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An assay to accurately quantitate cytomegalovirus (CMV) load in finger-stick-collected dried blood spots (DBS) could poten-
tially be useful for field studies or for analyzing patient self-collected specimens. We therefore assessed CMV DNA load in paired
venipuncture-collected plasma samples and finger-stick DBS, using a previously validated quantitative PCR assay. Assay vari-
ability, sensitivity, and changes in viral load during antiviral therapy in finger-stick DBS were compared to the reference plasma
quantitative PCR assay, using 106 prospectively collected pairs of finger-stick DBS and plasma samples from 35 solid-organ
transplant (SOT) patients. The DBS assay showed good agreement with the reference plasma viral load assay on the log10 scale
(Pearson correlation coefficient, 0.92; P < 0.001). The 95% limit of detection of the DBS assay was estimated at 2,700 plasma cop-
ies/ml (675 plasma IU/ml). In 94% (76/81) of paired DBS and plasma samples above the limit of detection, the difference in CMV
load was <1 log10. CMV viral load changes during antiviral treatment were comparable in plasma and DBS. We conclude that
finger-stick DBS provides a convenient sample type for quantitation of CMV load that correlates well with plasma levels. Future
studies to optimize and evaluate this methodology for patient self-collected samples are warranted.

Assessment of cytomegalovirus (CMV) load in blood has been
shown to be clinically useful in various patient populations

(1). In transplant recipients, quantitation of CMV load in blood
(plasma, whole blood, peripheral blood mononuclear cells, or
lymphocytes) is commonly used for diagnosis of CMV disease, as
a marker for initiating antiviral therapy in patients receiving pre-
emptive therapy, and for monitoring response to therapy (1).
Typically, CMV quantitation is performed using blood collected
by phlebotomy (venipuncture). However, this approach requires
that patients have access to facilities and personnel where phlebot-
omy can be performed. This can be a limitation in situations
where such access is not readily available (field studies in resource-
limited settings or for patients who live long distances from med-
ical facilities).

Several previous studies described the use of dried blood spots
(DBS) for detection of CMV (2–12). However, most of these prior
studies using DBS for detection of CMV focused on children with
congenital CMV infection, where quantitation and monitoring of
viral load over time are not routinely performed. Other limita-
tions of prior studies have included relatively small numbers of
patients, use of systematically spotted cards with known pipetted
venipuncture-collected blood volumes (rather than utilizing ac-
tual finger-stick blood, in which precise volumes are not known
and homogeneity of blood on cards is not ensured), lack of com-
parison with concomitantly collected blood samples, or lack of
serially collected specimens for assessment of viral load changes
during treatment. To our knowledge, there are no prior published
studies that have specifically focused on quantitation of CMV in
finger-stick-collected DBS in transplant patients. If DBS are
shown to be useful for accurate quantitation of CMV load, they
might be a potentially useful tool to facilitate patient self-collected
samples that could ultimately be used for long-term natural his-
tory studies of viremia, adapted for use in field studies in resource-
limited settings, or used to facilitate monitoring for transplant
patients who do not have convenient access to phlebotomy facil-
ities or who are unwilling to undergo venipuncture. Also, unlike

plasma samples, in which processing procedures and storage con-
ditions are potential concerns (13), dried blood spots are stable for
months (14–16) and pose a low biohazard risk (17), and thus DBS
samples are suitable for routine transport through the existing
United States mail system.

The goal of the present study was to prospectively assess CMV
viral load in concomitantly collected finger-stick dried blood
spots and standard venipuncture-collected blood samples using a
previously published and validated CMV quantitative PCR assay.

MATERIALS AND METHODS
Patients and samples. This was a prospective, institutional review board-
approved study performed at the University of Washington. Written in-
formed consent was obtained from all participants. At the time of clini-
cally performed phlebotomy (venipuncture), blood was obtained by
finger stick by study personnel as follows. The finger pad of a digit was first
disinfected with an alcohol gauze pad saturated with 70% isopropyl alco-
hol for 2 s and then wiped dry with gauze. An Accu-Chek Safe-T-Pro
lancet (Roche Diagnostics, Indianapolis, IN) was used to puncture the pad
of the digit, and the resulting blood was blotted directly onto FTA-Elute
cards (Whatman International Ltd., United Kingdom), and allowed to
dry at room temperature for at least 24 h. The cards containing the dried
blood spots were stored at room temperature in multibarrier pouches
(Whatman International Ltd., United Kingdom) containing desiccant
pouches (MiniPax Sorbent; Multisorb Technologies, Inc., Buffalo, NY)
until processed for PCR. Venipuncture was performed according to stan-
dard procedures using 5.0-ml (K2EDTA) tubes (PPT plasma preparation
tube; BD Vacutainer, Franklin Lakes, NJ). Plasma was separated by cen-
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trifuging the tube at 2,500 rpm for 10 min and then stored at �70C until
processed for PCR.

Extraction and PCR from plasma and dried-blood-spot samples.
For plasma samples, DNA was extracted from 200 �l of plasma using a
Qiagen 96 blood kit (Qiagen Inc.) and eluted into 100 �l of Qiagen AE
buffer. Blood spot samples were collected on FTA Elute microcards (1-cm
diameter, with a maximum blood volume of 40 �l, according to the man-
ufacturer). A 3-mm paper puncher was used to punch 4 spots from each
blood card. The puncher was decontaminated with dry flame between
different cards. DNA was extracted from four 3-mm-diameter punches
and eluted into 100 �l autoclave-sterilized 5% Chelex (Bio-Rad Inc.) as
follows. The 4 spots were transferred into a 1.7-ml screw-cap vial and
washed twice using 1 ml of molecular grade water, vortexing, and then
removing the water using a 1-ml pipette. After washing, 100 �l of 5%
Chelex was added, and the vials were incubated at 95°C for 30 min, per the
manufacturer’s instructions, to elute the DNA from the paper.

Twenty microliters (i.e., 1/5 of the total) eluted DNA was used for
real-time TaqMan CMV PCR as described previously (18). Briefly, the
50-�l PCR mixture contained 25 �l of 2� QuantiTect multiplex PCR
master mix (Qiagen), a 415 nM concentration of each primer (gB and
IE-Ex4), and 100 nM concentrations of the probes (gB and IE-Ex4), and
the mixture was spiked with an internal control to monitor PCR interfer-
ence. To compare the CMV levels measured on plasma samples and on
blood card samples, CMV results were normalized to copies of CMV per
1 ml of plasma, using following formulas: CMV level on plasma sample �
(CMV copies per reaction � 1,000)/40 (each PCR used DNA from 40 �l
of plasma) and CMV level on blood spot sample � (CMV copies per
reaction � 1,000)/2.88/0.6 (each 1-cm blood spot contains about 40 �l of
blood; each PCR used DNA from about 2.88 �l of blood as noted above; in
blood approximately 60% of the volume is plasma). For conversion to
IU/ml, we used a conversion factor of 4 copies/IU, as determined by in-
ternal laboratory quality control studies.

Statistical analyses. To assess the association between quantitative
levels of the two measurement methods, linear regression was used. To
assess the association between plasma quantity CMV detected and pro-

portion positive by DBS, logistic, probit, and complementary log-log re-
gression analyses were performed using DBS as the outcome (19). The
predicted proportions positive for DBS were compared using each of these
models and quantifying plasma CMV in 1/2-log increments, in 1/4-log
increments, and continuously. Findings for all models were similar, with
probit models providing the best match to actual data.

RESULTS
Correlation of venipuncture and finger stick blood viral loads.
Table 1 shows the characteristics of the 35 patients in our study
population, which reflected the demographics of our solid organ
transplant service. Participants provided a median of 2 samples
per person (range, 1 to 12). We first compared the CMV load as
assessed in 106 paired dried blood spot and plasma samples from
these patients (Fig. 1). The DBS levels showed a linear correlation
with plasma levels throughout the measuring range of the assay
(slope of the regression line � 1.0; r � 0.92). Twenty-five (23.6%)
of the 106 sample pairs were positive by plasma PCR but negative
by the DBS assay. The plasma levels tended to be low for these
samples, with a median (range) of 320 (109 to 2826) copies/ml
compared to the overall median of 4,060 copies/ml. The ratio of
viral loads between the two assays for the remaining sample pairs
was assessed using the Bland-Altman analysis (Fig. 2). The cumu-
lative percentages of samples that differed according to specified
log differences in viral load between the two assays are shown in
Table 2.

Sensitivity of DBS versus plasma assay. The sensitivity of clin-
ical PCR assays is typically determined by evaluating multiple rep-
licates near the limit of detection using probit analysis and is then
expressed as the lowest viral concentration expected to test posi-
tive in 95% of replicates. By this definition the limit of detection of
our plasma PCR assay was found to be 80 copies/ml (20 IU/ml).
Since obtaining multiple replicate DBS from patients was not
within the scope of our protocol, we used the data from Fig. 1 to
estimate the plasma CMV concentration at which 95% of DBS
specimens would be expected to be positive. By probit modeling
(Fig. 3), we predict that the DBS assay will be 95% sensitive at a
plasma CMV concentration of 2,700 copies/ml (675 IU/ml), sug-
gesting that as currently performed, the DBS assay is less sensitive
than plasma PCR.

Assay variability. To evaluate the variability of the DBS and

TABLE 1 Characteristics of the study population

Characteristic n (%)

No. of patients 35
No. of samples 106

Mean 3.02
Median 2
Range 1–12

Age (yr)
Mean � SD 57.1 � 11
Range 30–75

Gender
Female 13 (37.1)
Male 22 (62.9)

Transplant type
Heart 4 (11.4)
Kidney 7 (20.0)
K/Pa 2 (5.7)
Liver 3 (8.6)
Lung 18 (51.4)
Other 1 (2.9)

Time posttransplantation (mo)
Mean � SD 20.5 � 40
Range 1.9–186.0

a K/P, kidney and pancreas.

FIG 1 Comparison of CMV viral load in dried blood spot and plasma sam-
ples.
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plasma quantitative PCR assays, we evaluated 8 separate DBS
and 5 aliquots of plasma each from one patient with low viral load
and from another patient with a high viral load. At high viral loads,
the DBS and plasma assays showed similar sample-to-sample vari-
ability (mean � SD of 5.0 � 0.10 log10 copies/ml versus 5.9 �
0.07). However, at low viral loads, the CMV levels determined by
DBS were more variable than those determined by plasma testing
(mean � SD of 3.6 � 0.54 log10 copies/ml versus 4.0 � 0.10),
likely due to the copy number of the low-viral-load sample being
close to the limit of detection of the DBS assay.

Changes in CMV load in DBS versus plasma samples during
therapy. To evaluate the potential clinical utility of DBS testing in
patients, we measured the CMV load in serially collected paired
DBS and plasma samples from three individual patients receiving
the antiviral drug ganciclovir (Fig. 4A to C). For all three patients,
the DBS and plasma measurements correlated well, and both tests
clearly demonstrated the drop in viral load following effective an-
tiviral therapy.

DISCUSSION

We describe a convenient and relatively sensitive quantitative PCR
assay for assessment of CMV load in dried blood spots obtained via
finger stick. The potential applications of this technology are broad
and include field studies in resource-limited settings and the use of
patient-self collected specimens that could facilitate monitoring for
patients who do not have convenient access to phlebotomy facilities

or who are unwilling to undergo venipuncture. This could be partic-
ularly relevant for transplant patients, since DBS have also been
shown to be suitable for assessing levels of immunosuppressant med-
ications (20). Thus, theoretically, two of the most commonly moni-
tored analytes in transplant patients (immunosuppressant-drug
levels and viral load) could potentially be assessed in patient self-
collected DBS samples that are sent to central laboratory facilities
using the standard United States mail system. Future studies to assess
patient preference, acceptability, and adherence to monitoring pro-
grams incorporating self-collected DBS specimens should be per-
formed. Studies to independently validate this method for other fre-
quently monitored viruses in the transplant setting (Epstein-Barr
virus [EBV], BK virus, and human herpesvirus 6 [HHV-6]) will be
required. Facilitating monitoring could have a significant clinical im-
pact in transplant patients, since failure to comply with recom-
mended CMV monitoring has been shown to be an important reason
for breakthrough CMV disease (21, 22).

The estimated sensitivity of the present CMV PCR assay using
dried blood spots was approximately 2,700 copies/ml (675 IU/ml)
in plasma, which, although lower than the sensitivity of the cur-
rent plasma PCR assay, approaches the sensitivity of a widely used
commercial assay, the COBAS Amplicor CMV monitor test (23)
(although not that of a more recently published commercial assay,
the Artus CMV Rotor-Gene (RG) PCR [24]) and is significantly
better than that of a previously published assay for CMV using
DBS (3). The sensitivity appears to approach levels adequate for
monitoring at least a subset of low-risk SOT patients based on
previously defined clinically significant CMV viral load thresholds
(1, 25). The appropriate viral load threshold for initiating antiviral
therapy in hematopoietic cell transplant (HCT) recipients appears
to be lower (26) than that for SOT recipients. However, in HCT
patients, who typically have long-term central venous catheters
(CVC), the utility of finger-stick DBS (versus blood drawn
through the CVC) is less clear. It is important to emphasize that
assays in the pre-WHO standard era often showed poor agree-
ment, making it difficult to directly extrapolate between previ-
ously defined clinically relevant threshold values and those in the
current assay (27, 28). Prospective trials to evaluate the use of DBS
for patient monitoring will be required. Modifications to the pres-
ent assay, including a greater input of dried blood spot sample,
might increase the sensitivity but will need to be specifically stud-

FIG 2 Bland-Altman plot showing the difference in CMV viral load between
dried blood spots and plasma as a function of the plasma viral load.

TABLE 2 Cumulative percentages of samples that differed according to
specified log differences in viral load between the DBS and plasma PCR
assays

Absolute log difference
in CMV load between
plasma and DBS

No. of values
(n � 81)

Cumulative
%

0.25 26 32
0.3 32 40
0.5 47 58
0.75 70 86
1 76 94
1.5 80 99
2 81 100

FIG 3 Probit modeling of the likelihood of DBS positivity as a function of
plasma CMV load.
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ied. Viral loads in DBS and plasma samples were generally com-
parable at clinically significant levels of viremia, and changes in
CMV load during treatment were also similar between the two
specimen types, suggesting that DBS could be used not only for
screening and diagnosis but also for monitoring response to ther-
apy. The variability for the DBS assay was greater than that for the
plasma CMV PCR assay and that reported for other DBS viral PCR
assays, especially at low viral loads. However, in prior studies,
known measured volumes of whole blood were systematically
spotted (pipetted) onto blood cards rather than spotted directly
from finger-stick blood. We hypothesize that this may have con-
tributed to the increased assay variability seen with directly spot-
ted blood compared to plasma samples. Given that an important
proportion of samples differed by �0.5 log between the plasma
and DBS assays, the same assay should be used to monitor viral
loads within an individual over time. Since direct finger-stick-
collected samples would offer the greatest flexibility (field sample
collection, patient self-collection), further studies should focus on
minimizing the variability of the assay. By assessing different ex-
traction methods, we were able to develop a relatively simple
method (boiling) that did not require expensive extraction re-
agents or equipment and that could be done readily in laboratories
that perform clinical PCR testing. Future studies should assess the
feasibility of automated DNA extraction from DBS.

The strengths of our study include the prospective study design
with simultaneously collected plasma and finger stick samples,
inclusion of a reasonable number of patients/samples, sequential
monitoring to define viral load changes over time during therapy,
and assessment of a broad range of solid-organ transplant pa-
tients. We also acknowledge potential limitations. Since only
solid-organ transplant patients were included, it will be important
to verify these results in other populations in whom CMV infec-
tion is a clinical problem. However, there is no biologic reason to
suggest that the type of patient population would influence the
results. Also, in the present study, finger-stick specimens were
obtained by research personnel, not by self-collection by patients.
Thus, future studies will need to verify that patient self-collected
specimens are comparable to those collected by trained staff. Also,
it would be important to determine whether patients consider
finger stick to be more acceptable than standard venipuncture if
methods using self-collected specimens (“home testing”) are to be
developed.

In summary, we have demonstrated that CMV DNA load can
be accurately assessed in dried blood spots collected by finger stick
and that the results are generally comparable to those obtained
with venipuncture-collected plasma specimens. Future studies

should define specific situations in which the use of DBS for CMV
load assessment might have advantages over the use of standard
venipuncture-collected specimens.
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