-

tion, a report on pediatric patients after HSCT revealed that the most common endoscopic

finding was normal mucosa, seen in 25%, 57%, and 50% of gastric, duodenal, and rectosigmoid

examinations, respectively [26]. Therefore, if acute GI-GVHD is suspected after HSCT, GI

biopsy should be actively performed even in patients with no abnormal endoscopic findings.

The limitations of this study included the fact that (1) the proportion of patients with acute

GI-GVHD was lower than those observed in other studies [3–6], (2) the proportion of patients

with CMV infection was lower than those observed in other studies [27–30], (3) we could not

find out useful markers to distinguish between acute GI-GVHD and IC, and (4) a single-center

retrospective study was conducted with a small sample size. The lower diagnostic rate of acute

GI-GVHD in this study may have been affected by the fact that (i) the enrolled patients were

limited to the cases diagnosed with acute GI-GVHD by CS because the focus was on the endo-

scopic and pathological findings in the lower GI and (ii) the rate of observing the entire colon

including the terminal ileum was slightly low (60%) in this study. The present study showed

tortoiseshell-like mucosal pattern was found more in distal colon. However, Thompson et al.

[31] demonstrated that the positive rate of endoscopic biopsy using colonoscopy with ileal

intubation was higher than using only colonoscopy (95% vs. 82%). Peyer’s patch is the essential

site in initiating acute and lethal graft-versus-host reaction [32]. Therefore, careful observation

of the entire colon including the terminal ileum is required to diagnose GI-GVHD. In addi-

tion, the lower diagnostic rate of CMV infection in this study could be attributable to the fact

that our patients did not commonly undergo PCR examination for CMV in the blood or

colonic tissue.

Conclusions

This study was conducted to evaluate the differences of the clinicopathological characteristics

between patients with acute GI-GVHD and with IC. Clinically, the presence of IC should be

considered when abdominal symptoms appeared in the early period after HSCT. Endoscopi-

cally, tortoiseshell-like mucosal pattern is a characteristic feature of acute GI-GVHD. Biopsy

should be performed even in patients showing normal mucosal appearance to diagnose acute

GI-GVHD. Future studies utilizing prospective and larger sample sizes are therefore necessary

to validate the results of the present study and to identify useful markers to distinguish

between acute GI-GVHD and IC.

Compliance with ethical standards

The authors declare no conflict of interest. This work was supported in part by Health and

Labour Sciences Research Grants for research on intractable diseases from the Ministry of

Health, Labour and Welfare of Japan (Investigation and Research for intractable Inflammatory

Acute gastrointestinal-graft-versus-host disease and infectious colitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0200627 July 30, 2018 7 / 10

https://doi.org/10.1371/journal.pone.0200627


Bowel Disease) and Japan Society for the Promotion of Science (JSPS) KAKENHI Grant Num-

ber JP17J02428 (to TI). The funders of the study had no role in the study design, data collec-

tion, data analysis, data interpretation, or writing of the report.

Author Contributions

Conceptualization: Tomoya Iida, Hiroshi Nakase.

Data curation: Sae Ohwada, Tomoya Iida, Hiroo Yamano.

Formal analysis: Tomoya Iida, Masanori Nojima.

Funding acquisition: Tomoya Iida, Hiroshi Nakase.

Investigation: Sae Ohwada, Tomoya Iida, Daisuke Hirayama, Gota Sudo, Toshiyuki Kubo,

Kentaro Yamashita.

Methodology: Masanori Nojima.

Project administration: Tomoya Iida, Hiroo Yamano, Hiroshi Nakase.

Supervision: Hiroshi Nakase.

Writing – original draft: Sae Ohwada, Tomoya Iida.

Writing – review & editing: Hiroshi Nakase.

References
1. Thomas E, Storb R, Clift RA, Fefer A, Johnson FL, Neiman PE, et al. Bone marrow transplantation. N

Engl J Med. 1975; 292: 832–843, 895–902. https://doi.org/10.1056/NEJM197504172921605 PMID:

234595

2. Klingebiel T, Schlegel PG. GVHD: overview on pathophysiology, incidence, clinical and biological fea-

tures. Bone Marrow Transplant. 1998; 21: S45_S49. PMID: 9630325

3. Jacobsohn DA, Vogelsang GB. Acute graft versus host disease. Orphanet J Rare Dis. 2007; 2: 35.

https://doi.org/10.1186/1750-1172-2-35 PMID: 17784964

4. Martin PJ, McDonald GB, Sanders JE, Anasetti C, Appelbaum FR, Deeg HJ, et al. Increasingly frequent

diagnosis of acute gastrointestinal graft-versus-host disease after allogeneic hematopoietic cell trans-

plantation. Biol Blood Marrow Transplant. 2004; 10: 320–327. https://doi.org/10.1016/j.bbmt.2003.12.

304 PMID: 15111931

5. Mielcarek M, Martin PJ, Leisenring W, Flowers ME, Maloney DG, Sandmaier BM, et al. Graft versus-

host disease after nonmyeloablative versus conventional hematopoietic stem cell transplantation.

Blood. 2003; 102: 756–762. https://doi.org/10.1182/blood-2002-08-2628 PMID: 12663454

6. Schmit M, Bethge W, Beck R, Faul C, Claussen CD, Horger M. CT of gastrointestinal complications

associated with hematopoietic stem cell transplantation. AJR Am J Roentgenol. 2008; 190: 712–719.

https://doi.org/10.2214/AJR.07.2628 PMID: 18287443

7. Ross WA, Ghosh S, Dekovich AA, Liu S, Ayers GD, Cleary KR, et al. Endoscopic biopsy diagnosis of

acute gastrointestinal graft-versus-host disease: rectosigmoid biopsies are more sensitive than upper

gastrointestinal biopsies. Am J Gastroenterol. 2008; 103: 982–989. https://doi.org/10.1111/j.1572-

0241.2007.01639.x PMID: 18028511

8. Kreisel W, Dahlberg M, Bertz H, Harder J, Potthoff K, Deibert P, et al. Endoscopic diagnosis of acute

intestinal GVHD following allogeneic hematopoietic SCT: a retrospective analysis in 175 patients. Bone

Marrow Transplant. 2012; 47: 430–438. https://doi.org/10.1038/bmt.2011.137 PMID: 21706064

9. Johansson JE, Nilsson O, Stotzer PO. Colonoscopy and sigmoidoscopy are equally effective for the

diagnosis of colonic acute graft-versus-host disease in patients with diarrhea after allogeneic stem cell

transplantation: a prospective controlled trial. Biol Blood Marrow Transplant. 2015; 21: 2086–2090.

https://doi.org/10.1016/j.bbmt.2015.07.009 PMID: 26183080

10. Roy J, Snover D, Weisdorf S, Mulvahill A, Filipovich A, Weisdorf D. Simultaneous upper and lower

endoscopic biopsy in the diagnosis of intestinal graft-versus-host disease. Transplantation. 1991; 51:

642–644. PMID: 2006521

Acute gastrointestinal-graft-versus-host disease and infectious colitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0200627 July 30, 2018 8 / 10

https://doi.org/10.1056/NEJM197504172921605
http://www.ncbi.nlm.nih.gov/pubmed/234595
http://www.ncbi.nlm.nih.gov/pubmed/9630325
https://doi.org/10.1186/1750-1172-2-35
http://www.ncbi.nlm.nih.gov/pubmed/17784964
https://doi.org/10.1016/j.bbmt.2003.12.304
https://doi.org/10.1016/j.bbmt.2003.12.304
http://www.ncbi.nlm.nih.gov/pubmed/15111931
https://doi.org/10.1182/blood-2002-08-2628
http://www.ncbi.nlm.nih.gov/pubmed/12663454
https://doi.org/10.2214/AJR.07.2628
http://www.ncbi.nlm.nih.gov/pubmed/18287443
https://doi.org/10.1111/j.1572-0241.2007.01639.x
https://doi.org/10.1111/j.1572-0241.2007.01639.x
http://www.ncbi.nlm.nih.gov/pubmed/18028511
https://doi.org/10.1038/bmt.2011.137
http://www.ncbi.nlm.nih.gov/pubmed/21706064
https://doi.org/10.1016/j.bbmt.2015.07.009
http://www.ncbi.nlm.nih.gov/pubmed/26183080
http://www.ncbi.nlm.nih.gov/pubmed/2006521
https://doi.org/10.1371/journal.pone.0200627


11. Nomura K, Iizuka T, Kaji D, Yamamoto H, Kuribayashi Y, Kimura R, et al. Clinicopathological features

of patients with acute graft-versus-host disease of the upper digestive tract. J Gastroenterol Hepatol.

2014; 29: 1867–1872. https://doi.org/10.1111/jgh.12651 PMID: 24909520

12. Hiejima E, Nakase H, Matsuura M, Honzawa Y, Higuchi H, Saida S, et al. Diagnostic accuracy of endo-

scopic features of pediatric acute gastrointestinal graft-versus-host disease. Dig Endosc. 2016; 28:

548–555. https://doi.org/10.1111/den.12604 PMID: 26773564

13. Jones B, Kramer SS, Saral R, Beschoner WE, Yolken RH, Townsend TR, et al. Gastrointestinal inflam-

mation after bone marrow transplantation: graft-versus-host disease or opportunistic infection? AJR Am

J Roentgenol. 1988; 150: 277–281. https://doi.org/10.2214/ajr.150.2.277 PMID: 3276085

14. Sale GE, Shulman HM, McDonald GB, Thomas ED. Gastrointestinal graft-versus-host disease in man.

A clinicopathologic study of the rectal biopsy. Am J Surg Pathol. 1979; 3: 291–299. PMID: 44107

15. Washington K, Jagasia M. Pathology of graft-versus-host disease in the gastrointestinal tract. Hum

Pathol. 2009; 40: 909–917. https://doi.org/10.1016/j.humpath.2009.04.001 PMID: 19524102

16. Kanda Y. Investigation of the freely available easy-to-use software ’EZR’ for medical statistics. Bone

Marrow Transplant. 2013; 48: 452–458. https://doi.org/10.1038/bmt.2012.244 PMID: 23208313

17. Wild D, Sung AD, Cardona D, Cirricione C, Sullivan K, Detweiler C, et al. The Diagnostic Yield of Site

and Symptom-Based Biopsies for Acute Gastrointestinal Graft-Versus-Host Disease: A 5-Year Retro-

spective Review. Dig Dis Sci. 2016; 61: 806–813. https://doi.org/10.1007/s10620-015-3938-8 PMID:

26537485

18. Holmberg L, Kikuchi K, Gooley TA, Adams KM, Hockenbery DM, Flowers ME, et al. Gastrointestinal

graft-versus-host disease in recipients of autologous hematopoietic stem cells: incidence, risk factors,

and outcome. Biol Blood Marrow Transplant. 2006; 12: 226–234. https://doi.org/10.1016/j.bbmt.2005.

10.011 PMID: 16443520

19. Alonso CD, Treadway SB, Hanna DB, Huff CA, Neofytos D, Carroll KC, et al. Epidemiology and out-

comes of Clostridium difficile infections in hematopoietic stem cell transplant recipients. Clin Infect Dis.

2012; 54: 1053–1063. https://doi.org/10.1093/cid/cir1035 PMID: 22412059

20. Willems L, Porcher R, Lafaurie M, Casin I, Robin M, Xhaard A, et al. Clostridium difficile infection after

allogeneic hematopoietic stem cell transplantation: incidence, risk factors, and outcome. Biol Blood

Marrow Transplant. 2012; 18: 1295–1301. https://doi.org/10.1016/j.bbmt.2012.02.010 PMID:

22387347

21. McDonald GB, Shulman HM, Sullivan KM, Spencer GD. Intestinal and hepatic complications of human

bone marrow transplantation. Part I. Gastroenterology. 1986; 90: 460–477. PMID: 3510147

22. Cruz-Correa M, Poonawala A, Abraham SC, Wu TT, Zahurak M, Vogelsang G, et al. Endoscopic find-

ings predict the histologic diagnosis in gastrointestinal graft-versus-host disease. Endoscopy. 2002; 34:

808–813. https://doi.org/10.1055/s-2002-34257 PMID: 12244503

23. Cheung DY, Kim JI, Kim SS, Sung HY, Cho SH, Park SH, et al. Endoscopic evaluation in gastrointesti-

nal graft-versus-host disease: comparisons with histological findings. Dig Dis Sci. 2008; 53: 2947–

2954. https://doi.org/10.1007/s10620-008-0262-6 PMID: 18401714

24. Cox GJ, Matsui SM, Lo RS, Hinds M, Bowden RA, Hackman RC, et al. Etiology and outcome of diarrhea

after marrow transplantation: a prospective study. Gastroenterology. 1994; 107: 1398–1407. PMID:

7926504

25. Aslanian H, Chander B, Robert M, Cooper D, Proctor D, Seropian S, et al. Prospective evaluation of

acute graft-versus-host disease. Dig Dis Sci. 2012; 57: 720–725. https://doi.org/10.1007/s10620-011-

1938-x PMID: 22011927

26. Sultan M, Ramprasad J, Jensen MK, Margolis D, Werlin S. Endoscopic diagnosis of pediatric acute gas-

trointestinal graft-versus-host disease. J Pediatr Gastroenterol Nutr. 2012; 55: 417–420. https://doi.org/

10.1097/MPG.0b013e31825048eb PMID: 22367336

27. Piukovics K, Terhes G, Gurbity-Pálfi T, Bereczki Á, Rárosi F, Deák J, et al. Cytomegalovirus reactiva-
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