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Viral enteritis is a common complication after allogeneic hematopoietic stem cell transplantation (allo-HSCT). However, data regarding the most frequent enteric pathogens, clinical characteristics, and patient outcomes remains limited. To better characterize post-HSCT viral enteritis, we retrospectively analyzed 59 patients who underwent allo-HSCT and were diagnosised with viral enteritis based on intestinal biopsy specimens. The most frequently identified pathogens were cytomegalovirus (CMV), human herpesvirus 6 (HHV-6), and Epstein-Barr virus (EBV), accounting for 37.3%, 37.3%, and 33.9% of cases, respectively. The median time for diagnosis was 56 days post-allo-HSCT. Diarrhea and abdominal pain were the predominant symptoms. Notably, 35 patients experienced diarrhea lasting 14 days or more, with a median duration of 16 days (range: 3–57 days). Forty-five patients were diagnosed with concurrent graft-versus-host disease (GVHD) by endoscopic examination. The overall survival rates for patients with viral enteritis at 1 and 3 years were 68.7% and 58.1%, respectively. Importantly, patients with CMV enteritis had significantly poorer overall survival compared to those with other viral enteritis types (P = 0.035). In conclusion, viral enteritis is a significant complication following allo-HSCT, with CMV, HHV-6, and EBV being the most common pathogens. Early identification and management are crucial, especially for CMV enteritis which is associated with poorer outcomes.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is potentially curative treatment for patients with hematologic malignancies. However, viral infections remain a significant challenge after allo-HSCT, contributing substantially to morbidity and mortality among recipients (1). Viral enteritis, characterized by an acute inflammatory response in the intestinal tract triggered by various viruses, constitutes a common complication post allo-HSCT (2).

In contrast to the general population, where rotaviruses and noroviruses are predominant causes of viral enteritis (3), cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are common pathogens in post-HSCT patients. While viral enteritis in healthy individuals is typically self-limiting, resolving within 2–5 days, it can persist for weeks or months in immunocompromised HSCT recipients, often associated with poor transplant outcomes (4–7). Previous study reported by Byung-Sik Cho has identified CMV enteritis as a significant risk factor for non-relapse mortality in patients suffering from intestinal graft-versus-host disease (GVHD) (8). Other reports also highlighted the considerable morbidity caused by norovirus gastroenteritis in immunocompromised HSCT recipients (9–11).

Despite its clinical significance, research specifically addressing post-HSCT viral enteritis remains limited. Early signs and symptoms of post-HSCT viral enteritis are often non-specific, making diagnosis challenging as they can resemble those of bacterial or fungal infections and GVHD (12). The rapid progression of the condition further complicates diagnosis and treatment, necessitating prompt and accurate identification and intervention. This underscores the need for further investigation into the pathogens, clinical presentations, associated risk factors, and prognostic outcomes of viral enteritis in allo-HSCT recipients.

In this retrospective study, we analyzed data from 59 patients diagnosed with viral enteritis by intestinal biopsy specimens after allo-HSCT at Peking University People’s Hospital. Our aim was to describe the frequency of viral pathogen in post-HSCT viral enteritis, and to comprehensively investigate the clinical manifestations, prognostic factors, and mortality rates associated with viral enteritis.



Materials and methods


Patients and study design

From January 2016 to December 2018, patients who received allo-HSCT at our center were candidates and were enrolled if they met the following criteria: (i) patient’s age ≥ 14 years, (ii) underwent a colonoscopy because of gastrointestinal symptoms, and had positive viral DNA by polymerase chain reaction (PCR) in intestinal tissue. The Ethics Committee of Peking University People’s Hospital approved this study and informed consent was obtained from each patient. The protocol followed the Declaration of Helsinki ethics guidelines.



Transplant protocol

Transplant protocols, including the conditioning, mobilization, stem cell harvesting, and acute GVHD prophylaxis protocols were consistent with our previous studies (13–15). Briefly, the main myeloablative preconditioning regimens were cytosine arabinoside (Ara-C), buthionine (3.2 mg/kg/day on days -8, -7, and -6), cyclophosphamide (1.8 g/m2/day on days -5 and -4), and simustine (250 mg/m2 on day -3). The Ara-C dose was 4 g/m2/day in the human leukocyte antigen (HLA)-allogeneic donor (HID) group (days -10 and -9), 2 g/m2/day in the HLA-unrelated donor (URD) group (days -10 and -9), 2 g/m2/day in the HLA-matched sibling donor (MSD) group and 2 g/m2/day (day -9). In addition, the HID and URD groups received rabbit anti-thymocyte globulin (thymoglobulin, 2.5 mg/kg/day on days -5, -4, -3, and -2; Sanofi, France) for the prevention of GVHD. Prophylactic drugs used for mevalonate prophylaxis were mainly cyclosporine A, mycophenolate mofetil, and short-term methotrexate. For steroid-refractory VEGF HD, immunosuppressive therapies such as tacrolimus (FK506), mycophenolate mofetil and baliximab are used.



Viral monitoring and prophylaxis

Plasma CMV and EBV DNA were monitored by real-time quantitative PCR twice per week in the initial 100 days following allo-HSCT, and followed by once weekly after 100 days, with continued monitoring as deemed clinically necessary (16, 17). Viral DNA loads in plasma over 1000 copies/ml for CMV and over 500 copies/ml for EBV were diagnosed as DNA viremia (17–19). Viruses other than CMV and EBV were not routinely monitored, and were only evaluated for patients with suspicious clinical manifestations.

For viral enteritis monitoring, qPCR was performed using the following commercial kits: (i) For CMV, EBV, ADV, BKV, and JCV, detection was conducted using the Viral DNA Real-Time PCR Kit (Liferiver, Shanghai ZJ Bio-Tech Co., Ltd., Shanghai, China). (ii) For norovirus, rotavirus, and other enteric viruses, detection was conducted using the Viral DNA Real-Time PCR Kit (Tianlong Science and Technology, Suzhou, China). (iii) For HHV-6, HSV-1, B19V, and other respiratory viruses, detection was performed using the Viral DNA Real-Time PCR Kit (Sansure Biotech Inc., Hunan, China). All qPCR amplifications were carried out on the ABI 7500 Real-Time PCR System (Applied Biosystems, USA).



Diagnosis and definitions

Viral enteritis is defined by the presence of gastrointestinal symptoms and signs along with evidence of viral pathogens in the intestinal mucosa. Diagnostic evidence was obtained via colonoscopic biopsy and confirmed by real-time quantitative PCR testing, The cycle threshold (Ct) values for defining viral positivity were based on the manufacturers’ instructions. To minimize the impact of potential blood contamination on tissue PCR results, all biopsy specimens were collected through colonoscopy under strict hemostatic control and thoroughly washed with saline prior to PCR analysis. The diagnosis of CMV enteritis required both positive immunohistochemical staining for CMV antigens and PCR detection of CMV DNA in mucosal homogenates. EBV enteritis was diagnosed based on positive EBER (EBV-encoded RNA) in situ hybridization and PCR detection of EBV DNA in mucosal tissue. For other viruses, comprehensive histopathological confirmation was not available; thus, diagnosis relied on PCR positivity in biopsy samples combined with clinical symptoms and endoscopic findings. The diagnosis of viral enteritis was established at the time the diagnostic specimens, specifically the colonscopy biopsy, are obtained. The definition and grading of acute GVHD is based on the consensus of the Mount Sinai International Consortium for Acute GVHD (20).



Statistical analysis

Chi-squared and Fisher’s exact test were used to compare categorical variables between cases and controls. The t-test was used for the univariate analysis of the continuous variables. Cox proportional hazards regression analysis was used to identify the factors significantly associated with viral enteritis and survival in univariate analysis and multivariate analysis. Kaplan-Meier analysis was performed on mortality data, and curves were compared using the log-rank test. P-values were estimated using two-tailed tests, and an α-level of less than 0.05 was regarded as significant. All statistical analyses were performed with SPSS 26.0 (SPSS Inc., Chicago, IL, USA).




Results


Patients’ characteristics

Baseline demographic and clinical characteristics of the patients are shown in Table 1. A total of 59 patients were enrolled in our study, of whom 46 underwent haploidentical donor hematopoietic stem cell transplantation (HID-HSCT), 10 received unrelated donor hematopoietic stem cell transplantation (URD-HSCT), and 3 underwent matched sibling donor hematopoietic stem cell transplantation (MSD-HSCT). The median age at transplant was 30 years. A significant proportion (88.1%, n = 52) developed acute graft-versus-host disease (GVHD), with 48 patients experiencing grade II-IV severity.


TABLE 1 Patients’ characteristics.


	
	Viral enteritis



	Characteristics
	Total (n = 59)
	CMV(n = 22)





	Age (y, range)
	30 (14–59)
	41.5 (23–55)



	Male (%)
	38 64.4%)
	14 (63.6%)



	Underlying disease



	ALL
	22 (37.3%)
	11 (50.0%)



	AML
	18 (30.5%)
	5 (22.7%)



	CML
	2 (3.4%)
	0



	MDS
	11 (18.6%)
	3 (13.6%)



	AA
	3 (5.1%)
	3 (13.6%)



	Others
	3 (5.1%)
	0



	Donor-recipient relationship



	HID-SCT
	46 (78.0%)
	14 (63.6%)



	MRD-SCT
	10 (16.9%)
	6 (27.3%)



	URD-SCT
	3 (5.1%)
	2 (9.1%)



	Donor-recipient sex



	Matched
	30 (53.6%)
	8 (400%)



	Mismatched
	26 (46.4%)
	12 (60.0%)



	Donor-recipient blood type



	Match
	31 (56.4%)
	14 (73.7%)



	Mismatch
	24 (43.6%)
	5 (26.3%)



	Engraftment time



	WBC
	14
	14



	PLT
	18
	12



	CMV viremia
	50 (84.7%)
	18 (81.8%)



	EBV viremia
	27 (45.8%)
	7 (31.8%)



	aGVHD



	Grade II
	13 (22.0%)
	40 (18.2%)



	Grade III
	23 (39.0%)
	9 (40.9%)



	Grade IV
	12 (20.3%)
	6 (27.3%)






ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome; AA, aplastic anemia; HID, haploidentical related donor; MSD, matched sibling donor; URD, matched unrelated donor; WBC, white blood cell; PLT, platelet; aGVHD, acute graft-versus-host disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus.






Clinical manifestations

The median time from HSCT to diagnosis of viral enteritis was 56 days (range: 28–589 days). In line with the published studies (21, 22), diarrhea (100%, n = 59) was common among patients, with a median duration of 16 days (range: 3–57 days) between symptom onset and colonoscopy. Notably, 35 patients experienced diarrhea for more than 2 weeks before diagnosis. The median daily diarrhea volume was 1660 ml. Abdominal pain (71.2%, n = 42) and rectal bleeding (49.2%, n = 29) were frequent, followed by nausea (13.6%, n = 8) and vomiting (13.6%, n = 8). Over 60% of patients experienced fever within 2 weeks of colonoscopy. Interestingly, only 10 patients had detectable viruses in peripheral blood compared to 14 patients with viral detection in stool samples.



Pathological analysis by intestinal biopsy

A total of 6 gastroscopies and 65 colonoscopies were performed among the 59 patients. As shown in Figure 1, the most common causes of viral enteritis were CMV and HHV-6, identified in 37.3% of cases. Other viruses were detected with lower frequencies: EBV at 33.9%, followed by parvovirus B19(6.8%), parainfluenza virus (5.1%), BK polyomavirus (3.4%), adenovirus(AdV) (3.4%), influenza A virus H3 (3.4%), herpes simplex virus (HSV) (3.4%), JC polyomavirus, norovirus, influenza B virus, and rotavirus (each identified in just one patient).
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FIGURE 1
Spectrum and frequency of causative viruses.


CMV was most commonly seen in combination with other viruses, while HHV-6 was most frequently detected alone. Notably, 72.9% of patients had one virus detected based on any positive PCR result at any time post-transplant, 18.6% with 2 viruses, 6.8% with 3 viruses and 1.8% with 6 viruses.



Impact of timing on viral enteritis characteristics

Patients diagnosed with viral enteritis within 100 days post-transplant experienced significantly serverer higher diarrhea (1947 ml) compared to those diagnosed later (1197 ml; p = 0.008). Additionally, a higher incidence of aGVHD was observed in patients with early-onset viral enteritis (within 100 days; 94.9%) compared to those diagnosed later (75.0%; p = 0.025). However, the severity of aGVHD (grade III-IV) was similar between the two groups.

The type of virus also appeared to be influenced by the timing of diagnosis: The earliest virus to emerge was HHV-6, followed by CMV and BKV. HHV6,CMV,EBV were the most frequently found viral pathogen both within 100 days and beyond after allo-HSCT, as the median diagnosis time for HHV-6 was 45 d after HSCT (range: 28–589 days), the median diagnosis time for CMV was 58 d after HSCT (range: 31–506 days), and 62.5 d for EBV(range: 31–506 days) (Figure 2). The majority of viruses appearing 2 months post-transplantation, and then appearing sporadically until 2 years. However, HSV, rotavirus, and influenza B virus were identified after 100 days of allo-HSCT. In contrast, Norovirus, parainfluenza virus, and polyomavirus were only found within 100 days of allo-HSCT.


[image: Line graph showing the frequency of infection with viruses HHV6, EBV, and CMV over 24 months post-transplantation. All three infections peak around month 2, then decline sharply, remaining low with slight increases at months 7, 11, and 19.]
FIGURE 2
Proportion of patients with detection of HHV6, EBV and CMV enteritis by month post-HSCT.




CMV enteritis

Cytomegalovirus enteritis was observed in 37.3% of the patients, with a median diagnosis time of 58 days post-allo-HSCT. Patients with CMV enteritis had a median age of 40.5 years, significantly older than the remaining patients (28 years, p = 0.003). For patients with CMV enteritis, the median interval from the onset of diarrhea symptoms to endoscopic diagnosis was 19.5 days, which was longer than the median of 14 days in other patients (p = 0.029). Although not significant, the median daily diarrhea volume was larger (2000 ml vs 1200 ml, p = 0.359) and rectal bleeding was more common in patients with CMV enteritis (59.1% vs 43.2%, p = 0.239).

We routinely monitored serum levels of CMV and EBV in patients post-allo-HSCT and detected fecal CMV copy numbers in patients with gastrointestinal symptoms. To evaluate the correlation between viruses in feces and blood and viral enteritis, we analyzed the data. Only 6 out of 19 patients with CMV enteritis had detectable CMV in their stool samples, while 10 had detectable CMV in their plasma (median copy number: 5.0 × 10∧3/mL). Notably, not all patients with detectable CMV in plasma (10 out of 26) were diagnosed with CMV enteritis based on pathology. Similarly, only 6 out of 9 patients with fecal CMV had confirmed CMV enteritis. These findings suggest a weak correlation between CMV detection in stool or plasma and the presence of CMV enteritis as diagnosed by colonoscopy biopsy.



Transplant outcomes

The median follow-up time was 4 years, during which 24 patients died. Of these deaths, 21 were attributed to gastrointestinal complications, and 21 resulted from disease recurrence. The overall survival (OS) rate at 180 days after viral enteritis diagnosis was 81.2%(95%CI 71.8–91.9%), decreasing to 68.7% (95%CI 57.6–81.8%) at 1 year and 58.1% (46.2–73.0%) at 3 years. When examining specific viruses, the 1-year OS rates were 57.6% (95%CI 39.9–83.1%) for HHV-6 enteritis, 80.0% (64.3–99.6%) for EBV enteritis and 59.1% (95%CI 41.7–83.7%) for CMV enteritis. Patients with CMV enteritis exhibited significantly lower prognosis compared to those with other viral causes (median OS: 432d vs not reached, p = 0.035, Figure 3). We performed Cox regression analyses to evaluate potential risk factors for overall survival (OS), including age, diagnosis, grades III-IV acute GVHD, CMV enteritis, EBV enteritis, and HHV6 enteritis. Univariable analysis identified two significant risk factors, age (HR = 1.045, 95% CI 1.009–1.081, p = 0.013), and CMV enteritis (HR = 2.317, 95% CI 1.035–5.186, p = 0.041). However, in the multivariable analysis, none of these factors retained statistical significance (Table 2).
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FIGURE 3
Overall survival analysis in patients with CMV enteritis and other viral enteritis.



TABLE 2 Univariate analysis and multivariate analysis of overall survival.


	
	Univariate analysis
	Multivariate analysis



	Characteristics
	HR
	95%CI
	p-value
	HR
	95%CI
	p-value





	Age
	1.045
	1.009–1.081
	0.013
	1.03
	0.987–1.075
	0.171



	Diagnosis = AA
	0.847
	0.114–6.279
	0.871
	1.723
	0.187–15.872
	0.631



	aGVHD III-IV
	1.991
	0.824–4.810
	0.126
	2.244
	0.851–5.920
	0.102



	CMV enteritis
	2.317
	1.035–5.186
	0.041
	1.85
	0.680–5.032
	0.228



	EBV enteritis
	0.738
	0.305–1.785
	0.501
	0.945
	0.350–2.551
	0.911



	HHV6 enteritis
	1.560
	0.697–3.492
	0.280
	2.337
	0.861–6.339
	0.085






AA, aplastic anemia; aGVHD, acute graft-versus-host-disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV6, human herpesvirus 6.







Discussion

In this retrospective study, we analyzed data from 59 allo-HSCT patients diagnosed with viral enteritis through intestinal biopsy specimens. Our findings provide insights into the cumulative incidence, causative viral spectrum, and clinical characteristics of viral enteritis in this population.

Previous research on gastrointestinal infections after HSCT primarily focused on CMV enteritis, emphasizing its impact on clinical outcomes, particularly in patients with GVHD (8, 23–25). However, other viral causes of enteritis have been scarcely described. Our study addresses this gap by identifying 13 different viruses associated with enteritis after HSCT, with a median diagnosis time of 56 days post-transplant. Common symptoms included diarrhea, abdominal pain, bloody stools, and fever. CMV, HHV-6, and EBV were the most frequent viral culprits. Notably, CMV was most commonly seen in combination with other viruses, while HHV-6 was most frequently detected alone. Multiple viral infections were also common, with 27.1% of patients having at least 2 viruses identified in biopsies. Additionally, 8.6% had 3 or more viruses detected, and 1.8% had 4 viruses. Most cases of viral enteritis occurred within 2–3 months after transplantation, with sporadic cases observed up to 2 years post-transplant.

This study identified HHV-6 as a significant cause of viral enteritis following HSCT. While HHV-6 is a known cause of encephalitis after HSCT, its role in enteritis has rarely been reported. Only few small-scale retrospective studies reported the incidence of HHV6 intestinal infection after transplantation (26–28). Previous studies by Perruccio et al. (29) reported that HHV6-related enteritis was observed only in 3.3% of the 123 pediatric patients post HSCT. Ji et al. (30) reported a 2.2% incidence of HHV6-related enteritis in admitted patients within 90d after HSCT. In our study, HHV6 enteritis accounted for 37.3% of viral enteritis, and more than 60% were diagnosed within 90d after HSCT. This suggests HHV6 is an important pathogen for viral enteritis in the early stage after HSCT.

Similar to previous studies (5–8, 21–25, 31, 32), CMV emerged as a significant enteric pathogen on our cohort. Consistent with earlier research by Cho et al. (8), CMV enteritis was associated with increased non-relapse mortality and negatively impacted GVHD-specific survival. Akahoshi et al. (28) also reported a link between CMV gastroenteritis and elevated non-relapse mortality. In our study, patients with CMV enteritis exhibited significantly worse prognoses compared to those with other viral enteritis types. Older age and longer delays between diarrhea symptoms and colonoscopy may be associated with poorer outcomes in CMV enteritis.

While we tested for CMV in peripheral blood and feces, we found no significant correlation between CMV presence in these samples and the diagnosis of CMV enteritis. This aligns with the findings of Sun et al. (32), who reported that fecal CMV DNA is not a reliable predictor for CMV enteritis. In contrast, Gu et al. (23) suggested that digital PCR detection of CMV DNA in cell-free DNA from stool supernatant is a powerful method for identifying CMV gastroenteritis. These discrepancies might be due to differences in the time between stool collection and biopsy, as well as variations in detection methods.

This study has several limitations. First, as a retrospective study, only patients who underwent colonoscopy for suspected viral enteritis were included, potentially missing patients with atypical symptoms. Second, for viruses other than CMV and EBV, additional histopathologic methods such as in situ hybridization or immunofluorescence were not routinely performed. Though we diagnose viral enteritis depended on PCR positivity in biopsies alongside clinical-endoscopic correlation, future prospective studies should incorporate multimodal pathogenic evidence detection to improve diagnostic specificity.

In conclusion, this study demonstrates that viral enteritis is a serious complication after HSCT. Our findings provide the first comprehensive analysis of the cumulative incidence, causative viral spectrum, and clinical characteristics of viral enteritis in this population. Additionally, our results suggest a poorer prognosis for patients with CMV enteritis compared to other viral causes. This study significantly contributes to our understanding of diagnosing and managing viral enteritis after HSCT. Future research with larger, prospective cohorts is needed to further explore the risk factors, optimal diagnostic approaches, and treatment strategies for this complex complication.



Data availability statement

The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of Peking University People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

H-LS: Writing – original draft, Writing – review and editing. X-YZ: Writing – review and editing, Resources, Supervision. X-DM: Writing – review and editing, Resources. ML: Resources, Supervision, Writing – review and editing. Y-QS: Resources, Writing – review and editing. F-FW: Resources, Writing – review and editing. L-PX: Resources, Writing – review and editing. YW: Resources, Writing – review and editing. X-HZ: Resources, Writing – review and editing, Supervision. X-JH: Resources, Supervision, Writing – review and editing. X-SZ: Resources, Supervision, Writing – review and editing. X-YP: Resources, Writing – original draft, Writing – review and editing, Funding acquisition.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was funded by the Non-communicable Chronic Diseases-National Science and Technology Major Project (2023ZD0502400), Being Nova Program (No. 20220484076), Major Program of the National Natural Science Foundation of China (No. 82293630), Fundamental Research Funds for Central Universities and Peking University Clinical Scientist Training Program (No. BMU2024PYJH012), and Peking University Medicine Fund for world’s leading discipline or discipline cluster development (No. 71003Y3035).



Acknowledgments

We gratefully acknowledge all the work staff and all the patients.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

CMV, cytomegalovirus; HHV6, human herpesvirus 6; EBV, Epstein-Barr virus; B19, parvovirus B19; HMPV, parainfluenza virus; BKV, BK polyomavirus; AdV, adenovirus; IAV, influenza A virus; HSV, herpes simplex virus; JCV, JC polyomavirus; IBV, influenza B virus; RV, rotavirus; NV, norovirus.



References

	1. Gratwohl A, Brand R, Frassoni F, Rocha V, Niederwieser D, Reusser P, et al. Cause of death after allogeneic haematopoietic stem cell transplantation (HSCT) in early leukaemias: an EBMT analysis of lethal infectious complications and changes over calendar time. Bone Marrow Transplant. (2005) 36:757–69. doi: 10.1038/sj.bmt.1705140

	2. Annaloro C, Serpenti F, Saporiti G, Galassi G, Cavallaro F, Grifoni F, et al. Viral infections in HSCT: detection, monitoring, clinical management, and immunologic implications. Front. Immunol. (2021) 11:569381. doi: 10.3389/fimmu.2020.569381

	3. Yang S, He Y, Zhang J, Zhang D, Wang Y, Lu X, et al. Viral metagenomics reveals diverse viruses in the fecal samples of children with diarrhea. Virol Sinica. (2022) 37:82–93. doi: 10.1016/j.virs.2022.01.012

	4. Ohwada S, Iida T, Hirayama D, Sudo G, Kubo T, Nojima M, et al. Clinicopathological comparison between acute gastrointestinal-graft-versus-host disease and infectious colitis in patients after hematopoietic stem cell transplantation. PLoS One. (2018) 13:e0200627. doi: 10.1371/journal.pone.0200627

	5. Bhutani D, Dyson G, Manasa R, Deol A, Ratanatharathorn V, Ayash L, et al. Incidence, risk factors, and outcome of cytomegalovirus viremia and gastroenteritis in patients with gastrointestinal graft-versus-host disease. Biol Blood Marrow Transplant. (2015) 21:159–64. doi: 10.1016/j.bbmt.2014.10.004

	6. Okubo H, Nagata N, Uemura N. Fulminant gastrointestinal graft-versus-host disease concomitant with cytomegalovirus infection: case report and literature review. World J Gastroenterol. (2013) 19:597–603. doi: 10.3748/wjg.v19.i4.597

	7. He J, Liu Y, Wang Z, Liu D, Chen H, Chen Y. Colonoscopy in the diagnosis of intestinal graft versus host disease and cytomegalovirus enteritis following allogeneic haematopoietic stem cell transplantation. Chin Med J. (2008) 121:1285–9. doi: 10.1097/00029330-200807020-00008

	8. Cho B, Yahng S, Kim J, Yoon J, Shin S, Lee S, et al. Impact of cytomegalovirus gastrointestinal disease on the clinical outcomes in patients with gastrointestinal graft-versus-host disease in the era of preemptive therapy. Ann Hematol. (2012) 92:497–504. doi: 10.1007/s00277-012-1632-x

	9. Ueda R, Fuji S, Mori SI, Hiramoto N, Hashimoto H, Tanaka T, et al. Characteristics and outcomes of patients diagnosed with norovirus gastroenteritis after allogeneic hematopoietic stem cell transplantation based on immunochromatography. Int J Hematol. (2015) 102:121–8. doi: 10.1007/s12185-015-1804-2

	10. Swartling L, Ljungman P, Remberger M, Sundin M, Tiveljung A, Mattsson J, et al. Norovirus causing severe gastrointestinal disease following allogeneic hematopoietic stem cell transplantation: a retrospective analysis. Transplant Infect Dis. (2018) 20:e12847. doi: 10.1111/tid.12847

	11. Schwartz S, Vergoulidou M, Schreier E, Loddenkemper C, Reinwald M, Schmidt-Hieber M, et al. Norovirus gastroenteritis causes severe and lethal complications after chemotherapy and hematopoietic stem cell transplantation. Blood. (2011) 117:5850–6. doi: 10.1182/blood-2010-12-325886

	12. Bueno F, Albert E, Giménez E, Piñana J, Pérez A, Dolores Gómez M, et al. An investigation of the potential association between gastrointestinal viral and bacterial infection and development of intestinal acute graft versus host disease following allogeneic hematopoietic stem cell transplantation. J Med Virol. (2021) 93:4773–9. doi: 10.1002/jmv.26892

	13. Lu D, Dong L, Wu T, Huang X, Zhang M, Han W, et al. Conditioning including antithymocyte globulin followed by unmanipulated HLA-mismatched/haploidentical blood and marrow transplantation can achieve comparable outcomes with HLA-identical sibling transplantation. Blood. (2006) 107:3065–73. doi: 10.1182/blood-2005-05-2146

	14. Wang Y, Chang Y, Xu L, Liu K, Liu D, Zhang X, et al. Who is the best donor for a related HLA haplotype-mismatched transplant? Blood. (2014) 124:843–50. doi: 10.1182/blood-2014-03-563130

	15. Zhang X, Chen J, Han M, Huang H, Jiang EL, Jiang M, et al. The consensus from the Chinese society of hematology on indications, conditioning regimens and donor selection for allogeneic hematopoietic stem cell transplantation: 2021 update. J Hematol Oncol. (2021) 14:145. doi: 10.1186/s13045-021-01159-2

	16. Zhou J, Shi D, Wei R, Wang Y, Yan C, Zhang X, et al. Co-reactivation of cytomegalovirus and epstein-barr virus was associated with poor prognosis after allogeneic stem cell transplantation. Front Immunol. (2021) 11:620891. doi: 10.3389/fimmu.2020.620891

	17. Zhao X, Pei X, Chang Y, Yu X, Xu L, Wang Y, et al. First-line therapy with donor-derived human cytomegalovirus (HCMV)-specific T cells reduces persistent HCMV infection by promoting antiviral immunity after allogenic stem cell transplantation. Clin Infect Dis. (2020) 70:1429–37. doi: 10.1093/cid/ciz368/5487203

	18. Styczynski J, van der Velden W, Fox C, Engelhard D, de la Camara R, Cordonnier C, et al. Management of Epstein-Barr Virus infections and post-transplant lymphoproliferative disorders in patients after allogeneic hematopoietic stem cell transplantation: sixth European Conference on infections in leukemia (ECIL-6) guidelines. Haematologica. (2016) 101:803–11. doi: 10.3324/haematol.2016.144428

	19. Ljungman P, Miller V, Umeh O, Douglas C, Josephson F, Lischka P, et al. Definitions of resistant and refractory cytomegalovirus infection and disease in transplant recipients for use in clinical trials. Clin Infect Dis. (2019) 68:1420–6. doi: 10.1093/cid/ciy696

	20. Harris Y, Devine S, Hogan W, Ayuk F, Bunworasate U, Chanswangphuwana C, et al. Multicenter standardization of acute graft-versus-host disease clinical data collection: a report from the mount sinai acute GVHD international consortium. Biol Blood Marrow Transplant. (2016) 22:4–10. doi: 10.1016/j.bbmt.2015.09.001

	21. Yeh P, Chiu C, Lai M, Wu R, Chen C, Kuo C, et al. Clinical manifestations, risk factors, and prognostic factors of cytomegalovirus enteritis. Gut Pathog. (2021) 13:53. doi: 10.1186/s13099-021-00450-4

	22. Chaemsupaphan T, Limsrivilai J, Thongdee C, Sudcharoen A, Pongpaibul A, Pausawasdi N, et al. Patient characteristics, clinical manifestations, prognosis, and factors associated with gastrointestinal cytomegalovirus infection in immunocompetent patients. BMC Gastroenterol. (2020) 20:22. doi: 10.1186/s12876-020-1174-y

	23. Gu J, Ji H, Liu T, Chen C, Zhao S, Cao Y, et al. Detection of cytomegalovirus (CMV) by digital PCR in stool samples for the non-invasive diagnosis of CMV gastroenteritis. Virol J. (2022) 19:183. doi: 10.1186/s12985-022-01913-z

	24. Meng X, Fu H, Zhu X, Wang J, Liu X, Yan C, et al. Comparison of different cytomegalovirus diseases following haploidentical hematopoietic stem cell transplantation. Ann Hematol. (2020) 99:2659–70. doi: 10.1007/s00277-020-04201-4

	25. Mavropoulou E, Ternes K, Mechie N, Bremer S, Kunsch S, Ellenrieder V, et al. Cytomegalovirus colitis in inflammatory bowel disease and after haematopoietic stem cell transplantation: diagnostic accuracy, predictors, risk factors and disease outcome. BMJ Open Gastroenterol. (2019) 6:e000258. doi: 10.1136/bmjgast-2018-000258

	26. Zhu H, Ali A, Woan K, Tam E, Yaghmour G, Flores A, et al. Unique challenges to diagnosing human herpesvirus-6 (HHV-6) encephalitis following post-hematopoietic stem cell transplant: a case and brief review. Cell Transpl. (2022) 31:1–7. doi: 10.1177/09636897221119734

	27. Noviello M, Lorentino F, Xue E, Racca S, Furnari G, Valtolina V, et al. Human herpesvirus 6–specific T-cell immunity in allogeneic hematopoietic stem cell transplant recipients. Blood Adv. (2023) 7:5446–57. doi: 10.1182/bloodadvances.2022009274

	28. Berneking L, Both A, Langebrake C, Aepfelbacher M, Lütgehetmann M, Kröger N, et al. Detection of human herpesvirus 6 DNA and chromosomal integration after allogeneic hematopoietic stem cell transplantation: a retrospective single center analysis. Transplant Infect Dis. (2022) 24:e13836. doi: 10.1111/tid.13836

	29. Perruccio K, Sisinni L, Perez-Martinez A, Valentin J, Capolsini I, Massei M, et al. High incidence of early human herpesvirus-6 infection in children undergoing haploidentical manipulated stem cell transplantation for hematologic malignancies. Biol Blood Marrow Transplant. (2018) 24:2549–57. doi: 10.1016/j.bbmt.2018.07.033

	30. Ji Y, Zhu Z, Yang L, Xie Y, Chen J, Liu H, et al. Application of multiplex PCR assay to study early multiple herpesviruses infection during HSCT. Zhonghua Xue Ye Xue Za Zhi. (2019) 40:125–31. doi: 10.3760/cma.j.issn.0253-2727.2019.02.006

	31. Akahoshi Y, Kimura SI, Tada Y, Matsukawa T, Tamaki M, Doki N, et al. Cytomegalovirus gastroenteritis in patients with acute graft-versus-host disease. Blood Adv. (2022) 6:574–84. doi: 10.1182/bloodadvances.2021005885

	32. Sun Y, Xu L, Han T, Zhang X, Wang Y, Han W, et al. Detection of human cytomegalovirus (CMV) DNA in feces has limited value in predicting CMV enteritis in patients with intestinal graft-versus-host disease after allogeneic stem cell transplantation. Transplant Infect Dis. (2015) 17:655–61. doi: 10.1111/tid.12420




Copyright
 © 2025 Sun, Zhao, Mo, Lv, Sun, Wei, Xu, Wang, Zhang, Huang, Zhao and Pei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1638865-g003.jpg
Overall Survival(%)

100% 1

73% -

30% -

25% -

—— CMV enteritis
== Other viral enteritis

p=0.035
0% 1
0 1 2 3 4 5 6
Years post allo-HSCT
At Risk
22 12 5 S 2 0 0
37 24 19 17 b 10 4
Events
0 9 12 ¥ 13 y = 13
0 9 v 11 11 11 B





OPS/images/fmed-12-1638865-g002.jpg
=== HHV6 — EBV — CMV

24

o~

21

/

(o)}
o
N~
©
o)
<t
™
oN
—

< N o o8] o < AN o

SNnJIA Yyoea YjIm uoinoajul jo Aouanbaig

18

15

12

11

10

Month after transplantation





OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Viral enteritis after allogeneic hematopoietic stem cell transplantation: pathogens, clinical characteristics, and outcomes



		Introduction



		Materials and methods



		Patients and study design



		Transplant protocol



		Viral monitoring and prophylaxis



		Diagnosis and definitions



		Statistical analysis







		Results



		Patients’ characteristics



		Clinical manifestations



		Pathological analysis by intestinal biopsy



		Impact of timing on viral enteritis characteristics



		CMV enteritis



		Transplant outcomes







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Viral enteritis after allogeneic
hematopoietic stem cell
transplantation: pathogens,
clinical characteristics,
and outcomes












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







OPS/images/fmed-12-1638865-g001.jpg
33.9%

37.3%

B CMV: 37.3%
HHV6: 37.3%
w EBV: 33.9%
@ B19: 6.8%
E HMPV: 5.1%
BKV: 3.4%
W AdV: 3.4%
WIAV: 3.4%
W HSV: 3.4%
WJCV: 1.7%
WIBV: 1.7%
BRV: 1.7%
ENV: 1.7%





