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Second generation blood tests to detect 
erythropoietin abuse by athletes: effective but
not preventive?

Although second generation blood tests to detect
erythropoietin abuse by athletes were proven ana-
lytically effective, they might hide some pitfalls.
The analytical efficiency to unveil blood doping
with novel agents, such us epoetin delta, is yet to
be proven. Then, the application of this antidoping
strategy produced negligible benefits in terms of
prevention. Finally, the current analytical proto-
cols, based on blood testing, might be virtually
unsuited to identify gene doping.
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The commercial availability of synthetic forms of
human erythropoietin (Epo) has represented a leading
mechanism to raise packet cell volume and aerobic per-
formances since the early 1990s, forcing the medical
community to develop effective antidoping strategies to
unmask the cheating.1 The improper use of Epo and ana-
logues by athletes is unacceptable for ethical and medical
reasons, as patients treated with or misuse EPO are at
serious risk of developing cancer, thrombosis and pure
red cell aplasia (PRCA), a rare but severe disorder sus-
tained by neutralizing anti-EPO antibodies.2-4

In recent issues of this Journal, some pitfalls in applica-
tion and interpretation of second-generation blood tests
to detect Epo abuse by athletes were identified and high-
lighted.5-6 At the light of recent happenings, we would
like to add further considerations. Unequivocally, the
ON- and OFF-model scores, developed on the base of
blood parameters sensitive to the exogenous stimulation
of erythropoiesis, achieved a satisfactory analytical effi-
ciency to detect doping with either recombinant human
erythropoietin (rHuEpo) or the Novel Erythropoiesis
Stimulating Protein (NESP). However, the potential to
unveil the use of novel molecules, such as epoetin delta,
the latest drug developed for the treatment of patients
with anemia related to renal failure, is yet uncertain.
Differently from rHuEpo or NESP, epoetin delta is pro-
duced by human cell lines, not via animal cells, and there-
fore displays physicochemical properties similar or iden-
tical to those of the naturally occurring hormone.7 Such
similarities might theoretically make epoetin delta indis-
tinguishable from endogenous Epo using the current uri-
nary test, which has been acknowledged as the gold stan-
dard for detection of Epo and its variants since April
2002. Epoetin delta abuse may still be detectable using
the current test protocol on blood; however, the antidop-
ing procedure will be incomplete, lacking of the final con-
firm on urine, mandatory to apply sanctions.

Despite a proven analytical effectiveness, this strategy
has not produced the expected benefits in terms of pre-
vention. Comparing results of blood tests carried by the
International Cycling Union (ICU) from 01.01.2003 to
23.08.2003 with the analogous period in the year 2002,
the positive cases of doping with rHuEpo or NESP raised
unexpectedly in both number and percentage (Table 1),8

arguing that blood testing might be an ineffective repres-
sive measure and thus failing one of its primary predicted
objectives.

Finally, the specter of gene doping is sadly looming.9

Revolutionary progresses in technology and biomedical
research have concretized gene transfer into human cells
and the modulation of endogenous genes expression,

offering attractive therapeutic opportunities, especially
for single-gene disorders, such as hemoglobinopathies.
Unfortunately, gene manipulation might as well become
an ideal doping practice, which might be virtually
unidentifiable by the current analytical protocols.
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Table 1. Positive cases for rHuEpo or NESP abuse identified during blood
tests carried by the International Cycling Union (statistical comparison
performed by the chi-square test). 

2002 2003 p
(January - August) (January - August)

Blood tests (n) 2086 2010 n.s.
Positive cases 3 (0.14%) 6 (0.30%) 0.016


