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Abstract
AIM: To investigate the utility of the cytomegalovirus 

(CMV) antigenemia assay for the diagnosis of CMV gas-
trointestinal disease (GID).

METHODS: One hundred and thirty immunocompro-
mised patients were enrolled in this study. Patients with 
a history of anti-CMV treatment and who had not un-
dergone examination using the antigenemia assay were 
excluded. CMV-GID was defined as the detection of 
large cells with intranuclear inclusions alone or associ-
ated with granular cytoplasmic inclusions by biopsy. Bi-
opsy sections were stained with hematoxylin and eosin 
and immunohistochemically stained with anti-CMV. We 
evaluated the association between CMV-GID and patient 
characteristics (symptoms, underlying disease, medica-
tion, leukocyte counts, and antigenemia assay). All pa-
tients were checked with an human immunodeficiency 
virus (HIV) antibody test before endoscopic examina-
tion. White blood cell (WBC) counts were obtained from 
medical records within 1 wk of endoscopy. Leukopenia 
was defined as a total WBC count < 5000 cells/mm3. 
For HIV patients, we also checked CD4+ counts from 
medical records. 

RESULTS: A total of 99 patients were retrospectively 
selected for analysis. Of the immunocompromised pa-
tients, 19 had malignant disease, 18 had autoimmune 
disease, 19 had disorders of biochemical homeostasis, 
three had undergone transplantation, and 45 had HIV 
infection. A total of 50 patients had received immuno-
suppressive therapy. No patients had inflammatory bow-
el disease. Fifty-five patients were diagnosed as having 
CMV-GID. Univariate analysis indicated an association 
between HIV infection, leukopenia, and positive anti-
genemia and CMV-GID (P  < 0.05). Multivariate analysis 
using logistic regression revealed that HIV infection and 
positive antigenemia were the only independent factors 
related to CMV-GID (P  < 0.01). The sensitivity, specific-
ity, positive predictive value, and negative predictive 
value of antigenemia for CMV-GID were 65.4%, 93.6%, 
91.9%, and 71.0%, respectively. In a subgroup analy-
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sis, patients with leukopenia displayed low sensitivity 
and high specificity. Minimal differences in accuracy 
were seen among patients with or without leukopenia. 
HIV-infected patients displayed low sensitivity and high 
specificity. Accuracy barely differed between HIV-pos-
itive and -negative patients. In HIV-infected patients, 
CD4 count < 50 cells/μL resulted in low sensitivity and 
high specificity. Differences in accuracy among patients 
were minor, regardless of CD4 count. In patients who 
had undergone both quantitative real-time polymerase 
chain reaction (PCR) and antigenemia assay, real-time 
PCR was slightly more accurate in terms of sensitivity 
than the antigenemia assay; however, this difference 
was not statistically significant (P = 0.312). 

CONCLUSION: If the antigenemia test is positive, en-
doscopic lesions are acceptable for the diagnosis of CMV-
GID without biopsy. The accuracy is not affected by HIV 
infection and leukopenia. Either PCR or the antigenemia 
assay are valid.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
As the number of  patients with immune deficiency has 
been increasing dramatically in recent years, the number 
of  patients with cytomegalovirus (CMV) disease has also 
been increasing. CMV gastrointestinal disease (CMV-GID) 
frequently occurs in immunocompromised patients, par-
ticularly among those with human immunodeficiency vi-
rus (HIV) infection, transplantation, autoimmune diseases, 
or secondary immunodeficiency[1-8]. CMV-GID has also 
been described following the use of  steroids, immunosup-
pressants, or cancer chemotherapy[1,2]. In immunocompro-
mised patients, CMV-GID in the absence of  therapy is a 
major cause of  morbidity and mortality due to events such 
as massive bleeding or perforation. Therefore, diagnosis at 
an early stage is essential[1,2,9-12]. However, diagnosis of  this 
infection is difficult because of  wide variations in symp-
toms and endoscopic features depending on the infected 
organs[1,2].

Although the utility of  various diagnostic tests for 

CMV-GID has been reported, the best approach is to 
conform the presence of  CMV by histological analysis, 
including immunological staining by endoscopy[1-3,5,13,14]. 
Endoscopic examination is generally tolerated, but tissue 
biopsy can possibly lead to hemorrhage or perforation af-
ter endoscopic examination[10,11,15]. Endoscopists therefore 
hesitate to perform biopsy when deep, large, and bleeding 
ulcerous lesions are encountered. Patients receiving anti-
thrombotic drugs or with thrombocytopenia also require 
careful consideration before biopsy.

On many occasions in recent years, noninvasive meth-
ods such as the CMV blood antigenemia assay have been 
applied instead of  biopsy to avoid adverse effects[3,16-22]. 
However, few reports have examined the diagnostic value 
of  the CMV antigenemia assay for CMV-GID, and the 
clinical utility of  this method in immunodeficiency re-
mains unclear[3,20-22]. Moreover, the CMV antigenemia assay 
requires sufficient granulocytes, and leukopenia and low 
CD4+ counts in patients with HIV infection could thus 
be expected to influence assay accuracy[3]. However, no re-
ports have yet clarified this issue.

The aims of  this study were to clarify the utility of  the 
CMV antigenemia assay for diagnosing suspected CMV-
GID, and to evaluate the accuracy of  this assay under dif-
ferent clinical settings.

MATERIALS AND METHODS
Patient selection
One hundred and thirty immunocompromised patients 
with endoscopic findings who had undergone biopsy were 
enrolled in this study at the National Center for Global 
Health and Medicine (NCGM) from January 2002 to 
September 2009. Patients with a history of  treatment with 
anti-CMV therapy were excluded, as were cases not exam-
ined using the CMV antigenemia assay test within 1 wk of  
endoscopy. Written informed consent was obtained from 
all patients prior to endoscopy and biopsy. All study pro-
tocols were approved by the ethics committee of  NCGM.

Immunocompromised patients
Immunocompromised patients are associated with sec-
ondary immune deficiency, particularly HIV infection, 
hematopoietic stem cell transplantation, autoimmune dis-
eases, malignancy, disorders of  biochemical homeostasis, 
and use of  steroids, immunosuppressants, or cancer che-
motherapy.

Underlying autoimmune diseases included Rheuma-
toid arthritis, Systemic lupus erythematosis, Still’s disease, 
Behcet’s disease, Polymyositis, and Dermatomyositis. 
Diabetes mellitus, renal insufficiency/dialysis, and hepatic 
cirrhosis were included among the disorders of  biochemi-
cal homeostasis. All patients were checked with an HIV 
antibody test before endoscopic examination.

Clinical manifestations
Gastrointestinal symptoms were collected from medical 
records written by the doctor who interviewed each per-
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son face-to-face before endoscopy. Those without records 
were treated as symptom free. Gastrointestinal symptoms 
included compromised odynophagia, epigastralgia, nau-
sea, lower abdominal pain, diarrhea, and hematochezia. 
White blood cell (WBC) counts were obtained from medi-
cal records within 1 wk of  endoscopy. Leukopenia was 
defined as a total WBC count < 5000 cells/mm3. For HIV 
patients, we also checked CD4+ counts from medical re-
cords.

Antigenemia assay and quantitative real-time 
polymerase chain reaction 
Antigenemia assay using C10/C11 monoclonal antibod-
ies (Mitsubishi Chemical Medience, Tokyo, Japan) was 
performed as previously reported[16,19,20]. A positive result 
for the CMV antigenemia assay was defined as ≥ 1 CMV-
positive cell per 150 000 granulocytes applied.

A total of  47 patients underwent additional exami-
nation with real-time polymerase chain reaction (PCR), 
performed basically as previously reported[3,23,24]. The 
minimum detection level was 200 copies/mL of  plasma. 
A positive result for real-time CMV PCR was defined as > 
200 copies/mL.

Diagnosis of CMV-GID
CMV-GID was suspected based on endoscopic findings, 
such as patchy erythema, edematous mucosa, multiple 
erosions, and ulcers (Figure 1)[25,26]. Biopsy was therefore 
performed when such endoscopic findings were encoun-
tered. CMV-GID was defined as the detection of  large 

cells with intranuclear inclusions alone or associated with 
granular cytoplasmic inclusions by histological testing of  
biopsy specimens[1]. Biopsy sections were stained with he-
matoxylin and eosin, and immunohistochemically stained 
with anti-CMV (Figure 2). The results were considered 
positive when the above-mentioned cells showed marked 
brown coloration in both nuclei and cytoplasm.

Statistical analysis
We divided patients into two groups based on the pres-
ence or absence of  CMV-GID. Patient characteristics and 
clinical findings were then compared between groups. 
Fisher’s exact test was used to compare frequencies for 
patient characteristics and clinical findings, and Mann-
Whitney U test was used for comparing age and CD4 
counts. To identify clinical factors independently associat-
ed with a diagnosis of  CMV-GID, stepwise logistic regres-
sion modeling was used. Sensitivity, specificity, and posi-
tive and negative predictive values of  CMV antigenemia 
for diagnosing CMV-GID were calculated. The difference 
in accuracy between CMV real-time PCR and CMV anti-
genemia assay was compared according to the area under 
the curve (AUC). Values of  P < 0.05 were considered sig-
nificant. All statistical analyses were performed using Stata 
software (version 10, Stata Co., USA).

RESULTS
Clinical features
We excluded 10 patients who had received anti-CMV 
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Figure 1  Endoscopic features in cytomegalovirus gastrointestinal disease. A: Deep, punched-out ulcer in the esophagus; B: Multiple, shallow ulcers in the gas-
tric antrum; C: Large, deep ulcer in the duodenum; D: Multiple erosions and edematous mucosa with ulcer in the sigmoid colon.
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treatment, along with 21 patients who had not been ex-
amined using the CMV antigenemia assay. Thus, a total 
of  99 patients were retrospectively selected for analy-
sis (Figure 3). Of  the immunocompromised patients, 19 
(19.1%) had malignant disease, 18 (18.1%) had autoim-
mune disease, 19 (19.1%) had disorders of  biochemical 
homeostasis, three (3%) had undergone transplantation, 
and 45 (45.5%) had HIV infection. A total of  50 patients 
(50.1%) had received immunosuppressive therapy. No 

patients had inflammatory bowel disease (IBD). Fifty-five 
patients were histologically diagnosed with CMV-GID. 
Univariate analysis (Table 1) identified HIV infection (P 
< 0.001), leukopenia (P = 0.023), and positive CMV anti-
genemia assay (P < 0.001) as being associated with CMV-
GID. Multivariate analysis revealed HIV infection [odds 
ratio (OR), 6.57; 95% CI: 2.1-20.2, P = 0.001] and positive 
CMV antigenemia assay (OR, 33.3; 95% CI: 8.1-136.2, P 
< 0.001) as the only factors independently correlated with 
CMV-GID. 

HIV-infected patients included 44 men (97.8%) and 
their mean age was 42.1 years (range, 25-74 years). Median 
CD4 count was 57 (interquartile range, 17-111). Patients 
with CMV-GID showed significantly lower CD4 counts 
than those without CMV-GID (median CD4 count; CMV-
GID vs non-CMV-GID: 24 vs 150, P < 0.001).

Accuracy of CMV antigenemia assay for diagnosing 
CMV-GID
A positive CMV antigenemia assay showed low sensitiv-
ity and high specificity (Table 2). In a subgroup analysis, 
patients with leukopenia displayed low sensitivity and 
high specificity. Minimal differences in accuracy were seen 
among patients with or without leukopenia. HIV-infected 
patients displayed low sensitivity and high specificity. Accu-
racy barely differed between HIV-positive and -negative pa-
tients. In HIV-infected patients, CD4 count < 50 cells/μL  
resulted in low sensitivity and high specificity. Differences 
in accuracy among patients were minor, regardless of  CD4 
count.

In patients who had undergone both quantitative real-
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Figure 2  Pathological features in cytomegalovirus gastrointestinal dis-
ease. A: Large cells with intranuclear inclusions or associated with granular cy-
toplasmic inclusions (hematoxylin and eosin stain); B: Cytomegalovirus (CMV)-
infected cells (arrows) show brown coloration in both nuclei and cytoplasm 
(immunohistochemical staining with anti-CMV).

Immunocompromised patients with endoscopic findings (n  = 130)

Anti-CMV therapy (n  = 10)

No antigenemia assay test (n  = 21)

Endoscopic biopsy from macroscopic lesion (n  = 130)

Analysis (clinical factors and antigenemia assay) (n  = 99)

No real-time PCR test (n  = 52)

Analysis (antigenemia assay and real-time PCR) (n  = 47)

Figure 3  Study design. CMV: Cytomegalovirus; PCR: Polymerase chain reac-
tion.

Table 1  Clinical factors for cytomegalovirus gastrointestinal 
disease (univariate analysis)

CMV-GID 
(n  = 52)

Non-CMV-
GID (n  = 47)

 P-value

Age (yr, mean ± SD) 46.8 ± 16.2 56.6 ± 17.8    0.050
Male sex 30 41    0.098
Immunodeficiency disease
HIV infection 33 12 < 0.001
Malignancy   9 10    0.617
   Solid cancer   1   3
   Hematological cancer   8   7
Autoimmune disease   7 11    0.200
Disorders of biochemical 
homeostasis

  8 11    0.312

   Chronic renal failure   1   2
   Liver cirrhosis   0   2
   Diabetes mellitus   7   7
   Transplantation   1   2
Immunosuppressive therapy 25 25    0.611
   Steroids 22 19
   Immunosuppressants   8   4
   Chemotherapy   4   4
Positive CMV antigenemia 34   3 < 0.001
Leukopenia 35 21    0.023
With gastrointestinal 
symptoms

34 34    0.456

HIV: Human immunodeficiency virus; CMV: Cytomegalovirus; GID: 
Gastrointestinal disease.
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time PCR and antigenemia assay (Table 3), real-time PCR 
was slightly more accurate in terms of  sensitivity than the 
antigenemia assay; however, this difference was not statis-
tically significant (P = 0.312). 

DISCUSSION
CMV-GID is a major cause of  morbidity and mortality in 
immunocompromised patients; therefore, diagnosis at an 
early stage is essential[1,2,5,8,9]. However, clinical diagnosis 
of  this disease can be difficult, as physicians need to con-
sider various underlying diseases and clinical presentations. 
Patients at high risk of  CMV-GID have been reported as 
those with HIV infection or undergoing steroid therapy 
or cancer therapy[1]. The present study identified HIV 
infection as one of  the independent factors in secondary 
immunodeficiency diseases. This is because the number of  
eligible subjects was small and included immunocompro-
mised patients while excluding immunocompetent patients.

Among the various clinical manifestations, a positive 
CMV antigenemia assay was found to be a useful factor 
for diagnosing CMV-GID. The CMV antigenemia as-
say is one of  the most widely used methods for detect-
ing reactivation of  CMV infection, but few studies have 
examined the diagnostic value for CMV-GID[3,21,22]. Our 
findings demonstrated 65% sensitivity and 94% specificity 
of  the CMV antigenemia assay for diagnosing CMV-GID. 
Mori et al[3] reported that only four of  19 patients (21%) 
developed a positive CMV antigenemia assay before de-
veloping CMV-GID; however, all 19 patients subsequently 
tested positive for CMV antigenemia after diagnosis of  
CMV-GID. There is a possibility that patients with CMV-
GID will develop a positive CMV antigenemia assay at 
follow-up, but our study did not assess this process after 
diagnosis of  CMV-GID. Fica et al[21] also reported that the 
CMV antigenemia assay result was positive for 18 of  31 

patients (58%) with CMV end-organ disease, with CMV-
GID (71%) as the most frequent cause. However, these 
studies were limited in that the number of  subjects was 
small and the specificity of  the CMV antigenemia assay 
was unknown. Jang et al[22] recently reported that the sen-
sitivity and specificity of  the CMV antigenemia assay for 
diagnosing CMV-GID were 54% and 88%, respectively, 
in patients with secondary immunodeficiency disease. The 
reports mentioned above showed that the CMV antigen-
emia assay has low sensitivity for the diagnosis of  CMV-
GID, which is consistent with our results.

It has been reported that sufficient granulocytes are 
essential in evaluating CMV using the antigenemia assay. 
Previous studies using the antigenemia assay to diagnose 
CMV-GID have reported that most of  the patients were 
transplant recipients and were mostly HIV-negative[3,21,22]. 
No studies have compared the assay among groups of  
HIV-positive/-negative patients and among groups with 
or without leukopenia. In patients with HIV infection, 
most cases of  CMV-GID have known to occur with CD4 
counts < 50 cells/μL[2,4]. However, whether the accuracy 
of  the antigenemia assay is affected by the immunosup-
pressed state has not been elucidated. We suspected that 
such different groups would show differences in the ac-
curacy of  CMV antigenemia assay, but found little differ-
ence. This suggests that our results are applicable to these 
different groups in clinical practice.

Besides the CMV antigenemia assay, quantitative real-
time PCR is also used for detecting reactivation of  CMV 
infection, and is considered more useful for predicting 
CMV disease than the CMV antigenemia assay[23,24]. In our 
study, quantitative real-time PCR and CMV antigenemia 
assay were performed simultaneously on 47 patients. The 
PCR method showed a tendency toward slightly higher 
sensitivity, but no significant differences were evident. In 
Japan, the CMV PCR method has not been widely used in 
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Table 2  Diagnostic accuracy of cytomegalovirus antigenemia for detecting cytomegalovirus gastrointestinal disease

Subgroups Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) 

All patients (n = 99) 65.40% (55.4-74.9) 93.60% (87.3-97.7) 91.90% (84.7-96.4) 71.00% (60.7-79.4)
Patients with leukopenia (n = 56) 68.60% (54.0-79.7)   100% (93.6-100)   100% (93.6-100) 65.60% (52.2-78.2)
Patients without leukopenia (n = 43) 58.80% (42.1-73.0) 88.50% (74.9-96.1) 76.90% (61.4-88.2) 76.70% (61.4-88.2)
HIV-infected patients (n = 45) 63.60% (48.8-78.1)   100% (92.2-100)   100% (92.2-100) 50.00% (35.8-66.3)
Non-HIV-infected patients (n = 54) 68.40% (54.5-80.5) 91.40% (79.7-96.9) 81.30% (68.6-90.7) 84.20% (70.7-92.1)
HIV-infected patients with CD4 count < 50 (n = 22) 61.90% (40.7-82.8)   100% (84.6-100)   100% (84.6-100) 11.10% (1.12-29.2)
HIV-infected patients with CD4 count ≥ 50 (n = 23) 66.70% (42.7-83.6)   100% (85.2-100)   100% (85.2-100) 73.30% (51.6-89.8)

HIV: Human immunodeficiency virus; PPV: Positive predictive value; NPV: Negative predictive value.

Table 3  Comparison of diagnostic accuracy for detecting cytomegalovirus gastrointestinal disease between antigen-
emia assay and quantitative real-time polymerase chain reaction (n  = 47)

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) 

CMV real-time PCR 73.00% (57.4-84.4) 100% (92.5-100) 100% (92.5-100) 50.00% (36.1-65.9) 
CMV antigenemia assay 64.90% (50.7-79.1) 100% (92.5-100) 100% (92.5-100) 43.50% (28.3-57.8) 

CMV: Cytomegalovirus; PPV: Positive predictive value; NPV: Negative predictive value; PCR: Polymerase chain reaction.
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clinical practice because of  the higher costs compared to 
the antigenemia assay. We thus do not recommend use of  
PCR methods in the sub-diagnosis of  CMV-GID, as the 
antigenemia assay is just as valid.

One limitation of  this study was the single-center, 
retrospective nature of  the investigation. A significant dif-
ference might not have been confirmed among indepen-
dent factors due to the small number of  patients. Further 
studies of  more patients are needed. Another limitation is 
the verification bias, which is dependent on the physician’s 
decision to perform the antigenemia assay. 

The diagnosis of  CMV-GID is considered as the 
gold standard for identifying CMV cells in tissue samples 
from endoscopic biopsy[1,2,13]. Various endoscopic find-
ings are present in CMV-GID, such as ulcer and mucosal 
inflammation[25,26]; however, physicians may not perform 
a biopsy in cases only showing mucosal inflammation 
without ulcer. Even in cases of  severe ulceration that is 
deep or bleeding, physicians may hesitate to perform a 
biopsy. In such cases, a diagnosis of  CMV-GID may not 
be reached. Our results suggest that the CMV antigen-
emia assay is useful for the sub-diagnosis of  CMV-GID in 
immunocompromised patients with endoscopic findings. 
Considering the high specificity of  the test, the use of  this 
method before endoscopy could potentially avoid com-
plications due to biopsy. Positive antigenemia is also use-
ful for evaluating improvements in CMV-GID after anti-
CMV treatment. However, the low sensitivity means that 
if  the antigenemia assay yields negative results, biopsy and 
immunohistochemical staining of  specimens with anti-
CMV will be required for diagnosis. Negative antigenemia 
assay results may require a repeat examination at a differ-
ent time[3]. Moreover, the use of  different non-invasive 
methods such as quantitative PCR should be considered.

In conclusion, the CMV antigenemia assay is highly 
useful for diagnosing CMV-GID. If  the antigenemia as-
say provides positive results, the presence of  endoscopic 
lesions should allow diagnosis of  CMV-GID without 
biopsy. The accuracy of  the test is unaffected by the pres-
ence of  HIV infection or leukopenia.
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