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In the fight against doping, detection of doping substances in biological matrices is

paramount. Analytical possibilities have evolved and sanctioning a doping scenario by

detecting forbidden bioactive compounds circulating unmodified in blood is nowadays

very attractive. In addition, the World Anti-Doping Agency (WADA) introduced the

Athlete Biological Passport (ABP) a decade ago as a new paradigm inferring the use

of prohibited substances or methods through longitudinal profiling, or serial analyses

of indirect biomarkers of doping, to be both scientifically and legally robust. After the

introduction in 2008 of an hematological module (i.e., based on variations of blood

variables) aiming to identify enhancement of oxygen transport and any form of blood

transfusion or manipulation, a urinary steroidal module was additionally introduced

in 2014 composed of concentrations and ratios of various endogenously produced

steroidal hormones. Some evidence tends to discredit steroid profiles obtained from

urine analyses to detect the use of endogenous androgenic anabolic steroids (EAAS),

when administered exogenously, due to high rates of false negatives with short half-life

and topical formulations rendering profile alteration only minimal or equivocal. On the

other hand, steroid hormones quantification in blood showed a promising ability to detect

testosterone doping and interesting complementarities to the ABP thanks to the most

recent analytical techniques (UHPLC-HRMS or/and MS/MS). This perspective article

explores the opportunities of blood samples to monitor not only hematological but also

steroid profiles in elite athletes.
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The definition of doping in sport may be subject to several interpretation. According to the
World Anti-Doping Code (WADA, 2018a), antidoping provisions may be considered violated
when an athlete uses or attempts to use a prohibited substance or method or when a prohibited
substance is detected in the urine or blood. The technical ability of an antidoping laboratory to
detect such substance is hence key and nowadays warranted by strict international standards for
laboratories and operating guidelines. While testosterone was isolated in 1927 and synthetically
produced in 1935 (Kremenik et al., 2006), anabolic androgenic steroids (AASs) were only banned
by the International Olympic Committee (IOC) and international sporting federations in 1974
(Gosetti et al., 2013) with a widespread screening of AAS since the 1976 Montreal Summer
Olympics (275 drug tests with 12 gas chromatographs capable of screening over 200 banned
substances) (Dugal et al., 1980; Kremenik et al., 2007). Urine and later blood collections have
increased over time to reach the 322,050 samples analyzed in 2017. This large number is often
put in perspective with the 2% rate of official adverse or atypical results in the tests performed in
laboratories accredited by the World Anti-Doping Agency (WADA) (WADA, 2018b). This rate
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shall however be interpreted with care for several reasons. First,
some tests may preventively deter doping simply by indicating to
the athletes that they may be tested at any time. Second, because
drug tests give priority to specificity rather than sensitivity: false-
negative results underestimate true doping prevalence because
of a lack of sensitivity (Kremenik et al., 2006). In an ideal
scenario, laboratories would prospectively define and publicize
standard testing procedures for all kind of substances, including
unambiguous criteria for concluding positivity, and have the
procedures validated in blinded experiments beforehand. Such
experiments would define the substance, its dose, methods
of delivery, timing of use relative to testing, and variations
due to individual differences in metabolism (Berry, 2008).
However, antidoping is a forensic science, not a medical one.
When screening any sample for putative banned substances, the
freedom to set sensitivity and specificity to an appropriate level is
restricted in an antidoping context (Sottas et al., 2008a).

In parallel, blood samples are widely collected with more
than 125,000 analyses in 2017 conducted mostly in serum or
plasma (WADA, 2018b) for erythropoiesis stimulating agents
(ESAs), growth hormone (GH), or growth hormone releasing
factors (GHRFs). Since the first blood tests carried out at the 1994
Lillehammer Winter Olympic Games, blood analyses became
widespread before major cycling events in 1997 (Robinson et al.,
2005). The introduction of the hematological module of the ABP
and its recognized potential (Robinson et al., 2011; Sottas et al.,
2011; Schumacher et al., 2012) have consistently helped to make
blood sampling more common and more widely accepted by
athletes. A widely held view by antidoping scientists is that blood
represents a much better human fluid than urine to establish the
dose/effect response of a substance and to get a better biological
signature of doping (Saugy et al., 2009).

Since several rapid methods to simultaneously detect
numerous doping substances exist (Saugy et al., 2000; Ahrens
et al., 2012), urine samples are still preferred to blood not
only due to less invasive sampling but also because a slower
metabolic rate in urine render their concentration of AASs and
metabolites higher (or detectable) there at a given timepoint
(Gosetti et al., 2013). Finding an exogenous forbidden substance
in an athlete’s urine sample may represent the simplest way to
lead to a rule violation and sanction. However, doping practices
have now evolved to circumvent shortened detection windows
in conjunction with the exogenous application of micro-doses
of substances already present in the body (e.g., testosterone).
In response, WADA introduced the Athlete Biological Passport
(ABP) a decade ago as a new paradigm inferring the use
of prohibited substances or methods through longitudinal
profiling, or serial analyses of indirect biomarkers of doping,
to be both scientifically and legally robust (Vernec, 2014). A
first hematological module (i.e., based on variations of blood
parameters) introduced in December 2008 aimed to identify
enhancement of oxygen transport and any form of blood
transfusion or manipulation (Sottas et al., 2011). With more
than 700 sanctions linked to the ABP monitoring for the last
10 years, this indirect approach may be considered successful
(WADA, 2018b). A urinary module was additionally introduced
in 2014 to monitor various endogenously produced steroidal

hormones (Saugy et al., 2014). The bases of a module were
indeed already introduced in 2008 (Sottas et al., 2008b). For
instance, this steroidal module measures the concentrations of
several glucuroconjugated and free urinary compounds linked
to testosterone (T) and its metabolism: T, epitestosterone
(E), androsterone (A), etiocholanolone (Etio), 5α-Androstane-
3α,17β-diol (5αAdiol) and 5β-Androstane-3α,17β-diol (5βAdiol)
and the T/E, A/T, A/Etio, 5αAdiol/5βAdiol, and 5αAdiol/E
(Kuuranne et al., 2014;WADA, 2018c). Currently, some evidence
however tends to discredit steroid profiles obtained from urine
analyses to detect the use of exogenous AAS (Ayotte, 2010).
Several confounding factors may induce high rates of false
negatives. First, ranges of reference values often only refer
to male Caucasian subjects that may not be extrapolated to
all athletes (especially females) (Van Renterghem et al., 2010).
Second, with the use of topical or transdermal formulations of
T, large inter-individual variability in several markers render
profile alteration only minimal or equivocal (Kotronoulas et al.,
2018). Notably, low dosages of doping substances result in very
short detection windows (Sottas et al., 2008a). Furthermore,
the menstrual cycle undeniably impacts the ratios followed in
the ABP. Changes in the T/E ratio during the cycle (due to
variable excretion rates of epitestosterone) were thus reported
with a marked effect of hormonal contraceptives (Schulze et al.,
2014). More interestingly the use of an emergency contraceptive
could potentially lead to an atypical profile in the ABP software
(Mullen et al., 2017). Then, exogenous factors such as urine
contamination by microorganisms (de la Torre et al., 2001;
Mazzarino et al., 2011) alcohol and tea consumption (Kuuranne
et al., 2014) were also reported to complicate the interpretation
of steroid profiles in urine. Overall, the current urinary
steroid profile in the ABP is challenged because of important
pharmacological (formulation type and administration route),
technical (sample preparation) and biological (bacterial, and
enzymatic alteration) issues (Mareck et al., 2008).

For example, Figure 1 illustrates a clear benefit in terms
of increased sensitivity (i.e., with a much lower limit of
quantitation) for testosterone detection in serum vs. urine
after the application of a testosterone transdermal patch. The
concentration at which quantitative results can be reported with
a high degree of confidence is thus much lower in blood vs. urine.

In the view of a better harmonization, WADA has enacted
a technical document of sport specific analysis (WADA, 2019b)
encouraging the collection of serum samples for the detection of
GH use. It is thus of prime importance to highlight the good
stability of the blood matrix when testing for hormones in an
antidoping context. For instance, storage of serum and plasma
samples at 4◦C was shown to be suitable for most hormones
up to 120 h (Evans et al., 2001). Similarly, in an antidoping
context, insulin like growth factor-I and type III procollagen
peptide were stable in serum or clotted blood samples stored at
4◦C for 5 days (Holt et al., 2009). Further, in an older study,
T and androstenedione were remarkably stable in plasma (with
the limitation of the radioimmunoassay measurement method)
(Wickings and Nieschlag, 1976). The interest of plasma samples
is obvious when trying to tackle a doping scenario because doping
substances are targeted unmodified in their bioactive milieu (i.e.,
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FIGURE 1 | Example of testosterone detection by mass spectrometry in an urine and serum sample from one single subject after the administration of a transdermal

testosterone patch. Modified from Ponzetto et al. (2018) with permission. LOQ, limit of quantitation; T/E, Testosterone/Epitestosterone ratio.

closer to the exogenous application time), and samples are more
difficult to falsify (Gosetti et al., 2013).

In terms of the chronological evolution of the main challenges
and solutions in doping control analysis (Botre, 2008), state-of-
the-art methods applied by accredited antidoping laboratories
highlight future perspective for pertinent analyses on blood
samples (Ponzetto et al., 2016). In a clinical context, medical
diagnosis mostly rely on the analyses of blood samples also
because of the availability of a laboratory with mass spectrometry
analyses as gold standard for androgenic hormone screening
(Handelsman and Wartofsky, 2013). For blood sample collected
in an antidoping context (e.g., ABP samples), robust guidelines
already exist to ensure limited time to analysis and sample
stability (i.e., Blood Stability Score, BSS) (Robinson et al., 2016;
WADA, 2019a). As a perspective to improve the ABP, the serial
monitoring of steroid profiles in athletes trying to avoid AAS
use detection (Alquraini and Auchus, 2018) could potentially
be done from blood samples. In a recent study, an ultra-
high performance liquid chromatography–high-resolution mass
spectrometry (UHPLC-HRMS) method was developed for the
quantification of 11 endogenous steroids in serum. In that
study, concentration values measured by HRMS showed high
correlation with the ones obtained by “traditional” tandem mass
spectrometry (MS/MS) for all target hormones, with low absolute
differences in the majority of cases suggesting that that HRMS
could provide suitable performance for blood steroid analysis

in the antidoping field (Ponzetto et al., 2018). In this context,
“steroidomics” open the way to the untargeted simultaneous
evaluation of a high number of compounds (Boccard et al.,
2011). Such an approach could definitely open new antidoping
perspectives for the screening of steroid metabolites after
testosterone ingestion (Boccard et al., 2014) and is not limited
to urinary samples. Indeed, the court of arbitration of sport
has already taken a decision to sanction two female athletes
because the “analysis of blood samples taken from both athletes
established that such samples collected shortly before the Rio
2016 Olympic Games were found to contain an excessive
concentration of testosterone” (TAS-CAS, 2019).

This decision in fact recognizes the utility of the blood
analysis of steroids, because the biological interpretation of their
concentration in blood, which may be affected by the intake
of prohibited substances, is known to be more robust than
in urine. From a legal point of view, there would be a clear
advantage to use the same blood sample to “synchronize” the
hematological and steroidal profiling. Repeated incentives have
been formulated to improve the ABP in particular by including
various information sources (Vernec, 2014) like performance
data or external information from investigations.

Next-generation “omics,” especially as applied to blood
samples, have long been proposed as useful markers of doping
(Reichel, 2011). For example, a very robust transcriptomic
response (up to 3 weeks) after recombinant human
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erythropoietin administration was reported (Durussel et al.,
2016). At the protein and metabolite level, recent research also
used steroidomics to highlight novel biomarkers of testosterone
doping in serum (Ponzetto et al., 2019). Further technological
progress with current initiatives (Pitsiladis et al., 2016) is thought
to lead to the development of robust biomarkers that are less
prone to biological and technical bias, and valid in a court of
law (Neuberger et al., 2011). Since current (blood and urine)
samples can be stored for up to 10 years under the current
WADA Code (WADA, 2018a), it may be very useful to collect
more blood samples with the future discovery of new types of
target compounds in mind.

One first step could indeed be to selectively analyze
hematological and steroid profile from the same blood
sample. Then, the numerous serum samples collected for
GH detection (as per the compulsory discipline-specific
analyses (TDSSA) by WADA (WADA, 2019b) could serve as
a starting point to set reference values for steroid profiles in
several population types. Interestingly, such reference values
(for the hematological profiles) were recently published from
blood samples collected in all athletes participating in two
subsequent track & field events (International Association
of Athletics Federations (IAAF) World Championships)
(Robinson et al., 2019). Such an ideal scenario with samples
collected in an athletic cohort is however challenging and
costly to conduct but the need to utilize the ABP under
such conditions my help facilitate the gathering of these
samples and their subsequent analysis. Finally, the rapidly
increasing analytical and data processing capabilities may

also open avenues for a more widespread use of dried blood
spots (DBS) samples in an antidoping context (Cox and
Eichner, 2017). For instance, WADA as the main regulator
of antidoping policies, strategically supports advances in
antidoping with methodology that uses big data, and artificial

intelligence for pattern recognition (Zaier, 2014), or initiatives
to use machine learning techniques to enhance detection of
substances (Maass, 2019).

In conclusion, despite the limitations inherent in the use
of urinary steroidal profiling described here, there remains
sufficient grounds to conduct the longitudinal profiling of
steroids in blood due to the recent advances in mass
spectrometry. The simultaneous profiling of the hematological
and steroid modules in blood may help elucidate diverse
molecular pathways, and allow a more complete investigation
of the proteome and the metabolome. With the prospect of
enhanced detection, antidoping organizations will be compelled
to utilize the full scientific potential of methods to fully exploit
the stored serum samples. Successful antidoping in the future
predicates further advances in the detection of prohibited
substances (or methods) in plasma and serum and these
developments will inevitably pave the way for more blood to be
drawn from athletes.

AUTHOR CONTRIBUTIONS

RF andMS drafted the manuscript. RF, JS, andMS contributed to
revising the manuscript and expressed their approval of the final
submitted version.

REFERENCES

Ahrens, B. D., Starcevic, B., and Butch, A. W. (2012). Detection

of prohibited substances by liquid chromatography tandem mass

spectrometry for sports doping control. Method. Mol. Biol. 902, 115–128.

doi: 10.1007/978-1-61779-934-1_10

Alquraini, H., and Auchus, R. J. (2018). Strategies that athletes use to avoid

detection of androgenic-anabolic steroid doping and sanctions. Mol. Cell

Endocrinol. 464, 28–33. doi: 10.1016/j.mce.2017.01.028

Ayotte, C. (2010). Detecting the administration of endogenous

anabolic androgenic steroids. Handb. Exp. Pharmacol. 77–98.

doi: 10.1007/978-3-540-79088-4_4

Berry, D. A. (2008). The science of doping. Nature 454:692. doi: 10.1038/454692a

Boccard, J., Badoud, F., Grata, E., Ouertani, S., Hanafi, M., Mazerolles, G., et al.

(2011). A steroidomic approach for biomarkers discovery in doping control.

Foren. Sci. Int. 213, 85–94. doi: 10.1016/j.forsciint.2011.07.023

Boccard, J., Badoud, F., Jan, N., Nicoli, R., Schweizer, C., Pralong, F., et al. (2014).

Untargeted profiling of urinary steroid metabolites after testosterone ingestion:

opening new perspectives for antidoping testing. Bioanalysis 6, 2523–2536.

doi: 10.4155/bio.14.200

Botre, F. (2008). New and old challenges of sports drug testing. J. Mass spectr. 43,

903–907. doi: 10.1002/jms.1455

Cox, H. D., and Eichner, D. (2017). Mass spectrometry method to

measure membrane proteins in dried blood spots for the detection

of blood doping practices in sport. Anal Chem. 89, 10029–10036.

doi: 10.1021/acs.analchem.7b02492

de la Torre, R., de la Torre, X., Alia, C., Segura, J., Baro, T., and Torres-Rodriguez,

J. M. (2001). Changes in androgenic steroid profile due to urine contamination

by microorganisms: a prospective study in the context of doping control. Anal.

Biochem. 289, 116–123. doi: 10.1006/abio.2000.4918

Dugal, R., Masse, R., Sanchez, G., and Bertrand, M. J. (1980). An integrated

methodological approach to the computer-assisted gas chromatographic

screening of basic drugs in biological fluids using nitrogen selective detection.

J. Anal. Toxicol. 4, 1–12. doi: 10.1093/jat/4.1.1

Durussel, J., Haile, D. W., Mooses, K., Daskalaki, E., Beattie, W., Mooses, M., et al.

(2016). Blood transcriptional signature of recombinant human erythropoietin

administration and implications for antidoping strategies. Phys. Genom. 48,

202–209. doi: 10.1152/physiolgenomics.00108.2015

Evans, M. J., Livesey, J. H., Ellis, M. J., and Yandle, T. G. (2001). Effect of

anticoagulants and storage temperatures on stability of plasma and serum

hormones. Clin. Biochem. 34, 107–112. doi: 10.1016/S0009-9120(01)00196-5

Gosetti, F., Mazzucco, E., Gennaro, M. C., and Marengo, E. (2013). Ultra

high performance liquid chromatography tandem mass spectrometry

determination and profiling of prohibited steroids in human biological

matrices. A review. J. Chromatogr. B 927, 22–36. doi: 10.1016/j.jchromb.2012.

12.003

Handelsman, D. J., and Wartofsky, L. (2013). Requirement for mass spectrometry

sex steroid assays in the Journal of Clinical Endocrinology and Metabolism. J.

Clin. Endocrinol. Metab. 98, 3971–3973. doi: 10.1210/jc.2013-3375

Holt, R. I., Erotokritou-Mulligan, I., Ridley, S. A., McHugh, C. M., Bassett, E.

E., Cowan, D. A., et al. (2009). A determination of the pre-analytical storage

conditions for insulin like growth factor-I and type III procollagen peptide.

Growth Horm. IGF Res. 19, 43–50. doi: 10.1016/j.ghir.2008.06.001

Kotronoulas, A., Gomez-Gomez, A., Fabregat, A., Segura, J., Yang, S., Xing, Y.,

et al. (2018). Evaluation of markers out of the steroid profile for the screening

of testosterone misuse. Part I: transdermal administration. Drug Test Anal. 10,

821–831. doi: 10.1002/dta.2338

Kremenik, M., Onodera, S., Nagao, M., Yuzuki, O., and Yonetani, S. (2006). A

historical timeline of doping in the olympics (Part 1 1896–1968).Kawas. J. Med.

Welfare 12, 19–28.

Frontiers in Sports and Active Living | www.frontiersin.org 4 September 2019 | Volume 1 | Article 30

https://doi.org/10.1007/978-1-61779-934-1_10
https://doi.org/10.1016/j.mce.2017.01.028
https://doi.org/10.1007/978-3-540-79088-4_4
https://doi.org/10.1038/454692a
https://doi.org/10.1016/j.forsciint.2011.07.023
https://doi.org/10.4155/bio.14.200
https://doi.org/10.1002/jms.1455
https://doi.org/10.1021/acs.analchem.7b02492
https://doi.org/10.1006/abio.2000.4918
https://doi.org/10.1093/jat/4.1.1
https://doi.org/10.1152/physiolgenomics.00108.2015
https://doi.org/10.1016/S0009-9120(01)00196-5
https://doi.org/10.1016/j.jchromb.2012.12.003
https://doi.org/10.1210/jc.2013-3375
https://doi.org/10.1016/j.ghir.2008.06.001
https://doi.org/10.1002/dta.2338
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles


Faiss et al. Blood vs. Urine Sampling in Antidoping

Kremenik, M., Onodera, S., Nagao, M., Yuzuki, O., and Yonetani, S. (2007). A

Historical Timeline of Doping in the Olympics (Part II 1970–1988). Kawas. J.

Med. Welfare 12, 69–83.

Kuuranne, T., Saugy, M., and Baume, N. (2014). Confounding factors and genetic

polymorphism in the evaluation of individual steroid profiling. Br. J. Sports

Med. 48, 848–855. doi: 10.1136/bjsports-2014-093510

Maass, W. (2019). Machine Learning for EPO Detection. Kaiserslautern: German

Research Center for Artificial Intelligence. Available online at: https://www.

dfki.de/en/web/news/detail/News/machine-learning-for-epo-detection-joint-

project-by-wada-and-dfki/ (accessed August 14, 2019).

Mareck, U., Geyer, H., Opfermann, G., Thevis, M., and Schanzer, W. (2008).

Factors influencing the steroid profile in doping control analysis. J. Mass Spectr.

43, 877–891. doi: 10.1002/jms.1457

Mazzarino, M., Abate, M. G., Alocci, R., Rossi, F., Stinchelli, R., Molaioni, F., et al.

(2011). Urine stability and steroid profile: towards a screening index of urine

sample degradation for anti-doping purpose. Anal. Chim. Acta. 683, 221–226.

doi: 10.1016/j.aca.2010.10.003

Mullen, J. E., Thorngren, J. O., Schulze, J. J., Ericsson, M., Garevik, N.,

Lehtihet, M., et al. (2017). Urinary steroid profile in females - the impact of

menstrual cycle and emergency contraceptives. Drug Test Anal. 9, 1034–1042.

doi: 10.1002/dta.2121

Neuberger, E. W., Moser, D. A., and Simon, P. (2011). Principle considerations

for the use of transcriptomics in doping research. Drug Test Anal. 3, 668–675.

doi: 10.1002/dta.331

Pitsiladis, Y. P., Tanaka, M., Eynon, N., Bouchard, C., North, K. N., Williams, A.

G., et al. (2016). Athlome Project Consortium: a concerted effort to discover

genomic and other “omic” markers of athletic performance. Physiol. Genom.

48, 183–190. doi: 10.1152/physiolgenomics.00105.2015

Ponzetto, F., Boccard, J., Nicoli, R., Kuuranne, T., Saugy, M., and Rudaz, S. (2018).

UHPLC-HRMS analysis for steroid profiling in serum (Steroidomics). Method

Mol. Biol. 1738, 261–278. doi: 10.1007/978-1-4939-7643-0_18

Ponzetto, F., Boccard, J., Nicoli, R., Kuuranne, T., Saugy, M., and Rudaz, S. (2019).

Steroidomics for highlighting novel serum biomarkers of testosterone doping.

Bioanalysis. 11, 1171–1187. doi: 10.4155/bio-2019-0079

Ponzetto, F., Giraud, S., Leuenberger, N., Boccard, J., Nicoli, R., Baume, N.,

et al. (2016). Methods for doping detection. Front. Horm. Res.47, 153–167.

doi: 10.1159/000445177

Reichel, C. (2011). OMICS-strategies and methods in the fight against doping.

Foren. Sci. Int. 213, 20–34. doi: 10.1016/j.forsciint.2011.07.031

Robinson, N., Kirchbichler, A., Banuls, O., Mader, M., Aikin, R., Sottas, P. E., et al.

(2016). Validation of a Blood Stability Score as an easy-to-use blood sample

quality index. Int. J. Lab. Hematol. 38, 685–693. doi: 10.1111/ijlh.12557

Robinson, N., Saugy, J., Schutz, F., Faiss, R., Baume, N., Giraud, S., et al.

(2019). Worldwide distribution of blood values in elite track and field

athletes: biomarkers of altered erythropoiesis. Drug Test Anal. 11, 567–577.

doi: 10.1002/dta.2526

Robinson, N., Saugy, M., Vernec, A., and Pierre-Edouard, S. (2011). The athlete

biological passport: an effective tool in the fight against doping. Clin. Chem. 57,

830–832. doi: 10.1373/clinchem.2011.162107

Robinson, N., Schattenberg, L., Zorzoli, M., Mangin, P., and Saugy, M. (2005).

Haematological analysis conducted at the departure of the Tour de France

(2001). Int J Sports Med. 26:200–207. doi: 10.1055/s-2004-830495

Saugy, M., Cardis, C., Robinson, N., and Schweizer, C. (2000). Test methods:

anabolics. Baillieres Best Pract. Res. Clin. Endocrinol. Metab. 14, 111–133.

doi: 10.1053/beem.2000.0058

Saugy, M., Lundby, C., and Robinson, N. (2014). Monitoring of biological markers

indicative of doping: the athlete biological passport. Br. J. Sports Med. 48,

827–832. doi: 10.1136/bjsports-2014-093512

Saugy, M., Robinson, N., and Saudan, C. (2009). The fight against doping: back on

track with blood. Drug Test Anal. 1, 474–478. doi: 10.1002/dta.93

Schulze, J. J., Mullen, J. E., Berglund Lindgren, E., Ericsson, M., Ekstrom,

L., and Hirschberg, A. L. (2014). The impact of genetics and hormonal

contraceptives on the steroid profile in female athletes. Front. Endocrinol.5:50.

doi: 10.3389/fendo.2014.00050

Schumacher, Y. O., Saugy, M., Pottgiesser, T., and Robinson, N. (2012).

Detection of EPO doping and blood doping: the haematological module of

the Athlete Biological Passport. Drug Test Anal. 4, 846–853. doi: 10.1002/

dta.406

Sottas, P. E., Robinson, N., Rabin, O., and Saugy, M. (2011). The athlete

biological passport. Clin. Chem. 57, 969–976. doi: 10.1373/clinchem.2011.

162271

Sottas, P. E., Saudan, C., and Saugy, M. (2008a). Doping: a paradigm shift has taken

place in testing. Nature 455:166. doi: 10.1038/455166a

Sottas, P. E., Saudan, C., Schweizer, C., Baume, N., Mangin, P., and Saugy,

M. (2008b). From population- to subject-based limits of T/E ratio to

detect testosterone abuse in elite sports. Foren. Sci. Int. 174, 166–172.

doi: 10.1016/j.forsciint.2007.04.001

TAS-CAS (2019). The Court of Arbitraition for Sport (CAS) Amends the

Periods of Ineligibility of Ukrainian Sprinters Olha Zemliak and Olesia Povh.

Lausanne. Available online at: https://www.tas-cas.org/fileadmin/user_upload/

CAS_Media_Release_5654_5655.pdf (accessed June 11, 2019).

Van Renterghem, P., Van Eenoo, P., Geyer, H., Schanzer, W., and Delbeke, F. T.

(2010). Reference ranges for urinary concentrations and ratios of endogenous

steroids, which can be used as markers for steroid misuse, in a Caucasian

population of athletes. Steroids 75, 154–163. doi: 10.1016/j.steroids.2009.11.008

Vernec, A. R. (2014). The Athlete Biological Passport: an integral element

of innovative strategies in antidoping. Br. J. Sports Med. 48, 817–819.

doi: 10.1136/bjsports-2014-093560

WADA (2018a). 2015World Anti-Doping Codes with 2018 Amendments. Montreal,

QC: WADA, 156.

WADA (2018b). 2017 Anti-Doping Test Figures. Montreal, QC: WADA.

Available online at: https://www.wada-ama.org/en/resources/laboratories/anti-

doping-testing-figures (accessed June 06, 2019).

WADA (2018c). WADA Technical Document TD2018EAAS. Montreal, QC:

WADA Laboratory Expert Group.

WADA (2019a). Athlete Biological Passport Operating Guidelines. Version 7.1 ed.

Montreal, QC: WADA.

WADA (2019b).WADA Technical Document for Sport Specific Analysis. Montreal,

QC: TDSSA Expert Group.

Wickings, E. J., and Nieschlag, E. (1976). Stability of testosterone and

androstenedione in blood and plasma samples. Clin. Chim. Acta. 71, 439–443.

doi: 10.1016/0009-8981(76)90095-4

Zaier, Z. (2014). Anti-Doping Intelligence System Project–Roadmap. Montréal.

Available online at: https://www.wada-ama.org/sites/default/files/resources/

files/wada-dr.-zaier-presentation.pdf (accessed October 29, 2019).

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Faiss, Saugy and Saugy. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Sports and Active Living | www.frontiersin.org 5 September 2019 | Volume 1 | Article 30

https://doi.org/10.1136/bjsports-2014-093510
https://www.dfki.de/en/web/news/detail/News/machine-learning-for-epo-detection-joint-project-by-wada-and-dfki/
https://www.dfki.de/en/web/news/detail/News/machine-learning-for-epo-detection-joint-project-by-wada-and-dfki/
https://www.dfki.de/en/web/news/detail/News/machine-learning-for-epo-detection-joint-project-by-wada-and-dfki/
https://doi.org/10.1002/jms.1457
https://doi.org/10.1016/j.aca.2010.10.003
https://doi.org/10.1002/dta.2121
https://doi.org/10.1002/dta.331
https://doi.org/10.1152/physiolgenomics.00105.2015
https://doi.org/10.1007/978-1-4939-7643-0_18
https://doi.org/10.4155/bio-2019-0079
https://doi.org/10.1159/000445177
https://doi.org/10.1016/j.forsciint.2011.07.031
https://doi.org/10.1111/ijlh.12557
https://doi.org/10.1002/dta.2526
https://doi.org/10.1373/clinchem.2011.162107
https://doi.org/10.1055/s-2004-830495
https://doi.org/10.1053/beem.2000.0058
https://doi.org/10.1136/bjsports-2014-093512
https://doi.org/10.1002/dta.93
https://doi.org/10.3389/fendo.2014.00050
https://doi.org/10.1002/dta.406
https://doi.org/10.1373/clinchem.2011.162271
https://doi.org/10.1038/455166a
https://doi.org/10.1016/j.forsciint.2007.04.001
https://www.tas-cas.org/fileadmin/user_upload/CAS_Media_Release_5654_5655.pdf
https://www.tas-cas.org/fileadmin/user_upload/CAS_Media_Release_5654_5655.pdf
https://doi.org/10.1016/j.steroids.2009.11.008
https://doi.org/10.1136/bjsports-2014-093560
https://www.wada-ama.org/en/resources/laboratories/anti-doping-testing-figures
https://www.wada-ama.org/en/resources/laboratories/anti-doping-testing-figures
https://doi.org/10.1016/0009-8981(76)90095-4
https://www.wada-ama.org/sites/default/files/resources/files/wada-dr.-zaier-presentation.pdf
https://www.wada-ama.org/sites/default/files/resources/files/wada-dr.-zaier-presentation.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

	Fighting Doping in Elite Sports: Blood for All Tests!
	Author Contributions
	References


