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NECESSARY STEPS FOR THE APPLICATION
OF AN INTEGRATIVE “OMICS” SOLUTION TO
THE DETECTION OF RECOMBINANT
HUMAN ERYTHROPOIETIN

Aim of the study was to establish a biobank from blood samples of non-doping
participants. Future analyses of these samples will focus on their omics profiles,
which will serve as a basis for developing transcriptomic references and tests.
These tests will be designed to enhance the detection of Recombinant Human
Erythropoietin (rHuEpo), thereby improving anti-doping tests.

METHODS
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Abstract

Background: The World Anti-Doping Agency (WADA) bans the use of recombinant
human erythropoietin (rHUEpo) in sports, challenging to detect with the Athlete Biological
Passport (ABP) that monitors haematological data longitudinally. Since 2009, the ABP
has identified potential doping trends, but the individual variability in transcriptomic
signatures related to rHuEpo, high altitude, and exercise among non-doping individuals is
still uncertain. This study seeks to create a biobank of non-doping samples to improve
ABP's detection capabilities and establish transcriptomic reference ranges to reduce false
doping results.

Methods: Four blood and urine samples were collected from 108 university students
based in Eldoret, Kenya (~2100 above sea level) and Kisumu, Kenya (~1000 m above
sea level) with 4 to 6 weeks between each collection. The students included Eldoret
males (21%2 years), Eldoret females (22+2 years), Kisumu males (22+2) and Kisumu
females (222 years). Blood was collected into a K2EDTA and a Tempus™ Blood RNA
Tube for haematological and transcriptomic analysis, respectively. Haematological
variables used as blood doping markers in the ABP include Red Blood Cells (RBC),
Haematocrit (HCT), Haemoglobin (HGB), Mean Corpuscular Haemoglobin (MCH), Mean
Corpuscular Haemoglobin Concentration (MCHC), Mean Corpuscular Volume (MCV),
Number of Reticulocytes (RET#) and Reticulocytes percentage (RET%). The Off-score
was calculated for each sample using the formula: Hgb x 10 - 60(v/RET%). The “clean”
status of athletes was assessed using an ABP style model, created in MATLAB (version
6.1.0 with Statistics Toolbox version 3.0). Cut-off was applied with an adaptive Bayesian
model to calculate individualized upper and lower limits for these variables, incorporating
factors such as mean subject variance, between-subject variance, sex, and baseline
data. This method aimed to distinguish between drug-free samples, which stayed within
these personalized limits and suspicious samples which deviated significantly. Statistical
analysis of haematological variables such as HGB, RET% and OFF-score, crucial for
doping detection, were performed using R (R Studio, Version 1.2.5042, ABPS package,
Vienna, Austria).

Results: Males from both Eldoret and Kisumu consistently exhibited higher (p<0.05)
haematological variables than their female counterparts. However, female participants
from both Kisumu and Eldoret showed a significantly higher (p<0.05) RET% compared to
males. None of the participants from Eldoret exceeded the Bayesian cut-off for any
haematological variable. Participants from Kisumu exceeded the cut-offs at only three
time points for both sexes, OFF-score values, for females HGB values. Sixty participants
surpassed the ABPS cut-off. Transcriptomic analysis has not yet been conducted, but
results are anticipated by July 2024.

Conclusions: The blood samples collected in this study offer invaluable insights into the
haematological reference values for healthy, non-doping Kenyan student-athletes and
serve as the critical establishment of a control group. This foundational step is crucial for
the next phase of this research, which involves developing transcriptomic tests designed
to improve the detection of rHUEpo doping.
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Introduction

Doping is commonly recognized as the use of prohibited substances and methods by
athletes to enhance their performance in sports (Lippi et al., 1999). The origin of the
term 'doping' is believed to derive from 'dope', a term once used for a basic alcoholic
concoction utilized as a stimulant in ceremonial dances in South Africa (Lippi et al.,
1999). Doping in sports dates back to the Ancient Olympics, where athletes used figs for
performance enhancement (Holt et al., 2009). In the 19th century, athletes
experimented with drug mixtures to boost strength and endurance with no initial legal
restrictions, but extensive records exist of such practices (Holt et.al, 2009). However,
following several fatalities, regulations against performance-enhancing drugs were
gradually introduced (Holt et al., 2009). Doping enables the creation of a "super athlete,"
but it does so by disregarding the principles of fair play in sports and it poses significant
health risks to athletes (Brzezianska et al., 2014). Survey conducted by Bamberg et al.,
(1997) among athletes, revealed that 98% of respondents would be willing to use doping
if they were guaranteed an Olympic medal without the risk of detection. When asked if
they would take doping although it meant risking their lives, but with a guarantee of
winning every competition for the next 5 years without getting caught, 50% answered
affirmatively (Bamber et al., 1997).

According to the World Anti-Doping Agency (WADA), blood doping is characterized as the
manipulation of blood or its components through physical or chemical methods (WADA,
2011). With a history of abuse in sports, spanning over fifty years (Lundby et al., 2012),
the prevalence of blood doping can largely be attributed to the relative simplicity of the
methods used, the significant enhancement to athletic performance (Lundby et al., 2012)
and the relative ease with which one can avoid detection by anti-doping efforts
(Ashenden et al., 2011).

By the early 1990s, Erythropoietin (EPO) has become the preferred performance
enhancing drug among endurance athletes, due to its logistical ease compared to blood
doping and its low detectability, being a naturally occurring hormone (Sawka et al.,
1996).

Regrettably, EPO remains one of the most abused substances in sports to enhance
endurance performance (Debeljak et al., 2012). EPO use led to numerous scandals,
notably in the Tour de France. The 2012 United States Anti—Doping Agency (USADA)
report on Lance Armstrong, who admitted use of doping after initially denying it. It
culminated in a lifetime ban and stripped titles, highlighting the controversial issue of
EPO in sports (Atkinson et al., 2020). EPO serves as the primary hormonal controller of
red blood cell production (Bieber et al., 2001). It is a glycoprotein hormone, primarily
produced in the kidney (Bieber et al., 2001). It is released by renal cortical interstitial
cells in reaction to tissue oxygen deficiency and promotes the production of haemoglobin
(Bieber et al., 2001). Synthetic EPO known as recombinant EPO, has emerged as the
predominant medication for managing anemia deriving from various sources (Jelkman et
al.,, 2013).

Detection of the recombinant human erythropoietin (rHuEpo) is troublesome since it is
structurally alike endogenous erythropoietin and rapidly disappears from circulation
(Durussel et al., 2016). Despite improvements in detection methods over the years,



significant challenges persist, particularly in identifying microdoses of blood doping
substances (Ashenden et al., 2011).

The race between doping athletes and scientists has been ongoing throughout the history
of competitive sports (Azzazy et al., 2007). In 2009, WADA adopted the Athlete Biological
Passport (ABP) as a new method to detect blood doping (WADA, 2023). The ABP
longitudinally monitors specific haematological variables, Red blood cells (RBC),
Haematocrit (HCT), Haemoglobin concentration (HGB), Mean Corpuscular Haemoglobin
(MCH), Mean Corpuscular Haemoglobin Content (MCHC), Mean Corpuscular Volume
(MCV), Number of Reticulocytes (RET#), Reticulocytes percentage (RET%) and Off-score
(Hgb x 10 - 60(vVRET%)) which serves as an indicator of blood doping (WADA, 2023).
The ABP programme consists of two modules haematological and steroid (WADA, 2023).
The haematological module (Figure 1), aims to detect enhancements in oxygen
transport, encompassing the usage of erythropoiesis-stimulating agents (ESAs) such as
rHuEpo and other forms of blood manipulation or transfusion (WADA, 2023).

Figure 1. Illustration of the haematological module of the ABP (Schumacher et al., 2014).

Athlete Hematological Passport J Refresh | _Expert Report Export Results |
BPID Gender Sport
HGB Off-score
18 [180s
172 - 174 170 170 120 4 Py 11368 X 11554 11464 11374
7 &~ 167 169 Bl nie N £, ~J1109 7 B AL Bt S o .
17 — _,J.\lgg— - ° 1104 ———— oo -
16 157 100 95 80
154 15.4 153 -
i 1M so o3 880 55 @73
o o 140 140 140 80
14 36 o e Gl 67 .47 67.32 86.95
132 __o—— 70 cams esas. . TST ST 0896
131 [124_—* 60 I
24 5051 e
12 so{ | &
N 5 p 7 1 2 3 M
RET% ABPS
139
215 = s 7 052 0.84 7
- 20 1 5 3 5 78
———__1 54 1.94 189 189 189 ‘3:3 7E.Of 3& e
2 = - o ——e
o
126 21 19 122 0.32 032
1.04 1.03 1 o%e -063 .0.68
i .
-
055 054 057 058 058 0,59 2 = _" g" —1'?'7 -1.52 156 1.59
41 el — - 1.9 -
‘O e - >3
250
4 1 4

The ABP uses a Bayesian method for the evaluation of the doping based on several
variables and/or factors which can be used as evidence of doping (Sottas et al., 2008,
2010). The ABP estimates the probability of blood doping based on previous individual
test history and heterogeneous factors known to influence blood parameters such as sex,
ethnicity, altitude exposure, age, and sporting discipline (Sottas et al., 2008, 2010).
Although it is noteworthy in a sporting context, strenuous exercise can make changes in
blood parameters (Ashenden et al., 2004).

The effectiveness of the ABP in detecting rHuEpo has been a topic of immense debate
within the anti-doping community. Research conducted by Mgrkeberg et al. and
Pottgiesser et al., in 2011 highlighted that the ABP when analysing haemoglobin mass



(Hbmass) and RET%, showed superior sensitivity in detecting the highest dosages of
transfused blood. However, the OFF-score or “stimulation index” which is calculated with
haemoglobin level and reticulocytes percentage level using the formula: (Hgb x 10 -
60(VRET%) (Zorzoli et al., 2011), demonstrated equal or superior sensitivities at
detecting lower dosages of doping (Mgrkeberg et al. and Pottgiesser et al., 2011).
Further investigations by Borng et al., (2010) and Ashenden et al., (2011) revealed that
athletes could enhance their performance significantly through microdoses of rHuUEpo
without triggering the ABP, highlighting the system's limitations. These findings support
an urgent need for the development of more advanced and effective methods to detect
blood doping. The scientific validity and interpretation of ABP data has been the subject
of disagreement, particularly among athletes. The Court of Arbitration for Sport (CAS) in
2016 noted that athletes sometimes challenge the findings of their ABP by arguing that
natural physiological variability, such as the effects of altitude, diet, hydration, and
illness, could mimic the haematological markers of doping. In the case of Kristina
Ugarova, significant deviations in HGB, RET%, and OFF-score suggested blood doping.
However, Ugarova disagreed with these findings, attributing the anomalies to natural
physiological responses to high-altitude training, thereby questioning the ABP's accuracy.
While Ugarova’s case was ultimately unsuccessful, it demonstrates that athletes may use
physiological adaptations to altitude to justify haematological changes.

A previous study from (Haile et al., 2019) compared the performance benefits of rHUEpo
in Kenyan runners training at moderate altitude to Caucasians training at sea level. The
findings indicated similar relative improvements in performance for both groups, despite
different baseline blood parameters. This finding suggests that the benefits from
increased haemoglobin were not fully realized in performance gains, highlighting the
complexity of detecting doping in athletes training at moderate altitudes. Notably, Bejder
et al., (2021) demonstrated that the ABP's sensitivity to rHuEpo detection was higher at
altitude than at sea level for most tested haematological parameters, emphasizing their
importance to detect rHuEpo abuse.

In the same year the ABP was implemented, Varlet-Marie et al., (2009) utilized SAGE
(i.e., serial analysis of gene expression method) to identify differentially expressed genes
associated with rHuUEpo administration. This research demonstrated that gene expression
patterns could serve as a novel means to detect the presence of rHuEpo, offering a
promising direction for future anti-doping efforts. They also point toward the potential of
advanced methods such as gene expression analysis, to enhance the efficacy of doping
detection in sports.

The impact of rHuEpo on blood parameters and athletic performance was assessed in a
study by Durussel et al., (2013). Study observed significant improvements in
performance, aerobic capacity (VO max), and Hgb mass over a 4-week rHUEpo injection
regimen among 39 endurance-trained males. Subsequent transcriptomic analysis
revealed significant changes in gene expression during and up to four weeks post rHuEpo
administration, highlighting the potential of gene biomarkers to enhance anti-doping
strategies (Durussel et al., 2016).

As markers for rHUEpo doping are developed, it is imperative that potential co-founders
of a transcriptomic test are investigated. For example, results from studies by Buttner et
al., (2007) and Connolly et al., (2004) showed that exercise significantly influences gene



expression profile. Other factors have been theorised that could significantly alter gene
expression profiles, such as exercise induce haemolysis (Lippi et al., 2019), injury
immobility (Schumacher et al., 2008) and residence at altitude (Durussel et al., 2014).
Furthermore, Wang et al., (2017) recruited 14 healthy, endurance-trained individuals and
administered weekly microdoses of rHuEpo for seven weeks. In addition to pilot studies
investigating the effects of altitude exposure and exercise on gene expression. As
hypothesised, gene expression was significantly altered following rHuUEpo use, exercise
and altitude, indicating the potential to develop transcriptomic signatures for these co-
founders (Wang et al., 2017). This work was furthered by Sutehall et al., (2022) who
identified a transcriptomic signature of acute altitude exposure in whole blood and
peripheral blood mononuclear cells.

While significant work has been developed to address co-founders of a transcriptomic
test for rHUEpo abuse, additional research is needed to develop normative reference
ranges, to account for individual variations in gene expression.

Aims

The primary aim of the present study was to establish and exploit a biobank of samples
from non-doping individuals. Through the collection and analysis of blood and urine
samples, the limitations of the current ABP haematological method will be adressed.

Secondary aim of this research was to create transcriptomic reference ranges of doping-
free individuals to be used in the future as a comparison with athlete samples.

Hypothesis

Hypothesis 1: The establishment of a non-doping cohort through the collection and
analysis of blood samples will reveal specific hematological and genetic markers that are
consistent among non-doped individuals. It will distinguish them from those who may
have engaged in doping practices.

Hypothesis 2: Creation of the cohort group for reference ranges, will help in future to
make transcriptomic profiles, which will account for individual variations related to
population, sex, age, and physiological conditions, thereby reducing false positives and
negatives in doping tests.



Methods

Participants

One hundred and twenty-one university students were recruited for this study, 61 from
Eldoret, at moderate altitude (~2100 - 2700 m above sea level) and 61 from Kisumu
(~1000 m above sea level). One hundred and eight participants fulfilled study
requirements. Age and sex distribution for the recruited group is available in Table 1.
None of the participants were elite athletes, but engaged in a range of sporting activities,
including athletics, soccer, rugby, tennis, basketball, and badminton. The inclusion
criteria required participants to be healthy students or athletes (self-reported good
health) of both sexes, with an equal distribution of 50% male and 50% female.
Participants found to have any health conditions (Anisocytosis, Microcytosis, Iron
Deficiency, Anemia, PLT clump, fragments, NRBC, Atypical Lymph, Eosinophilia,
Lymphocytosis, Abnormal Lymph) identified through haematological screening, if not
influencing the ABP haematological variables cut off and ABPS results will not be
excluded from the study. Participants were excluded from the study if they missed any of
the four scheduled sample collection visits, or if they were found to be using drugs
prohibited by the WADA code, such as erythropoietin or steroids. Participants in this
study were non-professional athletes from a wide range of sports modalities, therefore
weight, height, Body Mass Index as well as VO2max were not relevant for the study and
were not measured. Information about the menstrual cycle was not collected from female
participants. As the primary objective of the study was to establish a biobank of the clean
samples for future genetic analysis, information about menstrual cycle is not relevant for
the study neither for the future analysis.

Potential participants were approached by members of the research staff, who visited the
local sporting facilities and hostels in the colleges and universities in Eldoret and Kisumu.
Those who met the study’s eligibility criteria received full written (Appendix 1) and verbal
overview of the study’s objectives, procedures and intended outcome. Their level of
comprehension was assessed through a structured interview process. It ensured
participants fully understood the study's requirements and procedures. After confirming
their comprehension, written informed consent was collected from each participant.

Table 1. Age and sex distribution of the participants recruited for the study.

ELDORET KISUMU
(n = 60) (n =61)
MALE FEMALE MALE FEMALE
21,523 ||214+1.9 219+ 2.1 22.0+ 2.3

MALE FEMALE MALE FEMALE
30 30 34 27

Age data is presented as mean £ SD.




Study design

Participants provided blood and urine samples four times over a 6-month period. For
participants from Eldoret, the second (T2), third (T3), and fourth (T4) samples were
collected at median (IQR) intervals of 29 (4), 77 (2), and 98 (0.25) days, respectively,
after the first sample (T1) was collected. For participants from Kisumu, the second (T2),
third (T3) and fourth samples (T4) were collected at median (IQR) of 59 (9), 90 (2) and
112 (14) days after the initial sample (T1) was collected (Figure 2). Approximately 10mL
of urine was collected in a sterile urine bottle and stored at -20°C freezer for further
analysis. A 3 mL whole blood sample from an antecubital vein was collected into a
Tempus™ Blood RNA Tube (Thermo Fisher Scientific, Massachusetts, USA). It was stored
at -80°C freezer within 12 hours from the time of collection to preserve RNA for
subsequent extraction, while a 3 mL whole blood sample was also collected into K;EDTA
tube for haematological analysis.

Sample analysis
Figure 2. Distribution of samples collected over the duration of the study.
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Blood samples collected for haematological analysis were transported to the laboratory,
in a cold box, and processed within 12 hours from the time of collection as WADA
protocol for the blood transportation and storage demands (WADA, 2021). Blood samples
were analysed for haematological parameters assessed by the ABP, using fluorescence
flow cytometry (Mindray Auto Haematology Analyzer BC-6800, Shenzhen, China) at the
Haematology Laboratory within Moi Teaching & Referral Hospital (MTRH), Eldoret, Kenya.
The Mindray Auto Haematology Analyzer is designed for various blood analysis tasks in
clinical settings (Wang et al., 2019). This includes counting blood cells, classifying types
of white blood cells, and measuring haemoglobin levels (Wang et al., 2019). It operates
on the Coulter principle, which assesses the humber and size distribution of white blood
cells, basophils, red blood cells, and platelets. Haemoglobin levels are determined
through colorimetric analysis (Wang et al., 2019). Additionally, it employs semiconductor
laser flow cytometry for a comprehensive four-category statistical analysis of white blood
cells (Wang et al., 2019). Based on these measurements, the device further computes
other relevant parameters (Wang et al., 2019).



Specifically, RBC, HCT, HGB, MCH, MCHC, MCV, RET#, and RET% were determined. The
Off-score was calculated for each sample using the formula: Hgb x 10 - 60(vVRET%)
(WADA,2014). The blood samples collected for RNA analysis were stored in the biobank
on —80 Celsius in the preparation for gene expression analysis, results are expected in
July 2024.

Adaptive Bayesian model

In the present study, drug-free status of the participants was determined using Bayesian
networks (integrating prior information about doping prevalence with the results of
current tests), applied to derive population reference ranges and individual test result
history (Sottas et al., 2010). By inputting variables such as mean subject variance,
between-subject variance, gender, gender tabulation, sequence, and baseline data into
MATLAB (inhouse software developed), I attempted to replicate some of the key
functionality of the official WADA ABP software. Specifically, MATLAB (version 6.1.0. with
Statistics Toolbox version 3.0) was used to calculate the upper and lower individual limits
by applying the adaptive Bayesian model to HGB, RET%, OFF-score, and the ABP score.
ABP score (ABPS) was determined in R (R Studio, Version 1.2.5042, ABPS package,
Vienna, Austria). This test can be repeated by other package users (Schitz et al., 2018).
Haematological variables that were outside the reference dataset within the ABPS
package were modified to the maximum or minimum acceptable value (Schitz et al.,
2018). The initial limits are based on African population epidemiology and subsequent
limits are adapted to the collected data including mean subject variance (me), between-
subject variance (bsvar), sex (s), sex tabulation (st), sequence (seq), and baseline data
(bd) (Sottas et al.,2006). Sequences within limits were considered to be drug-free
(Schitz et al., 2018). On the other hand, sequences with significant deviations and out of
limits were considered suspicious (Table 2). An example of a 'normal’ biological profile,
reflecting no irregularities or deviations from established physiological norms is
presented in Figure 3.

Table 2. Number of participants who fulfilled study requirements, who exceeded the
upper or lower limits of the ABP-style Bayesian model, for each haematological variable.

Eldoret Kisumu
Male Female Male Female
(n=27) (n=25) (n=33) (n=23)
HGB 0 0 0 1
RET% 0 0 0 0
OFF-score 0 0 1 1
ABPS 15 13 18 14

Data are presented as number of participants who exceeded the upper or lower limit of the
ABP-style Bayesian model, for each haematological variable (HGB, RET%, OFF-score) and
ABPS values. Model was created in MATLAB.



Figure 3. Normal biological profile in the ABP-style Bayesian model.
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ABP-style Bayesian model, created in MATLAB. Blue lines indicate the participant’s
haematological variables and red lines indicate the upper and lower limits as determined
by the Bayesian statistics. Y axis shows haematological variables in each figure from left
to right (HGB, RET%, OFF-score) and ABPS values, X axis shows results of each of four
collection points.

Statistical analysis

To assess the normality of the distribution, the Shapiro-Wilk test was applied. The
Kruskal-Wallis test was used to evaluate differences in age across locations and sexes,
since this test is designed to examine whether there are differences among multiple
groups (Walters et al., 2021). This research has four groups (Kisumu females, Kisumu
males, Eldoret female, and Eldoret males), their age are independent and non-parametric
continuous data. Furthermore, the Chi-squared test was applied to examine the
variations in the distribution of male and female participants and the prevalence of health
conditions across the two locations. As for distribution of sex and health conditions, data
are categorical and non-parametric and reasonably large (Walters et al., 2021), that is
why Chi-squared test was used. To compare haematological data between various
locations and sexes, the Mann-Whitney U test was used. Statistical significance was
established at a p-value < 0.05. The choice of a one-sided test was driven by its
suitability where the research goal is to confirm a specific condition (Walters et al., 2021)
in this case, the non-use of doping. This approach efficiently allocates statistical power
towards demonstrating the lack of doping, thus directly supporting the study's objective
to confirm the groups are doping-free. All analyses were conducted using the R
programming language (R Studio, Version 1.2.5042, R Foundation for Statistical
Computing, Vienna, Austria). Haematological data are presented as medians and
interquartile ranges. Power calculations for this study were not done. In the context of
this research, the primary objective is to establish reference values for a forthcoming
diagnostic method. Given the exploratory nature of this study, the determination of an
effect size, is not directly applicable. This limitation arises from the necessity to first



identify and understand the "normal" reference data before specific genes can be
selected for the test. Consequently, power calculations rely on effect sizes to estimate the
necessary sample size to detect a statistically significant effect, are not feasible at this
stage. Notably, existing literature has documented variations from baseline levels for
certain genes, providing effect sizes that could potentially inform power analyses.
However, the application of these findings to the present study is constrained by the fact
that the genes contributing to the diagnostic test have yet to be determined.



Results

Recruitment

Of the 121 recruited university students, 12 participants missed at least one of the four
scheduled visits (due to personal engagements) and one participant’s samples were
compromised, and therefore were excluded from the final analysis. Leaving a total of 108
participants who fulfilled study requirements (Eldoret: 25 females, 27 males), (Kisumu:
23 females and 33 males). Participants found to have any health conditions
(Anisocytosis, Microcytosis, Iron Deficiency, Anemia, PLT Clump, fragments, NRBC,
Atypical Lymph, Eosinophilia, Lymphocytosis, Abnormal Lymph) identified through
haematological screening did not significantly influence the ABP haematological variables
cut off and ABPS results and were not excluded from the study. There were no
statistically significant difference in age and sex between location (Table 3).

Table 3. Demographics of participants who completed all four sample collections.

ELDORET KISUMU
(n =52) (n = 56)

MALE FEMALE MALE FEMALE
21+ 2 22+ 2 22+ 2 22+ 2

Age data is presented as mean + SD. There were no significant differences in age and
sex.

MALE FEMALE MALE FEMALE
25 27 33 23

Haematological Analysis
Haemoglobin concentration

Men had a higher median HGB than women at first collection period (T1) (16.4 g/dL vs
14.9 g/dL in Eldoret and 15.9 g/dL vs 14.2 g/dL in Kisumu, p<0.001, respectively).
Second collection period (T2) (15.7 g/dL vs 14.8 g/dL in Eldoret and 15.4 g/dL vs 14.0
g/dL in Kisumu, p<0.05). Third collection period (T3) (15.7 g/dL vs 14.5 g/dL in Eldoret
and 15.6 g/dL vs 13.9 g/dL in Kisumu, p<0.05. Fourth collection period (T4) (15.9 g/dL
vs 14.1 g/dL in Eldoret and 15.3 g/dL vs 13.8 g/dL in Kisumu, p<0.001) (Figure 4, Table
4).
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Figure 4. Haemoglobin grams per decilitre (HGB g/dl) over the four samples period.
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Data are presented as median and range. Dashed horizontal lines indicate male (in blue)
and female (in red) cut-offs. X axis stands for collection period (T1, T2, T3, T4). Y axis
stands for HGB (g/dL) values.

Table 4. HGB (g/dL) across the timepoints collected.

T1 T2 T3 T4
Male 16.4 15.7 15.7 15.9

1] (15.2-17.1)* (14.6-16.6)* (14.5-16.8)* (14.3-16.5)*

(=]

E 14.9 14.8 14.5 14.1
Female (13.7-15.4) (13.7-15.3) (13.5-15.1) (13.2-14.8)
Male 15.9 15.4 15.6 15.3

E’ (15.4-16.7)* (14.9-15.9)* (15.0-16.4)* (14.3-16.1)*

=

.;L" 14.2 14.0 13.9 13.8
Female (13.6-14.6) (13.3-14.45) (13.5-14.6) (12.6-14.5)

Data are presented as median (range). * Indicates significant difference between sex
within location(p<0.05).

Haematocrit

Men had higher median HCT than women in Kisumu and Eldoret at T1 (49.8% vs 45.0%
in Eldoret and 47.2% vs 42.9% in Kisumu, p<0.001, respectively). T2 (46.8% vs 43.4%
in Eldoret and 48.4% vs 42.9% in Kisumu, p<0.05). T3 (47.3% vs 42.6 % in Eldoret and
47.3% vs 42.8% in Kisumu, p<0.05). T4 (47.0% vs 42.4 % in Eldoret and 46.2% vs
42.1% in Kisumu, p<0.001 (Figure 5, Table 5). Similarly, the median of HCT in male
participants from Kisumu were higher than those from Eldoret at T2 (48.4% vs 46.8%,
p<0.01).
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Figure 5. Haematocrit percentage (HCT %) over the four samples period.

KISUMU ELDORET

Data are presented as median and range. Dashed horizontal lines indicate male (in blue)
and female (in red) cut-offs. X axis stands for collection period (T1, T2, T3, T4). Y axis
stands for HCT (%) values.

Table 5. HCT (%) across the timepoints collected.

T1 T2 T3 T4

. Male 49.8 46.8 47.3 47.0

2 (45.3-50.8)*  (43.8-48.8)*S  (44.6-49.5)%  (43.0-49.6)*

= Female 45.0 43.4 42.6 42.4
(41.6-46.6) (41.0-46.1) (40.7-46.0) (40.2-43.7)

,  Male 47.2 48.4 47.3 46.2

2 (45.8-49.3)* (47-50.3)* (45.7-49.8)%  (44.2-47.9)*

=}

g  Female 42.9 42.9 42.8 42.1
(41.6-45.0) (41.8-46.3) (41.8- 45.3) (38.9-45.0)

Data are presented as median (range). * Indicates significant difference between sex
within location and § indicates significant difference between location for the same sex
(p<0.05).

Reticulocyte

Female participants in Kisumu had significantly higher median RET % values compared to
females in Eldoret at T1 (0.98% vs 0.79%, p<0.05) and T4 (0.96% vs 0.75%, p<0.05)
(Figure 5, Table 6). Additionally, the analysis also identified that females had higher
reticulocytes than males at T1 in Eldoret (0.79% vs 0.60%, p<0.05) and in Kisumu
(0.98% vs 0.67, p<0.05) (Figure 6, Table 6).
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Figure 6. Reticulocytes percentage (RET%) over the four samples period.
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Reticulocytes percentage (RET%) over the four samples collected are presented as
median and range. Dashed horizontal lines indicate male (in blue) and female (in red)
cut-offs. X axis stands for collection period (T1, T2, T3, T4). Y axis for RET% values.

Table 6. RET% (%) across the timepoints collected.

T1 T2 T3 T4
Male 0.60 0.68 0.63 0.63
3 (0.53-0.73)* (0.60-0.78) (0.57-0.78) (0.57-0.80)
)
ho) Female 0.79 0.70 0.80 0.75
w (0.63-0.88)8 (0.61-0.91) (0.63-0.92) (0.53-0.93)8
Male 0.67 0.75 0.79 0.69
2 (0.63-0.89)* (0.57-0.83) (0.55-0.89) (0.55-0.87)
5
8] Female 0.98 0.83 0.91 0.96
X (0.79-1.20) (0.63-1.01) (0.69-1.14) (0.77-1.16)

Data are presented as median (range). * Indicates significant difference between sex
within location and § indicates significant difference between location for the same sex
(p<0.05).

OFF-score
Men had higher OFF-score than women at T1 (115.7 vs 96.7 in Eldoret and 108.0 vs 82.7
in Kisumu, p<0.001). T2 (107.5 vs 95.1 in Eldoret and 100.7 vs 84.7 in Kisumu, p<0.
001) (Figure 6, Table 7). T1 (96.7 vs 82.7, p<0.01), T2 (95.1 vs 84.7, p<0.05) and T4
(91.7 vs 81.4, p<0.05) women at Eldoret demonstrated higher OFF-score of median than
women in Kisumu (Figure 7, Table 7).
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Figure 7. OFF-score over the four samples period.
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Data are presented as median and range. Dashed horizontal lines indicate male
participants (in blue) and female participants (in red) cut-offs. X axis stands for collection
period (T1, T2, T3, T4). Y axis stands for OFF-score values.

Table 7. OFF-score across the time points collected.

T1 T2 T3 T4
Male 115.7 107.5 103.7 112.2
3 (97.7-123.6)*  (98.3-116.5)*  (98.7-117.5)*  (89.8-118.0)*
)
S Female 96.7 95.1 88.7 91.7
w (85.7-103.7) (85.4-105.5) (80.7-104.4) (82.5-95.7)
Male 108.0 100.7 105.7 108.3
2 (96.3-117.9)%  (95.2-112.1)*  (95.7-112.0)*  (91.0-110.8)*
5
2 Female 82.7 84.7 83.7 81.4
X (73.7-90.0)8 (71.8-93.9) 8 (70.9-91.5) (59.8-89.4)8

Data are presented as median(range). * Indicates significant difference between sex
within location and § indicates significant difference between location for the same sex
(p<0.05).

Sample Storage and Future Analysis

As part of our comprehensive research protocol, we have ensured that all collected
samples are securely stored for future analysis. RNA will be extracted from Tempus™
Blood RNA Tube according to manufacturer’s protocol. Quantity and quality will be
assessed using Nanodrop 2000 (Thermo Fisher Scientific, Massachusetts, USA) and 2100
Bioanalyzer (Agilent Technologies, California, USA). Samples that pass the quality
controls parameters (260/280 ratio of ~2.0 and RIN value ~10) will be analysed using an
RNA-seq platform (DNBSEQ-G400RS, MGI Tech, Shenzhen, China) to allow comparison
with previously published research (Wang et al., 2021). This analysis will allow to
determine the individual variation in transcriptomic expression of key genes previously
identified as indicators of rHuEpo doping or co-founders (e.g., Durussel et al., 2016,
Wang et al., 2017 and Sutehall et al., 2022).
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Analysis of Urine Samples

The collection of urine samples in this study was primarily conducted to complement our
haematology findings. These urine samples have been securely stored in the biobank to
assure the integrity of the samples (stable temperature on -80 Celsius) and ready for
analysis at a later stage to confirm the absence of doping. As such, urine samples are

being stored for future analysis of urinary EPO using the standard WADA method (WADA,
2010).
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Discussion

The purpose of this study was to establish a cohort of hon-doping participants whose
blood sample data can be used to determine the individual variation of genes used to
create a transcriptomic test. Both cohorts recruited to this study (Eldoret and Kisumu)
reside at low (~1000 m above sea level) or moderate altitude (~2100 - 2700 m above
sea level) and therefore, no sea level participants were recruited. Since determining the
individual variation of specific transcriptomic markers is the purpose of this study, both
cohorts can be combined, regardless of altitude of residence.

In order to determine the clean status of the participants of this study, we created an
ABP-style model in MATLAB. Using this model, which replicates the Bayesian statistics
used in the ABP, we are able to verify the clean status of each participant and use the
data generated in the transcriptomic analysis with confidence. As highlighted in Table 2,
only three of 108 participants exceeded the haematological limits, over the duration of
this study, suggesting the majority of the participants recruited in this study are currently
not blood doping. Those participants who had samples that exceeded the Bayesian limits,
will have their profiles reviewed, and if it confirmed that the profile is suspicious, they will
be removed from the transcriptomic analysis. Our findings are in agreement with the
study conducted by Pitsiladis et al., (2006), who observed Kenyan athletes residing at
high altitudes exhibit HGB and HCT concentrations in the normal to high range compared
to lowlanders. This alignment further validates our results, reinforcing the conclusion that
the majority of this study group consists of participants who do not engage in doping
practices.

The efficacy of the ABP is subject to various influencing factors, including ethnicity, sex,
and the precision of measurement equipment, as highlighted by WADA in 2019. Notably,
the impact of altitude exposure remains unstandardized within the ABP framework,
posing significant challenges to its integrity (Sottas et al., 2008). Exercise induces
significant changes in blood volume, with endurance exercise leading to an expansion of
both plasma and erythrocyte volumes, suggesting a universal response to endurance
training that is consistent across age and gender (Sawka et al., 2000). However, this
physiological adaptation introduces analytical variation that poses significant challenge
for the haematological module of the ABP.

The use of substances like rHuEpo by athletes can further complicate the detection of
doping by modifying haematological variables (Sanchiz et al., 2009). Furthermore, the
use of microdoses of rHuUEpo, which often does not trigger the ABP detection thresholds,
adds another layer of complexity to the doping detection challenge (Ashenden et al.,
2011). In study by Ashenden et al., (2011) involving ten subjects administered
microdoses of rHUEpo over up to 12 weeks reveals significant findings. Despite a notable
10% increase in Hgb mass, similar to approximately two bags of reinfused blood the ABP
software did not flag any of the subjects as suspicious of doping while receiving rHuEpo
treatment. This outcome illustrates the potential for athletes to use rHuEpo without
triggering abnormal changes in the blood variables that the ABP currently monitors,
further complicating the efforts to detect doping practices effectively (Ashenden et al.,
2011). A prominent illustration of these challenges is the controversial case of Italian
cyclist Franco Pellizotti, who was accused of doping based on his ABP data, resulting in
his initial suspension (Sanchis et al., 2011). However, the Italian anti-doping tribunal
later considered the evidence insufficient, a verdict subsequently reversed by a two-year
suspension from the Court of Arbitration for Sport, following an appeal by the Union
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Cyclists Internationale (UCI). This case underscores the critical need for standardization
within the ABP, particularly in how altitude training's effects on blood profiling are
interpreted, as Pellizotti's case vividly demonstrates (Sanchis et al., 2011).

Our findings support existing literature (Sharp et al., 2002; Gore et al., 2003) indicating
significant gender differences in HGB (Figure 4, Table 4), HCT (Figure 5, Table 5), OFF
score (Figure 7, Table 7) with male participants exhibiting higher values than female
participants. This aligns with the physiological understanding that males typically have
higher HGB and HCT levels due to hormonal influences. The higher production of
androgens in men, compared with females, enhances erythropoiesis through direct
stimulation in the bone marrow and by increasing erythropoietin production in the
kidneys (Murphy et al., 2014). Conversely, the higher of oestrogen in women inhibits
these processes (Murphy et al., 2014). It is therefore expected that females
haematological variables will be significantly lower than men. However, females from
Kisumu in our study, had significantly higher RET% compared to males in Kisumu and
both genders in Eldoret (Figure 6, Table 6). This gender difference in RET% distribution
has also been reported elsewhere (Lombardi et al., 2013), where female athletes to
exhibit higher RET% values across multiple seasons. This discrepancy highlights how a
range of factors influence RET% in athletes, including training season, sports discipline,
and individual biological differences. Given the significant differences in RET% observed
between female participants in Kisumu and Eldoret, altitude may serve as a contributing
factor (Lombardi et al., 2013). However, without controlling for variables such as diet,
altitude history prior to sampling, and menstrual cycle phases, pinpointing the exact
cause of these differences remains challenging. This limitation underscores the
complexity of haematological analysis in athletes and the potential impact of various
uncontrolled environmental and physiological factors.

Future Transcriptomic analysis

In the current phase of our study, we have laid the groundwork for an extensive analysis
of 'omics' profiles, with a particular emphasis on transcriptomic variations. Specifically,
plan is to sequence all samples (n>1200) from the previously funded/associated WADA
studies with particular focus on altitude, rHuEpo and blood transfusion (Figure 8).
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Figure 8. The planned sequencing analysis.
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The planned sequencing analysis of all samples (n>1200), from previously
funded/associated WADA studies and comparison between altitude, rHuEpo and blood
transfusion illustrated with a Venn diagram.

While this analysis is scheduled to be conducted March to July 2024, this section outlines
anticipated approach. Hypotheses suggest that differential gene expression responses
will be evident, reflecting the participants' adaptations to their respective environments.
Particular attention will be paid to how living at different altitudes might affect gene
expression. Additionally, it is planned to explore potential gender-specific genetic
expression responses.

In this upcoming analysis, it is planned to identify specific genes and pathways involved,
thereby enriching our understanding of transcriptomic adaptations to various external
and internal factors. The detailed analysis will also explore potential biomarkers for
diverse applications, ranging from medical research to athletic performance optimization
in varying environmental conditions.
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Conclusions

The findings from this study will significantly enhance our understanding of the molecular
changes induced by rHUEpo and its detection. The identification of a unique molecular
signature associated with rHuEpo use marks as a crucial advancement in anti-doping
research. This signature will provide a more nuanced and sophisticated method of
detecting rHuEpo, which will surpass the current limitations faced by standard detection
methods of the ABP.

The variability in HCT and RET%, particularly among female participants from Kisumu,
demonstrates the complexity of interpreting haematological markers in the context of
doping. This variability highlights the necessity for more nuanced approaches like omics
profiling, which can differentiate between the effects of environmental factors,
physiological conditions, and doping use. The implications of this research extend well
beyond the confines of sports science. It signifies a critical advancement towards more
ethical and effective anti-doping practices, aligning closely with the goals of preserving
athlete health and ensuring fair competition on a global scale. The aim is to refine these
innovative methods and adapt them for practical application in the dynamic arena of
competitive sports.
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Appendix 1:
Participant information sheet

AN “OMICS” APPROACH TO THE DETECTION OF RECOMBINANT HUMAN
ERYTHROPOIETIN (R-HUEPO) DOPING IN ENDURANCE ATHLETES

INFORMATION SHEET
What is the purpose of the study?

This study aims to recrnut mdividuals whe are not using erythropoietin to create a reference
dataset that will be used in companson to previous erythropoietin administration studies to
develop enhanced anti-doping tests.

Why have I been chosen to participate?

You responded to our advertisement and have been selected as a possible participant for this
imvestigation as you meet the criteria for one of our groups within the study.

Do I have to take part?

Participation in this research 15 completely voluntary; you are under no obligation to take part.
If you do wish to take part, then you will be required to read and keep this information sheet
and sign the consent form prior to commencing. Furthermore, if you decide to participate, then
at any point feel distressed or uncomfortable, you can withdraw from participation without
ZIVINE A Teason o any notice.

What is expected from me if I participate”

Tou will be asked to complete and sign an informed consent form. It is a good 1dea to rase
questions and concerns that may be unclear at this point. Following this, you will be provided
with dates for the commencement of the study, choose ones that swit your commitments.

Once selected. you will be required to report, when switable, to the university’s clinic laboratory
for sample collection. 4 3 mL whele bleed sample from an anfecubital vein will be collected
into a Tempus ™ Blood RNA Tube (Thermo Fizher Scientific, Waltham, MA, USA) to preserve
RNA for subsequent extraction, and a 3 mL whole blood sample will be collected into a BDE
EDTA ¢E2) tube for haematelogical analysis. You may be expected to attend the lab on 4-6
occasions throughout a period of 12 months. All samples will be solely used fo confribute
fowards the creation of a reference dataser. No DNA/genetic festing will be carried out in this
study and enly extracied RNA (mo blood samples) will be sioredbiobanked Commercial
companies will not be given access to any bislogical material to emerge from the smdy for
commercial exploitation/use.

Please refer to the below regarding further information on the study,

Location — Sample collection will be conducted as per good clinical laboratory guidelines by
a trained and certified phlebotomist (sample collector) who will explain to you about sample
collection and the volume required.



Sample and data collection

Collected samples will be analysed first for complete blood count and then using Next
Gengration Sequencing technologies (RNA-Sequencing) fo develop a “molecular signamre”
of gene expression for reference data that will aid in the validation of a novel gene expression
anti-doping test.

What do I have to do?

Fou will be requested to fill in the sample and data cellection log provided throughout the
duration of the study.

Touwill be requested to visit the university's clinic laboratory every three weeks for four wisits.
We will provide you with a study card to remind you about the appointments.

Will I be paid for taking part?

Participation in this project is voluntary. However, reasonable travel expenses and loss of
earnings occured duning the study will be compensated to the participants. This is set at KSh.
1,100 per visit as per the local regulatory requirements.

What are the possible side effects, disadvantages and risks of taking part?

There are only minimal risks associated with the data collection procedures. You will
expenience only minimal pain due to sample collection procedures mvolving blood draws.

The research will require the co-operation or permission of an individual or gatekeeper in order
to gain access to you. These are coaches and umiversity management. If you se wish, you may
ask a gatekeeper to accompany you during your routine visits. This will enable you and your
gatekeeper to understand that participating in this study will not interfere with your studies and
lifestyle.

What are the possible benefits of taking part?

This study will enhance our understanding of the molecular changes that ccour dunng training
and also provide information on the role of gene expression of professional athletes from a
vanety of team and individual sports. This design will permit the effects of sex and age on
“omics” profiles to be determined, new technologies will be used fo measure the “molecular
signature” of exercise that combine with existing indirect metheds will improve Athlete
Biclogical Passport (ABP) and promote clean sport.

What if something goes wrong?

If you are harmed due to someone's negligence, then you may have grounds for a legal action.
The bloed collection officers (phlebotomists) are fully trained in bleed collection and fanuliar
with dealing with relevant first aid situations. In the event of an wntoward incident, the

z
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investigators will provide first aid support in case needed. You may want to consult the
university s medical doctor if you are experiencing any side effects from taking part in the
study and should also inform the Principal Investigator. This study has been approved by the
Maseno University Scienfific and Ethics Review Committee (MUERC) and you are free to
report any discomfort through the telephone mumber: +25457351622 or email to: muerc-
secretanate @maseno.ac ke, You can also call the Principal Investigator (Prof. James Ombaka)
on +254721260279.

Will my taking part in this study be kept confidential?

All your information and data obtained from testing will remain anonymous. A numeric
participant ID will be assigned to you and will be used for tracking and recording throughout
the study. All data will be used for research purposes only and confidentiality of the data will
be respected and always maintamed. Only ENA will ke extracted from whele blood., analysed
and remaining sample (if any) stored. Only de-identified EINA samples will be provided to
other researchers for research with a favourable ethical opinion. The FINA obtained from the
blood samples will be shipped to external laboratories for BINA sequencing as per regulatory
Tequirements.

What will happen to the results of the research study?

No identifiable individual data will be provided to any third party for any purposes including
for anti-doping purposes. Results will be published in a peer-reviewed scientific joumal once
the study 15 completed. The published data is available on request. You will not be identified
in any publication.

Who is funding the research?
The research 15 being funded by the World Anti-Doping Agency (WADA).
Who has reviewed the study?

This study has been reviewed and approved by the Maseno University Scientific and Ethics
Eeview Commuittes (MUERC)

If you wish to find out more about this investigation, vou can contact the Principal Investigator:

Professor James H, Ombaka

Professor of Pharmacology

Department of Biomedical Sciences and Technology
School of Public Health and Commumity Development
Maseno University

Eisumu-Kemya.

Tel: +25457351622

e-mail: ombakal000/avahoo.com
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Informed consent form

INFORMED CONSENT FORM
Tifle of Project: AN “OAMICS" APPROACH TO THE DETECTION OF EECOMBINANT
HUMAN ERYTHROPOIETIN (R-HUEPO) DOPING IN ENDURANCE ATHLETES
Name of Researcher: Prof. James H Ombaka
Contact Details: Depariment of Biomedical Sciences and Technology; School of Public Health and Comrmmity
Development; Masens University, Kisummu-Eenya Tel: +25457351622; e-mail: gugbaka 2000 Frvaboo com
Flease inifial box

* I confirm that I have read the Partcipant Information Sheet dated. ... (version............)
for the above smdy. I have had the oppornmiry to comsider the information, ask guestons and have
had these answered satsfactonly.

* I consent to the nse of noy blood for the above smdy. I understand that only extracted BMNA
will be stored biobanked for potential fomre use.

* I zive my consent to the storage of my BMA sample for future research project with a favonrable
ethical opinion (generic consent)

s  If peneric consent if granted: I understand that my consent to the sbove study or fomre
research projects with a favourable ethical opinion will continne for ten (10) years
or untl I withdraw my consent (whichever is sooner).

* Tunderstand that my pardcipation is volmtary and that I am free fo withdraw my consent at any
time without giving a reason. Should I withdraw my consent, I understand that any of my stored
sample will be disposed of however, any data already generated from the use of my sample will

remain the property of the research team.

* I am aware that my FA samples may be nsed in a range of fomre stadies with a favourable
ethical opinion.

# Tagree to take part in the above smdy.

» My biological sex is (mandatory):

Female a
Male m|
Orthar O
o My cwrent sport is {mandatory):
» My chronological age in years (optional): VEATS
Mame of Participant Sizmaiure: Date:
Mame of Person receiving consent Sigmamure: Drate:

If yon have any concems or complaints, please direct these appropriately to Maseno University Scientific and
Ethics Review Committes (MUERC) and you are free to report any discomfort throngh the telephone momber:
++H254721260279 or email to: muerc-secretariate imaseng. ac ke

I copy to participanz, I copy to the researchar.

27



AN “OMICS” APPROACH TO THE DETECTION OF RECOMBINANT HUMAN ERYTHROPOIETIN (R-HUEPO)
DOPING IN ENDURANCE ATHLETES

Participant ID: Date of Enrollment:
Date of Birth:

Age:

Gender: Male Female

Residence:
County:
College/University:

Do you participate in sports? Yes No

If yes, please specify:

O Athletics
o Track (100m, 200m, 400m, 800m, 1500m, 3000m SC, 5000m, 10000m) _
o Road Running (10km, Half Marathon, Marathon)
o Field: (Javelin, Shortput, Discus)

Soccer

Rugby

Tennis

Basketball

Badminton

Other (Specify)

oooooao

At what level do you compete?

O College/ University games

O National Events

O International competition (Commonwealth, World Championships, Olympics)
O Other (Specify)
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Sample collection log

SAMPLE COLLECTION LOG
OMICS Sample schedule: STUDY-ROUTINE
Visit 1
Participant No: Initials: {DD/MMAYYYY;
00:00H)
Vacutainer
T | e Actual Date/Time of Sample | Lab.Tech
Paint ¢ ﬂ“‘l”"'"l Collection Type | Number condition | (Initials)
Tempus
(k) 1 Volume OK?
WBWI i) Yeso Moo
Visit 01/3an/2023 1N Y /| EOTA .
00:00
L (I Y (Purpie) Velume OK?
Yos o MNo
a
Haemolysis?
Yeso Moo
Living 1
OMICS Sample schedule: STUDY-ROUTINE
Visit 2
Participant No: Initials: (DDIMMAYY Y'Y,
00:00H)
Planned Vacutainer
Time | 1o erTime of Actual Date/Time of Sample | Lab.Tech
Point Collection Collection Type | Number condition (Initials)
Tempus
{Blua) 1 Violume OK?
(Venous ume
Biood) Yeso Moo
Visit | o1 /3en;2023 e e EDTA 1
2 00:00 l I: | {Purple)
Volume OK?
Yes o Moo
Haemolysis?
Yeso Moo
Wring 1
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OMICS Sample schedule: STUDY-ROUTINE

Visit 3
Participant No: Initials: (DD/MMYYYY;
00:00H)
Vacutainer
Time | o raed Actual Date/Time of Sample | Lab.Tech
Point | goect Collection Type | Number condition | (Initials)
Tempus
{Blue) 1 Volume OK?
(Venous
Blood) Yaso Moo
Visit | 01 71an/2023 L B EDTA i
3 | oowo [ {Purple]) Valume OK?
Yes o Mo
[a]
HagmolysisT
Yeso Moo
Wrine 1
OMICS Sample schedula: STUDY-ROUTINE .
Visit 4
Participant No: Initials: {DD/MMYYYY;
00:00H)
Vacutainer
TR | e Actual Date/Time of Sample | Lab.Tech
Point Caleat Collection Type | Number condition | (Initials)
Tempus
(Blus) 1 Volume OK?
p;m Yes o Moo
Visit 01/lan/f2023 L EDTA 1
4 | powoo B T (Purple) Walume OK?
Yes o No
=]
Hagmolysis?
Yeso Noo
Urindg 1
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