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Abstract 

The incidence of End-Stage Kidney Disease (ESKD) has been increasing over the past few 

years as a direct result of the growing percentages of individuals with metabolic syndrome. From 

2001 to 2015 there was 2805 individuals diagnosed with ESKD in Oman with a growing number 

of patients undergoing renal transplant as the gold standard management of renal replacement 

therapy. Mycophenolate Mofetil (MMF) is one of the most frequently used medications as a part 

of the immunosuppressive medications in renal transplant specifically and solid organ transplant 

generally.  

We are reporting a case of (MMF) induced colitis in a young female patient that underwent 

a living-related kidney transplant. She presented with three months history of watery non-bloody 

and afebrile diarrhea. Investigations confirmed the diagnosis of mycophenolate-induced colitis by 

histopathological examination of the colonic biopsies obtained during the colonoscopy procedure, 

which showed mildly increased crypt apoptosis, mild architectural disarray, and focal crypt 

attenuation; features consistent with mycophenolate induced colitis. The patient was treated with 

stopping the causative agent and replacing it with another immunosuppressive medication that led 

to complete resolution of the symptoms on follow-up appointments. In this case report, we 

highlighted in brief the underlying mechanism, pathogenesis, and clinical features of 

mycophenolate-induced colitis. 
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Introduction 

End-stage kidney disease (ESKD) incidence has been increasing over the past few years as 

a direct result of the growing percentages of individuals with metabolic syndrome (1, 2). From 

2001 to 2015, there were 2805 individuals diagnosed with ESKD in Oman. The majority of them 

caused by diabetic nephropathy (46%), followed by hypertensive nephropathy (19%), and chronic 

glomerulonephritis (15%) (1, 2). Genetic or inherited disease formed only 4% of the total cases. 

More strikingly, most of those were aging between 45 to 64 years (1, 2).  The preferred method of 

renal replacement therapy in Oman is hemodialysis, however, a renal transplant program has been 

established in Oman in 1988 (1-3). The majority of patients in Oman are commercially 

transplanted abroad in Pakistan and China which is criminalized by the Omani laws (2, 4). 

Without the evolvement of immunosuppressive medications, the dream of organ transplant 

would not have come to be true. Since the first light of hope in the field in 1949 when the Nobel 

prize winner Phillip Hench discovered the anti-inflammatory effects of steroids and the field of 

immunosuppressive pharmacology has been growing (5). A decade later in the 1960s, 

Azathioprine has been proven to be effective in preventing allograft rejection. Cyclophosphamide 

has been discovered between the 1960s and 1970s, followed by monoclonal antibodies and 

cyclosporin A (between 1970s and 1980s) (6, 7). In the 90s the eyes of the science endeavors 

looked toward a much bigger cause of grafts rejections, the T and B lymphocytes. Thus, 

antimetabolite medications Mycophenolate, and Leflunomide that target the proliferation of these 

cell lines came to light (6). In the early 2000s, mycophenolate has become a major cornerstone in 

immunosuppressive regimens, especially in renal transplant patients. The most common 

mycophenolate side effects have been reported affecting the hematopoietic and the gastrointestinal 

system (8). We are reporting an interesting case of mycophenolate-induced colitis with an 

emphasis on the pathogenesis of colitis caused by the mycophenolate and the factors that affect 

the development of the disease.  



Case presentation 

A 42-year-old female, known case of glucose-6-phosphate dehydrogenase (G6PD) 

deficiency. Diagnosed to have hypertension was during her last pregnancy and started on 

medications for it. Also, she is known to have end-stage kidney disease (ESKD) secondary to 

chronic glomerulonephritis (GN) later. Subsequently, she underwent a renal transplant on the 1st 

of July 2019 (living-related kidney transplant from her brother), Induction immunosuppressive 

therapy with methylprednisolone (MP), and Basiliximab. In September 2019 She was treated for 

latent tuberculosis after was confirmed with a positive Quantiferon test with 9 months course of 

isoniazid and pyridoxine. The patient was discharged home on Tacrolimus 3mg BID, 

Mycophenolate Mofetil 1000 mg BID, and Prednisolone 15 mg BID as immunosuppressive 

regimen post-transplant which was started in July 2019.  

On the 29th of November 2020, she was referred from a renal unit at her regional secondary 

hospital for evaluation of derangement in the graft function and proteinuria. During the admission 

patient reported having longstanding non-bloody watery diarrhea for more than 3 months for which 

the patient was passing more than 10 motions per day, it was not associated with abdominal pain 

or fever. She reported no associated nausea or vomiting or other gastrointestinal symptoms. A 

review of other systems was unremarkable. Her general and systemic examination during the 

admission were within normal except for mild bilateral pedal edema.  

Initial workup showed no raised inflammatory markers, the white blood cells count (WBC) 

was 5.6x19*9/ L (normal range 2.4 – 9.5), absolute neutrophil count (ANC) of 4.5x10*9/L (normal 

range 1 – 4.8), lymphocytes 0.7x10*9 (normal range 1.2 – 3.8), eosinophils of 0 and a c-reactive 

protein of <4.00 mg/L. Erythrocyte sedimentation rate (ESR) came as less than 1. Tumour markers: 

Cancer Ag 15-3 (CA 15-3) in serum 25 U/ mL (N = 0-33), Cancer Ag 19-9 (CA 19-9) in serum 9 

U/m L (N = 0-31), while Cancer Ag 125 (CA-125) in serum 85 U/m L (N = 0-35). Assessment of 

the renal function showed creatinine of 122 µmol/L, urea of 5 mmol/L, and estimated GFR of 45 

mL/min/1.73m2. Urinary proteins were 1.2 g/L. Other biochemical testing showed albumin of 25 

g/L (normal range 34 – 50). Fecal microscopy sent during admission showed loose stool 

consistency, no parasites, ova, or cysts as well as no white or red blood cells. Stool culture showed 

no bacterial growth. Clostridium difficile testing came negative for Toxin A, B, and GDH. CMV 

level reported to be lower than 100 copies (below the detection level of the laboratory) and testing 

for PK virus came negative. Abdomen ultrasound showed no abnormalities except for mild free 



peritoneal fluids, otherwise normal study. The patient underwent colonoscopy which showed 

normal-appearing mucosa and no abnormalities detected, however, multiple biopsies were taken 

throughout the colon. In addition, the patient underwent an allograft renal biopsy as a part of the 

evaluation for the derangement in the renal function.  

She was discharged on the 3rd of December 2020 to a close follow-up appointment to trace 

the histopathology reports of both renal and colonic biopsies, during which she continued the same 

immunosuppressive regime. The allograft kidney biopsy was reported as no evidence of active 

rejection, no glomerular pathology by light microscopy, only IgM deposits of unknown 

significance are noted on immunofluorescence. Immunohistochemistry testing was negative for 

C4d and CMV. The colonic biopsies taken from the sigmoid colon showed mildly increased crypt 

apoptosis, mild architectural disarray, and focal crypt attenuation. This was accompanied by a mild 

increase in the subepithelial collagen band with focal surface epithelial sloughing (figure 1). 

Mycophenolate Mofetil was stopped and replaced with Everolimus with close follow-up 

appointments to check for the progression of the graft derangement and trend of diarrhea. On 

subsequent visits, the patient reported complete resolution of diarrhea and further testing showed 

relatively stable graft function. 
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Figure 1 Shows the colonic biopsies taken from the sigmoid colon. It showed mild increased 

crypt apoptosis, mild architectural disarray, and focal crypt attenuation. This was accompanied 

by mild increase in the subepithelial collagen band with focal surface epithelial sloughing. A. 2X 

Preserved architecture, B. 40X Basal apoptosis, C. 20X Thickened subepithelial collagen, D. 20x 

Thickened collagen with epithelial separation. 

Table 1. Laboratory test results during the admission 

Test 
Admission 

29/11/2020 
30/11/2020 

Discharge 

3/12/2020 

Complete blood 

count 

Hemoglobin 10.3 g/dL 9.6 g/dL 9.4 g/dL 

Platelets 200x10*9/L 193x10*9/L 155x10*9/L 

Total WBC 5.6x10*9/L 5.1x10*9/L 5.8x10*9/L 

Neutrophils 4.5x10*9/L 4.5x10*9/L 4.3x10*9/L 

Eosinophils 0x10*9/L 0x10*9/L 0x10*9/L 

C-reactive proteins <4 mg/L NA NA 

Renal function 

test 

Creatinine 122 umol/L 122 umol/L 104 umol/L 

Urea 5.0 nmol/L 7.4 nmol/L 12.3 nmol/L 

eGFR 
45 mL/min/1.73 

m2 

45 mL/min/1.73 

m2 

54 mL/min/1.73 

m2 

Urine protein 

creatinine ratio 

Total proteins 1.20 g/L NA              NA 

Ratio 406.1 mg/umol NA   NANA 

Tacrolimus level NA 7.4 ug/L 8.0 ug/L 

 



Discussion 

Mycophenolate is a prodrug that was first isolated from the organism Penicillium 

Brevicompactum that is metabolized by the liver to its active drug formulation; mycophenolic acid 

(MPA). First described having antibacterial and anti-neoplastic activities (8, 9). Mycophenolic 

acid causes prevention of the de novo synthesis of cells by reversible inhibition of inosine 

monophosphate dehydrogenase causing derangement in the intracellular pool of the nucleotides 

leading to an arrest in the proliferation of the T and B lymphocytes, hence causing 

immunosuppression (8-10).  

Randomized controlled trials showed that mycophenolate if used with cyclosporin and 

steroids causes better prevention of allograft rejection compared to a regimen based on 

azathioprine with other immunosuppressive medications (11). Thus, since the early 2000s, 

mycophenolate has been widely used in solid organ transplanted patients (12, 13). Two widely 

available formulations of the drugs used world-widely; mycophenolate mofetil (MMF) (6, 8, 9, 

13), which was used in our patient, and the enteric-coated mycophenolate sodium (4). The oral 

bioavailability of the mycophenolate mofetil is about 80-94% (14, 15). After its absorption, 

mycophenolate is metabolized by the liver to produce the active drug form; the mycophenolic acid 

(MPA) which will be 97-99% bound to blood albumin. Only the free blood MPA exerts the 

pharmacological effects of immunosuppression (16). Mycophenolic acid is eliminated 

predominantly by the renal system, however, a small portion is removed through the gut (17).  

The side effects of mycophenolate are directly proportionate to the blood concentration of 

the mycophenolic acid level (18). In addition, lower concentrations have been responsible for more 

rejection probability (18). In a sense, mycophenolate is a double-edged sword. In this patient, we 

used 1000 mg twice daily oral dose. The concentration of the MPA in the blood has been reported 

to be affected by many factors including protein binding factors, enterohepatic circulation 

interruptions, and a decrease in the haptic glucuronyl transferase activity that is used in the 

metabolism of the prodrug, which can be caused using glucocorticoids. The level of serum binding 

to albumin is affected by the level of serum albumin and the use of aspirin (19, 20). In our case 

patient’s serum albumin in the presentation was 25 g/L because of proteinuria and the patient was 

not on aspirin. Other drugs that can increase the level of blood mycophenolic acid are antivirals 

like acyclovir and probenecid that is used for hyperuricemia which were both not used by our 

patient (12, 16, 18, 21, 22).  



Mycophenolate is targeting rapidly growing tissues that depend on purine synthesis. The two 

major organs dependent on this pathway for regeneration are lymphocytes and gut cells (6, 23, 

24). Lymphocytes (B and T cells) are more dependent on this pathway (90%), hence the 

immunosuppression (23, 25). Thus, patients on MMF are vulnerable to T and B lymphocytes 

dependent organismal infections such as cytomegalovirus (CMV), candida, herpes viruses, 

bacterial pneumonia, and to larger extent septicemia (9). However, enterocytes are caught in the 

fire as they are partially dependent on the pathway (26, 27). To elaborate, enterocytes are 50% 

dependent on the pathways targeted by mycophenolate (26, 27), and it is estimated that 45% of 

patients develop gastrointestinal side effects (8, 13, 26-29), such as simple diarrhea, esophagitis, 

GERD, enteritis, and colitis like our patient (30). Gastrointestinal symptoms of MMF include 

nausea, vomiting, diarrhea, and abdominal pain mostly happening in the first six months from the 

initiation of the therapy (26-28). However, it has been reported that patients on MMF can develop 

mycophenolate-induced colitis between six months and 15 years after the first use of MMF with 

an average of 3 years (31). In our patient, the symptoms started after one and a half year from the 

initiation of the treatment after the transplant.  

Although MMF-induced colitis is a recognized disease entity still many of the disease 

features remains shady and unclear. Thus, no official guidelines were formulated for the 

management of patients complicated by colitis. The most recognized mechanism of pathogenesis 

of MMF induced colitis is the production of acyl glucuronide a metabolite of the mycophenolic 

acid that directly promotes the release of cytokines like IL-6, TNF- alpha, and mRNA as well as 

it binds to the plasma proteins, nucleic acids, and the lipids to form a neoantigen that subsequently 

triggers the immune system to cause inflammation in form of colitis by hypersensitivity and 

autoimmunity pathways (26). Another well-recognized theory is that since MMF has antibacterial 

properties it poses damage to the normal gut flora leading to anaerobic organism growth that causes 

by its turn tissue damage and inflammation (24). Furthermore, studies suggested further changes 

like superimposed infections by CMV, campylobacter, and other bacteria which our workup for 

the patient has excluded. Moreover, Impaired mucosal regeneration and increase in the goblet cells 

with reducing the number of the absorptive cells leads to impaired absorption and diarrhea which 

was absent in the histopathological examination of our patient colonic biopsies (26). 

In our case report, we found no initial biochemical evidence of inflammation (e.g., no raised 

C-reactive proteins or raised white blood cell counts) which did not agree with the previously 



published report by Moroncini and colleagues (32), however, a review report by Farooqi et.al 

showed that patients with MMF induced colitis could have negative initial workup (30). The most 

common imaging findings of the disease are thick-walled edematous bowel with occasional fat 

stranding that can be evident by ultrasonic evaluation, or computerized tomography (CT), or even 

magnetic resonance enterography (MRE) (15). In contrast, our patient ultrasonic evaluation 

showed none of the mentioned findings.  

Specific histopathological features of MMF-related colitis include crypt architectural 

disarray, increased lamina propria inflammation, dilated damaged crypts, increased crypt 

epithelial apoptosis, and GVHD- like changes (33). In our patient, the colonoscopy showed a 

deceiving normal mucosa in comparison to what has been shown in the tissue examination. A 

previous study showed that up to 47% of patients could have normal appearance mucosa in 

patients with histopathological evidence of MMF induced colitis (26), which also was suggested 

by Papadimitriou et. al that there is a poor correlation between the severity of the colitis by 

colonoscopy and histological disease activity (34). In contrast, the other portion of patients with 

MMF colitis reported having erythema with multiple petechiae, erosions, and ulcerations with 

exudative base and flat margins (35). 

In a study published in 2015 where they analyzed patients post solid organ transplant 

presented between the year 2000 to 2010 with MMF-associated colitis, they analyzed 36 patients’ 

cases and found that only 9% of patients had colitis diagnosed by colonoscopy (26). The most 

common presentation was diarrhea in 83% of patients. Half of the patients had a histological 

feature of acute colitis-like changes, 36% of patients had inflammatory bowel disease-like features, 

5.6% had ischemic-like changes, and 8.3% of patients had changes similar to graft versus host 

disease changes (26). However, the classically described changes of the MMF-associated colitis 

are crypt architecture disarray, dilated damaged crypts, and increased epithelial apoptosis, which 

was identical to our patient histopathological findings (30). In further analysis of the previously 

mentioned study, they found an increased risk of MMF-associated colitis in renal transplant 

patients compared to other solid organ transplant cases, and the least rate being in patients with 

liver transplants (26). This can be explained by the fact that the active metabolite of the drug (i.e., 

mycophenolic acid) is eliminated by the urinary system which is affected in a patient with renal 

transplant (23). Our patient was admitted with deterioration of the graft function and developed 

symptoms during this period which could have increased the level of the mycophenolic acid in the 



blood leading to the complication. Other suggested reason is the fact that the renal transplanted 

patients require more immunosuppressive medications compared to other transplanted solid organ 

(26).  As the drug is metabolized to the active form in the liver, this could explain the lower rates 

of colitis in this subgroup.  

At last, there is no current guideline that draws the roadmap to treat patients with MMF-

associated colitis. Different reports used different expert opinion-based practices including the 

most commonly used approach by solely stopping or lowering MMF doses (30, 32), which is 

similar to our approach. In our patient, the MMF has been stopped after confirming the diagnosis 

by histopathology and the medication was replaced by Everolimus. Other reports used other 

approaches like adding steroids as part of the treatment (11). However, no study has compared the 

efficacy of different treatment options. In our patient, the symptoms stopped subsequently after 

stopping the mycophenolate and she did not have further episodes during her follow-up 

appointments. Other reports used other approaches like adding prednisone and/or infliximab as 

part of the treatment, Bouhbouth et al. used a single infusion of 5 mg/Kg of infliximab after failure 

of response to MMF discontinuation, and 50 mg of prednisolone IV daily for 2 weeks (36). 

However, no study has compared the efficacy of different treatment options. In our case, still the 

cause of the renal derangement was under investigations and no specific reason found. 

 

Conclusion 

MMF-induced enterocolitis is uncommon, and it may be associated with debilitating 

complications. This case shows a unique presentation of MMF-induced colitis with normal 

biochemical and imaging findings initially. There is not many available data regarding why some 

patients have refractory colitis, why some getting it shortly after using the medications while others 

get it late, besides the limited data regarding the management approach with the benefits of oral or 

IV steroids, or biologic therapy with infliximab, also the need for endoscopic reassessment for 

mucosal recovery and healing.  We suggest that there is a need for further evaluation of MMF-

associated colitis to formulate an evidence-based method to approach patients with MMF-

associated colitis, including the criteria for the colonoscopy, possibly mandating biopsy as a large 

portion of patients can have normal mucosa by the endoscopy and evaluating treatment options 

efficacy.  
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