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Since congenital cytomegalovirus (CMV) infection causes late-onset sequelae, the identification of CMV-
infected newborns is important. For this purpose, we established a simple real-time PCR assay using a filter
disk. Combined with the collection of urine using filter papers placed in the diaper, this assay can make CMV
screening more feasible and cost-effective.

Congenital cytomegalovirus (CMV) infection occurs in 0.2
to 1% of all births. In addition to infants with symptomatic
cases, a proportion of asymptomatically infected newborns
face a significant risk of late-onset sequelae (8, 9, 12, 16, 17, 22,
26). Since the early identification of congenitally infected new-
borns may lead to early intervention and antiviral treatment
options (14), a simple and inexpensive assay for CMV detec-
tion is required to implement screening programs for congen-
ital CMV infection (19).

In spite of the progress in PCR-based assays, the need for
DNA purification from body fluid specimens as well as the
labor, costs, and other problems associated with specimen col-
lection, transportation, and storage have limited the conve-
nience of these assays. Although a small volume of urine can
be used directly for PCR, inhibitors in urine reduce PCR
efficiency (6, 7, 13, 23). Robotic systems that may simplify the
DNA purification process (20) are not affordable for every
facility. The use of filter papers can resolve the problems as-
sociated with collection and storage, as exemplified by the use
of dried blood spots (10). Washing filter papers has reduced
the amount of inhibitors, which in turn has allowed for con-
ventional PCR on the filter disk (25). Alternatively, DNA sam-
ples have been extracted and/or purified from specimens on
filters and used for PCR (3, 5, 18, 27). Although dried blood
spots can be used for CMV screening (2), the assay may not
detect some cases of congenital infection, as blood specimens
contain smaller amounts of CMV than urine specimens (4, 11;
N. Inoue and S. Koyano, unpublished results).

In this study, we developed a real-time PCR assay using
urine specimens on filter disks as a template for the reaction
and demonstrated the assay’s technological potential for screen-
ing for congenital CMV infection.

First, we selected a filter paper on which PCRs could pro-

ceed efficiently (Fig. 1). Commercially available filter papers
were spiked with dilutions of purified CMV, and filter disks
obtained from the filters were added directly to PCR mixtures.
Since Isocode filters allowed more efficient amplification than
the others, these filters were used for the following experi-
ments.

Next, we found that only instruments equipped with a photo-
multiplier-tube scanning system (e.g., Stratagene MX3500P)
could be used for real-time PCR assays with filter disks in the
reaction mixture, due to the fact that instruments using a
charge-coupled device camera (e.g., ABI7700) were adversely
affected by nonspecific signals from the disks. The optimized
real-time PCR conditions were as follows. Fifty microliters of
reaction mixture contained 1� Brilliant quantitative PCR mas-
ter mix (Stratagene), 5 �g of bovine serum albumin, 100 ng of
salmon sperm DNA, 0.2 �M primers, 0.125 �M TaqMan
probe, and a 3-mm-diameter filter disk. The primers, probe,
and standards were described previously (17). The cycle con-
ditions were one cycle of 2 min at 50°C and 15 min at 95°C
followed by cycles of 15 s at 95°C, 30 s at 58°C, and 30 s at 72°C.

CMV diluted in CMV-negative urine was either added di-
rectly to the reaction mixture or applied to filter disks that were
then used as a template in the PCR. Both templates provided
a linear dose dependency in the real-time PCR assay (Fig. 2).
The ratios of the detected copy number to the input genome
copy number at each dilution were averaged, and the result
was defined as the detection efficiency. Detection efficiencies
for specimens added directly and specimens applied to disks
were 25 and 11% of input, respectively. With the detection
limit for standard DNA as a cutoff value (5 copies/reaction
mixture), 50 CMV genome copies on a disk were enough to
generate a positive signal.

To examine the practical applicability of the assay, 55 urine
specimens from 34 newborns and infants were collected. Eight
of the specimens corresponded to six congenital cases. Five of
these congenitally infected subjects were asymptomatic at
birth. Their congenital infections were identified by the detec-
tion of CMV-specific immunoglobulin M and confirmed by
PCR using dried umbilical cords (15). The collection and use
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of the specimens was approved by the Ethical Committee on
Human Subjects, and informed consent was obtained from
each parent(s). The three following forms of templates ob-
tained from the same original volumes of urine were compared
by PCR: (i) DNA purified from urine by using the QIAamp
viral RNA kit (QIAGEN), (ii) straight urine specimens, and
(iii) urine specimens on filter disks. There were good correla-
tions among the CMV copy numbers measured in the assays

using different forms of templates (correlation coefficients be-
tween each pair of the assays were 0.89 to 0.94) (Fig. 3; data
not shown). With 5 copies in a reaction mixture as the cutoff
value, 96% of the specimens negative in the assay using puri-
fied DNA were negative in the filter-based assay and 90% of
the specimens positive in the assay using purified DNA were
positive in the filter-based assay. Importantly, the CMV copy
numbers in urine specimens from all six infants with congenial
infections were �1,000-fold higher than the detection limit.

By adding CMV-spiked urine on filter papers inserted un-
derneath the inside surfaces of baby diapers, we confirmed that
the expected amounts of CMV were detected on those filters.
Finally, from 100 apparently healthy newborns and 1 infant
with congenital CMV infection, urine specimens were collected
onto filter papers placed in diapers. The detection of CMV on the
filters was performed blindly, and only the filter from the infant
with the congenital infection yielded a positive signal in the filter-
based assay.

We found that �60% of CMV DNA on filter disks was
eluted into a solution by incubation at 95°C for 30 min. DNA
recovery allowed for the confirmation of the filter-based PCR
results and genotyping of the positive specimens.

Saliva specimens are as useful as urine specimens for con-
genital CMV screening (1, 24). It is noteworthy that our filter-
based real-time PCR was applicable for saliva specimens also
(data not shown).

The advantages of the filter-based real-time PCR were as
follows: (i) minimum specimen handling; (ii) no liquid speci-
men phase before PCR, which eliminates the potential for
PCR contamination; and (iii) sensitive and quantitative mea-

FIG. 1. Selection of filter paper. Filter disks of 3 mm in diameter
(A to D) and a solution (Control) containing 5 � 105 (lane 1), 5 � 104

(lane 2), 5 � 103 (lane 3), and 0 (lane 4) genome copies of purified
CMV (Towne strain) were added to reaction mixtures for the conven-
tional PCR assay. Numbers of CMV genome copies were determined
by the real-time PCR assay described previously (17). Filter papers
compared were as follows: FTA Micro card (Whatman, United King-
dom) (A), Generation Capture card (Gentra Systems Inc., Minneap-
olis, MN) (B), plain filter for blood collection (Advantec, Japan) (C),
and Isocode (Schleicher & Schuell, Germany) (D). After PCR ampli-
fication, the PCR products were analyzed by gel electrophoresis. Ar-
rows indicate the expected PCR products. Lane M, 1-kb DNA ladder
marker.

FIG. 2. Efficiency of CMV detection by real-time PCR with a filter
disk in the reaction mixture. Purified CMV samples were diluted in
CMV-negative urine. Three microliters of the dilutions containing 5 �
105 to 5 � 101 CMV genome copies per reaction mixture was added
directly to 50 �l of the PCR mixture (“straight”). Three microliters of
the dilutions was also applied to filter disks of 3 mm in diameter. The
disks were rinsed with water and then added directly to a reaction plate
for real-time PCR (“on-disc”). The x axis indicates the quantity of
CMV virions added to each reaction mixture, and the y axis indicates
CMV copy numbers measured by the real-time PCR. The experiment
was done in triplicate.

FIG. 3. Comparison of real-time PCR assays using clinical urine
specimens. CMV viral loads in 55 urine specimens were measured by
the real-time PCR assays using DNA samples (equivalent to 3 �l of
urine specimens) purified from urine specimens and using filter disks
containing 3 �l of urine specimens. The obtained results were ex-
pressed as copy numbers per microliter of original urine specimen. For
each specimen, the CMV copy numbers obtained in the assay using
DNA purified from urine specimens (x axis) and those obtained in the
assay using the filter (y axis) are plotted. Specimens from five asymp-
tomatic newborns with congenital CMV infection obtained at birth
(n � 5) and 1 month later (n � 1) are indicated with closed and
hatched triangles, respectively. Specimens from a symptomatic new-
born with congenital CMV infection obtained at birth and 1 month
later, after treatment with ganciclovir, are indicated with closed and
hatched squares. Other specimens are indicated with open circles.
Dashed lines indicate the cutoff values.
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surements. The stability of DNA in filters has been demon-
strated previously (21). The assay cost, including the costs for
filters, reagents, and disposables and the wages of a technician,
totaled �$8 per specimen. Combined with urine collection
from diapers, our filter-based assay can be most suitable for
screening programs for CMV infections in newborns. Because
small sample volumes on filter disks might introduce unex-
pected errors in clinical settings, a pilot screening program to
verify the assay performance is under way.
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