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Abstract
BACKGROUND
[bookmark: OLE_LINK33]Cytomegalovirus (CMV) remains a critical complication after solid-organ transplantation. The CMV antigenemia (AG) test is useful for monitoring CMV infection. Although the AG-positivity rate in CMV gastroenteritis is known to be low at onset, almost all cases become positive during the disease course. We treated a patient with transverse colon perforation due to AG-negative CMV gastroenteritis, following a living donor liver transplantation (LDLT).

CASE SUMMARY
The patient was a 52-year-old woman with decompensated liver cirrhosis as a result of autoimmune hepatitis who underwent a blood-type compatible LDLT with her second son as the donor. On day 20 after surgery, upper and lower gastrointestinal endoscopy (GE) revealed multiple gastric ulcers and transverse colon ulcers. The biopsy tissue immunostaining confirmed a diagnosis of CMV gastroenteritis. On day 28 after surgery, an abdominal computed tomography revealed transverse colon perforation, and simple lavage and drainage were performed along with an urgent ileostomy. Although the repeated remission and aggravation of CMV gastroenteritis and acute cellular rejection made the control of immunosuppression difficult, the upper GE eventually revealed an improvement in the gastric ulcers, and the biopsy samples were negative for CMV. The CMV-AG test remained negative, therefore, we had to evaluate the status of the CMV infection on the basis of the clinical symptoms and GE.

CONCLUSION
This case report suggests a monitoring method that could be useful for AG-negative CMV gastroenteritis after a solid-organ transplantation.
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Core tip: The cytomegalovirus (CMV) antigenemia (AG) test is useful for monitoring recipients for posttransplantation CMV infection. Although the AG-positivity rate in CMV gastroenteritis is known to be low at onset, most cases become positive during the disease course. We managed a patient with a complicated condition with a transverse colon perforation caused by AG-negative CMV gastroenteritis, after a living donor liver transplantation. This case report presents a method that could be important monitoring for AG-negative CMV gastroenteritis after solid-organ transplantation.
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INTRODUCTION
Although cytomegalovirus (CMV) infection can remain latent since childhood, it can be reactivated due to immunosuppression. While CMV gastroenteritis presents with clinical symptoms, such as abdominal pain, nausea, vomiting and melena, a definitive diagnosis is made based on endoscopic findings and the histopathological examination of biopsy tissues. The CMV-antigenemia (AG) positivity rate at the onset of gastroenteritis has been reported to be approximately 20%-30%[1]. Although gastrointestinal perforation due to CMV gastroenteritis is not uncommon[2], such an occurrence has rarely been reported after organ transplantation[3]. Autoimmune hepatitis is an autoimmune disease that commonly develops in middle-aged or older woman and usually causes chronic and progressive liver damage. In regard to treatment, immunosuppressants, especially prednisolone, are commonly used. Liver transplantation is the final therapeutic option for patients, such as in a recently reported case on a patient with autoimmune hepatitis who developed decompensated cirrhosis due to an insufficient response to medical treatment.
  We managed a patient with a complicated condition, with transverse colon perforation that was caused by AG-negative CMV gastroenteritis, after a living donor liver transplantation (LDLT). Here, we report on this case, which was difficult to diagnose and treat.

CASE PRESENTATION
Chief complaints
Abdominal pain and fullness.

History of present illness
The patient was a 52-year-old Asian woman, who was diagnosed with liver dysfunction during a medical examination in her twenties. A diagnosis of autoimmune hepatitis was made at 40 years of age. When the patient was 46 years old, the patient developed ascites, which improved with oral steroids. However, with disease progression, she developed decompensated cirrhosis at 51 years old that was resistant to medical management. She was then referred to our department.

History of past illness
There was no other significant medical history.

Personal and family history
The patient was a nonsmoker and had stopped drinking socially 5 years prior. Her occupation was a housewife. There was no relevant family history.

Physical examination upon admission
According to the Eastern Cooperative Oncology Group Performance Status, her performance status was 2. At the physical examination, the patient’s height was 155 cm, her weight was 47 kg, and her vitals were stable; yellowish bulbar conjunctivae, ascites, and bilateral pedal edema were observed.

Laboratory examinations
[bookmark: OLE_LINK34][bookmark: OLE_LINK36]The Child-Pugh score was 11 points in class C, and the Model for end stage liver disease score was 11 points. The serologic tests for CMV showed that the patient was IgG positive (+), IgM negative (-), and AG negative, which is indicative of past CMV infection. A PCR test for CMV was not performed routinely before transplantation at our facility and was not performed in this case.

Imaging examinations
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Abdominal computed tomography (CT) revealed liver cirrhosis with ascites before LDLT.

Liver transplantation and follow-up
A blood-type compatible LDLT was performed using a left lobe graft, with the patient’s second son as the donor (20 years old, CMV IgG+/IgM-, which is indicative of past CMV infection). The graft-to-recipient weight ratio was 0.73, the operation duration was 849 min, and the bleeding volume was 822 mL. At our facility, in accordance with the protocol of CMV monitoring and treatment after a liver transplantation, CMV-AG is tested twice a week, but a CMV-PCR test is not performed routinely. In addition, prophylactic ganciclovir (GCV) is not administered, but GCV is initiated when the patient becomes CMV-AG positive or in the case of a seropositive donor.
  Initially, cyclophosphamide (CyA), prednisolone (PSL) and mizoribine (MIZ) were used as the postoperative immunosuppressants, in accordance with the protocol of our facility[4,5], however, for this patient, MIZ was replaced by mycophenolate mofetil (MMF) due to pancytopenia, and CyA was replaced by tacrolimus (FK) due to renal failure. As the patient had jaundice and persistently elevated aspartate transaminase and alanine transaminase levels, a liver biopsy was performed on the 10th day after transplantation. The histopathological examination was negative for both acute cellular rejection (ACR) and CMV hepatitis, so her condition was suspected to be drug-induced or caused by cholestasis.
  Starting on the 12th d after transplantation, the patient’s anemia worsened, and she required frequent packed red blood cell transfusions. Further investigations confirmed thrombocytopenia, jaundice, and renal failure. We suspected thrombotic microangiopathy (TMA), even though the peripheral smear was negative for fragmented red blood cells, and a fresh frozen plasma transfusion and FK dose reduction were carried out. The CMV-AG remained negative, and there were no clinical findings that were characteristic of a CMV infection, but prophylactic GCV administration was initiated. Thereafter, the thrombocytopenia gradually improved. On the 20th d after transplantation, the patient reported abdominal pain and black-colored stools, so upper gastrointestinal endoscopy was performed, which showed multiple gastric ulcers (Figure 1A). A biopsy tissue sample, taken from an ulcer, showed large cells with intranuclear inclusions with hematoxylin and eosin (HE) staining (Figure 1B), and CMV-positive cells were observed through immunostaining (Figure 1C). Once the diagnosis of CMV gastroenteritis was confirmed, GCV, which had already been initiated, was continued, and the dosage of all 3 immunosuppressants, FK, PSL, and MMF, was reduced.
  On the 26th d after transplantation, the patient had frequent, watery diarrhea, for which a lower gastrointestinal endoscopy was performed, and a deep ulcer was observed in the transverse colon (Figure 2A). The biopsy tissue diagnosis of the ulcerative lesion revealed large cells with intranuclear inclusions with HE-staining (Figure 2B) and CMV-positive cells with immunostaining (Figure 2C). On the 28th day after transplantation, we noted the findings of abdominal pain, fever and an increased inflammatory response. A plain abdominal CT scan revealed intraperitoneal free air adjacent to the transverse colon (Figure 3A) and hemorrhagic ascites in the pelvis (Figure 3B).
  The patient was diagnosed with gastrointestinal perforation, and an emergency surgery was performed. When the abdomen was incised, contaminated ascites were not observed. In the transverse colon, an impending perforation with a thinned serous membrane was confirmed.
  The rejection activity index score of the liver tissues collected during the surgery was found to be P2, B1, and V1 during the histopathologic examination, indicating ACR.

FINAL DIAGNOSIS
The final diagnosis of the presented case was transverse colon perforation due to CMV gastroenteritis.

TREATMENT
GCV was administered for CMV gastroenteritis. 
  During the emergency surgery, as it was difficult to remove the adhesions with the surrounding areas, thus, the site of perforation was left as it was. Simple lavage with drainage was performed, and ileostomy was performed for acute pan-peritonitis due to transverse colon perforation.

OUTCOME AND FOLLOW-UP
The repeated remission and aggravation of CMV gastroenteritis, ACR and TMA made the control of immunosuppression extremely difficult. CMV-AG remained negative throughout the disease course, but the CMV-PCR test result was 220 copies/mL. On the 46th d after transplantation, a follow-up upper gastrointestinal endoscopy showed that the gastric ulcer was finally resolving, and the biopsies were also negative for CMV. The patient was ambulatory at discharge on the 86th d after transplantation.

DISCUSSION
Although CMV infection is often contracted in childhood, it usually remains latent. It is often reactivated due to immunosuppression after an organ transplantation[6]. Most Japanese individuals are infected with CMV in early childhoods, and it usually remains latent. Therefore, even if a donor candidate had a past CMV infection, he or she is not excluded as a donor. When the recipient is seronegative while the donor is seropositive for the CMV antibody, the risk of onset of CMV infection after organ transplantation is high, and appropriate monitoring and prophylactic measures are necessary[7]. However, when the recipient is seropositive, whether the recipient is at risk of infection when the donor is seropositive or seronegative is controversial.
  The diagnostic methods for CMV include (1) the isolation and identification of CMV from blood, urine and pharyngeal secretions; (2) the CMV-AG test, which involves the detection of CMV-antigen-positive polymorphonuclear leukocytes in peripheral blood using a monoclonal antibody; (3) the CMV-PCR method, which involves amplifying CMV-DNA from blood and the bronchoalveolar lavage fluid for the identification; and (4) cytopathological and histopathological examinations, which involve the evaluation of the target organs of CMV infection with endoscopy and biopsy to detect the intranuclear inclusion bodies of giant cells through HE staining and CMV antigens through immunostaining using an anti-CMV monoclonal antibody[6,7]. Because both the sensitivity and specificity of the CMV-AG test are reported to be 70%-90%[8,9] and the levels are indicative of disease severity and treatment response, the test is said to be effective for infection monitoring. The CMV-AG test is therefore used as an indicator for the initiation and completion of treatment. The sensitivity and specificity of the CMV-PCR method are reported to be superior to the CMV-AG test[10-14], and while a quantitative estimation of the number of copies is possible with the former, the positive cut-off value varies among different reports[9-11,13,15]. The CMV-PCR test is not covered by health insurance providers in Japan.
  CMV gastroenteritis exhibits clinical symptoms such as nausea, vomiting, abdominal pain and melena, and it is characteristic to find multiple gastrointestinal ulcers during endoscopy[6,10,15]. The diagnosis is based on endoscopic findings and biopsy tissue examination and analysis. The diagnosis is confirmed when the intranuclear inclusion bodies of giant cells are observed using HE stains and CMV antigens are identified through immunostaining[6,10,14,16]. When an ulcerative lesion is observed in the gastrointestinal tract of an immunosuppressed patient, the site should be biopsied and investigated, keeping CMV infection in mind. Although it has been reported that in CMV gastroenteritis, the CMV-AG positive rate is approximately 20% at onset and that false-negatives results occur frequently[1], the CMV-AG status becomes positive in most cases during the disease course, thus making this test a useful parameter for monitoring the response to treatment[1,8,14,17]. While there have been reports on rare cases in which patients who had CMV gastroenteritis had CMV-AG results that remained negative throughout the disease course after bone marrow transplantation[13,18,19], there have been no such reports associated with solid-organ transplantation; however, there have been some reports in which the CMV-AG test was positive when an intestinal perforation was caused by CMV gastroenteritis[20,21], including a report in which intestinal perforation were caused by CMV gastroenteritis in patients taking immunosuppressants to treat rheumatoid arthritis[2]. Although it has been reported that routine upper gastrointestinal endoscopy during the follow-up for CMV gastroenteritis does not lead to differences in recurrence rates and treatment effects[17], there are also cases such as ours, where the patient suffers from localized CMV infection but does not achieve viremia and remains CMV-AG negative throughout the disease course. An examination of symptomatic patients through regular upper gastrointestinal endoscopy and biopsy may be an important monitoring method, and it is necessary to tailor the medical management on a case-to-case basis.
  Although there have been reports on cases with gastrointestinal perforation due to CMV gastroenteritis, this complication is extremely rare after a solid organ transplantation[2,3]. Recently, there was a report showing that CMV infects vascular endothelial cells and causes ulcers and perforation locally in the intestinal mucosa after solid-organ transplantation[21].
  In our case, in addition to the long-term history of oral PSL therapy for autoimmune hepatitis before transplantation, posttransplantation immunosuppression was essential. This may have caused CMV gastroenteritis with strong, localized inflammation that led to intestinal perforation without viremia.
  Although CMV infection tends to occur at least 3 wk after transplantation[3], patients taking immunosuppressive drugs before transplantation may be affected earlier[6].
  Atsumi et al[22] and Kemeny et al[23] have reported on patients presenting with a combination of polyoma virus infection and acute graft rejection after kidney transplantation. However, the coexistence of an infection and rejection represents a combination of contradictory illnesses and constitutes a rare presentation. In our case, the patient was first diagnosed with ACR through an intraoperative liver biopsy sample taken during the emergency procedure for gastrointestinal perforation in an advanced stage of CMV infection. It was a combination of an infection and a rejection, which again is an extremely rare presentation, which made the management difficult.
  TMA is a condition in which polymers of von Willebrand factor are secreted due to vascular endothelial cell dysfunction that is caused by various factors, for e.g., graft-versus-host disease (GVHD), ABO-incompatible transplantation, calcineurin inhibitor (CNI) administration, and fungal and viral (e.g., human immunodeficiency virus, CMV and adenovirus) infections[24,25]. This secretion promotes platelet thrombus formation, leading to multiorgan failure due to microangiopathy. Although the recommended criteria for diagnosing TMA have been previously reported, there are no set diagnostic criteria. Our hospital, as reported previously[26], follows the protocol of a diagnosis based on clinical examination findings and the appearance of fragmented red blood cells in the peripheral smear, combined with tests showing hemolytic anemia, thrombocytopenia and increased bilirubin and lactate dehydrogenase levels.
  CMV has been reported to exhibit a TMA-like disease state by infecting vascular endothelial cells and making them dysfunctional[27,28]. Java et al[29], Waiser et al[30] reported a patient with newly developed TMA due to CMV infection in a kidney transplant recipient. In our case, treatment with GCV was initiated as the patient presented with symptoms of TMA prior to the detection of CMV infection. Therefore, a CMV infection could be suspected in a TMA-like disease presentation.
  In patients who are chronically treated with immunosuppressants before organ transplantation, endoscopy should be performed according to symptoms at an earlier stage after transplantation. As a reliable test, the CMV-PCR test is reported to be superior to the CMV-AG test, but it is not covered by health insurance providers in Japan.

CONCLUSION
After solid-organ transplantation, it is necessary to monitor symptomatic patients for CMV gastroenteritis, even when the CMV-AG assay remains negative throughout the course of the illness. Additionally, a CMV infection should be suspected when a TMA-like disease presentation is observed, and the patient should be investigated accordingly, to rule out this diagnosis.
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Figure 1 Upper gastrointestinal endoscopy and tissue biopsy diagnosis. A: Upper gastrointestinal endoscopy showed multiple gastric ulcers in the vestibular area. B: Biopsy tissue diagnosis showed large cells with intranuclear inclusions on hematoxylin and eosin staining (arrows) (× 200). C: Cytomegalovirus positive cells were observed through immunostaining (× 200).
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Figure 2 Lower gastrointestinal endoscopy and tissue biopsy diagnosis. A: Lower gastrointestinal showed a deep ulcer in the transverse colon. B: Biopsy tissue diagnosis showed large cells with intranuclear inclusions on hematoxylin and eosin staining (arrow) (× 400). C: Cytomegalovirus positive cells were observed through immunostaining (× 400).
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Figure 3 Abdominal computed tomography images. A: Abdominal computed tomography (CT) revealed intraperitoneal free air near the transverse colon (arrow). B: Abdominal CT revealed hemorrhagic ascites in the pelvis (arrow heads).
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