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a b s t r a c t
Background: Cytomegalovirus (CMV) infection is the most common cause of congenital infection. Whereas
CMV PCR has replaced viral culture and antigen detection in immunocompromised patients because of
higher sensitivity, viral culture of neonatal urine is still referred to as the gold standard in the diagnosis
of congenital CMV infection.
Objective: To compare real-time CMV PCR with shell vial culture on urine in the diagnosis of congenital
CMV, in a multicenter design.
Study design: A series of neonatal urines (n = 340), received for congenital CMV diagnostics and routinely
assessed with shell vial CMV culture, was retrospectively tested by real-time CMV PCR.
Results: The proportion of newborns found to be congenitally infected by real-time CMV PCR was 8.2%
(28/340, 95%CI 5.6–11.8%), and 7.4% (25/340, 95%CI 4.9–10.8%) by rapid culture. When considering rapid
culture as reference, real-time PCR was highly sensitive (100%), whereas sensitivity of rapid culture was
89.3% when considering real-time PCR as reference.
Conclusions: Our results, supported by analytical and clinical data on CMV DNA detection in neonatal
urine, suggest enhanced sensitivity of recent PCR techniques when compared to viral culture. There is
considerable rationale to favor real-time CMV PCR as a gold standard in the diagnosis of congenital CMV
infection. A large-scale study combining both laboratory and clinical data is required to determine the
exact time frame for sampling of neonatal urine when using real-time PCR.
© 2011 Elsevier B.V. All rights reserved.

1. Background
Cytomegalovirus (CMV) infection is the most common cause of
congenital infection and a leading cause of non-genetic sensorineural hearing loss.1–3 For decades, the gold standard in the diagnosis
of congenital CMV infection has been viral culture of urine, sampled within the ﬁrst 2 or 3 weeks of life.4–6 After this period,
CMV present in urine may be due to postnatally acquired infection. Meanwhile, PCR assays have been optimized by with improved
extraction and ampliﬁcation techniques (e.g. real-time detection
and internal controls for PCR inhibition), resulting in highly sensitive and speciﬁc assays. CMV DNA detection has become a routine
diagnostic tool at many centers thanks to its rapid, reproducible,
automated and quantitative nature.7,8 Experiments with dilution

series have shown that the analytical sensitivity of CMV PCR on
urine is approximately 100 times higher than both traditional tube
and shell vial culture.9 In immunocompromised patients, CMV
PCR has replaced CMV blood culture and pp65 antigen detection
because of the higher sensitivity.10–12 Furthermore, the clinical sensitivity of CMV PCR on urine of kidney and liver transplant patients
is higher than viral culture,13–15 with CMV DNA loads in urine
being predictive of CMV disease.11,16,17 Strikingly, in recent guidelines and reviews on congenital CMV, viral culture of neonatal urine
remains referred to as the gold standard for conﬁrmatory diagnosis, while CMV PCR is mentioned as plausible alternative more
frequently.18–20

2. Objective
Abbreviations: CMV, cytomegalovirus.
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The aim of this study was to compare real-time CMV PCR with
shell vial culture on urine in the diagnosis of congenital CMV, in a
multicenter design.
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Table 1
Comparison of internally controlled real-time PCR with shell vial culture of urine
samples from newborns (n = 340) in the diagnosis of congenital CMV infection.
Real-time CMV PCR

Rapid CMV culture
Positive
Negative
Total

Positive

Negative

Total

25
3
28 (8.2%)

0
312
312

25 (7.4%)
315
340

Reference: real-time PCR
Sensitivity culture (95% CI)
Speciﬁcity culture (95% CI)

89.3% (70.6–97.2%)
100% (98.5–100%)

Reference: rapid CMV culture
Sensitivity PCR (95% CI)
Speciﬁcity PCR (95% CI)

100% (83.4–100%)
99.1% (97.0–99.8%)

Kappa (95% CI)

0.94 (0.87–1)

3. Study design
3.1. Urine samples
A series of neonatal urines, sampled within the ﬁrst 3 weeks
after birth, received for congenital CMV diagnostics and routinely
assessed with shell vial CMV culture,21 was retrospectively tested
by real-time CMV PCR.22–24 All CMV culture positive samples
(n = 25) and a large random selection of CMV culture negative urine
samples (n = 315) dating from 2001 to 2011, were included in the
analysis, irrespective of clinical characteristics of the newborns. All
diagnostic urine samples were stored at −80 ◦ C in the Dutch participating laboratories until tested by real-time PCR at that speciﬁc site
(Leiden University Medical Center (LUMC, n = 61 urines), Erasmus
Medical Center Rotterdam (Erasmus MC, n = 199 urines), and Academic Medical Center Amsterdam (AMC, n = 80 urines)). Because of
ethical reasons, retrospective testing was performed anonymously.
3.2. Viral culture and real-time PCR
Shell vial culture and CMV DNA extraction followed by ampliﬁcation using seal herpesvirus (PhHV-1) as internal PCR control
were performed as described previously.21–24 In short, extraction
was performed on the MagnaPure LC station using the Total Nucleic
Acid Isolation Kit – High Performance Kit (both Roche Diagnostics, Almere, The Netherlands) (all sites), and the PCR was carried
out using a CFX96 TM real-time PCR detection system (BioRad,
Veenendaal, The Netherlands) (LUMC)/a LightCycler480 PCR system (Roche Diagnostics, Almere, The Netherlands) (Erasmus MC,
AMC). Ampliﬁed was a 126-bp fragment of the CMV immediateearly antigen region (LUMC, AMC)/a 133-bp fragment of the CMV
DNA polymerase gene (Erasmus MC).
3.3. Statistical analysis
Sensitivity and speciﬁcity were calculated with both rapid CMV
culture and real-time CMV PCR as reference. Kappa was calculated
to assess test agreement.
4. Results
In total 340 urine samples of newborns ≤3 weeks of age were
included in the comparison and were retrospectively tested with
CMV real-time PCR (Table 1). The proportion of newborns found to
be congenitally infected by rapid culture was 7.4% (25/340, 95%CI
4.9–10.8%), and 8.2% (28/340, 95%CI 5.6–11.8%) by real-time CMV
PCR. All culture positive samples were detected by CMV PCR. In
contrast, three urine samples were detected by real-time PCR that

Table 2
CMV DNA load and time of sampling of the urines with discrepant test results.
Rapid CMV
culture

Real-time CMV PCR
(copies CMV DNA/ml)

Time of urine sampling
(days after birth)

Negative
Negative
Negative

Positive (24,000)
Positive (64,000)
Positive (210,000)

17
17
10

were negative in rapid CMV culture. When considering rapid culture as reference, real-time PCR was highly sensitive (100%) and
speciﬁc (99.1%). Sensitivity of rapid culture was 89.3% when considering real-time PCR as reference. The CMV DNA load of the
three samples with discrepant results (median 64,000 copies/ml,
range 24,000–210,000 copies/ml, Table 2) was lower than the load
of the 25 culture-positive samples (median 260,000 copies/ml,
range 4400–95,000,000 copies/ml). These three urines were sampled at day 10, 17 and 17 of age, respectively, whereas the median
time of sampling of the 25 culture-positive samples was 3 days
(range 0–11 days). Additional testing of the discrepant samples by
repeated extraction and ampliﬁcation of a different target (gB) gene
(at a different participating center) yielded conﬁrmatory positive
PCR results.
5. Discussion
In our multicenter comparison, CMV was more frequently
detected in urine samples of newborns by real-time PCR than by
rapid culture, which is still referred to as the reference method for
diagnosing congenital CMV infection. These discrepant test results
theoretically can be attributed to either false negative viral culture
results, or false positive real-time PCR results. False negative viral
culture results have been described both in experimental setting9
and in clinical setting, testing urine samples of (immunocompromised) patients.13–15,24 Loss of viable CMV particles implicated in
false negative culture results may be caused by transport at room
temperature25 and antiviral therapy. In our analysis, two of the
three discrepant samples had transport times of >1 day. Concerning potential false positive PCR results, the use of real-time PCR
procedures (which are less prone to contamination than nested
procedures), the use of negative controls and conﬁrmatory testing
of the discrepant samples, render false positive CMV DNA detection in our study highly unlikely. Hence, false negative results in
the viral culture assays constitute the most likely explanation for
the discrepant test results in our study.
Previous studies comparing viral culture with CMV PCR on urine
as initial or screening assay in the diagnosis of congenital CMV were
reviewed, and sensitivity and speciﬁcity was calculated with both
rapid CMV culture and real-time CMV PCR as reference (Table 3).
Assuming PCR as reference, sensitivity of viral culture ranged from
61.5% to 100%. Negative CMV PCR results of culture positive urine
samples were only described in earlier studies in which per report
several gel-based PCR assays were compared while optimizing
sensitivity.26,27 Internal controls for potential PCR inhibiting components present in urine28,29 were lacking in these studies.
Two of the three samples with discrepant test results in our
study were taken 17 days after birth, and we cannot exclude that
these were derived from postnatally acquired CMV infections.
Postnatal CMV infection commonly occurs, because of frequent
acquisition of CMV in the birth canal or from breast milk.6 The
restriction of samples taken within the ﬁrst 3 weeks of life
is considered safe to demonstrate congenitally acquired CMV
infection.5,6 However, literature contains mixed references to this
time frame,4,5,18,20 which is based on viral culture techniques and
might not necessarily be identical for more sensitive diagnostic
methods. Previous data have shown that CMV replicates with a

doubling time of approximately one day.30 Assuming that the analytical sensitivity of CMV PCR on urine is 100 times more sensitive
than viral culture,9 PCR could theoretically detect CMV 6.6 days
(100 log2 ) earlier than viral culture, hence on day 14 postpartum
compared to day 21 when using viral culture. Unfortunately, partially because of ethical reasons, neither clinical data nor other
materials (saliva, (dried) blood) could be retrieved from these
three newborns to discriminate congenital and postnatal infection.
Data from studies combining clinical data with real-time CMV PCR
results should address the distinction between congenitally and
postnatally acquired CMV infection.
In conclusion, our results are supported by with analytical and
clinical data on CMV DNA detection in neonatal urine and suggest
enhanced sensitivity of recent PCR techniques. There is considerable rationale to favor real-time CMV PCR as a gold standard in the
diagnosis of congenital CMV infection. A large-scale study combining laboratory and clinical data is required to determine the exact
time frame for sampling of neonatal urine when using real-time
PCR.

100
100
100

60
100
81.3
100
94.4
94.1
100
99.9
97.8

100
100
100

99.1
100
98.9
100
100
100
100
100
100
100
100
100

Speciﬁcity
PCR
Sensitivity
PCR
Speciﬁcity
culture

No funding.
100

77.8
100
61.5

100

89.3
100
66.7
100

Sensitivity
culture

Reference: viral culture (%)
Reference: CMV PCR (%)
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62.0% (44/71)
Tube

Shell vial culture included staining with CMV (early) antigen-speciﬁc MAbs.
Based on the number of PCR positive samples, with the exception of.27
241 out of 254 newborns were sampled <3 weeks of age.
Pool testing.
Multiple PCR assays per study; data from the optimized PCR with improved sensitivity were used in the calculations.
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Suspected cCMV (<2 weeks)
Screened newborns (<3 days)
Suspected cCMV (majority),
postnatal,
immunocompromised
Screened newborns
35 [2000]
27 [1996]
26 [1994]

36 [1988]

Screened newborns (<3 weeks)
34 [2001]

Dot blot-basede

75.0% (9/12)
1.8% (18/1000)
36.9% (52/141)
Shell vial
Tube
Shell vial

2.1% (7/332)
Tube

8.2% (28/340)
3.8% (10/260)
3.3% (3/91)
12.6% (32/254)
Shell vial
Shell vial
Shell vial
Shell vial
Suspected cCMV (<3 weeks)
Suspected cCMV (<3 weeksc )
Screened newborns (<2 weeks)
Suspected cCMV (<3 weeksc )
Present study
31 [2011]
32 [2010]
33 [2005]

Real-time, IC
Real-time,d IC
Real-time, IC
Nested,d IC,
gel-based
Multiplex,
gel-based
Real-time
Gel-basede
Gel-basede

Newborns included
(age at sampling)

PCR method

Culture
methoda

Proportion
CMV positiveb

No conﬂict of interest.

Reference
[publication year]

Table 3
Reports with data on both viral culture and CMV PCR on urine as initial or screening assay for diagnosing congenital CMV. Sensitivity and speciﬁcity of both viral CMV culture and CMV PCR were (re-)calculated with as reference
method viral culture and CMV PCR, respectively. IC; inhibition control, cCMV; congenital CMV.

J.J.C. de Vries et al. / Journal of Clinical Virology 53 (2012) 167–170

Ethical approval was not required.
Acknowledgements
We thank G.I. Arron, G.J.J. Guldemeester, S. Seven-Deniz, C.P.
Burghoorn-Maas (Dept. of Virology, Erasmus MC, Rotterdam) and
J. Karlas, E. de Jong and K. Dijkman (AMC, Amsterdam) for technical
assistance.
References
1. Barbi M, Binda S, Caroppo S, Ambrosetti U, Corbetta C, Sergi P. A wider role for
congenital cytomegalovirus infection in sensorineural hearing loss. Pediatr Infect
Dis J 2003;22:39–42.
2. Grosse SD, Ross DS, Dollard SC. Congenital cytomegalovirus (CMV) infection as a
cause of permanent bilateral hearing loss: a quantitative assessment. J Clin Virol
2008;41:57–62.
3. Korver AM, de Vries JJ, Konings S, de Jong JW, Dekker FW, Vossen AC,
et al. DECIBEL study: congenital cytomegalovirus infection in young children
with permanent bilateral hearing impairment in the Netherlands. J Clin Virol
2009;46(Suppl 4):S27–31.
4. Lazzarotto T, Guerra B, Lanari M, Gabrielli L, Landini MP. New advances in the
diagnosis of congenital cytomegalovirus infection. J Clin Virol 2008;41:192–7.
5. Revello MG, Gerna G. Diagnosis and management of human cytomegalovirus
infection in the mother, fetus, and newborn infant. Clin Microbiol Rev
2002;15:680–715.
6. Stagno S, Britt W. Cytomegalovirus infections. In: Remington JS, Klein JO, Wilson
CB, Baker CJ, editors. Infectious diseases of the fetus and newborn infant. 6th ed.
Philadelphia, PA: Saunders; 2006. p. 739–81.
7. Cytomegalovirus. Am J Transplant 2004;4(Suppl 10):51–8.
8. Preiksaitis JK, Brennan DC, Fishman J, Allen U. Canadian society of transplantation consensus workshop on cytomegalovirus management in solid organ
transplantation ﬁnal report. Am J Transplant 2005;5:218–27.
9. Sandin RL, Rodriguez ER, Rosenberg E, Porter-Jordan K, Caparas M, Nasim S, et al.
Comparison of sensitivity for human cytomegalovirus of the polymerase chain
reaction, traditional tube culture and shell vial assay by sequential dilutions of
infected cell lines. J Virol Methods 1991;32:181–91.
10. Baldanti F, Lilleri D, Gerna G. Monitoring human cytomegalovirus infection in
transplant recipients. J Clin Virol 2008;41:237–41.
11. Grifﬁths P, Whitley R, Snydman DR, Singh N, Boeckh M. Contemporary management of cytomegalovirus infection in transplant recipients: guidelines from an
IHMF workshop, 2007. Herpes 2008;15:4–12.

170

J.J.C. de Vries et al. / Journal of Clinical Virology 53 (2012) 167–170

12. Razonable RR, Paya CV, Smith TF. Role of the laboratory in diagnosis and management of cytomegalovirus infection in hematopoietic stem cell and solid-organ
transplant recipients. J Clin Microbiol 2002;40:746–52.
13. Kearns AM, Draper B, Wipat W, Turner AJ, Wheeler J, Freeman R, et al.
LightCycler-based quantitative PCR for detection of cytomegalovirus in blood,
urine, and respiratory samples. J Clin Microbiol 2001;39:2364–5.
14. Kearns AM, Turner AJ, Eltringham GJ, Freeman R. Rapid detection and quantiﬁcation of CMV DNA in urine using LightCycler-based real-time PCR. J Clin Virol
2002;24:131–4.
15. Kidd IM, Fox JC, Pillay D, Charman H, Grifﬁths PD, Emery VC. Provision of
prognostic information in immunocompromised patients by routine application of the polymerase chain reaction for cytomegalovirus. Transplantation
1993;56:867–71.
16. Boeckh M, Boivin G. Quantitation of cytomegalovirus: methodologic aspects and
clinical applications. Clin Microbiol Rev 1998;11:533–54.
17. Fox JC, Kidd IM, Grifﬁths PD, Sweny P, Emery VC. Longitudinal analysis
of cytomegalovirus load in renal transplant recipients using a quantitative
polymerase chain reaction: correlation with disease. J Gen Virol 1995;76(Pt
2):309–19.
18. Coll O, Benoist G, Ville Y, Weisman LE, Botet F, Anceschi MM, et al. Guidelines
on CMV congenital infection. J Perinat Med 2009;37:433–45.
19. Dollard SC, Schleiss MR, Grosse SD. Public health and laboratory considerations
regarding newborn screening for congenital cytomegalovirus. J Inherit Metab Dis
2010.
20. Gandhi RS, Fernandez-Alvarez JR, Rabe H. Management of congenital
cytomegalovirus infection: an evidence-based approach. Acta Paediatr
2010;99:509–15.
21. de Jong EP, Lopriore E, Vossen AC, Steggerda SJ, Te Pas AB, Kroes AC, et al. Is
routine TORCH screening warranted in neonates with lenticulostriate vasculopathy? Neonatology 2010;97:274–8.
22. De Vries JJC, Claas ECJ, Kroes ACM, Vossen ACTM. Evaluation of DNA extraction
methods for dried blood spots in the diagnosis of congenital cytomegalovirus
infection. J Clin Virol 2009;46(Suppl 4):S37–42.
23. 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. J Clin Microbiol 2004;42:1498–504.

24. van Doornum GJ, Guldemeester J, Osterhaus AD, Niesters HG. Diagnosing herpesvirus infections by real-time ampliﬁcation and rapid culture. J Clin Microbiol
2003;41:576–80.
25. Stagno S, Pass RF, Reynolds DW, Moore MA, Nahmias AJ, Alford CA. Comparative study of diagnostic procedures for congenital cytomegalovirus infection.
Pediatrics 1980;65:251–7.
26. Daiminger A, Schalasta G, Betzl D, Enders G. Detection of human
cytomegalovirus in urine samples by cell culture, early antigen assay and
polymerase chain reaction. Infection 1994;22:24–8.
27. Tsai CH, Tsai FJ, Shih YT, Wu SF, Liu SC, Tseng YH. Detection of congenital
cytomegalovirus infection in Chinese newborn infants using polymerase chain
reaction. Acta Paediatr 1996;85:1241–3.
28. Evans PC, Gray J, Wreghitt TG, Alexander GJ. Optimisation of the polymerase
chain reaction and dot-blot hybridisation for detecting cytomegalovirus DNA in
urine: comparison with detection of early antigen ﬂuorescent foci and culture.
J Virol Methods 1998;73:41–52.
29. Khan G, Kangro HO, Coates PJ, Heath RB. Inhibitory effects of urine on the polymerase chain reaction for cytomegalovirus DNA. J Clin Pathol 1991;44:360–5.
30. Emery VC. Viral dynamics during active cytomegalovirus infection and pathology. Intervirology 1999;42:405–11.
31. Paixão P, Almeida S, Videira PA, Ligeiro D, Marques T. Screening of congenital
cytomegalovirus infection by real-time PCR in urine pools. Eur J Pediatr 2011.
32. Vaudry W, Rosychuk RJ, Lee BE, Cheung PY, Pang X, Preiksaitis JK. Congenital cytomegalovirus infection in high-risk Canadian infants: report of a pilot
screening study. Can J Infect Dis Med Microbiol 2010;21:e12–9.
33. Paixão P, Almeida S, Gouveia P, Binda S, Caroppo S, Barbi M. Diagnosis of congenital cytomegalovirus infection by detection of viral DNA in urine pools. J Virol
Methods 2005;128:1–5.
34. Yamamoto AY, Mussi-Pinhata MM, Pinto PC, Figueiredo LT, Jorge SM. Usefulness
of blood and urine samples collected on ﬁlter paper in detecting cytomegalovirus
by the polymerase chain reaction technique. J Virol Methods 2001;97:159–64.
35. Schalasta G, Eggers M, Schmid M, Enders G. Analysis of human cytomegalovirus
DNA in urines of newborns and infants by means of a new ultrarapid real-time
PCR-system. J Clin Virol 2000;19:175–85.
36. Demmler GJ, Buffone GJ, Schimbor CM, May RA. Detection of cytomegalovirus
in urine from newborns by using polymerase chain reaction DNA ampliﬁcation.
J Infect Dis 1988;158:1177–84.

