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Abstract 

Background: Human cytomegalovirus (HCMV) is a common virus that infects people of all ages. HCMV 

infection is an important and common complication in immunocompromised patients, especially transplant 

recipients. Antigenemia test and real-time PCR are one of the most common assays for diagnosis and monitoring of 

CMV infections. The aims of this study were to compare two common detection methods in order to identify 

clinically useful CMV infection in kidney transplant patients. Materials and Methods: One hundred and fifty 

peripheral blood samples from kidney transplant patients, including 78 men and 72 women aged from 4 to 73 

years; with mean age of 36 years, collected during March 2016 to June 2016. Then samples were investigated for 

pp65-antigen on polymorphonuclear cells and HCMV DNA viral load on plasma and whole blood. Results: Out of 

150 samples analyzed, HCMV DNA was detected in 47(31.33%) cases; with 26 (55.32%) and 21(44.68%) cases in 

men and women, respectively. The pp65 antigen was detected in 42(28%) casas; with 23 (54.76%) and 19 

(45.24%) cases in men and women, respectively. Of the 150 samples, 42 (28%) were positive for both assays and 

108 (72%)were negative. Conclusion: Our findings showed both tests were significantly correlated and can be 

useful for monitoring of CMV infection. Hence, higher viral loads have been found to be associated with increase 

of disease complication, Real- time PCR is more suitable. The findings merit more investigations involving larger 

numbers of samples.  
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Introduction 

Human Cytomegalovirus (HCMV) is a 

member of the Herpesviridae family and is a 

ubiquitous virus with worldwide distribution (1, 2). 

Its seroprevalence in human is more than 70% and 

about 90% in developing countries (3, 4). HCMV is 

spread from an infected person by direct contact. 

People with CMV may shed the virus in body fluids, 

such as urine, saliva, blood, tears, semen, and breast 

milk. As well as, also organ transplants are one of the 

possible modes of transmission (5, 6). HCMV is one 

of the most common opportunistic virus that is 

controlled in individuals with normal immune system 

but established in immunocompromised patients or 

reactivated in transplant recipients (4, 7, 8). This 

infection occurs due to transmission from the 

transplanted organ, due to reactivation of latent 

infection, or after a primary infection in seronegative 

patients and can be defined as follows: latent 

infection, active infection, viral syndrome or invasive 

disease (9). ''Active CMV infection occurs in 30-75 % 
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of transplant recipients, with a mortality rate of 5%'' 

(4). Cytomegalovirus infection is one of the main 

infectious morbidities after renal transplant, leading to 

direct effects, such as disease, characterized by the 

viral syndrome or by the invasive disease, and to 

indirect effects, such as increased risk of acute 

rejection and chronic graft dysfunction (10). 

  The prevention of CMV disease is therefore a 

major goal in the clinical management of these 

patients. Cytomegalovirus disease can be prevented 

by prophylaxis or by preemptive therapy (9). 

Preemptive therapy reduces the incidence and the 

severity of the CMV disease; however, it depends on 

early laboratory identification of those at a high risk 

of disease (11). There are several diagnostic tests for 

detection of CMV, including serological tests, cell 

culture, antigenemia, polymerase chain reaction 

(PCR), immunohistochemistry, nucleic acid 

sequence-based amplification (NASBA) and hybrid 

capture assay (12-14). The key to efficient and 

effective management of CMV infection in these 

patients is to develop a highly sensitive and 

quantitative detection method capable of quantifying 

the CMV viral load and rapidly identifying patients at 

high risk of developing CMV disease, and monitoring 

the preemptive antiviral therapeutic strategies (15). 

Antigenemia and PCR tests use to for detection of 

active CMV infection by the identification of pp65 

antigen-positive and CMV DNA in blood (16, 17). 

Antigenemia assay is widely used to monitor 

transplant recipients patients. This method aims to 

detect pp65 antigen expressed in CMV infected all 

nucleated cells (ANC) using a monoclonal antibody 

(18). This method has several limitations regarding its 

use in the clinical practice: it is a manual test, blood 

samples should be processed within 6–8 hours of 

collection, and high level of technical expertise is 

required to read the slides. leukopenia is one of the 

clinical symptoms of CMV infection. Hence, the 

evaluation the CMV pp65 antigen done in peripheral 

blood leukocytes, the interpretation of its results may 

be difficult in children and people with leucopenia. In 

this setting, qPCR is an alternative method for early 

detection of viral replication as it is not affected by 

leucopenia (19). Employing the sensitive, quick and 

specific diagnostic methods for early detection of 

CMV plays an important role in CMV prevention in 

transplant patients because the severity of CMV 

disease can reduce with using of antiviral drugs. The 

use of ganciclovir and some other antiviral drugs such 

as foscarnet and valganciclovir have reduced both the 

morbidity and mortality of HCMV disease (20). In 

this cross sectional study, a rapid commercial 

Cytomegalovirus pp65 antigenemia assay was 

compared to real-time PCR for detection and 

quantitation of CMV in clinical samples for kidney 

transplant patients. 

Methods 

All reported methods were carried out in 

accordance with the latest revision of the Declaration 

of Helsinki 1964 

Patients. From March 2016 to June 2016, one 

hundred and fifty peripheral blood samples (including 

72 females and 78 males) were collected from kidney 

recipients, admitted to Transplantation laboratory 

centers in Tehran city for CMV pp65 antigen and 

CMV DNA evaluation. A total of 150 blood samples 

were collected in citrate-anticoagulated vials. 

HCMV pp65 antigenemia assay. This 

technique was performed within 4 hours of specimen 

collection. samples were processed for antigenemia 

within 4-5 hours, and the others were stored for 

quantitative plasma DNA determination. The 

determination of HCMV antigenemia was performed 

using a (CMV Groningen, Netherlands IQ Products, 

Brite TM Turbu) according to the manufacturer's 

instructions. The number of pp65-positive 

polymorphonuclear leukocytes (PMNL) was 

determined after staining with specific fluorescein 

isothiocyanate-labelled monoclonal antibodies and 

results were expressed as the number of fluorescing 

cells per 30,000 PMNL. 

DNA extraction. Total nucleic acids were 

extracted from 200 μl of EDTA-anticoagulant whole 

blood with using of QIAamp DNA minikit (Qiagen, 

Hilden, Germany) according to the manufacturer’s 

instructions. Then the extracted DNA was stored at -

20°C. 

HCMV DNA quantitation. HCMV DNA 

quantitation was carried out by a commercially 

available Nanogen Q-CMV Real Time Complete Kit 

(Nanogen Advanced Diagnostics, Torino, Italy) that 

has the UL123 gene as target region. This method was 
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performed according to the manufacturer's 

recommendations.  PCR test were carried out as 

follows: pre-denaturation at 95°C for 15 min, 95°C 

for 5 s, 60°C for 20 s and 72°C for 15 s for 45 cycles. 

PCR reactions were performed using a Rotor Gene 

6000 Instrument (Corbett Research, Doncaster, 

Australia).  

Results 

Out of 150 samples analyzed, HCMV DNA 

was detected in 47(31.33%) cases; with 26 (55.32%) 

and 21(44.68%) cases in male and female, 

respectively. Viral load in HCMV positive samples 

ranged from 71 copies/ml to 900×103copies/ml 

(Table 1). All specimens were positive for beta-globin 

DNA, confirming the quality of the DNA 

preparations. pp65 antigen was detected in 42(28%) 

casas; with 23 (54.76%) and 19 (45.24%) cases in 

male and female, respectively. Leukocytes count 

range in CMV pp65 antigen-positive were from 

5×103/µl to 12×103/µl (Table 2). Of the 150 samples, 

42 (28%) were positive for both assays and the rest 

were negative. five pp65-negative samples  had 

HCMV DNA levels lower than 100 copies/ml. There 

was no sample that be pp65 antigen positive, but a 

Real time PCR negative. Comparison of results 

showed that no significant differences between the 

number of positive and negative samples obtained by 

two methods (P-value=0.61). Sensitivity and 

specificity of pp65 antigenemia assay and Real-time 

PCR method were 89.36% and 100%, respectively.  

Discussion 

Cytomegalovirus (CMV) is a genus of viruses 

in the Herpesviridae family and is ubiquitous in the 

human population (21). It is one of the main agents 

that infects up to 60−100% of people in adulthood 

(22). After primary infection, CMV is becomes 

dormant in its host and is not eradicated and may be 

reactivated under different conditions such as 

immunosuppression and inflammation (23, 24). CMV 

is a well-known pathogen in individuals with 

immunosuppressed including transplant recipients 

(25-27).  

The incidence of CMV infection varies by the 

type of organ transplant, the serostatus of donor and 

recipient, and the prevention strategies used. After 

transplantation CMV may be activated and replicated, 

which might cause prolonged hospitalization, 

increasing the post-transplant costs and the 

threatening of new kidney and the life of recipient. 

Therefore, the prevention of CMV disease is a major 

goal in the management of kidney transplant patients 

and a reliable and sensitive laboratory techniques for 

diagnosis of CMV infection before the onset of 

symptoms will be pivotal (28, 29). Reducing the 

impact of CMV infection in transplant recipients is 

required by improving at diagnosis, prevention, and 

treatment. Despite these improvements in its 

diagnosis and therapy, CMV still has a major 

outcome on transplant patients (13). PP65 

antigenemia and real-time CMV PCR are rapid 

diagnostic methods for detection of CMV infection 

and monitoring of transplant patients to reducing its 

outcomes (16, 30). 

Table1. Diagnosis of CMV infection by Real-time PCR assay 

 Number Age                                     

    

Male                    Female                           

Gender 

 

   Male            Female 

Viral load 

Copies/ml 

(Range) 

Positive cases 47     32 31 26 21 71 -900×103 

Negative cases 103     40 35 52 51 Not seen 

Total 150   78 72  

 

Table2. Diagnosis of CMV infection by pp65 antigen assay 

 Number                 Age                 

                      

   Male                 Female                           

        Gender 

 

Male            Female 

Positive cases 42     34 32 23 19 

Negative cases 108     37 36 57 51 

Total 150   80 70 
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 In this survey, we tried to show a good 

association between CMV and DNA measurements 

obtained using a commercial quantitative PCR assay 

and the pp65 antigenemia results. Our findings 

indicated that the sensitivity of pp65 antigenemia 

assay was lower than that real-time PCR test in 

screening and detection of CMV infection. This 

finding were consistent with the results of other 

studies that performed in Finland, Italy, Netherlands, 

United Kingdom, France and Iran (4, 8, 20, 31-35). 

Khansarinejad et al. suggests that the antigenemia 

method for monitoring HCMV reactivation could be 

substituted by the qPCR assay (20). Rangbar-Kermani 

et al. demonstrated that real time PCR assay is more 

sensitive for viral load determination, especially in 

some infection with low level of viral load and 

therefore, this test is an effective tool for starting 

preemptive therapy or monitoring the efficacy of anti 

CMV therapy (8).  

Real time-PCR has been considered the gold 

standard test for early diagnosis of CMV replication 

and antiviral therapy and has several advantages such 

as fast method, easy to handle, sensitive assay, 

requires a small volume of sample, can be done on 

leukopenia patients, less influenced by the quality of 

sample. Also quantification of CMV by real-time 

PCR in body fluid has been shown to be useful in 

clinical contexts for monitoring of transplant 

recipients and antiviral therapy. In which higher viral 

loads have been found to be associated with increase 

of disease complication. Therefore, quantitative PCR-

based assays might be too sensitive for clinical 

purposes (36).  

In addition, this assay is expensive and its 

sample preparation is usually the most time-

consuming (9). Therefore, the costs of this test are too 

high for implementation in public health hospitals.  

In conclusion, the measurement of viral load 

by real-time PCR appears to be an important tool in 

the prediction, diagnosis of active CMV disease in 

immuno-compromised transplant subjects, for 

differentiating latent from active infection. Hence, 

pp65 antigen has acceptable sensitivity in detection of 

CMV infection in kidney transplant that this test can 

be replacement real time PCR in low income 

countries for screening in a population of patients.  

 

Acknowledgments 

 This study was financially supported by Saveh 

Islamic Azad University.  

Conflict of Interest 

All authors declare no conflict of interest.   

References 

1. Sager K, Alam S, Bond A, Chinnappan L, Probert CS. Review 

article: cytomegalovirus and inflammatory bowel disease. 

Alimentary pharmacology & therapeutics. 2015;41(8):725-33. 

2. Mattes FM, McLaughlin JE, Emery VC, Clark DA, Griffiths PD. 

Histopathological detection of owl's eye inclusions is still specific 

for cytomegalovirus in the era of human herpesviruses 6 and 7. 

Journal of clinical pathology. 2000;53(8):612-4. 

3. Tao R, Xu J, Gao H, Zhao W, Shang S. Characteristics and 

functions of human cytomegalovirus UL128 gene/protein. Acta 

virologica. 2014;58(2):103-7. 

4. Marchetti S, Santangelo R, Manzara S, D'Onghia S, Fadda G, 

Cattani P. Comparison of real-time PCR and pp65 antigen assays for 

monitoring the development of Cytomegalovirus disease in 

recipients of solid organ and bone marrow transplants. The new 

microbiologica. 2011;34(2):157-64. 

5. Ljungman P, Boeckh M, Hirsch HH, Josephson F, Lundgren J, 

Nichols G, et al. Definitions of Cytomegalovirus Infection and 

Disease in Transplant Patients for Use in Clinical Trials. Clinical 

infectious diseases : an official publication of the Infectious Diseases 

Society of America. 2017;64(1):87-91. 

6. Pass RF, Anderson B. Mother-to-Child Transmission of 

Cytomegalovirus and Prevention of Congenital Infection. Journal of 

the Pediatric Infectious Diseases Society. 2014;3 Suppl 1:S2-6. 

7. Nitsche A, Steuer N, Schmidt CA, Landt O, Ellerbrok H, Pauli G, 

et al. Detection of human cytomegalovirus DNA by real-time 

quantitative PCR. Journal of clinical microbiology. 

2000;38(7):2734-7. 

8. RANGBAR KR, Sharifi Z, MAHMOODIAN SM, Mousavi K. 

Quantitative Analysis of CMV-DNA Load in Renal Transplant 

Recipients Using Real-Time PCR. 2011. 

9. Azevedo* LS, Pierrotti LC, Abdala E, Costa SF, Strabelli TMV, 

Campos SV, et al. Cytomegalovirus infection in transplant 

recipients. Clinics. 2015;70(7):515-23. 

10. Requião-Moura LR, de Matos ACC, Pacheco-Silva A. 

Cytomegalovirus infection in renal transplantation: clinical aspects, 

management and the perspectives. Einstein. 2015;13(1):142-8. 

11. Aitken C, Barrett-Muir W, Millar C, Templeton K, Thomas J, 

Sheridan F, et al. Use of molecular assays in diagnosis and 

monitoring of cytomegalovirus disease following renal 

transplantation. Journal of clinical microbiology. 1999;37(9):2804-7. 

12. Ross SA, Novak Z, Pati S, Boppana SB. Overview of the 

diagnosis of cytomegalovirus infection. Infectious disorders drug 

targets. 2011;11(5):466-74. 

13. Ramanan P, Razonable RR. Cytomegalovirus infections in solid 



Amirhosseini et al.                       Real-time PCR and pp65-antigen test for monitoring human cytomegalovirus infection… 

 Archives of Medical Laboratory Sciences 
30 

organ transplantation: a review. Infection & chemotherapy. 

2013;45(3):260-71. 

14. Munro SC, Hall B, Whybin LR, Leader L, Robertson P, Maine 

GT, et al. Diagnosis of and screening for cytomegalovirus infection 

in pregnant women. Journal of clinical microbiology. 

2005;43(9):4713-8. 

15. Griscelli F, Barrois M, Chauvin S, Lastere S, Bellet D, Bourhis 

J-H. Quantification of human cytomegalovirus DNA in bone 

marrow transplant recipients by real-time PCR. Journal of clinical 

microbiology. 2001;39(12):4362-9. 

16. Cariani E, Pollara CP, Valloncini B, Perandin F, Bonfanti C, 

Manca N. Relationship between pp65 antigenemia levels and real-

time quantitative DNA PCR for Human Cytomegalovirus (HCMV) 

management in immunocompromised patients. BMC infectious 

diseases. 2007;7:138. 

17. Bonon SH, Rossi CL, de Souza CA, Vigorito AC, Costa SC. 

Comparison of serology, antigenemia assay and the polymerase 

chain reaction for monitoring active cytomegalovirus infections in 

hematopoietic stem cell transplantation patients. Revista do Instituto 

de Medicina Tropical de Sao Paulo. 2006;48(5):275-8. 

18. Tanabe K, Tokumoto T, Ishikawa N, Koyama I, Takahashi K, 

Fuchinoue S, et al. Comparative Study Of Cytomegalovirus (cmv) 

Antigenemia Assay, Polymerase Chain Reaction, Serology, And 

Shell Vial Assay In The Early Diagnosis And Monitoring Of Cmv 

Infection After Renal Transplantation1. Transplantation. 

1997;64(12):1721-5. 

19. Limaye AP, Huang ML, Leisenring W, Stensland L, Corey L, 

Boeckh M. Cytomegalovirus (CMV) DNA load in plasma for the 

diagnosis of CMV disease before engraftment in hematopoietic 

stem-cell transplant recipients. The Journal of infectious diseases. 

2001;183(3):377-82. 

20. Khansarinejad B, Soleimanjahi H, Mirab Samiee S, Hamidieh 

AA, Paryan M, Sanahmadi Y, et al. Monitoring human 

cytomegalovirus infection in pediatric hematopoietic stem cell 

transplant recipients: using an affordable in‐house qPCR assay for 

management of HCMV infection under limited resources. Transplant 

International. 2015;28(5):594-603. 

21. Cannon MJ. Congenital cytomegalovirus (CMV) epidemiology 

and awareness. Journal of clinical virology : the official publication 

of the Pan American Society for Clinical Virology. 2009;46 Suppl 

4:S6-10. 

22. Azevedo LS, Pierrotti LC, Abdala E, Costa SF, Strabelli TM, 

Campos SV, et al. Cytomegalovirus infection in transplant 

recipients. Clinics. 2015;70(7):515-23. 

23. Cook CH. Cytomegalovirus reactivation in "immunocompetent" 

patients: a call for scientific prophylaxis. The Journal of infectious 

diseases. 2007;196(9):1273-5. 

24. Sinclair J, Sissons P. Latency and reactivation of human 

cytomegalovirus. The Journal of general virology. 2006;87(Pt 

7):1763-79. 

25. Melero-Ferrer J, Sanchez-Lazaro IJ, Navea-Tejerina A, 

Almenar-Bonet L, Blanes-Julia M, Martinez-Dolz L, et al. Repeated 

CMV infection in a heart transplantation patient. Case reports in 

transplantation. 2012;2012:305920. 

26. Emery VC. Investigation of CMV disease in 

immunocompromised patients. Journal of clinical pathology. 

2001;54(2):84-8. 

27. Tamm M, Traenkle P, Grilli B, Soler M, Bolliger CT, Dalquen 

P, et al. Pulmonary cytomegalovirus infection in 

immunocompromised patients. Chest. 2001;119(3):838-43. 

28. Piiparinen H, Höckerstedt K, Grönhagen-Riska C, 

Lautenschlager I. Comparison of two quantitative CMV PCR tests, 

Cobas Amplicor CMV Monitor and TaqMan assay, and pp65-

antigenemia assay in the determination of viral loads from peripheral 

blood of organ transplant patients. Journal of clinical virology. 

2004;30(3):258-66. 

29. Lijfering WM, de Vries AP, Veeger NJM, van Son WJ, Bakker 

SJ, van der Meer J. Possible contribution of cytomegalovirus 

infection to the high risk of (recurrent) venous thrombosis after renal 

transplantation. Thrombosis and haemostasis. 2008;99(01):127-30. 

30. Breda G, Almeida B, Carstensen S, Bonfim CM, Nogueira MB, 

Vidal LR, et al. Human cytomegalovirus detection by real-time PCR 

and pp65-antigen test in hematopoietic stem cell transplant 

recipients: a challenge in low and middle-income countries. 

Pathogens and global health. 2013;107(6):312-9. 

31. Mengelle C, Pasquier C, Rostaing L, Sandres-Saune K, Puel J, 

Berges L, et al. Quantitation of human cytomegalovirus in recipients 

of solid organ transplants by real-time quantitative PCR and pp65 

antigenemia. Journal of medical virology. 2003;69(2):225-31. 

32. Piiparinen H, Hockerstedt K, Gronhagen-Riska C, 

Lautenschlager I. Comparison of two quantitative CMV PCR tests, 

Cobas Amplicor CMV Monitor and TaqMan assay, and pp65-

antigenemia assay in the determination of viral loads from peripheral 

blood of organ transplant patients. Journal of clinical virology : the 

official publication of the Pan American Society for Clinical 

Virology. 2004;30(3):258-66. 

33. Kalpoe JS, Kroes AC, de Jong MD, Schinkel J, de Brouwer CS, 

Beersma MF, et al. Validation of clinical application of 

cytomegalovirus plasma DNA load measurement and definition of 

treatment criteria by analysis of correlation to antigen detection. 

Journal of clinical microbiology. 2004;42(4):1498-504. 

34. Guiver M, Fox AJ, Mutton K, Mogulkoc N, Egan J. Evaluation 

of CMV viral load using TaqMan CMV quantitative PCR and 

comparison with CMV antigenemia in heart and lung transplant 

recipients. Transplantation. 2001;71(11):1609-15. 

35. Ghaffari SH, Obeidi N, Dehghan M, Alimoghaddam K, 

Gharehbaghian A, Ghavamzadeh A. Monitoring of cytomegalovirus 

reactivation in bone marrow transplant recipients by real-time PCR. 

Pathology & Oncology Research. 2008;14(4):399-409. 

36. Li H, Dummer JS, Estes WR, Meng S, Wright PF, Tang Y-W. 

Measurement of human cytomegalovirus loads by quantitative real-

time PCR for monitoring clinical intervention in transplant 

recipients. Journal of clinical microbiology. 2003;41(1):187-91. 

 


