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This study gathered information about current practices of cytomegalovirus (CMV) infection management in allogeneic stem
cell transplant recipients at Spanish centers. A wide variety of preemptive antiviral therapy strategies for CMV infection guided
by real-time PCR assays was found, yet the incidence of CMV disease was low (<3%).

Preemptive antiviral therapy has been adopted by most centers
as the mainstay strategy for the prevention of cytomegalovirus

(CMV) end-organ disease in the allogeneic stem cell transplanta-
tion (Allo-SCT) setting (1). Despite the publication of several
guideline recommendations for the management of CMV infec-
tion in Allo-SCT recipients (2–5), the strategies deployed at vari-
ous centers differ notably. Quantitative real-time PCR assays
(qRT-PCRs) have largely replaced the pp65 antigenemia (AG)
assay for guidance of preemptive antiviral therapy (6). In this con-
text, there is no consensus regarding critical issues, such as the
most convenient blood specimen for CMV DNA testing and, most
strikingly, about what the CMV DNA load threshold is at which
preemptive antiviral therapy should be initiated and when antivi-
ral treatment should be interrupted (5, 7). Until recently, CMV
DNA loads measured by different qRT-PCRs were not directly
comparable because of intrinsic differences in the performance of
the assays and the nature of the calibrators (5). This is now possi-
ble with the advent of the first WHO international standard for
human cytomegalovirus (NIBSC code 09/162) (8). The present
study arose from an initiative of the Infectious Disease Committee
of the Spanish Group of Hematopoietic Transplantation and was
designed to gather information on current practices in the man-
agement of CMV infection in the era of highly sensitive qRT-PCRs
at centers performing adult and pediatric Allo-SCTs. To our
knowledge, no survey of similar characteristics has yet been pub-
lished.

In November 2012, a questionnaire was submitted to all of the
Spanish centers that, according to the Spanish National Organi-
zation of Transplantation, perform both related and unrelated
Allo-SCTs. The survey included questions inquiring about (i) the
method used for CMV monitoring (if it was a qRT-PCR, the
method used for DNA extraction, whether the qRT-PCR method
used was developed in house or commercially available, the spec-
imen used for CMV DNA quantitation, the CMV DNA load
threshold for initiation of preemptive antiviral therapy, and the
criteria for interruption of this therapy), (ii) the periodicity and
duration of CMV monitoring, (iii) the minimal duration of anti-
viral therapy, and (iv) the accumulated annual (within 2012) in-
cidence of CMV end-organ disease, as defined by conventional
criteria (9). The survey inquired exclusively about practices in use
at the different centers during the year 2012.

Twenty-one (72.5%) of the 29 centers performing both related
(52.16% of the total; median, 15.0 [range, 2 to 33] transplants/

center) and unrelated (47.84% of the total; median, 14.5 [range 2
to 30] transplants/center) Allo-SCTs responded to the survey.
Twenty centers reported performing adult Allo-SCTs (n � 19) or
adult and pediatric Allo-SCTs (n � 1). One center performed
exclusively pediatric Allo-SCTs. Thus, 22 programs were evalu-
ated. Eleven programs (50%) performed more than 30 transplants
per year. Almost 75% of the Allo-SCT programs (performing 70%
[692 of 999] of the transplant performed in 2012) responded to
our questionnaire; thus, the data presented here likely reflect the
contemporary state of the matter in our country.

All of the responding centers used the modality of preemptive
antiviral therapy. No center used universal antiviral prophylaxis
under any circumstances. Seven programs reported the use of oral
valganciclovir (900 mg/12 h at induction doses) as the first line of
therapy, seven programs used intravenous ganciclovir (5 mg/kg/
day at induction doses), and eight programs used either drug (cri-
teria for the use of one drug or the other were not disclosed).
Foscarnet was used mainly as a second-line option for the treat-
ment of episodes of active CMV infection that did not respond to
(val)ganciclovir therapy (stable or increasing CMV DNA loads
after 3 weeks of therapy) or in patients experiencing ganciclovir-
related neutropenia. Foscarnet was used at 60 mg/kg/12 h (n �
11), 90 mg/kg/12 h (n � 7), or 60 mg/kg/8 h (n � 4). In all of the
programs, qRT-PCRs were used primarily for CMV monitoring
of recipient-positive/donor-positive (R�/D�), R�/D�, and
R�/D� patients. CMV surveillance of R�/D� patients was per-
formed by qRT-PCRs by all but two programs, which alternatively
used the AG assay. Sixteen programs used plasma specimens for
CMV DNA quantitation. Whole blood was used by the remaining
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six programs. The use of a wide variety of DNA extraction and
qRT-PCR methods was reported. Table 1 shows the different
combinations of DNA extraction and qRT-PCR methods used. Of
note, all of the centers used fully automated DNA extraction
methods and all but one used commercially available qRT-PCRs.
Only one center participated in a national or international trial
evaluating the analytical performance of qRT-PCRs (Hospital La
Princesa, Madrid; see reference 10).

All of the centers followed a non-risk-adapted preemptive

antiviral therapy strategy. In all of the programs, a single qRT-
PCR analysis yielding a CMV DNA load above a preestablished
cutoff was sufficient to trigger the initiation of preemptive an-
tiviral therapy. All of the programs but one used the same CMV
DNA load cutoff for initial episodes and recurrences. In four
programs, either two consecutive CMV DNA loads below the
threshold or the demonstration of increasing CMV DNA levels
(not reaching the established cutoff) could prompt the initia-
tion of preemptive therapy. CMV DNA loads triggering the

TABLE 1 Methods of CMV monitoring in Allo-SCT recipients and preemptive antiviral therapy strategies for prevention of CMV end-organ disease
at Spanish centers responding to the survey

Center
code no.

Nucleic acid extraction/qRT-PCR
methodsj

Specimen
type

Weekly CMV
monitoring
frequency

CMV DNA threshold (copies/ml)
for initiation of preemptive
antiviral treatment

Criterion for interruption
of preemptive antiviral
therapy (copies/ml)

Minimum antiviral
treatment duration
(days)

1 COBAS AmpliPrep/COBAS TaqMana Plasma 3 �500 �LOD 28
6 COBAS AmpliPrep/COBAS TaqMan Plasma 1–2 �150 � LOD 18
9 COBAS AmpliPrep/COBAS TaqMan Plasma 1 5,000 in 1 determination or

increase in CMV DNA load in
2 consecutive determinations

�1,000 21

14 COBAS AmpliPrep/COBAS TaqMan Plasma 1 �150 2 consecutive results
�LOD

14

15 COBAS AmpliPrep/COBAS TaqMan Plasma 2 �400 Variable 14
16 COBAS AmpliPrep/COBAS TaqMan Plasma 2 �600 �600 14
17 COBAS AmpliPrep/COBAS TaqMan Plasma 2 500 in 2 consecutive

determinations or �1,000 in 1
determination

2 consecutive results
�LOD

14

22 COBAS AmpliPrep/COBAS TaqMan Plasma 1 500 in 1st episodes and �1,000 in
recurrences

�LOD 14

12 COBAS AmpliPrep/COBAS TaqMan Whole bloodb 1 �400 �150 28
7 COBAS “AmpliPrep/”In-house

developed assayc
Whole blood 1 �400 �400 28

3 NucliSENS easyMag/Affigene CMV
Trenderd

Plasma 1–2 �150 �LOD 28

8 NucliSENS easyMag/Affigene CMV
Trender

Plasma 2 �600 �100 28

10 NucliSENS easyMag/Affigene CMV
Trender

Plasma 1–2 �100 �100 in two consecutive
determinations

14

5 NucliSENS easyMag/Simplexa CMVe Plasma 1 �1,000 �LOD 10–14
11 NucliSENS easyMag/Simplexa CMV Plasma 1 �400 �400 14
18 Abbott m2000SP/Abbott New

RealTime CMVf
Plasma 2 �500 �100 14

21 Abbott m2000SP/Abbott New
RealTime CMV

Plasma 1 �1,000 2 consecutive results
�LOD

14

19 NucliSENS easyMag/RealStar CMV
PCR kitg

Whole blood 1–2 500 in 2 consecutive
determinations or �1,000 in 1
determination

�LOD 14

20 NucliSENS easyMag/RealStar CMV
PCR kit

Whole blood 2 �1,000 �LOD 28

4 QIAamp DNA minikit/Affigene CMV
Trender

Whole bloodh 2 500 in 2 consecutive
determinations or �1,000 in 1
determination

�LOD 14

13 DNA extraction kit Vitro/Simplexa
CMV

Plasma 2 �700 �700 14

2 NucliSENS easyMag/Q-CMV Real
Time Complete kiti

Whole blood 1 �1,000 �1,000 14

a The LOD (limit of detection) is 100 copies/ml (plasma), according to the manufacturer.
b The COBAS AmpliPrep/COBAS TaqMan PCR has been approved by the FDA for use only with plasma specimens. The LOD of the assay with whole-blood specimens has not
been disclosed by the manufacturer.
c The LOD of the in house real-time PCR was not reported.
d The LOD is 100 copies/ml (plasma), according to the manufacturer.
e The LOD is 25 copies/ml (plasma; DNA extraction with NucliSENS easyMag), according to the manufacturer.
f The LOD is 20 copies/ml (plasma), according to the manufacturer.
g The LOD of the assay with whole blood has not been disclosed by the manufacturer. The LOD of the assay with plasma specimens is approximately 50 copies/ml, according to the
manufacturer.
h The LOD is 500 copies/ml with whole-blood specimens, according to the manufacturer.
i The LOD is 158 copies/ml (whole blood), according to the manufacturer.
j NucliSENS easyMag from bioMérieux, Marcy l’Etoile, France; Q-CMV Real Time Complete kit from ELITtech-Nanogen, Dieren, The Netherlands; Affigene CMV Trender from
Cepheid, Sunnyvale, CA, USA; QIAamp DNA minikit from Qiagen, Valencia, CA, USA; Simplexa CMV from Focus Diagnostics, Cypress, CA, USA; DNA extraction kit from Vitro
S.A., Seville, Spain; Abbott m2000SP and Abbott New RealTime CMV from Abbott Diagnostics, Lake Forest, IL, USA; RealStar CMV PCR kit from Altona Diagnostics, San
Francisco, CA, USA.
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start of preemptive therapy varied widely; between 100 and
5,000 copies/ml when plasma specimens were used and be-
tween 400 and 1,000 copies/ml when whole-blood specimens
were used (Table 1). Insofar as CMV DNA loads measured in
whole blood are approximately 1 log10 higher than those quan-
titated in plasma (6), the programs using the former strategy
might be overtreating patients. Strikingly, plasma CMV DNA
load cutoffs were even found to vary widely among centers
using the same nucleic acid extraction method and qRT-PCR.
Namely, centers using Roche systems and reagents could initi-
ate antiviral therapy upon the detection of 150 to 5,000 copies/
ml. The above-described differences were even heightened
when CMV DNA loads (in copies/ml) were normalized to IU/
ml, according to the conversion factor recommended by the
respective manufacturer. Namely, the CMV DNA load trigger-
ing the initiation of antiviral therapy could vary between 145
and 3,850 IU/ml at centers using Roche’s systems and reagents
(conversion factor, 0.97) and between 780 and 1,560 IU/ml at
centers using Abbott’s methods (conversion factor, 1.56). Fur-
thermore, programs using a given qRT-PCR (i.e., Simplexa
CMV) could use different automated methods for nucleic acid
extraction (i.e., NucliSENS easyMag or Vitro). In this sense, it
was previously shown that different automated systems are not
equally efficient for CMV DNA extraction from plasma speci-
mens; thus, the choice of the extraction method notably influ-
ences the magnitude of the CMV DNA loads measured by a
given qRT-PCR (11).

The criterion for interrupting preemptive antiviral therapy was
also found to vary widely among the programs (Table 1), this
being a single or two consecutive negative qRT-PCR results (un-
detectable CMV DNA load), detection of CMV DNA loads of
�100 to 1,000 copies/ml, or two consecutive CMV DNA loads of
�100 copies/ml after a minimum of 2 to 4 weeks of therapy.

All programs performed CMV surveillance testing at least once
a week during the first 100 days following transplantation. CMV
DNA load monitoring was performed twice or three times a week
by 13 programs (at four centers, only for hospitalized patients).
CMV surveillance testing was later performed at each patient’s
visit until day �180 (in most programs). In all programs, the
duration and frequency of CMV surveillance after day �100 was
determined mainly by the patient’s net state of immunosuppres-
sion; patients receiving high-dose corticosteroids for severe acute
or chronic severe graft-versus-host disease (GvHD) were moni-
tored longer.

The accumulated incidence of CMV end-organ disease during
2012 was 2.82% (11 cases of gastrointestinal disease in 389 Allo-
SCTs [379 adult and 10 pediatric patients]). All cases of CMV
end-organ disease were reported to occur in adult patients and
were diagnosed within the first 165 days following Allo-SCT (me-
dian, day 55; range, days 23 to 164; 8 cases occurring within the
first 100 days after transplantation). This enquiry was responded
to by 12 of the 22 programs. This study has several limitations. (i)
It was not designed to evaluate whether the above-detailed differ-
ences among programs had any impact on other relevant clinical
outcomes, such as drug-related toxicity or the incidence of CMV-
induced indirect effects. (ii) The incidence of CMV end-organ
disease was reported by only about half of the participating cen-
ters. (iii) Detailed information concerning the demographic and
clinical characteristics of the patients at each center (i.e., CMV
serostatus of donors and recipients, incidence of GvHD and cor-

ticosteroid use, prevalence of antiviral resistance. . .) was not re-
quested.

In summary, our study revealed striking differences among
centers in CMV surveillance practices for the prevention of CMV
end-organ disease, especially regarding the criteria that triggered
the start of preemptive antiviral therapy, yet the overall incidence
of CMV end-organ disease was reported to be �3%, with minor
variations among centers. This is likely to be extrapolated to other
centers in the world that are using molecular methods for CMV
monitoring and emphasizes the need to harmonize CMV DNA
load thresholds across centers, perhaps adapted to the individual
patient’s risk, for triggering of preemptive antiviral therapy. With
the advent of the first WHO standard, this goal is potentially
achievable.
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