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ples.  Conclusions:  We show that the QIAsymphony SP/AS 
and RotorGene Q workflow is suitable for CMV DNA extrac-
tion and detection from DBSs and that the system correctly 
identified newborns at risk of late sequelae due to CMV in-
fection.  © 2017 S. Karger AG, Basel 

 Introduction 

 Cytomegalovirus (CMV) infection is a major viral 
cause of intrauterine infection with a prevalence ranging 
from 0.2 to 1.2% of all births  [1] . Human CMV (HCMV) 
can be considered the most important agent of congenital 
infection. Most of the children congenitally infected are 
asymptomatic at birth, whereas a few have severe neona-
tal disease, with hematological, neurological, and devel-
opmental damages  [1, 2] . Children with neonatal disease 
also suffer from long-term sequelae; these include hear-
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 Abstract 

  Objective:  Human cytomegalovirus (CMV) can be consid-
ered the most important agent of congenital infection. 
Long-term sequelae of congenital infection occur in about 
15% of infants asymptomatic at birth. To avoid long-term 
sequelae or to reduce their burden, it is necessary to identify 
infected children for early interventions. CMV DNA can be 
detected in dried blood spots (DBSs). DBSs have been used 
in several studies for the retrospective diagnosis of congen-
ital CMV (CCMV). It has been proposed to use DBSs for the 
newborn screening of CMV infection; however, manual 
methods are not suitable for newborn screening of CCMV. 
 Methods:  We evaluated in an off-label application the use of 
an automated instrument, the QIAsymphony SP/AS, in com-
bination with the  artus  CMV QS-RGQ kit and the RotorGene 
Q real-time polymerase chain reaction system.  Results:  We 
analyzed 100 DBSs from newborns positive or negative for 
plasma CMV DNA with a 94% concordance in positive sam-
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ing defects and mental retardation  [3] . In most cases de-
velopment of asymptomatic infants is normal; however, 
long-term sequelae occur in about 15% of the cases. Sen-
sorineural hearing loss is the most common sequela  [2] .

  Overall about 30% of newborns with congenital CMV 
infection (CCMV) symptomatic at birth and 10% of as-
ymptomatic newborns face a significant risk of develop-
ing sequelae including hearing loss  [2] , and it is necessary 
to identify infected children for early interventions, in or-
der to protect speech and language development.

  Differently to CCMV, perinatal CMV infection is ac-
quired at birth or through breast-feeding and does not 
cause CNS damage. It is difficult to distinguish between 
CCMV and perinatal CMV infection because the diagno-
sis of CCMV can be made in children only if urine, saliva 
or blood samples are available within 21 days after birth 
 [3] .

  In many countries, dried blood spots (DBSs) are rou-
tinely taken a few days after birth for the screening of 
congenital diseases such as phenylketonuria, hypothy-
roidism, cystic fibrosis, etc. and stored for prolonged pe-
riods of time or indefinitely  [3] .

  CMV DNA can be detected in DBSs  [4–8] , and DBSs 
have been used in several studies for the retrospective di-
agnosis of CCMV  [9–11] . Therefore, a screening for 
CCMV using stored DBSs has been proposed  [9] . How-
ever, a variety of methods for the extraction of CMV DNA 
and subsequent detection from DBSs have been employed 
 [10–13] , and great differences in sensitivity have been re-
ported. In unselected newborn populations the sensitiv-
ity ranges from 28 to 80%  [12–15] , a sensitivity of about 
30% has been reported in a very large study  [12] ; how-
ever, in this study only one 8-mm blood spot was used for 
the testing. A meta-analysis of 15 studies ( n  = 26,007 neo-
nates) has evaluated the performance of DBS real-time 
polymerase chain reaction (PCR) tests in screening for 
CCMV infection showing a better sensitivity. The rates of 
detection of CMV DNA in DBSs from symptomatic and 
asymptomatic neonates were similar, 95.90 and 96.67%, 
respectively  [16] .

  In most studies known blood volumes were spotted 
onto DBSs in a laboratory setting, rather than using ac-
tual DBSs, in which the precise volume is not known, and 
the data obtained were not compared with CMV DNA 
viral load. Since the use of DBSs for the newborn screen-
ing of CCMV infection could represent a useful tool for 
early intervention  [7, 9] , improvements are required to 
increase the sensitivity and specificity of CMV DNA test-
ing in the setting of congenital disease screening. More-
over, extraction of CMV DNA from DBSs needs to be 

automated for higher throughput and lower cost, as man-
ual methods offer only a low throughput, are labor inten-
sive, not cost effective and overall not suitable for new-
born screening of CCMV.

  In the present study we evaluated, as an off-label ap-
plication, the use of an automated instrument, the 
QIAsymphony SP/AS, in combination with the  artus  
CMV QS-RGQ kit and the RotorGene Q PCR system. 
The QIAsymphony SP/AS instrument can process up to 
96 samples in a single run and is suitable for standardized 
sample preparation and PCR setup. We show that the 
QIAsymphony SP/AS and RotorGene Q workflow is suit-
able for CMV DNA extraction and detection from DBSs 
and that the system correctly identified newborns at risk 
of late sequelae due to CMV infection.

  Patient and Methods 

 Patients and DBS Preparation 
 We analyzed a total of 100 DBSs, collected in the neonatal in-

tensive therapy unit of AOU Federico II, Naples, between October 
2012 and January 2015. All the newborns had a suspected CCMV 
infection. Urine and blood samples were obtained for the assess-
ment of CMV DNA levels in both plasma and urine. On the basis 
of CMV DNA plasma levels newborns were divided into 2 groups. 
The first group included 35 newborns positive for both plasma and 
urine CMV DNA testing. In this group gestational age was be-
tween 34 and 40 weeks; only 1 infant had a gestational age of 26 
weeks.

  The second group included 65 newborns with negative results 
for the presence of the viral DNA in plasma. In this second group, 
CMV DNA testing of urine samples collected within 21 days from 
birth indicated a congenital infection in 2 infants, whereas in all 
other infants urine testing gave negative results.

  DBSs obtained from both groups were analyzed, and the results 
were compared with those obtained from plasma samples. Plasma 
CMV viral load was evaluated using the QIAGEN  artus  CMV QS-
RGQ kit. DBSs were collected 3–4 days after birth, at the latest by 
the second week of life, by pricking the heel and stored at +4   °   C. 
The study was approved by the Ethical Committee for Biomedical 
Research of the University Federico II, Naples (ref. 226/13).

  DBSs prepared in our laboratory were obtained by spotting 50 
μL of blood aliquots or standard aliquots on Guthrie cards. DBSs 
were kept at room temperature for 24 h, before storage at +4   °   C.

  DNA Extraction and Real-Time PCR 
 For DNA extraction and amplification of CMV DNA spotted 

on Guthrie cards, blood spots were excised from DBSs and eluted 
with 600 μL of ATL lysis buffer and 30 μL of proteinase K (600 
mAU/mL) at 56   °   C, for 30 min. The blood spot excised from DBSs 
differed in size, therefore not always 50 μL of blood were used for 
the extraction.

  The resulting eluate was then recovered and transferred into a 
2-mL tube for viral DNA extraction. To avoid contamination, scis-
sors used for cutting the blood spots were cleaned with 0.1  M  hy-
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drochloric acid between cards, and to detect any contamination, 
in each extraction session, DBSs without blood spots starting from 
the elution step were included.

  Sample extraction was performed automatically on the 
QIAsymphony SP/AS platform, using the QIAsymphony DNA 
mini kit in combination with the  artus  CMV QS-RGQ kit on the 
RotorGene Q system. The QIAsymphony SP/AS system performs 
all steps of the purification procedure and preparation of eluate 
and master mix for CMV DNA amplification. Each DBS extract 
was used for real-time PCR   duplicate testing; in case of contrasting 
results the test was repeated. Amplification and melting curves 
were carefully evaluated to exclude false amplification signals. 

  Assessment of Linearity and Sensitivity 
 Linearity and sensitivity were assayed preparing dilutions of 

the 1st WHO International standard for HCMV at a concentration 
of 5 × 10 6  IU/mL. Briefly the standard was serially diluted in Tris-
EDTA buffer from 1:   5 up to 1:   5,000,000; 50 μL of each dilution 
were spotted in triplicate onto Guthrie cards. Elution from the 
DBS, DNA extraction and amplification were performed as previ-
ously reported. The aim was to assess the lowest dilution of the 
HCMV DNA standard which was both detectable and quantifi-
able.

  In addition, 2 HCMV-positive samples were also diluted in a 
whole-blood matrix (up to 1:   4,096), spotted on Guthrie cards and 
treated as the other DBSs to assess the minimum amount of HCMV 
DNA detectable and quantifiable.

  Results 

 First, we evaluated the sensitivity of the method evalu-
ating dilutions in Tris-EDTA of the 1st WHO Interna-
tional standard for HCMV spotted in DBS. As shown in 
 Figure 1 , threshold curve values decrease with the in-
crease in DNA amounts in a linear proportion from 10 to 
500,000 IU/mL. The sensitivity in this standard assay was 
assessed as about 10 IU/mL, with concentrations being 
lower considered below the limit of detection of this 
workflow. The stock standard and 1:   100 dilutions were 
amplified in duplicate. The threshold curve mean values 
were 19.65 and 25.68, respectively, closely corresponding 
to the expected values. The data obtained show a strong 
correlation between DBS extraction and expected CMV 
DNA values. In fact, the entire procedure of purification 
and amplification was closely correlated with the total 
yield for each point of the curve, as shown in  Figure 1 . To 
better evaluate the sensitivity of the assay, we used dilu-
tions of HCMV-positive blood samples spotted in dupli-
cate onto Guthrie cards. After extraction and amplifica-
tion, the sensitivity of the assay was assessed as 245 IU/
mL with 2 positive results ( Table 1 ). 

  Next, we analyzed in duplicate 35 DBSs obtained from 
newborns positive for plasma CMV DNA. In 29 new-

borns, a plasma viral load ranging from 405 to 567,440 
IU/mL was observed whereas in 6 newborns a low plasma 
viral load  ≤ 278.8 IU/mL was reported. CMV DNA in 
urine was ranging from  ≤ 170 and 13.1 × 10 7  copies/mL; 
a correlation with plasma levels was not observed.

  In DBSs obtained from high plasma viral load new-
borns, the CMV DNA was clearly detected in duplicate 
testing. This observation confirms that it is possible to 
detect the CMV DNA with the automated extraction, 
when plasma CMV values are  ≥ 405 IU/mL. Triplicate 
testing was performed in DBSs obtained from newborns 
with a low viral load; in 5 of them, the triplicate testing 
gave at least 1 positive result whereas for the remainder 
CMV DNA was not detected. The concordance between 
the results obtained evaluating CMV DNA from DBSs 
and plasma viral load was 94% (33/35;  Table 2 ); the same 
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 Table 1.  Sensitivity of the DBS assay

Dilutions TC CMV DNA, IU/mL

1:2 33 3,120
1:4 35 1,001
1:8 36 473
1:16 37 245

 TC, threshold curve. To evaluate the sensitivity of the assay, 
HCMV-positive blood samples were diluted as indicated, and 
spotted in duplicate onto Guthrie cards. After extraction and am-
plification, the sensitivity of the assay was assessed as the lowest 
dilution yielding 2 positive results (245 IU/mL).

  Fig. 1.  Analysis of sensitivity on dilutions of the international stan-
dard for HCMV spotted in DBSs. Standard and 1:   100 dilutions 
were extracted and amplified in duplicate. A strong correlation 
between DBS extraction and expected CMV DNA values was ob-
tained. 
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concordance was obtained comparing DBS and urine 
CMV DNA testing.

  DBSs from 65 infants negative for plasma CMV DNA 
were also analyzed. In 43/65 DBSs, a negative result was 
obtained in duplicate, and no further testing was per-
formed. In 9 DBSs 2 positive results were obtained, and 
the analysis of the threshold curve indicated a weak posi-
tivity for CMV DNA at values around the detection limit 
of the assay. Urine of 2 infants tested positive for CMV 
DNA (with 5 × 10 5  and 7 × 10 3  copies/mL, respectively); 
DBSs collected from these 2 newborns were among the 
positive DBSs.

  DBSs showing a discordant result were tested for a 
third time; in 10 cases, a negative result was obtained. In 
3 DBSs a positive result was obtained ( Table 3 ). It is worth 
noting that during the study, plasma and urine samples 
of these infants were collected again, and low plasma lev-
els of CMV DNA were detected, suggesting a CMV infec-
tion. However, these additional samples were obtained 
after 21 days from birth, therefore it is not possible to ex-
clude a postnatal CMV infection.

  Discussion 

 CCMV infection causes long-term sensorineural hear-
ing loss and neurological impairment, and there is a need 
to identify infected children for early interventions  [3] . 
Newborn screening for CCMV using DBS has been pro-
posed  [7, 9] .

  Studies reporting detection of CMV from DBS have 
already been performed  [6, 7, 12, 16–19] . However, meth-
ods reporting the highest sensitivities for CMV DNA de-
tection from DBS are not suitable for high-throughput 
screening being labor intensive and not cost effective.

  In the present study, we demonstrated that the auto-
mated DNA extraction instrument QIAsymphony SP/AS 
for CMV DNA extraction and the  artus  CMV QS-RGQ 

real-time PCR kit could be used to identify newborns at 
risk for late sequelae starting from DBSs, albeit in an off-
label manner. The use of an automated instrument al-
lowed us to perform the testing with a reduced turn-
around time (about 40 min); however, manual work was 
required to perform the pretreatment and pipetting of the 
eluate (about 60 min).

  Using this method it is possible to detect CMV DNA 
in DBSs obtained from dilutions of CMV-positive whole 
blood down to a DNA concentration of about 223 IU/mL. 
This has been confirmed by the evaluation of DBSs ob-
tained from CMV-infected newborns.

  In newborns with plasma CMV DNA viral loads rang-
ing from 410 to 567,440 IU/mL, positive results were ob-
tained in duplicate, whereas DBS analysis in newborns 
with CMV DNA levels <278 IU/mL gave 2 positive results 
in 4 cases and in 1 case only 1 positive result. The CMV 
DNA load in these newborns is close to the lower detec-
tion limit of the assay. We report a correlation of about 
94% with the analysis of CMV DNA plasma levels.

  In newborns with CMV DNA levels <278 IU/mL, re-
peated testing was required to detect the presence of 
CMV DNA. To detect all infected newborns, including 
those with low levels of CMV DNA, it is important to in-
crease the sensitivity of the detection methods. In our 

DBS test I DBS test II DBS test III

29 infants (405 – 567,440 IU/mL)1 positive positive NT 
4 infants (<278.8 IU/mL) positive negative positive
1 infant (<278.8 IU/mL) positive negative negative
1 infant (<278.8 IU/mL)2 negative negative NT

 NT, not tested. 1 CMV DNA levels were assessed in these newborns, with values rang-
ing from ≤170 to 13.1 × 107 copies/mL. 2 Urine CMV DNA levels in this newborn were 
≤170 copies/mL.

 Table 3.  Total of 65 negative plasma CMV infants analyzed by 
DBSs

DBS test I DBS test II DBS test III

43 infants negative negative not performed
9 infants1 positive positive not performed

10 infants positive negative negative
3 infants positive negative positive

 1 Among these 9 infants there are 2 cases of congenital infection 
with CMV DNA-positive urine.

 Table 2.  Total of 35 positive plasma CMV 
samples from infants analyzed by the DBS 
assay
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study, CMV DNA had been obtained from 2 blood spots 
with unknown blood volume. DBS samples are by defini-
tion small-volume collections with only 10–80 μL of 
blood available for analysis. It is conceivable that the use 
of 3 or more blood spots could increase the sensitivity of 
the assay, allowing the correct identification of infected 
infants. Moreover, it would be advisable to standardize 
the blood volume used for DNA extraction to around 50 
μL. To enhance the sensitivity of the assay, duplicate test-
ing could also be performed. However, in newborns with 
a CMV DNA load near the detection limit, we have ob-
served a discordant result in duplicate testing, therefore 
triplicate testing of DBSs could further enhance the sen-
sitivity and improve the efficacy of the screening proce-
dure.

  Studies have shown that the levels of CMV viremia 
correlate with the future sensorineural hearing loss  [20, 
21] , and a sigmoid relationship has been proposed for 
the severity of sensorineural hearing loss versus CMV 
viral load at birth  [11] . Accordingly, a test without 100% 
analytical sensitivity could be acceptable for the purpos-
es of CMV infection screening, allowing the identifica-
tion of infected newborns more likely to develop late 
sequelae.

  Our data show the presence of CMV DNA in all DBSs 
obtained from newborns with >410 IU/mL, indicating 
that the QIAsymphony SP/AS instrument in combina-
tion with the  artus  CMV QS-RGQ kit could be useful to 
identify newborns at high risk for late sequelae of CMV. 
Moreover, this diagnostic system is already available as 
a CE-IVD assay for the monitoring of CMV viral load in 
EDTA plasma or whole blood, and therefore DBS screen-
ing for CMV infection could be easily implemented.

  A rapid, single-tube nested PCR method has been de-
scribed and compared with real-time PCRs for sensitivity 
and specificity  [7] . In this study a total of 26 DBSs from 
infected children were evaluated, and the single-tube 
nested assay had a sensitivity of 81 with 100% specificity. 
In this study the authors also used the QIAsymphony SP 
instrument for DNA extraction.

  Positive results were obtained in CMV plasma-nega-
tive newborns. However, in 2 cases urine CMV DNA test-
ing on urine samples collected within 21 days from birth 
confirmed CCMV infection. In another 3 cases, an addi-
tional plasma sample was collected during the study and 
tested positive for CMV DNA. Therefore, in these 5 cases 
the positive result can be explained with a true and active 
CMV infection, either congenital or perinatal. The dis-
crepant result between plasma and DBS can be explained 
with the different sensitivity of the CMV DNA assay on 

plasma or whole blood, as the whole-blood CMV DNA 
detection is more sensitive with respect to plasma CMV 
DNA detection  [22, 23] .

  The other discordant results can be due to a contami-
nation. We avoided all the potential risks of sample con-
tamination in the laboratory; however, it is not possible 
to exclude a false-positive result due to a contamination 
of DBSs during collection or storage. To reduce the pos-
sibility of false-positive results due to contaminations, ap-
propriate procedures for the collection, storage, and de-
tection need to be identified. The use of automated 
punchers and instruments for DBS elution could be use-
ful to reduce the risk of sample contaminations.

  Moreover, in order to discriminate between false- and 
true-positive results it could be advisable to confirm pos-
itive samples using a different CMV DNA detection assay 
(different manufacturer or in-house real-time PCR tests).

  In conclusion, the automated DNA extraction and liq-
uid handling instrument QIAsymphony SP/AS could be 
used for CMV DNA extraction and amplification from 
DBSs. The high throughput of the instrument could allow 
a large number of DBSs to be analyzed for the screening 
of CCMV infection.
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