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Golden four
IAAF meetings

Birkeland, Donike, Ljungqvist, 
Fagerhol, Jenssen, Hemmersbach, 

Oftebro & Haug 

Int J Sports Med 1997: 18(1) 8.

Blood sampling in doping controls:
First experiences from regular 

testing in athletics

1993-94

Historical facts



www.doping.chuv.ch

First blood sampling in 
Olympics: 

1993-94

Historical facts
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Gareau, Audran, Baynes, Flowers, 
Duvallet, Sénécal & Brisson

Nature, 1996 ,380, 113

Erythropoietin abuse in athletes

Ratio 
serum Transferrin receptor/

Ferritin

1996

Historical facts
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FIS and UCI
Put threshold limits 

for resp. Hb and Hct: 

Paris-Nice March 1997:

First “no Start”:

Hematocrit: 57%

1996-1997

Historical facts
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2000

The Australian
Approach

Indirect 
with blood markers

On and Off score

Historical facts
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The French
Approach 

Direct:
Urinary EPO

Lasne  & de Ceaurriz 
Recombinant erythropoietin in urine. Nature 2000 405(6787):635

2000

Historical facts
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2003

Malcovati
Pascutto
Cazzola

Historical facts
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Large between-rider variance

Hgb
Population mean value is 149 g/L for males and 
133 g/L for females

Between-rider variance = 57.2g/L

Within-rider variance = 28.2g/L

Principles of blood passport 
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Haemoglobin:
from population to athlete-specific 

values Population limit  = 170
Male population mean = 149

Current Threshold at 170 g/l:
Much room for many athletes to dope and monitor their Hgb profile -
very low sensitivity
Still some false positives - low specificity

False negatives

False positives

Principles of blood passport 
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Haemoglobin: 
from population to athlete-

specific values

initial

athlete with naturally low haemoglobin

= maximal value

differentiation based on previous test history

= expected values

athlete with medium haemoglobin athlete with naturally high haemoglobin
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Serial monitoring and athlete-specific values

- AAF type I: Abnormal new observation
- AAF type II: Abnormal sequence of observation

Heterogeneity tables
- There are six heterogeneous/confounding factors

for HGB and OFFS:

- (1) gender (fixed factor)
- (2) ethnic origin (fixed factor)
- (3) age (fixed factor)
- (4) altitude (time-varying factor)
- (5) type of sport (fixed factor)
- (6) Instrument related technology (time-varying factor)

Principles of blood passport 
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Example of normal sequence

Principles of blood passport 
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Example of abnormal sequences

Principles of blood passport 
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Sample 
COLLECTION

Sample 
ANALYSIS

DECISION

PREANALYTICS

ANALYTICS

INTERPRETATION

Process and Protocols

Sample 
Transportation
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1. Introduction (IST)
2. Doping control station
3. Timing of sample collection > 2h after training
4. 10 min time out
5. Doping control form (altitude, hypoxic dev., training,…)
6. Sample collection equipment
7. Sample collection procedure
8. Homogenization
9. Application of dressing
10. Identification of the tube
11. Signing blood collection form
12. Sealing blood sample
13. Troubleshooting

Collection

Process and Protocols
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1. Introduction (IST)

2. Storage procedure
- Type of storage devices
- Capabilities of storage devices (2-12 deg, data logger)
- Security of storage device

3.  Transport procedure
- Type of transport devices
- Capabilities of transport devices (2-12 deg, data logger)
- Security of transport devices
Remarks concerning transport procedure
- If < 2h, 5 to 25 deg allowed
- Analysis in less than 36 hours

Storage & Transport

Process and Protocols
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Process and Protocols

Storage & Transport
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1. Introduction

- IC & OOC
- ISL applicable, if discrepancy, BAP shall prevail
- All terms defined in “Code”, ISL & IST.
- Satellite def: Mobile unit or Hem.Lab. WADA approved of a 

WADA accr. Lab.

2. Analytical procedure

- Network of WADA accredited labs or satellite labs
- Instrument checks  

- internal controls
- Follow manufacturer recommendations

Analytical

Process and Protocols



www.doping.chuv.ch



www.doping.chuv.ch

1. Introduction 

2. Definitions

- Longitudinal data (RES_N)
- Population mean (POP_ME)
- Between & Within Subject Variance (BS_ or WS_VAR)
- Specificity (% of negatives correctly identified)
- Expected & presenting values
- Minimal & maximal values
- Likelihood function of a sequence
- Expected sequence and maximal threshold
- Heterogeneous and confounding factors (time varying or 

fixed)

Interpretation

Process and Protocols
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direct indirect
test for the presence of an 

exogenous substance
test for disturbances in the body 

caused by the intake of a 
substance

main advantages:

main drawbacks:

• easier to interpret: 
yes or no decision

• actual substance is 
identified

• harder to interpret: has to 
deal with natural variability

• doping substance or 
method may be unknown

• cannot test for substances 
with same molecular 
structure as endogenous 

• a new test must be 
developed for any new 
substance

• can test any substance or 
method

• the same methodology can 
be applied for the detection 
of all substances

Questions & Perspectives
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Which rules ?
1. Competition rule:

“No-start” or ineligibility , temporary suspension 
with a specificity of 99% ?

2. Anti-doping infraction:

“AAF”, Application of WADA code
with a specificity of 99.9%

Questions & Perspectives



www.doping.chuv.ch

- Applicable to all sports federations/countries?

- Blood collection
- Education of  BCOs !
- Audit the Blood Collection Organisations
- Applicability of IST ?

- Blood transport
- Price !!!
- import/export biological samples. 
- better use of several already existing networks

Questions & Perspectives
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- Analysis
- good laboratory network !
- good quality system
- mobile units & satellite labs? 
- 7 days availability (clinical lab)
- immediate report
- hardly any return of investment
- Documentation packages

- Interpretation
- role of the expert commission
- education of disciplinary panels
- target test, than additional information to CAS?

Questions & Perspectives
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Thanks to
Neil Robinson & Pierre-Edouard Sottas
for the preparation of this presentation

and Thank’you !
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