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2012 Summer Olympics



Russia’s state-sponsored doping system



(voice dubbed)

That is our system and in Russia 

that works only with pharma...

My coach fortunately works with 

Melnikov [Russian Head Coach] 

and he helps to cover up the 

tests. They allow him to change 

the dates for the controls. 

Oxandrolone [anabolic-

androgenic steroid] is very 

quickly out of my body again. It 

takes less than 20 days. We have 

tested that. 

My husband has very good 

contacts to the doping control 

laboratory.

Russia’s state-sponsored doping system

German television channel ARD, 2014



“The Russian 

Olympic team 

corrupted the 

London Games 2012 

on an unprecedented 

scale, the extent of 

which will probably 

never be fully 

established… The 

desire to win medals 

superseded their 

collective moral and 

ethical compass and 

Olympic values of 

fair play.”







Sport in crisis





Fairer Future for 
World-Class Sport
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Deterrent effect of sample storage for 10 years

WADA CODE 2015



“A new approach could involve monitoring the rate of improvements in

competition performance of an athlete from an early age, in combination
with monitoring of blood values or steroid profiles once an appropriate
level of competition is reached. Although sudden increases of
performance can be induced by many reasons other than doping
(improved training strategies, nutrition, growth in young athletes, etc),
such observations are nevertheless worthwhile to trigger target testing of
the athlete. In connection with data from blood and/or urine profiling,
such “ performance profiling ” might improve the identification of
suspicious athletes ’ behaviors. In a similar context, mathematical

analyses of winning patterns of gamblers are used with success to
identify cheaters in casinos”

Intelligent Testing

Wouter

Smak
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Despite more than 250,000 tests being 
carried out in the last year, only 36 

came back as positive for EPO.

“We are catching the dopey dopers, 
but not the sophisticated ones”.

David Howman
director general of the WADA

The Problem

www.cyclingnews.com/news/howman-reform-needed-in-anti-doping-fight/



Blood Doping Tests

Direct approach Indirect approach

Limited detection 
window (36-48h)

Cut-off limits
(e.g. 55% Hct)

False positive
False negative

Improves 
specificity and 

sensitivity

Blood passport

The different approaches



(adapted from Sottas et al., 2012)

Athlete A Athlete B

Athlete Biological Passport



Direct approach Indirect approach

Limited detection 
window (36-48h)

Cut-off limits
(e.g. 55% Hct)

False positive
False negative

Improves 
specificity and 

sensitivity

Blood passport

The different approaches

Integrative 
“omics” approach

Improves 
specificity and 
sensitivity ?

Blood Doping Tests



The “Omics” Cascade



Study design

1 2 3 4 5 7 8 9 10 weeks6

Blood sample Time trial/VO2max

rHuEpo injection
50 IU∙kg-1 body mass

Time points selected 
for  Gene expression 

analysis
Hbmass

SCO Group: 19 endurance trained males living and training

at or near sea-level (Glasgow, Scotland)

KEN Group: 20 Kenyan endurance runners living and

training at moderate altitude ~2150 m (Eldoret, Kenya)



Blood analysis

Sysmex XT-2000iFIMS Research Laboratory, 

Eldoret, Kenya

Reference Collaborating 
Centre of Sports 

Medicine for Anti-Doping 

Research 	



Haematocrit



SCO (n=18)

5 % FDR significant and ≥ 1.5FC: During rHuEpo

4 weeks

2 weeks

41

3510

0 419

2

0

2 days

41 (41↑ 0↓) 811 (736↑ 75↓)

394 (390 ↑ 4↓)

Gene profiling



32

SCO (n=18)

5 % FDR significant and ≥ 1.5FC: During rHuEpo

4 weeks

2 weeks

41

3510

0 419

2

0

2 days

41 (41↑ 0↓) 811 (736↑ 75↓)

394 (390 ↑ 4↓)

KEN (n=18)

4 weeks

2 weeks

60
4550

2 384

21

1

2 days

63 (63↑ 0↓) 901 (718↑ 183↓)

536 (533↑ 3↓)

Gene profiling



SCO (n=18)

5 % FDR significant and ≥ 1.5FC: Post rHuEpo

4 weeks

2 weeks

10

1250

0 114

4

1

1 week

11 (0↑ 11↓) 249 (7↑ 242↓)

139 (0↑ 139↓)

Gene profiling



SCO (n=18)

5 % FDR significant and ≥ 1.5FC: Post rHuEpo

4 weeks

2 weeks

10

1250

0 114

4

1

1 week

11 (0↑ 11↓) 249 (7↑ 242↓)

139 (0↑ 139↓)

Gene profiling

5

4 weeks 

2 weeks

6

250

22 134

0

0

1 week

28 (0↑ 28↓) 187 (4↑ 183↓)

31 (0 ↑ 31↓)



Future applicability?

“abnormal”
fluctuation

“abnormal”
fluctuation

The Athlete Biological Passport?

“normal”
fluctuation



Confounders: Exercise/Altitude/Transfusions



45 Genes 

(EPO 50 IU/BM,

4 weeks)

Altitude (~2300m, 2 weeks)

26
17

GeneChip HTA 2.0 from 

Affymetrix UK Ltd 

(>285,000 full-length 

transcripts)

Exercise

GeneChip HTA 2.0 from 

Affymetrix UK Ltd 

(>285,000 full-length 

transcripts)

Transfusion

GeneChip HTA 2.0 from 

Affymetrix UK Ltd 

(>285,000 full-length 

transcripts)

2

>123

Confounder 

Analysis



GENE DOPING EXERCISE MGFs TRANSFUSIONS HGF FGFs CERA HEMATIDE

MYO INHIBITORS ALTITUDE GH EPO CORTISOL TESTOSTERONE LH PPARd

AICAR PDGF IGF-1 dEPO HIF CG VEGF COCKTAIL 1
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www.sub2hrs.com







www.sub2hrs.com







The SUB2 Project (www.sub2hrs.com)



The SUB2 Project (www.sub2hrs.com)



The SUB2 Project (www.sub2hrs.com)



Sub2-Maurten Partnership



25 September, 2016





Sub2-Maurten Partnership











Sub2-Vodafone Partnership



Sub2-Vodafone Partnership



Sub2-Vodafone Partnership



New Sub2 Partnership







THE MAKING OF ME 

The SUB2 Project (www.sub2hrs.com)

Thank you
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