CMV DNA IN PLASMA OF BLOOD DONORS

TABLE 3. CMV DNA in plasma samples*

Number of CMV DNA

Donor status samples Positive Negative Excluded
Seronegative donors 150 0 (0%) 150 (100%) 0 (0%)
Donors with seroconversion

Last seronegative sample 68 21 (3%) 641 (94%) 2§ (3%)

First seropositive sample 82 36 (44%) 43 (52%) 3li (4%)

Second seropositive sample 71 41 (6%) 66" (93%) 11 (1%)
Donors who were seropositive for at least 1 year 450 0 (0%) 450 (100%) 0 (0%)
Donors with elevated ALT$1 who were seropositive for at least 1 year 148 0 (0%) 148 (100%) 0 (0%)

* Data are reported as number (%).

e

val of no more than 365 days.

1t 76 U/L or more.

t+ Drawn 68 and 98 days before the first seropositive sample (median, 83 days).

+ Drawn 15 to 1513 days before the first seropositive sample (median, 192 days).

§ One due to ambiguous PCR results and one due to insuflicient sample volume for repeated testing after a positive PCR result. Drawn 35
and 105 days before the first seropositive sample (median, 70 days).

I One due to ambiguous PCR results and two due to insufficient sample volume for repeated testing after a positive PCR resuit.

1 Drawn 3 to 84 days after the first seropositive sample (median, 12.5 days).

Drawn 15 to 798 days after the first seropositive sample (median, 131 days). Fifty-seven of 66 samples (86%) were drawn after an inter-

1t Due to insufficient sample volume for repeated testing after a positive PCR result. Drawn 39 days after the first seropositive sample.

31,745 donations from approx. 12,800 donors
(January—December 2006)

15,094 CMV-seropositive donations

v

102 newly seropositive donations
(of previously seronegative donors)

87 samples available for CMV PCR

36 donations reproducibly CMV DNA—positive

Fig. 2. Prevalence of CMV DNA in plasma of blood donors due
to primary CMV-infections. Between January and December
2006, 36 out of 87 donations from newly seropaositive donors
contained CMV DNA (41%). 44 samples tested DNA-negative
and 7 samples were excluded (5 because of ambiguous results
and 2 due to insufficient sample volume for repeated testing
after a positive PCR result). Assuming the prevalence of CMV
DNA in the first seropaositive donation to be 41 percent for all
102 seroconversion cases results in a minimum rate of CMV
DNA-positive units of 42 out of 15,094 seropositive units
(0.28%) or 42 out of 31,745 units (0.13%), if the CMV-
serostatus is not considered.
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resulting in a sensitivity of 17 percent. A combined screen-
ing with neopterin, ALT, and WBC counts would have a
sensitivity of 71 percent, if all values outside the normal
range are considered (Table 4).

DISCUSSION

The prevalence of CMV DNA in plasma of newly seroposi-
tive donors was 44 percent in our study. To our knowledge,
the only other study examining CMV DNA in connection
with seroconversion of blood donors is the study of Drew
and colleagues'? who detected CMV DNA in only 2 of 192
first-time seropositive donors (1%).

One possible reason for this marked difference is the
lower limit of detection of the TagMan PCR (~13.5 geq/
mL) in comparison to the PCR applied by Drew and
coworkers (400 geq/mL). In the first part of our study, only
4 of 82 newly seropositive donors (5%) had CMV DNA
levels of 400 geq per mL or more in their first seropositive
sample. Furthermore, the interval to the last seronegative
donation is given as “8 weeks to years” in the study of
Drew and coworkers without any mean or medium inter-
val given. A high proportion of donors with long interdo-
nation intervals could have led to a lower number of CMV
DNA-positive donors, as the prevalence of CMV DNA in
our study was significantly higher after short interdona-
tion intervals. Even an influence of the different target
sequence used by Drew and coworkers (pol instead of gBY
cannot be excluded.

Zanghellini and colleagues® reported approximately
45 seronegative adolescents, who were screened for devel-
opment of CMV antibodies at monthly intervals. They
detected 6 seroconversion cases and tested plasma
samples from 5 seroconverted adolescents by CMV PCR
finding CMV DNA in samples from 4 subjects (80%). This
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positive donations, but they are not
expected to achieve complete neutral-
ization as studies of convalescent sera
showed neutralization capacities not
exceeding 50 percent.®

Early studies of CMV DNA showed
inconsistent results with some reports

of high prevalences even in seronegative

donors,*** which could not be repro-

" duced by validated PCR assays.* There-

fore, the need for appropriate validation
of PCR assays was stressed by Roback
and associates.*® Qur TagMan PCR was
carefully designed to detect CMV
genome with high sensitivity without
cross-reaction with other organisms’
DNA. Additionally, samples from all
study populations were processed in
arbitrary order, whereby CMV DNA was
detected in connection with serocon-
version, but not in plasma of 150

TABLE 4. Neopterin concentration, ALT level, and WBC count
as surrogate markers for CMV DNA in plasma of newly
seropositive donors
CMV DNA-~ CMV DNA-

Surrogate marker positive donors negative donors

Neopterin concentration (n = 56)" 13.6 = 9.1t 6.8 + 2.8t
<10 nmol/L 1 24
=10 nmolL 17 4
Donor sensitivity (%) 61 (17/28)

ALT level (n =79) 43.9 * 35.7¢ 23.2 = 11.2t
=30 or 40 UNL L 21 37
>30 or 40 UL 15 6
Donor sensitivity (%) 42 (15/36)

WBC count {n =78)§ 5.2 1.1¢ 63 * 1.9t
<4 x 10%L 6 3
Between 4 and 10 x 10%L 30 38
>10x 10%L 0 1
Donor sensitivity (%) 17 (6/36)

Combined screening (n = 56)*

All tests normal 8 21
Any test positive 20 7
Donor sensitivity (%) 71 (20/28)

* Neopterin was measured in a subset of 59 donors, of whom 3 had ambiguous PCR
results.

t p=0.001, p=0.002, and p = 0.004 for differences in neopterin concentrations, ALT
levels, or WBC counts between DNA-positive and DNA-negative donors, respectively.

t Values for female and male donors, respectively.

§ WBC counts for one CMV DNA-negative donor are missing.

seronegative donors or of 598 donors
who had been seropositive for at least

high prevalence of CMV DNA must be interpreted with
caution owing to the low number of subjects studied, but
it could be caused by the short screening interval, which
would be in accordance with our results.

In a study of 420 blood donors conducted by Glock
and coworkers,'®* CMV DNA in serum was detected solely
in an IgG-positive donor with equivocal results for IgM,
but not in 185 IgM-negative and IgG-positive donors. No
information about the date of seroconversion is supplied
by the authors, however.

Detection of CMV DNA in serum or plasma correlates
well with presence of infectious virus in transplant recipi-
ents?! and patients with AIDS.? Even if assays for detec-
tion of viable CMV with detection limits corresponding to
27 geq CMV DNA per mL have been described® most viral
cultures or shell vial assays have relatively low sensitivi-
ties.’? Therefore, detection of CMV DNA in plasma or
serum is routinely used for diagnosis and monitoring of
CMV infections in transplant recipients.?? Consequently,
CMV PCR has recently been suggested for screening of
cord blood samples used for transplantation,®

The concerns of some authors® about lacking infec-
tivity of CMV DNA-positive blood donations are based on
a single study of three renal transplant recipients with
active CMV infection showing CMV DNA in plasma to be
highly fragmented.*® But even the authors of this study
conclude that, “It is beyond doubt that CMV DNA load
measurements are important for prediction and diagnosis
of CMV disease.” Neutralizing antibodies against CMV
could reduce the infectivity of seropositive CMV DNA-

1978  TRANSFUSION - Volume 47, November 2007

1 year, 148 of whom even had elevated
ALT. Also ambiguous results of the
TaqMan PCR were detected only in connection with sero-
conversion. Those results may represent CMV DNA con-
centrations below the 95 percent detection limit, but to
ensure a conservative interpretation of the data, they had
been excluded from analysis. The presence of active infec-
tion in newly seropositive donors with detection of CMV
DNA in plasma‘is confirmed by a significantly higher per-
centage of donors with elevated levels of neopterin and
ALT compared to seroconverted donors without detection
of CMV DNA.

CMV DNA in plasma of seronegative donors during
the “window period” of CMV infections was rare in our
study, because CMV DNA was detected in the last sero-

negative sample of only 2 of 68 donors (3%). This is con- -

firmed by Drew and colleagues'” who studied the last
seronegative sample of 192 seroconverting donors,
finding only 1 DNA-positive sample (0.5%). In contrast,
2 donors in our study were CMV DNA-positive for at least
84 or 98 days, respectively. Further studies are necessary
to determine the duration of CMV DNAemia in asymp-
tomatic immunocompetent persons and to calculate the
risk of window-period donations,

Even if the percentage of donors with abnormal sur-
rogate markers like elevated ALT, elevated neopterin, or
low WBC count was significantly higher in CMV DNA-
positive donors compared to CMV DNA-negative donors,
the sensitivity for detection of CMV DNA-positive dona-
tions with all these unspecific markers for infectious dis-
eases was no more than 71 percent. Usually, cutoff limits
for surrogate markers are set beyond the normal range to
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prevent the exclusion of unnecessarily high numbers of
donors.¥ This would further decrease the sensitivity of
ALT and WBCs, especially, with for example only
11 percent of CMV DNA-positive donors having ALT
values outside the former German limits for blood dona-
tion. This is in contrast to the results of Drew and cowork-
ers'” who reported both seroconverted donors with CMV
DNA as being excluded from donation because of elevated
ALT (92 and 117 U/mL, respectively). As reported by oth-
ers® neopterin could be an option for blood donor screen-
ing with a sensitivity of 61 percent in our study. More
effective prevention of CMV transmission could be
achieved by transient exclusion of newly seroconverted
donors. This was already suggested by Beneke and
coworkers* who found a correlation between anti-CMV
IgM-positive donors and TT-CMV. Lamberson and
coworkers* confirmed that IgM-positive donors were
responsible for TT-CMV in 7 of 70 seronegative neonates,
whereas the only case of TT-CMV in 87 seronegative neo-
nates after transfusion of anti-CMV IgG-positive and IgM-
negative blood was explained by a false-negative result of
the IgM assay.

The period of exclusion is difficult to determine on
the basis of our data. The last CMV DNA-positive sample
was drawn 84 days after the first seropositive donation,
but additional samples were only available for 2 of 4
donors who tested CMV DNA-positive in their second
seropositive sample. Thus, we cannot determine the pos-
sible duration of CMV DNAemia after seroconversion. In
contrast, DNA-negative samples were available from 59 of
82 newly seropositive donors earlier than 1 year after the
first seropositive sample. Furthermore, 598 donors (148 of
whom even had elevated ALT), who had been seropositive
for at least 1 year, tested negative for the presence of CMV
DNA. This results in a 95 percent CI for the prevalence of
CMYV DNA-positive donors of less than 0.5 percent in this
donor population. So exclusion of newly seroconverted
donors for a period of 1 year after seroconversion seems to
be sufficient to avoid TT-CMV.

A seasonal reactivation of latent CMV infections
reported by Dumont and colleagues'® could not be found
in our donors. CMV reactivation in response to environ-
mental allergens, which was suggested by Dumont and
colleagues, could account for the differences, because a
correlation between reactivation and pine tree pollen
season was reported and those pollen are not a relevant
allergen in Germany. A simpler explanation would be the
use of systemic steroids in hay fever therapy,* which is
very rare in Germany, but no data are available on this.

Given that 1 of every 1,000 or 10,000 peripheral blood
monocytes from healthy CMV-positive individuals is sup-
posed to be latently infected with a range of 2 to 13 geq per
cell, 2% the number of latently infected monocytes in
WBC-depleted red blood cell (RBC) units was estimated to
be up to 50 and the CMV DNA concentration equals
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approximately 10° to 10° geq per unit.* Qur study yielded
comparable results for the mean CMV DNA concentration
in connection with seroconversion ranging from 10° geq
per unit in plasma-reduced RBC units to 10* geq per unit
in fresh-frozen plasma or platelet (PLT) concentrates.

The seroconversion rate of 0.8 percent in our donor
population corresponds well to the results of others, who
found a seroconversion rate among healthy blood donors
of between 0.2 and 1.2 percent.**% In a recent meta-
analysis Vamvakas' reports the risk of TT-CMV after
transfusion of WBC-reduced components as being
2.73 percent versus 1.45 percent after transfusion of com-
ponents from seronegative donors. He concludes that
CMV-seronegative blood components are more effica-
cious in preventing TT-CMV than WBC-reduced compo-
nents. Reviewing the included studies as well as other
studies about TT-CMV after transfusion of WBC-reduced
blood components shows great variations both in the rate
of TT-CMV and in the amount of blood products trans-
fused (Table 5).

Under the assumption that the prevalence of CMV
DNA in blood products due to primary CMV infections
was equal in the studies’ donor populations to the
minimum prevalence calculated for our institution
(0.13%), the percentage of patients who had been trans-
fused with CMV DNA-positive blood can be calculated
with the previously explained equation:

%Patients =100 X[1~ (1 —0.0013)umberof units ransfused )

With the exception of the study of Ohto and colleagues,*
this percentage is about equal to or even higher than the
percentage of patients actually developing TT-CMV. There
is no correlation between the rate of TT-CMV and the pro-
portion of patients potentially transfused with CMV DNA-
positive blood. This may be due to differences between
patient populations as well as donor populations, because
no study provides information about the rate of CMV
DNA-positive blood components or about factors influ-
encing it such as, for example, the proportion of newly
seroconverted donors relative to all seropositive donors or
the length of interdonation intervals of first-time sero-
positive donors.

The study of Ohto and coworkers' differs from the
other studies, because 94 percent of the studied neonates
were fed with milk from their seropositive mothers. There-
fore, the authors conclude that the observed CMV infec-
tions are probably unrelated to transfusions.*’

In the retrospective study of Nichols and associates,
only 6 percent of the transfused units had been WBC
reduced of CMV-seropositive donors, whereas 94 percent
were unfiltered units of seronegative donors. A multivari-
ate analysis identified only filtered RBCs from seropositive
donors associated with an elevated risk for TT-CMV of a
32 percent relative or about 1 percent (0.2%-2%) absolute
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TABLE 5. CMV infection after transfusion of WBC-depleted blood products and patients potentially transfused
with CMV DNA-positive blood due to primary CMV infections*

Percentage of patients

Sample Mean number of Percent with potentially transfused with
Report (year) size transfused units CMV infection CMV DNA—paositive bloodt
Murphy et al. (1988)*® 11 0 5.6
Bowden et al. (1989)* 17 0 18.4
De Graan-Hantzen et al. (1989)% 59 0 8.8
Gilbert et al. (1989)° 30 0 0.3
De Witte et al. (1990)°* 28 0 6.7
Bowden et al. (1991)% 35 189% 0 222
Eisenfeld et al. (1992)% 48 0 1.2
Van Prooijen et al. (1994)* 60 0 8.3
Bowden et al. (1995)° 250 1.2-2.4§ 12.7
Narvios et al. (1998)" 45 141l 2.2 171
Ohto et al. (1999)¢ 33 9.1 0.4
Pamphilon et al. (1999)% 62 Not specified 0 Not applicable
Nichols et al. (2003)* 807 24* 3.0 3.1
Narvios et al. (2005)'° 72 55-77t1 2.8 7.1-9.7

[1 — (1 — 0.0013)rvmber of s},

* This table summarizes studies included in the meta-analysis of Vamvakas" as well as two additional studies.'*?
t Estimated according to the mean number of units blood transfused in the respective study and to an assumed prevalence of CMV DNA
in the whole donor population due to primary CMV infections of 0.13 percent, with the previously explained formula: %pahents =100 x

1 164 units of WBC-reduced PLTs and 25 unfiltered RBC units from seronegative donors.
§ Dependent on whether infections occurring between Day 0 and Day 20 are counted.
Approximately 30 percent from unscreened donors and 70 percent from seronegative donors.
9 94 percent of neonates were fed with milk from CMV-seropositive mothers.

** 0.3 WBC reduced units from CMV-seropositive donors and 23.7 unfiltered units from seronegative donors
1t Dependent on the number of donations pooled for random PLT concentrates.

increase per RBC unit. This is comparable with the rate of
units from newly seropositive donors containing CMV
DNA estimated for our donor population (0.28%). Because
free CMV cannot be removed efficiently by WBC reduc-
tion, transmission of cell-free virus from newly serocon-
verted donors could be an explanation for at least some of
the cases of TT-CMV after transfusion of WBC-reduced
components.

We did not analyze whether res1dual WBCs in WBC-
depleted blood components of newly seroconverted or
latently infected donors contained CMV DNA. Neverthe-
less, it cannot be ruled out that the residual risk of TT-CMV
with WBC-depleted blood components is mainly due to
viremia in connection with seroconversion of blood
donors. In this instance, transfusion of WBC-reduced
blood components from seronégative donors would imply
a greater risk of TT-CMV than transfusion of WBC-reduced
blood from donors who have been seropositive for at least
1 year, because window-phase donations but no reactiva-
tion could be detected in our study. Therefore, there is an
urgent need for further studies comparing the risk of
TI-CMV after transfusion of WBC-reduced blood from
seronegative donors and donors who have been seroposi-
tive for at least 1 year.

In conclusion, the detection of CMV DNA was closely
related to the first detection of CMV IgG antibodies inup
to 62 percent of our newly seroconverted donors, depend-
ing on the interval to the last seronegative donation.
Otherwise, the probability of detection of CMV DNA in
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plasma of blood donors at least 1 year after seroconver-
sion was lower than 0.5 percent. Window-phase donations
occurred in‘'only 3 percent of seroconversion cases. On the
whole, the main souice of blood products containing free
CMV DNA were newly seroconverted donors. Thus, it is
necessary to discuss whether those donors sheuld be
excluded transiently from blood donations. Furthermore,
transfusion of WBC-reduced blood components from
seronegative donors could imply a greater risk of TT-CMV
than transfusion of WBC-reduced blood from donors who
have been seropositive for at least 1 year, because
window-phase donations but no reactivation could be
detected in our study. “ '
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