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Abstract 
Background: Real-time PCR has been widely considered as a powerful tool for the evaluation of Human Cytomegalovirus (CMV) DNA 

kinetics. Successful PCR relies on optimization, which is an extremely demanding procedure. Nevertheless, certain values could be optimal 

for most primers in use.  

Methodology: Seventeen CMV primer sets recommended in the literature were selected for optimization in terms of MgCl2 and primers 

concentrations as well as annealing temperature using the LightCycler instrument and SYBR Green I detection format. Optimal values were 

considered as those showing the lowest crossing point (Cp), the highest fluorescence intensity, the steepest sigmoid curve slope, and the 

absence of non-specific PCR products.  

Results: Optimal values for most studied primers were found to be 3 mM for MgCl2 concentration, 0.5 M and 0.6 M for primers 

concentration, and 55ºC for annealing temperature.  

Conclusion: Adopting the resulting values for CMV-specific primers generally used in single-target real-time PCR assays with the same 

thermal cycler may guarantee their efficient performance minimizing cost and time needed for optimization. 
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Introduction 

Human Cytomegalovirus (CMV) remains a 

significant cause of morbidity and mortality in 

immunocompromised patients, putting them at risk of 

fatal CMV disease upon viral reactivation [1-6]. Real-

time PCR has been widely considered as a rapid, 

efficient, and highly sensitive technique for the 

evaluation of CMV DNA kinetics [2,7-10], and an 

effective assay for (i) early diagnosis of CMV disease, 

(ii) antiviral therapy monitoring, (iii) relapse prediction 

and (iv) antiviral resistance indication [1,5,11-14]. 

The key to robust detection of CMV DNA lies in 

the efficacy and sensitivity of PCR which largely 

depends on the efficiency of primers as well as on the 

optimization of PCR conditions [4,15]. However, 

optimization is a time-consuming, laborious, and costly 

process. To date, several manufacturers are developing 

kits that include the PCR components already in their 

optimal concentrations.  

Optimal values for PCR conditions would ensure 

efficient performance of most of the different 

oligonucleotide primers in use. To reveal such optimal 

values, this study aimed at optimizing CMV single-

target real-time PCRs in terms of MgCl2 and primers 

concentrations and annealing temperature using SYBR 

Green I format. 

 

Materials and Methods 
Using “CMV” and “PCR” as keywords, PubMed 

was searched in the National Center for Biotechnology 

Information website (http://www.ncbi.nlm.nih.gov/) for 

English peer-reviewed articles published between 1993 

and 2004. Articles were excluded when (i) they did not 

scope out CMV PCRs; (ii) they did not describe primers 

sequences; (iii) they reported on virus genotyping or 

species-level identification; or (iv) they were listed as 

editorials, letters to editors, or reviews. The resulting 57 

papers with a total of 115 CMV-specific primer pairs 

were examined. Oligonucleotides with identical 

sequences or with one additional nucleotide at either the 

5’ or 3’ end of the sequence were identified as 

synonymous, resulting in 82 primer sets. Primers were 

included in this study when (i) used in real-time PCRs 

in the original publications (set 3, set 4, set 7, set 9, set 

10, set 12, set 13, set 14, set 16 and set 17); or (ii) 

evaluated by conventional PCRs and accordingly 

http://www.ncbi.nlm.nih.gov/
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recommended (set 1, set 2, set 5, set 6, set 7, set 8, set 

11 and set 15) [Table 1]. When nested PCRs or DNA 

sequencing were described, external primers and 

sequencing primers were excluded respectively. 

 
Table 1. Optimal empirically-defined PCR conditions for 

CMV primer sets compared to the original publications. 
Primers studied MgCl2 (mM) Primers (μM) Annealing temp. (ºC) 
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1 [27] GTA CAC GCA CGC TGG TTA CC 
GTA GAA AGC CTC GAC ATC GC 

3 NA
c
 0.7 0.2 [27] 54 60 [27] Multiplex 

conventional 
PCR  [27] 

2 [28] GCA CCG AGA CGC GCA CCG AA 
CAG CCT CTA CCC TTC CAT CA 

3 4 [28] 0.6 NA 55 50 [28] Conventional 
PCR  [28] 

3 [10] GCC GAT CGT AAA GAG ATG AAG AC  

CTC GTG CGT GTG CTA CGA GA 

3 NA 0.8 NA 55 60  [10] TaqMan 

Technology [10] 

4 [29] ACG ATT CAC GGA GCA CCA G  
GCT GAC GCG TTT GGT CAT C 

4 NA 0.8 0.2 [29] 54 60 [29] TaqMan 
Technology [29] 

5 [30] GCC TAT CGG TGT CGC TGT ACT C 
GCG AGG TGT CAT GTT CGA CG 

3 7.5 [30] 0.5 NA 55 65 [30] PCR-ELISA [30] 

6 [31, 

32] 

TCA ATC ATG CGT TTG AAG AGG TA 

ACC ACC GCA CTG AGG AAT GTC AG 

3 1.5 [31] 0.5 0.2 [31] 55 50 [31] Conventional 

PCR [31, 32] 

7 [33] TGA GGC TGG GAA GCT GAC AT 
TGG GCG AGG ACA ACG AA 

3 10 [33] 0.7 0.4 [33] 54 60 [33] TaqMan 
Technology [33] 

8 [28] GCG GTG GTT GCC CAA CAG GA 
ACG ACC CGT GGT CAT CTT TA 

4 NA 0.7 NA 55 NA Conventional 
PCR  [28] 

9 [34] GTA GCT GGC ATT GCG ATT GGT 

TCC AAC ACC CAC AGT ACC CGT 

5 5 [34] 0.6 1 [34] 57 66 [34] Hybridization 

Probes [34] 

10 [13, 
17, 18, 

24] 

ATA GGA GGC GCC ACG TAT TC 
TAC CCC TAT CGC GTG TGT TC 

3 1.5 [17, 18], 
4 [13] 

0.6 0.4 [18], 
0.5 [13, 17] 

58 56 [17, 24], 
65 [18], 55 

[13] 

Conventional 
PCR [17, 18], 

Hybridization 
Probes [13, 24] 

11 [17] TGG ACG AGG CTG CCC ATG AGG 

TGG ACC TGG CCA AAC GAG CCC 

3 1.5 [17] 0.4 0.5 [17] 54 56 [17] PCR-ELISA [17] 

12 [35] GCA GCC ACG GGA TCG TAC T 
GGC TTT TAC CTC ACA CGA GCA TT 

3 NA 0.6 0.4 [35] 55 60 [35] TaqMan 
Technology [35] 

13 [20-
22] 

GGG ACA CAA CAC CGT AAA GC 
GTC AGC GTT CGT GTT TCC CA 

3 4 [22], 5 [21], 
6 [20] 

0.5 0.5 [20, 
22], 0.2 

[21] 

65 65 [21, 22], 
60 [20] 

TaqMan 
Technology [20-

22] 

14 [36] GAC ACA ACA CCG TAA AGC 
CAG CGT TCG TGT TTC C 

4 4 [36] 0.4 0.4 [36] 60 60 [36] Hybridization 
Probes [36] 

15 [19, 

23] 

GGA TCC GCA TGG CAT TAC CGT ATG T
d
  

GAA TTC AGT GGA TAA CCT GCG GCG A 

3 1.5 [23], 2.5 

[19] 

0.5 2 [23] 55 55 [19, 23] Conventional 

PCR [19, 23] 

16 [14] GGA CGT ATC CAC CTC AGG TAC ACA  
TAC GTT ACG AAA CTG AGC TCC CAC 

3 4 [14] 0.5 0.05 [14] 62 62 [14] Hybridization 
Probes [14] 

17 [37] AAA AGT TTG TGC CCC AAC GGT A  
GCG TGC TTT TTA GCC TCT GCA 

3 NA 0.6 0.3 [37] 55 61 [37] TaqMan 
Technology [37] 

a) Reference(s) of the primer set shown in parentheses. b) Optimal values identified using the 

LightCycler instrument and SYBR Green I format. c) NA: non-applicable for not being described in 

the original papers. d) Original primer sequence (GGA TCC GCA TGG CAT TCA CGT ATG T) was 

corrected to match CMV strain AD169 [38]. 

 

Optimal values were empirically identified for all 

17 primer sets manufactured by Metabion, Munich, 

Germany. Different PCR conditions of MgCl2 and 

primers concentrations and annealing temperature were 

tested in duplicate over 2-5 mM, 0.3-1 μM and Tm-

(Tm-5) ºC ranges at 1 mM, 0.1 μM and 2ºC intervals, 

respectively, where Tm is the primer-specific melting 

temperature. Primers concentrations described in the 

original papers were adopted when only used on the 

LightCycler instrument. The temperature profile was 

initiated at 95ºC for 10 minutes, followed by 55 cycles 

of denaturation at 95ºC for 5 seconds, annealing for 5 

seconds, and extension with fluorescence monitoring at 

72ºC for a time (in seconds) calculated by the formula 

recommended by the manufacturer: amplicon length 

(bp) ÷ 25. PCRs were performed on the LightCycler 

instrument using the LightCycler-FastStart DNA Master 

SYBR Green-I Kit (Roche Diagnostics, Mannheim, 

Germany) according to the manufacturer’s instructions. 

The amount of CMV strain AD169 DNA template used 

corresponded to crossing point values ranging between 

25 and 35. The product-specific melting point was 

anticipated using the Tm Utility v1.5 software (Idaho 

Technology Inc., Utah, USA) to be checked later by the 

melting-curve analysis. Optimal values were considered 

when showing (i) the lowest crossing point (Cp), (ii) the 

highest fluorescence intensity, (iii) the steepest sigmoid 

curve slope, and (iv) the absence of non-specific 

products.  
 

Results 
The overall optimal MgCl2 concentrations varied 

between 3 and 5 mM for all studied primers. However, 

3 mM was an optimal MgCl2 concentration for 13 

primer sets out of 17 (76%). Moreover, this 

concentration showed the highest mean value of 

fluorescence intensities and the least mean value of 

crossing points [Figure 1]. When MgCl2 concentrations 

were increased above 3 mM, the mean value of 

fluorescence intensities and the sigmoid curve slope 

steepness decreased though the mean value of crossing 

points remained constant. When MgCl2 concentrations 

were decreased to 2 mM, a higher mean value of 

crossing points was shown [Figure 1]. Amplification 

always failed with MgCl2 concentration at 1 mM. 

Optimal primer concentrations ranged from 0.4 to 

0.8 μM for all 17 primers. However, 0.5 μM and 0.6 

μM were the optimal concentrations for 10 primer sets 

out of 17 (59%) [Figure 2]. The highest mean value of 

fluorescence intensities and the least mean value of 

crossing points were shown at primer concentrations 

between 0.5 and 1 μM. But non-specific products were 

encountered when primer concentrations were raised 

above 0.6 μM for set 5, set 6 and set 11. 

 
Figure 1. Variation of crossing points mean value and 

fluorescence intensities mean value according to magnesium 

chloride concentration for all 17 primer sets studied. MgCl2 

concentration of 3 mM showed to be the optimum. 
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Figure 2. Variation of crossing points mean value and 

fluorescence intensities mean value according to 

concentration of all 17 primer sets studied. Primer 

concentration of 0.5 μM showed to be the optimum. 
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While overall primer-specific melting temperatures 

ranged from 52ºC to 66ºC, optimal empirically-

determined annealing temperatures ranged between 

54ºC and 66ºC. However, 12 primer sets out of 17 

(71%) showed optimal performance at annealing 

temperatures of 54ºC or 55ºC. Furthermore, Figure 3 

illustrates that the highest mean value of fluorescence 

intensities and the least mean value of crossing points 

were shown at annealing temperature of 55ºC.   

 
Figure 3. Variation of crossing points mean value and 

fluorescence intensities mean value according to annealing 

temperature for all 17 primer sets studied. Annealing 

temperature of 55ºC showed to be the optimum. 
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Discussion 
Optimal primer design as well as optimal conditions 

are essential for maximal efficiency, sensitivity, and 

specificity of real-time PCR and, hence, for robust 

CMV diagnosis and monitoring [4,15,16]. Thus this 

study aimed at taking all published CMV primers as 

well as literature recommendations into consideration. 

Out of 82 published CMV-specific primer pairs, 17 

primer sets were selected carefully in terms of 

specificity and sensitivity so that undesired reaction 

results should not be attributed to poor design of 

primers. 

Although adopted PCR conditions for most of the 

CMV primers included in this study were already 

described in the original papers, optimal conditions 

were to be redefined empirically in accordance to the 

thermal cycler, detection format, target multiplicity, and 

commercial kit used in our study. It has been well-

known that such factors play an essential role in 

optimizing PCR reaction [16]. This is underlined by the 

fact that different authors [13,17-24] using different 

experimental techniques employed different optimal 

conditions for the very same primer pair [Table 1]. In 

addition, optimal values determined in our study were 

different from those described in the original 

publications, which indicates the necessity for 

optimizing PCR conditions empirically when using 

different experimental techniques. 

On the other hand, when the thermal cycler, 

detection format, target multiplicity, and commercial kit 

used are unified, it seems there are certain conditions 

that deliver supreme PCR efficiency and primer 

performance for most primers in use, the fact reflected 

here by the highest fluorescence intensity, the lowest 

crossing point, the steepest sigmoid curve slope, and the 

absence of non-specific products. Even though several 

manufacturer companies are increasingly providing kits 

with most PCR components optimized, PCR 

optimization remains a considerably time-consuming, 

laborious, and costly procedure. Therefore, identifying 

and adopting such optimal values introduces an 

exemption from optimizing reactions performed in 

defined circumstances. 

PCR conditions were optimized in terms of MgCl2 

and primers concentrations and annealing temperature 

according to the manufacturer’s instructions. Other PCR 

components concentrations were not tested because 

they were already optimized by the manufacturer. Our 

results indicated that MgCl2 concentration of 3 mM, 

primers concentration of 0.5 M and 0.6 M, and 

annealing temperature of 54ºC and 55ºC were the 

optimal conditions for most primers studied. However, 

the crossing point values increased at MgCl2 

concentrations lower than 3 mM for less DNA 

polymerase and primers annealing efficiencies [25,26]; 

whereas the reaction more quickly reached the plateau 

phase with decreasing fluorescence intensity and 

sigmoid curve slope steepness at MgCl2 concentrations 

more than 3 mM. This could be ascribed to template 
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reannealing effect which inhibits the formation of 

template-primer hybrids. Moreover, decreasing primer 

concentration below 0.5 μM resulted in a reduced PCR 

efficiency, but increasing primer concentration above 

0.6 μM gave rise to non-specific products for 3 primer 

sets out of 17 sets. Otherwise, non-specific products 

were not encountered at all. This could be due to hot 

start PCR utilization as well as careful selection of all 

17 studied primer sets among all published sets 

according to literature recommendations. Furthermore, 

albeit governed by the widely variable primer-specific 

melting temperature, annealing temperature of 55ºC 

could be acceptable for most primers, ensuring the 

balance between generating detectable yield and 

amplification of undesired products. 

In conclusion, we empirically determined the 

optimal values of CMV single-target real-time PCRs to 

be adopted for most CMV-specific primers using SYBR 

Green I as well as sequence-specific probe detection 

formats on the LightCycler instrument. However, the 

latter format may require elevated MgCl2 

concentrations by 0.5-2 mM over the SYBR Green I 

optimum. Starting with such values guarantees efficient 

PCR performance, minimizing cost and time needed for 

optimization. 

 

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

Manca N (2007) Relationship between pp65 antigenemia levels 

and real-time quantitative DNA PCR for Human 

Cytomegalovirus (HCMV) management in 

immunocompromised patients. BMC Infect Dis 7:138. 

2. Fan J, Ma WH, Yang MF, Xue H, Gao HN, Li LJ (2006) Real-

time fluorescent quantitative PCR assay for measuring 

cytomegalovirus DNA load in patients after haematopoietic 

stem cell transplantation. Chin Med J (Engl) 119(10):871-4. 

3. Ghisetti V, Barbui A, Franchello A, Varetto S, Pittaluga F, 

Bobbio M, Salizzoni M, Marchiaro G (2004) Quantitation of 

cytomegalovirus DNA by the polymerase chain reaction as a 

predictor of disease in solid organ transplantation. J Med Virol 

73 (2):223-9. 

4. Lengerova M, Racil Z, Volfova P, Lochmanova J, Berkovcova 

J, Dvorakova D, Vorlicek J, Mayer J (2007) Real-time PCR 

diagnostics failure caused by nucleotide variability within exon 

4 of the human cytomegalovirus major immediate-early gene. J 

Clin Microbiol 45(3):1042-4. 

5. Onishi Y, Mori S, Higuchi A, Kim SW, Fukuda T, Heike Y, 

Tanosaki R, Minematsu T, Takaue Y, Sasaki T, Furuta K 

(2006) Early detection of plasma cytomegalovirus DNA by 

real-time PCR after allogeneic hematopoietic stem cell 

transplantation. Tohoku J Exp Med 210(2):125-35. 

6. Wada K, Kubota N, Ito Y, Yagasaki H, Kato K, Yoshikawa T, 

Ono Y, Ando H, Fujimoto Y, Kiuchi T, Kojima S, Nishiyama 

Y, Kimura H (2007) Simultaneous quantification of Epstein-

Barr virus, cytomegalovirus, and human herpesvirus 6 DNA in 

samples from transplant recipients by multiplex real-time PCR 

assay. J Clin Microbiol 45(5):1426-32. 

7. Hong KM, Najjar H, Hawley M, Press RD (2004) Quantitative 

real-time PCR with automated sample preparation for diagnosis 

and monitoring of cytomegalovirus infection in bone marrow 

transplant patients. Clin Chem 50(5):846-56. 

8. Nozawa N, Koyano S, Yamamoto Y, Inami Y, Kurane I, Inoue 

N (2007) Real-time PCR assay using specimens on filter disks 

as a template for detection of cytomegalovirus in urine. J Clin 

Microbiol 45(4):1305-7. 

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

Lautenschlager I (2004) 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. J Clin Virol 

30(3):258-66. 

10. van Doornum GJ, Guldemeester J, Osterhaus AD, Niesters HG 

(2003) Diagnosing herpesvirus infections by real-time 

amplification and rapid culture. J Clin Microbiol 41(2):576-80. 

11. Aritaki K, Ohyashiki JH, Suzuki A, Ojima T, Abe K, Shimizu 

N, Yamamoto K, Ohyashiki K, Hoshika A (2001) A rapid 

monitoring system of human herpesviruses reactivation by 

LightCycler in stem cell transplantation. Bone Marrow 

Transplant 28(10):975-80. 

12. Caliendo AM, Ingersoll J, Fox-Canale AM, Pargman S, 

Bythwood T, Hayden MK, Bremer JW, Lurain NS (2007) 

Evaluation of real-time PCR laboratory-developed tests using 

analyte-specific reagents for cytomegalovirus quantification. J 

Clin Microbiol 45(6):1723-7. 

13. Pang XL, Chui L, Fenton J, LeBlanc B, Preiksaitis JK (2003) 

Comparison of LightCycler-based PCR, COBAS amplicor 

CMV monitor, and pp65 antigenemia assays for quantitative 

measurement of cytomegalovirus viral load in peripheral blood 

specimens from patients after solid organ transplantation. J Clin 

Microbiol 41(7):3167-74. 

14. Razonable RR, Brown RA, Espy MJ, Rivero A, Kremers W, 

Wilson J, Groettum C, Smith TF, Paya CV (2001) Comparative 

quantitation of cytomegalovirus (CMV) DNA in solid organ 

transplant recipients with CMV infection by using two high-

throughput automated systems. J Clin Microbiol 39(12):4472-

6. 

15. Abd-Elsalam KA (2003) Bioinformatic tools and guideline for 

PCR primer design. African J Biotech 2(5):91-5. 

16. Lee A, Mirkin C, Georganopoulou D (2005) Real-Time 

Polymerase Chain Reaction Coupled Detection of Cardiac 

Troponin I with the Bio-Bar Code Assay. Nanoscape 2(1):17-

25. 

17. Allen RD, Pellett PE, Stewart JA, Koopmans M (1995) 

Nonradioactive PCR-enzyme-linked immunosorbent assay 

method for detection of human cytomegalovirus DNA. J Clin 

Microbiol 33(3):725-8. 

18. Bai X, Rogers BB, Harkins PC, Sommerauer J, Squires R, 

Rotondo K, Quan A, Dawson DB, Scheuermann RH (2000) 

Predictive value of quantitative PCR-based viral burden 

analysis for eight human herpesviruses in pediatric solid organ 

transplant patients. J Mol Diagn 2(4):191-201. 

19. Drouet E, Colimon R, Michelson S, Fourcade N, Niveleau A, 

Ducerf C, Boibieux A, Chevallier M, Denoyel G (1995) 

Monitoring levels of human cytomegalovirus DNA in blood 

after liver transplantation. J Clin Microbiol 33(2):389-94. 

20. Exner MM, Lewinski MA (2002) Sensitivity of multiplex real-

time PCR reactions, using the LightCycler and the ABI PRISM 

7700 Sequence Detection System, is dependent on the 

concentration of the DNA polymerase. Mol Cell Probes 

16(5):351-7. 



Habbal et al. – CMV PCR Optimization 

 410 

 

J Infect Developing Countries 2008; 2(5): 406-410. 

21. Gault E, Michel Y, Dehée A, Belabani C, Nicolas JC, Garbarg-

Chenon A (2001) Quantification of human cytomegalovirus 

DNA by real-time PCR. J Clin Microbiol 39(2):772-5. 

22. Gouarin S, Gault E, Vabret A, Cointe D, Rozenberg F, 

Grangeot-Keros L, Barjot P, Garbarg-Chenon A, Lebon P, 

Freymuth F (2002) Real-time PCR quantification of human 

cytomegalovirus DNA in amniotic fluid samples from mothers 

with primary infection. J Clin Microbiol 40(5):1767-72. 

23. Mendez JC, Espy MJ, Smith TF, Wilson JA, Paya CV (1998) 

Evaluation of PCR primers for early diagnosis of 

cytomegalovirus infection following liver transplantation. J 

Clin Microbiol 36(2):526-30. 

24. Sekhon HS, Press RD, Schmidt WA, Hawley M, Rader A 

(2004) Identification of cytomegalovirus in a liquid-based 

gynecologic sample using morphology, immunohistochemistry, 

and DNA real-time PCR detection. Diagn Cytopathol 

30(6):411-7. 

25. Bereczki L, Kis G, Bagdi E, Krenacs L (2007) Optimization of 

PCR amplification for B- and T-cell clonality analysis on 

formalin-fixed and paraffin-embedded samples. Pathol Oncol 

Res 13(3):209-14. 

26. Fraga J, Rodriguez J, Fuentes O, Fernandez-Calienes A, Castex 

M (2005) Optimization of random amplified polymorphic DNA 

techniques for use in genetic studies of Cuban Triatominae. 

Rev Inst Med Trop Sao Paulo 47(5):295-300. 

27. Markoulatos P, Georgopoulou A, Siafakas N, Plakokefalos E, 

Tzanakaki G, Kourea-Kremastinou J (2001) Laboratory 

diagnosis of common herpesvirus infections of the central 

nervous system by a multiplex PCR assay. J Clin Microbiol 

39(12):4426-32. 

28. Zweygberg Wirgart B, Brytting M, Linde A, Wahren B, 

Grillner L (1998) Sequence variation within three important 

cytomegalovirus gene regions in isolates from four different 

patient populations. J Clin Microbiol 36(12):3662-9. 

29. Sanchez JL, Storch GA (2002) Multiplex, quantitative, real-

time PCR assay for cytomegalovirus and human DNA. J Clin 

Microbiol 40(7):2381-6. 

30. Weinberg A, Spiers D, Cai GY, Long CM, Sun R, Tevere V 

(1998) Evaluation of a commercial PCR kit for diagnosis of 

cytomegalovirus infection of the central nervous system. J Clin 

Microbiol 36(11):3382-4. 

31. Distéfano AL, Alonso A, Martin F, Pardon F (2004) Human 

cytomegalovirus: detection of congenital and perinatal 

infection in Argentina. BMC Pediatr 4(1):11. 

32. Jones RN, Neale ML, Beattie B, Westmoreland D, Fox JD 

(2000) Development and application of a PCR-based method 

including an internal control for diagnosis of congenital 

cytomegalovirus infection. J Clin Microbiol 38(1):1-6. 

33. Boeckh M, Huang M, Ferrenberg J, Stevens-Ayers T, 

Stensland L, Nichols WG, Corey L (2004) Optimization of 

quantitative detection of cytomegalovirus DNA in plasma by 

real-time PCR. J Clin Microbiol 42(3):1142-8. 

34. Ibrahim AI, Obeid MT, Jouma MJ, Moasis GA, Al-Richane 

WL, Kindermann I, Boehm M, Roemer K, Mueller-Lantzsch 

N, Gärtner BC (2005) Detection of herpes simplex virus, 

cytomegalovirus and Epstein-Barr virus DNA in atherosclerotic 

plaques and in unaffected bypass grafts. J Clin Virol 32(1):29-

32. 

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

JH (2001) Quantification of human cytomegalovirus DNA in 

bone marrow transplant recipients by real-time PCR. J Clin 

Microbiol 39(12):4362-9. 

36. Stöcher M, Berg J (2002) Normalized quantification of human 

cytomegalovirus DNA by competitive real-time PCR on the 

LightCycler instrument. J Clin Microbiol 40(12):4547-53. 

37. Machida U, Kami M, Fukui T, Kazuyama Y, Kinoshita M, 

Tanaka Y, Kanda Y, Ogawa S, Honda H, Chiba S, Mitani K, 

Muto Y, Osumi K, Kimura S, Hirai H (2000) Real-time 

automated PCR for early diagnosis and monitoring of 

cytomegalovirus infection after bone marrow transplantation. J 

Clin Microbiol 38(7):2536-42. 

38. Habbal W, Monem F, Gärtner BC (2005) Errors in published 

sequences of human cytomegalovirus primers and probes: do 

we need more quality control? J Clin Microbiol 43(10):5408-9. 

 

Corresponding Author: Wafa Habbal, Clinical 

Laboratories Department, Al-Assad Hospital, Damascus 

University, PO Box 10769, Damascus, Syria 

Phone: +963-11-21942320; Fax: +963-11-2139441 

Email: wafahabbal@hotmail.com 
 
Conflict of interest: No conflict of interest is declared. 


