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Detection of cytomegalovirus DNA in fecal samples in the diagnosis of 
enterocolitis after allogeneic stem cell transplantation

Alzbeta Zavrelovaa, Jakub Radochaa, Lenka Pliskovab, Pavla Paterovac, Eva Vejrazkovaa, Jiri Cyranyd, Filip Gabaleca,  
Miroslav Podholae, Pavel Zaka

Background. Cytomegalovirus enterocolitis is a rare but potentially life threatening complication after allogeneic stem 
cell transplantation. Its early diagnosis and treatment are essential for a successful outcome.
Objective. To determine the potential benefit of fecal CMV DNA detection in the diagnosis of CMV colitis among stem 
cell transplant recipients.
Study design. Biopsies from the lower gastrointestinal tract, taken during 69 episodes of diarrhea, were compared 
with fecal samples previously examined for CMV DNA in 45 patients after allogeneic stem cell transplantation. 
Results. Six confirmed cases of CMV colitis were observed, with 16 out of 69 (23%) fecal samples proving positive for 
CMV DNA. Only one positive sample correlated with histologically confirmed CMV colitis, and 15  samples were evaluat-
ed as false positive. These results provide a 16.7% sensitivity and 76.2% specificity in the diagnosis of CMV enterocolitis.
Conclusion. The examination of fecal samples for the presence of CMV DNA has very low potential in the diagnosis 
of CMV enterocolitis after allogeneic stem cell transplantation; therefore, a biopsy of the gastrointestinal mucosa is 
still warranted for correct diagnosis.
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INTRODUCTION

The transplantation of allogeneic stem cells frequently 
leads to various gastrointestinal complications that could 
be the source of major morbidity and mortality among 
allogeneic transplant recipients. Graft versus host disease 
(GVHD), infections, and the toxicity of previous treat-
ments are the major cause of gastrointestinal problems in 
these patients1,2. An early diagnosis, followed by adequate 
treatment, is the most important prerequisite of any suc-
cessful therapy. During recent years, several invasive and 
non-invasive diagnostic methods have been developed, 
and though their clinical results are available within a 
very short time their validation in stem cell transplant 
recipients is still lacking.

Cytomegalovirus (CMV) is a common herpes virus 
that can become reactivated in an immunocompromised 
host, especially after stem cell transplantation3, causing a 
wide variety of end organ damage4, with pneumonia and 
enterocolitis being the most common stem cell transplant 
recipients5. The incidence of CMV induced enterocolitis 

is of ∼2% among transplant recipients, although its diag-
nosis remains challenging since there is neither a unique 
clinical picture nor a specific laboratory test6. The widely 
accepted diagnostic criteria is based on clinical symptoms, 
macroscopic findings through endoscopy, and histological 
analyses (culture, histopathology, immunohistochemical 
analysis, or in situ hybridization) (ref.7). Obtaining the 
biopsies might be complicated in transplant recipients and 
potentially lead to severe complications8,9. CMV detection 
by PCR in fecal samples could replace invasive techniques; 
therefore, the aim of the present study was determine the 
detection capacity of CMV DNA by PCR in fecal samples.

STUDY DESIGN

Patients and specimens
We performed a retrospective review of all patient’s 

charts, including reports from lower gastrointestinal tract 
biopsies from patients presenting diarrhea after stem cell 
transplantation. The evaluation consisted of samples 
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obtained from January 2008 to July 2015, only the pe-
ripheral blood and fecal samples from single episode of 
diarrhea were analyzed by PCR. Since no additional tests 
were done and this was purely retrospective chart analy-
sis, an informed consent by the patients was not deemed 
necessary. The clinical data was obtained from patients’ 
charts and independently reviewed by two physicians – 
AZ and JR. 

Histopathology analysis
CMV immunohistochemistry is part of the routine 

examination of patient’s samples. Sections of 2 µm in 
thickness were stained with hematoxylin/eosin for light 
microscopy examination. For immunohistochemical 
analysis, 3µm sections were immunostained using a 
Ventana autostainer ultraview detection kit (Ventana). 
Immunohistochemical studies were performed us-
ing monoclonal mouse anti – cytomegalovirus, clones 
CCH2+DDG9 (DAKO Denmark, dilution 1:100). 

PCR analysis
CMV viremia was determined by qPCR from peripher-

al blood. DNA extraction was performed using a QIAamp 
DNA Mini Kit (Qiagen), quantitative DNA determination 
by CMV RG PCR (Qiagen) with 500 copies per ml of full 
peripheral blood (cp/mL) as the quantification cut off, 
and 100 cp/mL (i.e. 79.4 UI/mL) as the detection cut off. 
For fecal analysis, viral DNA was extracted from stool 
samples after dilution and centrifugation using a QIAamp 
DNA Mini Kit (Qiagen). CMV DNA was detected using 
the CMV RG PCR kit (Qiagen) in a RotorGene 3000. 
The detection limit was of 100 copies per  sample; how-
ever, due to complicated interpretation and extremely 
variable stool amounts from the patients, the results are 
reported only as positive or negative.

Definition of CMV enterocolitis case
The diagnosis of CMV colitis was based on positive 

imunohistochemistry in correlation with clinical and en-
doscopic features according to previously published rec-
ommendations7. Graft versus host disease was confirmed 
by histology; other infectious etiologies were confirmed 
by specific microbiological sampling as per institutional 
standards. The toxicity of previous treatments was consid-
ered only in cases where other etiologies were excluded by 
microbiological sampling and non-descriptive histology, 
and endoscopic features were present.

Statistical analysis
The diagnostic test evaluation was performed using 

the MedCalc v 9.5.2.0 software (MedCalc Software bvba, 
Belgium). An unpaired sample t-test was used to compare 
serum CMV quantities, (P<0.05) was considered statisti-
cally significant.  

RESULTS

Intestinal tissue, fecal and serum samples were col-
lected from 45 included patients during 69 episodes of 

Table 1. Patient demographics.

Patient characteristics n  %
  Gender    
  Males 32 71.1
  Females 13 28.9
Age    
  Median 54  
  Minimum 19  
  Maximum 69  
Diagnosis    
  AML 15 33.3
  ALL 8 17.8
  T-NHL 6 13.3
  CLL 5 11.1
  HL 2 4.4
  MPD 8 17.8
  MDS 1 2.2
Type of transplant    
  Sibling 7 15.6
  MUD 38 84.4
thymoglobulin during preparative regimen    
  Yes 39 86.7
  No 6 13.3
CMV status (recipient/donor)    
  positive/negative 22 48.9
  positive/positive 17 37.8
  negative/negative 3 6.7
  negative/positive 3 6.7

AML = acute myeloid leukemia, ALL = acute lymphoblastic leukemia, 
T – NHL = T – non Hodgkin lymphoma, CLL = chronic lymphocytic 
leukemia, HL = Hodgkin lymphoma, MPD = myeloproliferative disease, 
MDS = myelodysplastic syndrome, MUD = matched unrelated donor.

Table 2. Causative etiology of diarrhoea and demographic 
data in CMV colitis cases.

n %

Identified causes of diarrhea
CMV 6 8.7
GVHD 32 46.4
Infection 9 13.0
Toxic 18 26.1
Other 4 5.8
Total 69
CMV status in CMV colitis patients (recipient/donor)
positive/positive 2 33.3
negative/negative 0 0.0
positive/negative 4 66.7
negative/positive 0 0.0
thymoglobulin in CMV colitis patients
Yes 5 83.3
No 1 16.7

GVHD = graft versus host disease
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diarrhea. The complete data on demographics and dis-
ease status is shown in Table 1. CMV enterocolitis was 
diagnosed in 6 episodes in the same number of individual 
patients (i.e. no patient had two episodes of CMV colitis). 
Other diagnoses included 32 cases of GVHD, 9 infec-
tions (mainly clostridium enterocolitis and norovirus), 
18 toxic damage after previous treatment, and 4 other 
cases (EBV gastrointestinal involvement in two patients 
with post-transplant lymphoproliferative disease, 1 large 
tubulovilous adenoma, 1 inflammatory bowel disease),  
details are shown in Table 2. Fig. 1 shows positive immu-
nohistochemistry CMV staining and Fig. 2 shows negative 
results as an example. Sixteen out of sixty-nine (23%) fecal 
samples were positive for CMV DNA, only 1 of 6 (16.7%) 
CMV enterocolitis episodes correlated with positive CMV 
DNA in faeces. Fifteen samples were evaluated as false 
positive (positive fecal CMV DNA without evidence of 
CMV colitis). This resulted in 16.7% sensitivity and 76.2% 
specificity in the diagnosis of CMV enterocolitis by CMV 
PCR in fecal samples (Table 3).

Twenty-two of sixty-nine (32%) blood samples were 
positive for DNA CMV, of these 4 samples were positive 
episodes of CMV enterocolitis. This resulted in 66.7% 
sensitivity and 71.4% specificity in the diagnosis of CMV 
enterocolitis (Table 3). The median number of copies per 
mL in peripheral blood was not statistically significantly 
different between cases of CMV and non-CMV colitis 
(530 copies/mL versus 498 copies/mL, respectively; 
P=0.34).

DISCUSSION

According to current practice guidelines, the diagno-
sis of CMV enterocolitis requires a gut biopsy7,10,11. The 
diagnosis of CMV enterocolitis by CMV DNA detection 
in peripheral blood or antigenemia testing has yielded 
conflicting results; although some degree of accuracy 
has been observed in non-stem cell transplant patients. 
Durand et al.12 showed an 85% sensitivity and 95% speci-

Table 3. Predictive values of blood and faecal PCR CMV 
samples for diagnosis of CMV enterocolitis. 

Statistic Value 95% CI

Faecal PCR CMV predictive values 
Sensitivity 16.67% 0.42% to 64.12%
Specificity 76.19 % 63.79% to 86.02%
Positive Likelihood Ratio 0.70 0.11 to 4.42
Negative Likelihood Ratio 1.9 0.75 to 1.61
Disease prevalence 8.70% 3.26% to 17.97%
Positive Predictive Value 6.25% 0.16% to 30.23%
Negative Predictive Value 90.57 % 79.34% to 96.87%
Peripheral full blood PCR CMV predictive values
Sensitivity 66.67% 22.28% to 95.67%
Specificity 71.43 % 58.65% to 82.11%
Positive Likelihood Ratio 2.33 1.17 to 4.64
Negative Likelihood Ratio 0.47 0.15 to 1.46
Disease prevalence 8.70% 3.26% to 17.97%
Positive Predictive Value 18.18% 5.19% to 40.28%
Negative Predictive Value 95.74 % 85.46% to 99.48%

Fig. 1. Positive CMV immunohistochemistry staining. Dark 
dots are CMV positive endothelial cell.

Fig. 2. Negative CMV immunohistochemistry staining. 

ficity when diagnosing CMV enterocolitis through plasma 
PCR testing among kidney and liver transplant patients; 
further, a strong diagnostic tool has also been found in 
CMV antigenemia testing13. However, the opposite has 
been found in stem cell transplant recipients, which show 
limited reliability for these assays. In a study by Mori et 
al.14 only 50% of patients with CMV enterocolitis yielded 
positive results from real-time PCR analysis of blood 
samples before developing CMV-GI disease. This low re-
liability might be caused by regular blood testing for CMV 
DNA and an early start of pre-emptive treatment, which 
is not the case in non-stem cell transplant recipients. This 
fact might potentially mimic the reactivation in specific 
predisposed end organs. In the present study, we have con-
firmed the low sensitivity and specificity of blood CMV 
DNA testing in stem cell transplant recipients. 
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Since molecular methods are being validated for fecal 
samples in the diagnosis of other types of viral gastroen-
teritis15,16, we attempted to improve the diagnostic strategy 
for CMV colitis by detecting DNA CMV in these samples. 
However, only scarce data has been published suggesting 
that the detection of DNA CMV in fecal samples might 
add some value for the differential diagnosis of diarrhea 
in immunocompromised patients and patients with in-
flammatory bowel disease (IBD). According to a study 
by Ganzenmueller et al.17, conducted on immunocompro-
mised patients (68% stem cell or solid organ transplanta-
tion), the PCR analysis from fecal samples were positive 
in 8 out of 12 patients with CMV enterocolitis. This data 
was confirmed by Michel et al.18 in a study on immu-
nocompromised patients where all 4 patients with CMV 
enterocolitis were tested positive in the PCR analysis of 
fecal samples, with only one false positive result.  Similar 
data was published by Herfarth et al.19 on IBD patients, 
where the sensitivity and specificity of the PCR analysis 
in fecal samples diagnosing CMV enterocolitis was 83 and 
93%, respectively.  However, we could not confirm these 
results in our study, which was aimed at a unique group 
of allogeneic stem cell transplant recipients and is one 
of the largest reported. Further, the correlation of fecal 
samples with the diagnosis of CMV enterocolitis was very 
low in our cohort, observing a high rate of false positive 
hits and even higher false negative results. Moreover, we 
would have missed 5 CMV enterocolitis cases (83%) had 
we solely relied  on non-invasive techniques; to compli-
cated matters further, we could have been administering 
the wrong treatment to 15 false positive patients. 

Interestingly, GVHD of the gut preceded the develop-
ment of CMV colitis in 5 of 6 patients, the only patient 
without precedent of GVHD suffered from IBD, suggest-
ing a strong link with an impaired gut mucosa and further 
deterioration of the immune status due to GVHD and 
its treatment. Further, CMV disease might develop as a 
second hit disease, according to Boeckh et al who showed 
GVHD as a predictive factor for CMV disease develop-
ment20. As described previously, seropositive patients are 
at highest risk of CMV disease development21 and in our 
study only CMV seropositive patients developed CMV 
enterocolitis, despite that four of these six patients had 
seronegative donors. 

Our data suggest that a gut biopsy cannot be omitted 
when regarding CMV colitis because its diagnosis cannot 
be based only on non-invasive tests. Easily obtainable clin-
ical data, such as CMV serostatus or history of GVHD, 
could facilitate the identification of patients prone to the 
development of CMV enterocolitis and thus determine 
if an invasive sampling is needed. Therefore, endoscopic 
examination will probably remain the gold standard for 
the diagnosis of patients after stem cell transplantation 
without an identifiable cause of diarrhea.
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