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Objective 

Background 

Results 

To validate a new on-board version (Vnew) of the WB extraction protocol on NucliSENS easyMAG in 
comparison with the off-board protocol (V1), both being combined with the R-gene kit for CMV DNA 
quantification. 

Study design 

The detection of markers of cytomegalovirus (CMV) infection is a key feature of the virological 
surveillance of immunocompromised patients (Boeckh and Ljungman, 2009; Kotton, 2013). Whole 
blood (WB) is now a commonly clinical sample used for measuring the viral DNA loads in peripheral 
blood. Extraction methods should be adapted to the treatment of such complex specimens. The 
combination of the NUCLISENS easyMAG® platform with the R-gene® kits (Argene/bioMérieux, 
Marcy l’Etoile) has been validated for CMV and EBV DNA loads quantification from WB (Pillet et al., 
2009). However, the off-board protocol version V1 is time consuming with several hands-on-time 
steps restricting the use of the easyMAG extraction for limited number of specimens to be 
prepared in a day.  

• Determination of the conversion factors for CMV quantification in WB by using the CMV WHO 
international standard (Freyer et al., 2010; Vignoles et al., 2012). 
• CMV DNA values were reported either as copies/ml or International Units (IU)/ml of specimen. 
• Evaluation of the variability of the CMV DNA measure by analysis of 8 aliquots of WB specimens 
artificially spiked with the WHO standard and exhibiting theoretical CMV DNA load of 105, 104, 5.103 
and 103 IU/ml and 12 aliquots with 500 IU/ml. 
• Comparison of the CMV DNA load of the 2012 CMV WB QCMD panel (8 samples) 
• 120 WB specimens selected from immunocompromised patients followed at the University Hospital 
of Saint-Etienne, France.  
•Amplification of the DNA internal control (IC2) allowed validation of the extraction and amplification 
steps and detection of polymerase inhibitors. 
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The respective conversion factors were closed to 1 (Table 1). The new protocol on easyMAG was shown to be better reproducible for CMV DNA load 3 log10 IU/m (Table 2). The values of CMV DNA load 
were as expected for the 7 specimens of the 2012 QCMD panel found CMV positive. The decrease of elution volume from 70 to 50µl did not allow to detect additional specimens exhibiting low CMV DNA 
load (Table 3) and the values of CMV DNA load were very closed either for QCMD (Figure 2) or clinical specimens (Table 3). Clinical analysis showed great agreement between both extraction protocols 
(agreement of 88.33%, kappa Cohen coefficient=0.74 CI95% [0.62; 0.87] (Table 4)) and correlation of viral load quantification in WB when results were expressed as IU/ml (Figure 3). 
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Figure 3: Quantitative analysis of CMV DNA load values in the 71 
clinical whole blood samples found CMV positive after extraction 
with both protocols on easyMAG. CMV DNA loads are expressed 
either in (A) log10 copies/ml or (B) log10 IU/ml. On the left: regression 
analysis by Deming curve; on the right: Bland-Altman plot. The volume 
of elution with the Vnew protocol was 70µl. 

Table 2 : Variability of CMV DNA load quantification between 
both extraction methods. 

Figure 2: Radar plots of CMV DNA load obtained for the 7 
specimens of the 2012 QCMD panel found positive after 
extraction with V1 protocol or Vnew protocol (elution volume of 

70 or 50µl) on easyMAG (QCMD 6 was CMV negative by both 
methods). CMV DNA loads are expressed either in (A) log10 copies/ml  
or (B) log10 IU/ml. 

Figure 1: Study design. Two hundred microliters of specimen were extracted blindly and 
simultaneously (the same day) by using the Specific B protocol on easyMAG with either version V1 
(off-board) or Vnew (on-board) on easyMAG. CMV DNA load was quantified by using the CMV R-gene 
kit on ABI 7500fast (Applied Bioscience). For the Vnew version, the elution volume was either 50µl 
or 70µl. The extracts obtained for each sample extracted with both protocols were tested in the 
same run of real-time PCR assay.  

Abstract 
A new on-board version (Vnew) of the whole blood (WB) extraction protocol on NucliSENS 
EasyMAG (bioMérieux) was evaluated in comparison with the off-board protocol (V1) previously 
validated (Pillet et al. 2009). The sample input volume of WB was 200µL and elution volumes of 50µL 
and 70µL were tested with the Vnew protocol. After amplification with the CMV R-gene® kit 
(bioMerieux), results of CMV DNA load were expressed in IU/ml. All the 8 samples from QCMD 
Proficiency panel WB CMV 2012 were correctly identified and the viral loads obtained with the Vnew 
protocol were more closely related to the consensus values, whatever the elution volume used, 
compared to V1 protocol. Analysis of 120 clinical WB specimens showed a concordance between V1 
and Vnew protocols of 88.33% (kappa=0.744, 95% CI [0.620; 0.869]). Fourteen samples exhibited 
discrepant results and corresponded to viral loads < 3 log10 IU/ml. The CMV DNA load of the 71 
samples found positive with both protocols was highly correlated with a Pearson r coefficient of 
0.873 (P <0.0001) and the mean difference between V1 and Vnew in viral loads was 0.24 log10 IU/ml 
(95% dispersion interval [-1.04 ; +0.57]). The reduction of the extraction volume from 70 to 50µl did 
not show any difference in CMV DNA load by analysis of 21 clinical WB specimens exhibiting a CMV 
DNA load <3 log10 IU/ml. Intra-assay and inter-assay variability was shown to be lower with the Vnew 
protocol. The Vnew protocol was shown to reduce hands-on time and improve standardisation of CMV 
DNA load quantification from WB. 
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Theoretical CMV DNA 
load (log10 IU/ml) 

easyMAG V1 easyMAG Vnew (70µl) 

Mean SD CV% Mean SD CV% 

5.00 4.60 0.09 2.03 4.50 0.09 1.93 

4.00 3.53 0.17 4.94 3.47 0.15 4.33 

3.70 3.10 0.27 8.59 3.14 0.23 7.20 

3.00 2.44 0.30 12.19 2.43 0.13 5.45 

2.70 1.80 0.64 35.60 1.83 0.51 27.78 

CMV DNA quantification after 
extraction with V1 protocol 

CMV DNA quantification after 
extraction with Vnew protocol (70µl) 

Negative Positive Total 

Negative 35 4* 39 

Positive 10* 71 81 

Total 45 75 120 

Table 4: Overall agreement between both protocols for CMV DNA 
detection. 

Conversion factor for CMV DNA 
quantification 

Protocol V1 1.04 

Protocol Vnew (70µl) 0.92 

Table 1 : Determination of conversion factors (from copies/ml to 
IU/ml) for CMV quantification after both extraction protocols on 
easyMAG and amplification with the R-gene kit. 

*discordant results correspond to low viral load (<2.6 log10 IU/ml) 

The sensitivity of both extraction protocols is similar with good agreement for CMV DNA detection and correlation of the CMV DNA 
load values. Similar results were obtained for EBV, HHV-6 and BK virus (data not shown). The new protocol reduced hands-on-time 
(about 20 min with Vnew compared to 45 min with V1), thus limiting cross-contaminations and increasing the reproducibility as well as 
the throughput of WB specimens to be tested in a day on easyMAG. The elution volume can be either 70 or 50µl to the choice of the 
laboratory; a reduced volume would be preferred in case of suspected low viral load, even if no difference in sensitivity has been 
observed in this study. The Vnew on-board protocol on easyMAG combined to the use of the R-gene kit thus increased 
standardisation of CMV DNA load quantification in WB.  

EXTRACTION AMPLIFICATION AND  
QUANTIFICATION 

Study ID CMV DNA load (log10 copies/ml) obtained with 
the different easyMAG protocols 

V1 Vnew 70µl Vnew 50µl 

1 3.12 2.18 2.59 

2 3.38 3.15 3.05 

3 2.82 3.27 3.14 

4 2.61 Not detected Not detected 

5 2.73 2.11 2.49 

6 2.58 2.67 2.47 

7 3.56 3.67 3.66 

8 3.12 3.06 2.87 

9 Not detected 2.70 2.30 

10 3.01 3.28 3.12 

11 3.10 2.68 2.39 

12 1.48 Not detected Not detected 

13 3.03 2.60 2.55 

14 0.65 2.72 2.14 

15 3.00 3.33 2.30 

16 2.29 2.64 1.99 

17 Not detected Not detected Not detected 

18 1.92 2.58 1.64 

19 Not detected 2.51 2.12 

20 Not detected 1.43 2.41 

21 2.19 2.06 1.99 

Table 3: CMV DNA quantification after extraction on 
easyMAG with the Vnew protocol (elution volume of 70 
or 50µl) compared to the V1 protocol. 

CMV R-gene kit  

with ABI 7500fast 

V1 off-board 

Vnew on-board NucliSENS® easyMAG® 
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Deming curve : Y= 1.018.X-0.210 

Pearson correlation coefficient r= 0.873  

Mean difference=-0.15 (SD=0.40) 

95% dispersion interval =[-0.96; +0.65] 

Deming curve: Y= 1.018.X-0.265 

Pearson correlation coefficient r= 0.873 

Mean difference=-0.24 (SD=0.40) 

95% dispersion interval =[-1.04; +0.57] 
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