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Abstract literature review 

On average 50% of illness cases in athletes are related to upper respiratory tract 

infection (URTI) symptoms which can have a negative impact on their wellbeing and 

performance. However, the methods employed to monitor the changes in immune 

status following acute exercise or regular training can have variable response to 

exercise-load and reliability to predict the forthcoming illness. This review selected 11 

original research publications through a focused database search-strategy to evaluate 

the relationships of various immune markers to training-load and to the occurrence of 

URTI in endurance athletes. 

From the 10 immune status assessment methods evaluated in this review salivary IgA 

and oxidative burst assays were the most supported immune markers by the 

longitudinal studies and by studies evaluating the impact of acute training, 

intervention or race. Although, none of the studies demonstrated a significant linear 

correlation of the marker to training-load, all showed significant marker changes in 

time with regular training or post-acute exercise. Salivary IgA showed sensitivity to 

moderate training over 12 weeks in sedentary significantly increasing its levels which 

mirrored the significant decrease of URTI occurrence relative to cumulative training- 

load in line with the J-shaped curve for the exercise-load-URTI relationship. 

Granulocyte oxidative burst quantification related to cumulative training-load over 10 

weeks in elite swimmers followed an S-shape curve which mirrored the relationship of 

URTI occurrence to the cumulative training-load.  
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Oxidative burst assay shown significant magnitude changes with chronic 

training and with acute exercise in elite and in trained athletes, as well as the 

occurrence of irregular oxidative burst kinetics displaying significant, moderate 

correlation (r = .729, p < .05) to the occurrence of URTI symptoms post 3-day 

intensive cycling training. 

Practical complexity assessment of the oxidative burst and of the IgA assays 

highlighted main weaknesses being time consuming and requiring individual baseline. 

Oxidative burst kinetics and salivary IgA assessed with the emerging point-of-care 

devices might be the alternatives for improved simplicity and comparability between 

studies but requiring further standardisation of these immune function assessment 

methods. 

Key words: exercise, endurance athletes, training-load, immune marker, 

respiratory infection. 
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Introduction  

Link between exercise, immune markers and occurrence of URTI 

The impact of exercise-load on an increased risk of illness and on a suppression of 

immune function have been investigated from the beginning of the 20th century 

(Nieman, 1997). In the 1980s and early 1990s epidemiological studies by researchers 

such as Nieman and Peters confirmed the link between higher incidence of upper 

respiratory tract infection (URTI) and heavy training in endurance athletes (Nieman, 

Johanssen, & Lee, 1989; Peters & Bateman, 1983). 

A J-shaped curve was proposed by Nieman for the relationship between the training-

load and occurrence of URTI symptoms, who observed that regular, moderate 

intensity exercise reduces the risk of URTI relative to sedentary people while 

prolonged high-intensity exercise is associated with an above average risk of URTI in 

sub-elite athletes (Nieman, 1994). It has been also observed by Malm (2006) that elite 

athletes might be less susceptible to illness when exercising at high loads (S-shape 

curve, Appendix 1).  

Strenuous exercise e.g. is associated with tissue damage causing local inflammation 

and activation of innate and adaptive immune systems (McKune, Smith, Semple, & 

Wadee, 2005). The potential mechanisms for the impact of acute or chronic exercise 

on the innate immunity link the oxidative stress, an increased metabolic rate and 

raised levels of heat shock proteins to cell death, to the alterations of cell trafficking 

and pathogen recognition as well as to the cell effector functions such as cytokine 

expression, antigen processing, oxidative burst and phagocytosis (Walsh et al., 2011). 
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Since mid-1990s hundreds of studies reported the relationship between prolonged 

exercise and temporary depression of immune cell function (Gleeson, 2006) with ex 

vivo immune function assessment methods (markers) such as phagocytosis (Nieman 

et al., 2000) and oxidative burst (Pyne et al., 1995), natural killer (NK) cells activity 

assays (Nieman et al., 1990), cytokine quantification in serum (Ostrowski, Rohde, Asp, 

Schjerling, & Pedersen, 1999) and immunoglobulin in saliva (Gleeson et al., 1999) or in 

blood (McKune, Smith, Semple, & Wadee, 2005). However, the early research aiming 

to link the suppression of immune function in athletes to infections were not 

conclusive (Mackinnon, Ginn, & Seymour, 1993 Pyne et al., 1995). A more recent 

systematic review in 2016 on monitoring athlete’s well-being in response to training 

concluded that self-assessment methods were more sensitive than objective 

(physiological, biochemical or psychological) measures (Saw, Main, Gastin, 2016). 

More than 50% of the acute illness cases in athletes related to respiratory tract 

infections (Schwellnus et al., 2016), although some URTI symptoms might be due to 

cold or polluted air (Bermon, 2007). Hence, it is important to monitor athletes’ 

immune function to manage their training-loads and the risk of URTI. 

Aim of the literature review 

This literature review aimed to evaluate the currently employed immune 

function assessment methods to predict the occurrence of URTI symptoms 

related to training-load from endurance exercise.  

The assessment criteria of the immune marker were adapted from Schwellnus 

et al. (2016) taking into consideration the consensus statement of the 



  

12 
 

American College of Sports Medicine (ACSM) and the European College of 

Sports Medicine (ECSM) for monitoring overtraining (Meeusen et al., 2013) 

which includes:  

 High sensitivity to the immune response to training-load (different from 

physiological adaptations to training) 

 No interference with training  

 Practical and cost-effective 

The questions for the current review were: 

A) How accurate are immune markers in monitoring the risk of URTI post 

exercise? 

B) How sensitive are immune markers in the response to endurance exercise-

load? 

C) How the immune function assessment methods compare in their URTI 

prediction accuracy, sensitivity to training-load and practical complexity. 

 

Search Methods & Results 

The methodology for conducting this literature review was aiming to follow the 

“Search, Appraisal, Synthesis and Analysis (SALSA)” approach according to Fink (as 

cited in Booth, Sutton, & Papaioannou, 2016) for selecting an immune marker 

assessment method to monitor training-load impact on the occurrence of URTI in 

endurance athletes. 
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Search material 

The literature search was limited to publications in academic journals, in English 

language and related to humans and to articles with abstracts available online through 

electronic searches from 1 January 1989 of the following databases: PubMed, CINAHL, 

SPORTDiscus, Science Direct and Web of Science. 

Search strategy 

Key terms used for searches are directly related to the aims listed for the present 

review and were grouped under the following topics: 

1) Subjects: synonyms for “endurance athlete” such as “runner, canoeist, rower, 

cyclist, marathoner, swimmer, skier” (adapted from Saw, Main and Gastin 

(2016)) 

2) Training-load: terms used to quantify “exercise volume” and “exercise 

intensity” (Soligard et al., 2016) e.g. metabolic equivalent (MET). 

3) Infection symptoms: synonyms for URTI symptoms such as “nasal or throat 

infection or cold symptom” (Gleeson & Pyne, 2016; Walsh et al., 2011). 

4) Immune-function assessment method: methods listed in relevant literature 

and reviews such as “cytokine, leukocyte, neutrophil or granulocyte numbers, 

granulocyte oxidative burst and natural killer cell function” (Bermon et al., 

2017; Gleeson & Pyne, 2016). 
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Appendix 2 summarises all synonyms used for database-searches under each criteria 

and were connected with the Boolean operator “OR” as alternatives. All four search 

criteria had to be fulfilled in the final search strategy (operator “AND”). 

Article selection and exclusion 

Results were initially pre-screened by title, then by abstract and as full-text against the 

following inclusion criteria: 

A. Original research 

B. Study subjects were endurance athletes or non-athletes performing endurance 

type exercise quantifiable in duration and intensity 

C. Included an objective or subjective measure of URTI or cold symptoms related 

in time to the training or exercise performed. 

D. Included an objective measure of immune function status which was 

concurrent to the training or exercise performed. 

E.  Excluded studies which had a nutritional intervention in its design. 

Search results and selection of studies 

The database searches were conducted by 30 March 2017 and resulted in 505 titles. 

After the screening of the titles, 250 articles were pre-selected with 120 of them 

rejected as duplicates. The remaining 130 articles were screened as abstracts and 

when in doubts as full text against the selection criteria. 
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Finally, ten articles met all selection criteria. Hand searches and search alerts set for all 

data bases yielded 10 additional titles but none of them matched all selection criteria 

up to the “cut-off point” by 30 June 2017.  

Using contacts to other researches one study was added, which was conducted as part 

of a dissertation for a degree at the University of Exeter (White, 2015)  

Data extraction and analysis 

The key content of the articles identified for the review was listed in a “master-

spreadsheet” (Table 1) to summarise the study details such as reference, population, 

study type, season and length, training-loads, URTI assessment, immune marker 

method with timing of sampling and key findings according to the authors of the 

publication. Where numerical data was presented in graphical format only, the data-

extraction was conducted by measuring graphical representation from hard copies. 

Pearson’s or Spearman’s correlation analyses were conducted post-hoc using SPSS for 

Windows version 22.0 in addition to the statistical data published in the studies 

Classification of study subjects and their exercise-loads 

To avoid bias, studies were classified according to the status of the athletes and 

their training-loads. Data for environmental control-subjects were not included.  

The training and intervention loads were calculated in MET-hours (MET-h) per 

time unit using intensities estimated from the Compendium of Physical Activities 

(Ainsworth et al., 2000). Exercise-load in METs (EXMETs) was calculated using 
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Karvonen equation in METs, where maximal oxygen uptake (VO2max) values of 

the study-cohorts were available (ACSM, 2014):  

EXMETs = (intensity fraction) [(VO2max in METs) - 1] + 1 

The exercise-load for interventions over more than one day were calculated as 

cumulative load for each consecutive day of the intervention. 

Immune marker and URTI records 

Data for URTI symptoms and up-to two immune markers were recorded from 

each study corresponding to the relevant periods of exercise. The choice of the 

immune markers was for these with highest correlations to exercise-loads or to 

the occurrence of URTI in each study. Where possible, the data were converted 

to the same units and finally expressed as percent change in time of the study 

relative to the initial value at the beginning of the study. 
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Table 1 “Master-spreadsheet” URTI and immune markers in relation to exercise-load. Classification of athletes and study design. 
Exercise-intensity in METs estimated according to Ainsworth et al (2000). VO2max in METs calculated by dividing VO2max in ml∙min-1∙kg-1 
by 3.5. Exercise-load in METs (EXMETs) calculated using Karvonen equation (ACSM, 2014) in METs (EXMETs = (intensity fraction) 
[(VO2max in METs) - 1] + 1) 

Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Sedentary performing endurance exercise 

(Klentrou, 
Cieslak, 
MacNeil, 
Vintinner, & 
Plyley, 2002) 

19 (M+F) 
25 – 50 y 
Estimated 
initial 
VO2max 10 
METs 

12 wks/ spring 
Chronic exercise 
intervention. 
Saliva wk1 and after 
12wks of regular 
exercise. 

3x 0.5 h at 65% HRR 
(55% VO2max, 6 – 7 
METs) endurance 
exercise per week 
VO2max increase to 
11 METs after 6 weeks 
and further to 12 
METs after 12 weeks 

Wks. 1 – 6 
9 MET-h.wk-1 

Wks 1-6 
12.5±3.1 total 
sickness days 

Salivary IgA 
Wk 1 
.23±.06 ml.ml-1 
100±26% 

n/a IgA significantly 
(p<.05) increased 
and influenza 
symptoms 
decreased post 12 
wks of exercise 
Cold symptoms 
not significantly 
different 

Wks. 6 – 12 
10.5 MET-h.wk-1 

Wks 6 - 12 
9.5±2.9 total 
sickness days 

Salivary IgA 
Wk 12 
.37±.081mlml-1 
160±35% 

Recreationally active 

(Hanstock et 
al., 2016) 
 
Study A 

26 M + 14 F 
22-26 y 

3wks of daily URTI 
record   and   
weekly samples of 
saliva and tear in 
recreationally 
active  

autumn 

No exercise record n/a 11 reported 
URTI within 3 
wks 

Salivary  
IgA  
before URTI  
.3 mg.ml-1 
 
4wks after URTI  
.3 mg.ml-1 

Tear  
IgA  
Before URTI  
2.1 mg.ml-1 
 
4wks after 
URTI  
3.1 mg.ml-1 

Tear IgA 
significantly 
(p<.05) lower 
before URTI 
compared to after 
recovery but not 
for salivary IgA. 

9 had pathogen-
verified URTI 
(Pat-URTI) vs 17 
healthy subjects 

Wk3 Salivary  
IgA  
In Pat-URTI 
.2 mg.ml-1 
In healthy 
0.3 mg.ml-1 

Wk3 Tear 
IgA  
In Pat-URTI 
2.1 mg.ml-1 
In healthy 
4.2 mg.ml-1 

Tear IgA 
significantly lower 
(p<.05) in Pat-
URTI compared to 
healthy in wk3, 
not salivary IgA 



  

18 
 

Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Continued - Recreationally active 
(Hanstock et 
al., 2016) 
 
Study B 

13 M 
23 ± 5 y 
VO2peak:  
15±1 METs 

Two cross-over 
trials (RUN or REST) 
separated by 1 
week 

Exercise (RUN) – 2 h 
treadmill at 65% 
VO2peak (10 METs)   
 
IgA recorded pre and 
post exercise 

RUN 
20 MET-h 

No URTI record Salivary IgA 
(mg.ml-1) 
Pre .2 
Post .3 
30’ .25 
1h  .2 
24h .15 

Tear IgA 
(mg.ml-1) 
Pre 2.1 
Post .8* 
30’  2.5 
1h  3.0 
24h 2.2 

*) Post exercise 
tear IgA lower 
(p<.01) compared 
to pre exercise but 
not for salivary 
IgA. 
 
 
 
 

Trained endurance runners (RUN) and/or cyclists (CYC) or cross-country skiers (SKI) or triathletes (TRI) 

(Gleeson et 
al., 2017) 

16 M 
CYC, SKI or 
TRI 
32 ± 8 y , 
VO2max 18.5 
± 1 METs 
(cycling) 

Spring – autumn 
 
Two cycling trials: 
one LONG and one 
INTENSE  
 
+ 
 
40 wks training 

LONG cycle: 60 min at 
65% VO2max (11 
METs) 
 
 
 
 
INTENSE: 6 x 3 min 
intervals at 90% 
VO2max (17 METs) 
with 1.5 min recovery 
(3 METs)  
 
Training 14±5 h.wk-1 
(8 METs) 

LONG 
11 MET-h 
 
 
 
 
INTENSE 
5.4 MET-h 
 
 
 
40wks Training 
112 MET-h.wk-1 
 

 
 
 
 
 
 
 
 
URTI 
Occurrence in 
40wks training 
(% of 
participants) 
0 – 19% 
1-2 – 56% 
4-5 – 25% 

LONG  
Salivary.  
IgA  
(mg.ml-1) 
Pre .049 
Post .054 
1h  .049 
24h .038 

LONG  
Serum 
Midikine 
(pg.ml-1) 
Pre  590 
Post 969* 
1h    716 
24h  600 

Low levels of 
salivary IgA 
<40mg/l more 
often in illness-
prone (4 out of 
16) p=.06.  
Important to 
monitor individual 
changes. 
 
*) Significant 
midikine increase 
(p<.001) post-
exercise, same for 
all subjects 
 
 

INTENSE 
Salivary.  
IgA  
(mg.ml-1) 
Pre .045 
Post .053 
1h  .043 
24h .039 

INTENSE 
Serum 
Midikine 
(pg.ml-1) 
Pre    750 
Post  1007* 
1h       614 
24h     648 
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Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Continued - Trained endurance runners (RUN) and/or cyclists (CYC) or cross-country skiers (SKI) or triathletes (TRI) 

(McKune, 
Smith, 
Semple, & 
Wadee, 
2005) 

6 M + 5 F 
RUN 
43 ± 10 y 

Training record 26 
wks before 
One race/ winter 

Mean distance in 
training 1377km  
(5 h.wk-1 at 11 METs) 

26wks Training 
55 MET-h.wk-1 

Daily logs post 
race with 0 
occurrence 

Serum IgA 
(mg.ml-1) 
24hPre 2.2 
Post    2.4 
3h        2.0 
24h     2.0 

Serum IgG 
(mg.ml-1) 
24hPre 10.4 
Post   11.8* 
3h       10.9 
24h     10.4 
 
 

*) Serum IgG 
significantly 
higher (p<.05) 
directly post race 
but not IgA. 

90 km race -  mean 
time 9.5±1.1h (10 
METs in 9 h) 

Race 
90 MET-h 

(Nieman, 
Henson, 
Dumke, & 
Lind, 2006) 

126 M +29F 
RUN 46.5 ± 
.7 y 
106 finished 
race and 
gave samples 

One race 
2 wks post race log 

160 km race under 24 
h  
(8 METs in 20 h) 

Race 
160 MET-h 

25 runners 
(24%) had URTI 
within 2wks 
post race 

Salivary IgA 
secretion-rate  
46% decrease 
Post vs Pre-race 
p<.001 

 Decrease of 
salivary IgA 
secretion 53% 
greater in the 25 
runners with URTI 
compared to the 
81 healthy 
runners (p=.04) 
 

(Nieman et 
al., 2014) 
 

7 M + 6 F 
RUN 
17 M + 5 F 
CYC 
36.6 ± 1.7 y 
VO2peak:  
15±1 METs 

12 wks training/ 
summer – autumn,  
3 d intense exercise 
in wk 5 
Oxid-Burst 
measured through 
oxidation of 
hydroethidine to 
fluorescent 
ethidium bromide 
in granulocytes 
stimulated with 
bacteria. 

Training: RUN 7.1, CYC 
6.6 h wk-1 (8 METs) 

12wks Training 
56 MET-h.wk-1 

WURSS-21 URTI 
symptom score 
for 12wks 
RUN 33±13 
CYC 25±6 
(p=.477) 

Granulocyte  
phagocytosis 14h 
post vs pre 3d-
exercise (time 
effect, both 
p<.001): 
-27% RUN 
-28% CYC 

Granulocyte  
oxidative 
burst 38h 
post vs pre 
3d-exercise 
(time effect 
both p<.001): 
-12% RUN 
-21% CYC 
 
 
 

RUN had more 
muscle damage vs 
CYC but URTI and 
innate immune 
function not 
significantly 
different. 
 
 

Intense RUN or CYC in 
week 5:  
2.5 h.d-1 for 3 d at 
70% VO2max (11 
METs) 
 

3d intervention 
55 MET-h 
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Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Continued - Trained endurance runners (RUN) and/or cyclists (CYC) or cross-country skiers (SKI) or triathletes (TRI 

(Peters, 
Robson, 
Kleinveldt, 
Naicker, & 
Jogessar, 
2004) 

30 (M+F) 
RUN 
30 - 45 y 
 

Training record  
4 wks before 
 
One race 

High Training (HTR, 
n=15) > 120km.wk-1 
11hx11MET.wk-1 
Low Training (LTR, 
n=15)  < 80km. wk-1 
7.3hx11MET.wk-1 
90 km race  
HTR 8h (11.5 METs) vs  
LTR 10.5h (9 METs), 
p<.001 
 
 

HTR 
120 MET-h.wk-1 
Race                    
HTR 92 MET-h 

LTR  
80MET-h.wk-1  
Race 
LTR 94.5MET-h 

URTI logs daily 
for 2wks post 
race 
 
 
HTR 56% 
LTR 40% 
(Interaction 
effect p>.05%) 

Total leukocytes 
post vs pre-race: 
+90% HTR* 
+90% LTR* 
(*time effect 
both p<.05) 

B 
lymphocytes 
post vs pre-
race: 
+45% HTR* 
+50% LTR 
(*time effect 
only HTR 
p<.05) 

Faster runners are 
more prone to 
post-race URTI 
which is not linked 
to haematological 
recovery 

Elite swimmers 

(Gleeson et 
al., 1999) 

15 M + 11 F 
16 – 24 y 

30 wks training/ 
autumn – spring 
Samples once per 
month before and 
after training. 
 
Daily URTI logs 

Apr –End 59km.wk-1 
(8METs) 
May –40km.wk-1 
(8METs) 
Jun –58km.wk-1 
(8METs) 
Jul –62km.wk-1 
(8METs) 
Aug –53km.wk-1 
(10METs) 
Sep –47km.wk-1 
(10METs 
Oct –38km.wk-1 

(8METs) 

Weekly 
training-load 
(MET-h.wk-1_) 
Apr/ 175  
May/ 118  
June/ 170  
July/ 184  
Aug/ 150  
Sep/ 134  
Oct/ 113  

Median overall 
(95% Cl) 
M 1 (0 – 3) 
F 3 (1 – 4)) 
 

Mean 
Pre-training 
Salivary IgA 
(mg.l-1)  
M/ F/ M+F 
Apr 76/48/61 
May 68/43/58 
Jun 51/51/51 
Jul 62/43/52 
Aug 52/46/49 
Sep 62/48/57 
Oct 46/45/46 

Mean 
Post-training 
Salivary IgA   
(mg.l-1) Male/ 
Female 
Apr 61/51 
May 66/ 51 
June 56/ 38 
July 51/ 40 
Aug 50/ 46 
Sep 55/ 54 
Oct 53/ 38 

Significant 
correlation 
between pre-
training  salivary 
IgA and the 
number of 
infections (N=143, 
r=-.22, p<.01) 
Regression models 
indicate significant 
association of 
mean pre-training 
IgA and gender, 
months of training 
and the number of 
URTI 
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Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Continued: Elite swimmers 

(Pyne et al., 
1995) 

6 M 19±2y  
+ 6 F 
18.5±2.3 y 

10 Wks training 
before competition 
(end of summer) 
 
Blood samples 
every two weeks to 
measure neutrophil 
oxidative activity 
(PMA stimulated, 
flow-cytometry). 

 
 
 
 
 
Wk 1-2 70km.wk-1 
(7METs) 
Wk 3-4 60km.wk-1 
(8METs) 
Wk 5-6  57km.wk-1 
(8.5METs) 
Wk 7-8 40km.wk-1 
(11METs) 
Wk 9-10 20km.wk-1 
(10METs) 

 
Training volume 
 
 
Wk 1-2 
175 MET-h.wk-1 
Wk 3-4 
160 MET-h.wk-1 
Wk 5-6 
160 MET-h.wk-1 
Wk 7-8  
110 MET-h.wk-1 
Wk 9-10  
60 MET-h.wk-1 

No. infections 
(% of subjects) 
 
Pre 1 (8%) 
 
Wk 1-2 
3 (25%) 
Wk 3-4 
0 
Wk 5-6 
3 (25%) 
Wk 7 – 8 
3 (25%) 
Wk 9 – 10 
4 (30%) 

Neutrophil 
Oxidative activity 
(mean channel 
No.) 
Pre 14.5±7 
Wk2 17±9 
(117±62%) 
Wk4 18±5 
(124±34%) 
Wk6 8±4* 
(55±28%) 
Wk8 5±2* 
(34%±14%) 
Wk10 13±5 
(90±34%) 
(*p<.05) 

 Oxidative activity 
of neutrophils 
declined 
significantly in the 
period of higher 
intensity work 
followed two 
weeks later by 
increased number 
of URTI infections.  

(Rama et al., 
2013) 

13M (17±1 y)  
+6F (16±1  y) 

Winter season 
29 weeks training 
8-11 sessions per 
wk 
Blood samples at: 
T1 – start 
T2 – wk7 
T3 – wk24 
T4  - wk29 
NK cells 
subpopulation 
count 

Total distance and 
training intensity wk 
before each 
evaluation 

Training-load wk 
before 
evaluation 

% of athletes 
with URTI 
T1 6% 

NKbright (cells.µl-1) 
T1 
7±4 

NK total 
(cells.µl-1) 
T1 
151±122 

*) NK cell total 
numbers 
significant 
decrease of 
(p<.05) with 
training time but 
NKbright increased 
with training load 
(p<.01)**. 

Wk 1-6 increase 
43km.wk-1 (10METs) 

Wk6 
123 MET-h.wk-1 

T2 
42% 

T2 
35±27** 
(500±386%) 

T2 
98±63 

Wk 7-23 intense 
41km.wk-1 (11 METs) 

Wk23 
110 MET-h.wk-1 

T3 
25% 

T3 
26±22** 
(371±314%) 

T3 
118±79* 

Wk 24-29 competition 
21km.wk-1 (11 METs) 

Wk29 
56 MET-h.wk-1 

T4 
6% 

T4 
14±8** 
(200±114%) 

T4 
118±76 
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Reference  Population 
(number, 
sex, age, 
VO2max in 
METs) 

Study length/ 
season/ design/ 
time of sampling 

Training/ 
intervention/ 
intensity/ estimated 
exercise-METs/ 
duration/frequency 

Estimated 
training or 
intervention 
volume  
(MET-h) 

URTI occurrence  Immune function 
assessment 1 
 

Immune 
function 
assessment 2 

Main findings  
With key data 
from statistical 
analysis 

Elite cyclists 

(White, 
2015) 

5 M y 
 + 6 F  
22±4y 

4 days training 
camp 
Spring 
Capillary blood 
samples taken pre 
training and post 
training each day 
(1, 2 and 3) and in 
the morning of day 
4. 
 
ABEL®- Sport test 
records the kinetics 
of light emitted by 
Pholasin® when 
reacting with ROS 
from leukocytes 
(full blood) 
stimulated with 
fMLP. 
Measurements 
performed with 
field luminometer 
in the location of 
the training camp. 

D1 - 102km/ 3.6h 
(13.5 METs) 
Elevation 1.3km  

D1 
49 MET-h 

D1  
Symptom-score 
4.7 ± 2.2 

D1PreABEL 
4 irregular (36% 
cyclists) 

D1Pre % peak 
light* 
100% 

Correlation (r = 
.729, p < .05) 
between 
frequency of 
abnormal Oxid-
Burst kinetics 
during camp and 
URTI symptom 
score 2wks post 
camp  

D1Post ABEL 
4 irregular (36% 
cyclists) 

D1Post% peak 
light* 
210% 

D2 - 114km/ 3.9h 
(14METs) 
Elevation 1.6km  

D2 
55 MET-h 
 
Cumulative 
104 MET-h 

 D2PreABEL 
8 irregular 
(73% cyclists) 

D2Pre % peak 
light* 
75% 

D2Post ABEL 
4 irregular (36% 
cyclists) 

D2Post % 
peak light* 
140% 

D3 -114km/ 3.9h 
(14METs) 
Elevation 1.2km  

D3 
55 MET-h 
 
Cumulative 
159 MET-h 

 D3PreABEL 
6 irregular 
(55% cyclists) 

D3Pre % peak 
light* 
63% 

D3Post ABEL 
9 irregular (82% 
cyclists) 

D3Post % 
peak light* 
200% 

D4 Rest day D4 No training D4  
Symptom-score 
7.1 ± 5.5 
(150% vs D1) 

D4Morning 
ABEL 
5 irregular (45% 
cyclists) 

D4Morning % 
peak light* 
62% 

Two weeks Post camp  2wks Post 
Symptom-score 
9.6 ± 7.3 

 % peak light* -
mean (peak 
light – pre-
stimulation 
light) vs D1Pre 

M=male, F=female, URTI=Upper Respiratory Tract Infection, WURSS=Wisconsin Upper Respiratory Symptom Score, d=day, Wk=week, y=year Oxid-
Burst=oxidative burst, PMA=phorbol myristate acetate, fMLP= formyl-methyl-phenyalanine, ROS=reactive oxygen species, VO2max=maximal oxygen 
uptake, DL=daily load, WL=weekly load, HRR=heart rate reserve, HRmax=maximal heart rate, HTR=high training volume, LTR=low training volume, 
RUN=running, CYC=cycling.



  

23 
 

Discussion  

As established by Nieman (1994) and Malm (2006) the immune response to 

exercise depends on the status of the athlete and the exercise-volume and 

intensity in time, hence the comparison of immune markers was conducted for 

studies with similar design and taking to account variability of athletes’ status.  

Immune markers vs chronic training-load and URTI occurrence  

The following four studies recorded immune markers and URTI over 12 – 29 weeks of 

training: Klentrou et al. (2002, salivary IgA), Gleeson et al. (1999, salivary IgA), Pyne et 

al. (1995, neutrophils oxidative burst (Neutr-Oxid-Burst) and Rama et al. (2013, NKbright 

cells and NK total cells). The sampling for markers measurements were taken at rest 

before exercise. 

The relationships of immune-marker changes to the chronic weekly training-load for 

three studies with elite swimmers are summarised in Figure 1A & B. The mean 

response of NKbright cells to chronic training-load (Rama et al., 2013) has shown the 

highest correlation (r = .967) to the weekly training-load. In contrast, for the mean 

salivary IgA (Gleeson et al., 1999) and the mean Neutr-Oxid-Burst (Pyne et al., 1995) 

the equivalent correlation coefficients were lower with r = .178 and .323 accordingly, 

although none of the above correlations were statistically significant (p >.05). The 

correlations of immune markers to cumulative training-loads were negative in all 

three elite-swimmers studies (Figure 1B) as opposed to positive correlations to the 

weekly training-loads for the same studies (Figure 1A). NK total cell count in the Rama 

et al. (2013) study (only featured in Tables 1 & 2) was an exception as it declined in 
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time relative to the pre-training values (p <.05) according to the authors and displayed 

an insignificant strength of the relationship to the cumulative training-load (r =.734, p 

=.467) while the correlation of the marker to the weekly training-load was negative (r 

=-.116, p =.926) as calculated from the mean values. The correlations of the mean 

Neutr-Oxid-Burst (Pyne et al., 1995) and of the salivary IgA (Gleeson et al., 1999) to 

the cumulative training-loads have also strengthened compared to the correlations to 

the weekly training-loads as demonstrated in Figure 1B (r =-.686 and -.701) but were 

not statistically significant (p =.201 and .079).  

Figure 2 shows the URTI occurrence in the Pyne et al. (1995) study during 10-weeks 

training of elite-swimmers displaying a positive, moderate correlation to the 

cumulative training load (r =.671, p =.215). Interestingly, sedentary subjects in the 

study by Klentrou et al. (2002) significantly (p < .05) reduced URTI symptoms after 12-

weeks of low-moderate exercise which is in agreement with the J-shaped curve 

proposed by Nieman (1994).  
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Figure 1. Relationships of training-loads (over 10-29 weeks) in elite swimmers to the mean 

immune marker responses expressed as % of the initial value at the start of each study. 

Samples taken pre-training. A) Relationships to weekly training-loads. B) Relationships to 

cumulative training-loads (Gleeson et al., 1999; Pyne et al., 1995; Rama et al., 2013). Error 

bars represent standard deviation expressed as % of the initial marker reading (not available 

for Gleeson et al. (1999) as marker mean values for both sexes were calculated from separate 

data for men and for women). 
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Pyne 

r = .323 
p = .596 
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Saliva IgA 
Gleeson 
r = .178  
p = .703 

28wks, n=26 

1A) 

1B) 

NKbright  

Rama 
r = -.895 
p = .294 

29wks, n=19 
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Pyne 
r = -.686 
p = .201 

10wks, n=12 

Saliva IgA 
Gleeson 
r = -.701  
p = .079 
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Figure 2 Relationships of cumulative training-loads over 12 weeks in sedentary (Klentrou et 

al., 2002) and over 10 weeks in elite swimmers (Pyne et al., 1995) to the mean immune 

marker responses, sampled before training, expressed as % of the initial value at the start of 

the study and to the occurrence of URTI as % of participants with symptoms.--- line represents 

S shaped curve for URTI and  -.-.-  line for mean immune marker (relative to wk1 value) in the 

Pyne et al. study with elite swimmers. Error bars represent standard deviation expressed as % 

of the initial marker reading. 

The (- - -) line in Figure 2 connecting the URTI occurrence in the Pyne et al. study 

indicates an S-shape curve for the relationship between infection rates to the 

cumulative training-load. As proposed by Malm (2006) the elite athletes seem to 

display a capacity to withstand infections beyond a certain absolute level of training, 

which was 1000 - 1200 MET-h (weeks 6 – 8) in Payne at al. (1995) study where the 

URTI occurrence has achieved a plateau, although weeks 6 – 8 also coincided with 

peak endurance and high intensity training-phase, potentially explaining the reversal 

of URTI occurrence beyond it. The (-.-.-) line in Figure 2 connecting the mean Neutr-
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Oxid-Burst responses to cumulative training-loads in the Pyne et al. study indicates an 

S-shape curve mirroring the URTI relationship to the cumulative training load. At 

about the same cumulative training –load (weeks 6 - 8) in the Pyne et al study the 

immune marker achieved the lowest level before increasing to almost pre-study levels 

with further training. The mean salivary IgA response to training in sedentary 

(Klentrou, Cieslak, MacNeil, Vintinner, & Plyley, 2002) also mirrors the URTI response 

by significantly (p < .05) increasing above pre-training level.  

As summarised in Table 2, the correlation between the mean Neutr-Oxid-Burst and 

URTI occurrence from the study of Pyne et al. (1995) was moderate without statistical 

significance (r =-.447, p = .450). However, the longitudinal changes in oxidative 

capacity reported by Pyne et al. (1995) showed a significant decline (p <.001) of Neutr-

Oxid-Burst in weeks 6 – 8 of the study although the correlations calculated from the 

mean marker values were not statistically significant (p =.596 to weekly load and .201 

to cumulative load). 
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Table 2 Statistical data retrieved from the selected studies for URTI risk and immune 

marker response to chronic exercise-load. Samples for marker analysis were taken 

periodically before training. 

Immune 
Marker 

Reference 
 

Athlete type 
and 

training load 
(MET-h . wk-1) 

Marker in  
time 

(relative to 
pre 

training) 
and 

Training 
period 

Marker vs   
exercise-load 

Marker vs 
URTI 

occurrence 
 Vs 

Weekly 
training 

Vs 
cumula

tive 
training 

Saliva IgA Gleeson et al. 
(1999) 

Elite 
swimmers, 
n=26 
113 - 175 

↘ 
 
 
28wks 

(↗ r =   
.178, p 
=.703)* 

(↘ r =   
-.701, p 
=.079)* 

r = -.22 
p<.01 for 
pre-
training 
IgA and 
URTI 

Klentrou et al. 
(2002) 

Sedentary, 
n=19 
9 – 10.5 

↗ p<.05 
 
12wks 

 ↗  

Oxidative 
Burst 
quantification  

Pyne et al.  
(1995) 

Elite 
swimmers, 
n=12 
60 - 175 

↘ p<.001 in 
wk6-8 (peak 
endurance - 
intensity) 
10wks 

(↗ r=    
.323, p 
=.596)* 

(↘ r=    
-.686, p 
=.201)* 

(↘r =-.447, 
p = .450)* 

NKbright cells  Rama et al. 
(2013) 

Elite 
swimmers, 
n=19 
56 - 123 

↗ p<.01 
 
29wks 

(↗ r =   
.967, p 
= .165)* 

(↘ r =   
-.895, p 
= .294)* 

(↗ r = 999, 
p=.031)* 

NK total cells Rama et al. 
(2013) 

Elite 
swimmers, 
n=19 
56 - 123 

↘ p<.05 
 
29wks 

(↘ r=    
-.116, p 
=.926)* 

(↗ r= 
.743, p 
=.467)* 

(↘r =-.411, 
p=.730)* 

*) r and p calculated from retrieved mean data  

Also, the NK total cell count and NKbright responses to chronic training in the study by 

Rama et al. (2013) correlated significantly to the training time with p < 0.05 and <.01 

accordingly, as reported by the authors based on individual scores, in contrast to the 

insignificant correlations based on the mean marker values extracted from the study. 

This highlights the importance of monitoring individual changes of immune marker 

status with training. 
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All four immune markers employed in the analysed chronic-load studies (Table 2) have 

displayed significant responses to training in time as expected from the training-load 

levels and the status of the athletes according to Nieman (1994) and Malm (2006). 

However, none of the studies demonstrated a significant linear correlation of the 

immune marker to the mean training-load. The most significant relationship between 

immune marker and exercise-load was observed in the study of Gleeson et al. (1999) 

where the mean salivary IgA pre-training values displayed high but insignificant 

correlation (r =.701, p =.079) to the cumulative training load in elite swimmers over a 

period of 28 weeks. The highest correlation of the immune marker to the mean 

training-load was observed for NKbright cells levels in the study of Rama et al. (2013) in 

relation to the weekly (r =.967) as well as to the cumulative training–loads (r =-.895) 

although none of these correlations were statistically significant (p >.05). The 

significance levels of the above correlations might have improved if individual scores 

were used instead of mean values for the whole study cohort. 

Predictability of URTI symptoms by the immune marker was again most significant for 

pre-training salivary IgA in the Gleeson et al. (1999) study but with low correlation of 

the marker to the URTI occurrence as reported by the authors (r = -.22, p<.01). NKbright 

cells assay in the Rama et al. (2013) study with elite swimmers showed a very high 

correlation of the mean immune marker values to URTI occurrence based on the 

analysis of mean values from the retrieved data (r =.999, p=.031) over a period of 29 

weeks of training which was also statistically significant. 
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Immune markers vs acute exercise-load and URTI occurrence  

Seven studies recorded the impact of acute exercise on immune markers in time (0 – 

38 h post exercise) and on the occurrence of URTI symptoms up to two weeks post 

exercise.  

Oxid-Burst response 14 h-post acute cycling training decreased over 3 days relative to 

pre-training value and has shown high negative correlation to the cumulative training-

load (r =-.899, Figure 3 A, White, 2015) but without statistical significance (p = .289). 

However, the frequency of the irregular Oxid-Burst kinetics throughout the study, as 

compared to the database for ABEL-Sport® test with full blood (Knight, Stride, 

Webster, & Purdue, 2016), significantly correlated to the URTI occurrence post 

training camp in the study of White (2015) with elite cyclists (r = .729, p<.05). 

Interestingly, the granulocyte Oxid-Burst quantified by Nieman et al. (2014) 14 h-post 

3 days cycling exercise on trained cyclist has also decreased after an initial increase 

directly post exercise (Figure 3A) and decreased further 21% 38 h-post exercise 

(p<.001, Table 3), although both studies employed different methods for Oxid-Burst 

quantification and different substrates (granulocytes, Nieman et al., 2006; whole 

blood, White, 2015; Table 1). A similar trend of marker decrease was shown for 

granulocyte Phagocytosis (runners 27%, cyclists 28%, p<.001) 14h-post exercise in the 

study of Nieman et al. (2014). 
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Figure 3. Relationships of acute exercise-loads to immune marker responses directly 

post- and 14 h post-exercise expressed (A) as % of the initial value at the start of the 

study (granulocytes, Nieman et al. 2014; whole blood, White, 2015) and (B) as % of 

cyclists with irregular oxidative burst kinetics (White, 2015). Note different methods 

for oxidative burst assays between both studies, see Table 1 for more details. 

Table 3 summarises the statistical data from seven studies which included acute 

exercise in their design. All listed immune markers displayed significant changes post-

exercise in relation to exercise-load, although the significance levels for each marker 
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varied between the studies, e.g. for salivary IgA secretion rate Nieman et al. (2006) 

have reported a significant decrease (p< .001) in trained runners post 160 km-race, 

while Hanstock et al. (2016) have not found a significant change in salivary IgA post 

2h-run at moderate intensity in recreational athletes (p>.05) which might have been 

related to a lower exercise-load challenge in the study of Hanstock et al. and to a 

lower number of subjects (n = 16, Hanstock vs n=106, Nieman). However, in the same 

study Hanstock et al. (2016) reported a significant (p>.05) decline of tear IgA post 2h 

run, which indicates higher sensitivity to exercise-load of the marker compared to the 

salivary IgA. Also serum IgA shown no significant change post 90 km race in the study 

by McKune et al. (2005) while serum IgG increased significantly (p > .05) post race in 

the same study. Gleeson et al. (2017) reported a significant (p<.001) increase of serum 

Midikine post exercise in trained athletes.  

The link of immune markers to URTI was less well supported in the selected studies 

with evidence only for salivary IgA secretion rate being significantly lower (p =.04) in 

runners with URTI post race compared to healthy runners (Nieman et al., 2006) and an 

increased risk of URTI was observed when the salivary IgA concentration falls below 

40 mg.l-1 (p =.06, Gleeson et al., 2017) as well as for Oxid-Burst kinetics being more 

frequent for cyclists with URTI (p<.05) in the study of White (2015). For leukocytes 

numbers Peters et al. (2004) have concluded no link to the occurrence of URTI in their 

study with trained runners. 
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Table 3 Statistical data retrieved from the selected studies for URTI risk and marker 

response to acute exercise-load. 

Immune Marker  Reference, 
substrate 

Athlete type, 
number of 
subjects and 
mean load of 
race or 
intervention 

Ratio of 
race-load 
to 
training- 
load per 
week 

Marker vs   
acute exercise-
and/or time 
effect relative to 
pre-exercise 

Marker vs URTI  
 
Acute exercise 

Saliva IgA Gleeson (2017) 
saliva 

Trained athletes, 
n=16 
5.4 and 11 METh 

.1  < 40 mg.l-1 in 
URTI prone 
p=.06 

Hanstock(2016) 
Study B 
saliva 

Recreational, 
n=13  
20 MET-h  

 = p>.05 post-
exercise 

n/a 

Nieman (2006) 
saliva 

Trained runners, 
n=106 
160 MET-h 

 ↘ Salivary IgA 
secretion-rate  
46% decrease 
Post vs Pre-race 
p<.001 

↘IgA secretion 
53% lower in 
runners with 
URTI vs healthy 
runners (p=.04) 

Tear fluid IgA Hanstock(2016) 
Study B 
tears 

Recreational, 
n=13  
20 MET-h 

 ↘ p<.05 post-
exercise 

 

Oxidative Burst 
quantification  

Nieman (2014) 
granulocytes 

Trained runners 
and cyclists,  
n=13+22 
55MET-h in 3d 

1.0 ↘ 38h-post 12% 
(run) and 21% 
(cyc) lower 
p<.001 

 

White (2015) 
Whole blood 

Elite cyclists, 
n=11 
159METh in 3d 

 (↘ directly post 
r=-.132, p=.916; 
↘ 14h-post,    
r=-.889, p=.289)* 

 

Occurrence of 
irregular 
Oxidative Burst 
kinetics 

White (2015) 
Whole blood 

Elite cyclists, 
n=11 
159METh in 3d 

Estimated  
3d camp 
to weekly 
load 1.5 

(↗ directly post, 
r=.866, p=.333; 
↘ 14h-post,     
r=-.987, p=.104)* 

↗ r = .729 
p<.05 

Phagocytosis  Nieman (2014) 
granulocytes 

Trained runners 
and cyclists, 
n=13+22 
 55MET-h in 3d 

 ↘ 14h-post 27% 
(run) and 28% 
(cyc) lower 
p<.001 

 

Leukocyte count. Peters (2004) 
blood 

Trained runners, 
n=30 
92-94 MET-h 

1.2 and.8 ↗ p<.05 post 
race 

Not linked 

B Lymphocyte 
count 

Peters (2004) 
blood 

Trained runners, 
n=30 
92-94 MET-h 

1.2 and.8 ↗ p<.05 post 
race 

Not linked 

Serum Midikine Gleeson (2017) 
blood 

Trained athletes, 
n=16 
5.4 and 11 METh 

 ↗ p<.001 
directly post 

 

Serum IgA McKune (2005) 
blood 

Trained runners, 
n=16, 90 MET-h 

1.6 = p>05 post race  

Serum IgG McKune (2005) 
blood 

Trained runners, 
n=16, 90 MET-h 

1.6 ↗p<.05 post 
race 

 

*) r and p calculated from retrieved mean data vs cumulative training-load 
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Overall marker assessment 

Salivary IgA, NKbright cell assay, Oxid-Burst quantification, Oxid-Burst kinetics and Tear 

fluid IgA where the most supported immune markers evaluated in the selected studies 

according to this review objectives. 

Salivary IgA was the most supported immune marker across longitudinal studies and 

studies looking at acute exercise with the following evidence: 

- Significant (p<.05, n=19) increase of the marker during 12 weeks of moderate, 

regular training in sedentary compared to pre-training (Klentrou, Cieslak, 

MacNeil, Vintinner, & Plyley, 2002). 

- Significant (p<.001, n=106) decrease of the secretion rate of the marker post 

160 km race in trained runners compared to pre-race  and significantly (p=.04, 

n=106) lower IgA secretion rate in runners with URTI post 160 km race 

compared to pre-race (Nieman, Henson, Dumke, & Lind, 2006). 

- Significant (p<.01, n=26) but low (r=-.22) negative correlation of the marker 

assessed pre-training to the occurrence of URTI in elite swimmers during 28 

weeks of regular training (Gleeson et al., 1999). 

Tear fluid IgA (Hanstock et al., 2016) in recreational athletes decreased 

significantly (p<.05, n=13) post-acute intervention (study B, Tables 1 & 3) and was 

also significantly (p<.05) lower before URTI compared to after recovery in 11 

subjects out of 40 completing 3 weeks of regular training (study A, Table 1).  

The following evidence for Oxid-Burst was reported: 
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- Significant (p<.001, n=12) decrease of granulocyte Oxid-Burst quantification in 

two weeks of peak endurance and intensive training in the study with elite 

swimmers (Pyne et al., 1995). 

- Granulocyte Oxid-Burst 12% lower in runners and 21% lower in cyclists 38 h 

post three days intervention in trained athletes (p<.001, Nieman et al., 2014). 

- Individual frequency of irregular Oxid-Burst kinetics during 3-day training in 

elite cyclists moderately correlated (r=.729) to the URTI occurrence within two 

weeks post training (p<.05, White, 2015). 

NKbright cell assay had strong support in the 29 weeks study on elite swimmers 

performing pre-competition training (Rama et al., 2013) with the following evidence: 

- Significant (p<.01) increase of the marker in time of the training 

- Very high (r=.999) correlation between the mean marker values and URTI 

occurrence during the study which was also statistically significant (p=.031). 

Practical complexity of the most supported immune markers was assessed according 

to Bermon et al. (2017) who gave three out of five score to Oxid-Burst assay, salivary 

and tear fluid IgA and a score of one to the NK cell count. The weaknesses of the 

above markers were according the review authors: “time consuming” and “require 

individual baseline” (Bermon et al., 2017). In addition, the authors concluded that NK 

cell count has low clinical relevance. 

The Oxid-Burst kinetics using ABEL®-Sport method (Knight, Wakeman, & Reeves, 

2013) was not assessed in the review of Bermon et al. (2017), but will be equivalent to 

the Oxid-Burst assay with potential advantage in practical status by using a field 
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instrument and in comparability between studies if further standardised. Also for 

salivary IgA, a recent development of a point-of-care IPRO LFD device will significantly 

improve the practical status of the marker (Coad, Gray, Wehbe, & McLellan, 2015; 

Gleeson & Pyne, 2016). 

Limitations 

The search strategy used in this review limited the selection of studies to only those 

which evaluated the relationship of immune markers to URTI symptoms (A) and to the 

training-load (B) at the same time. This approach excluded the research publications 

which would answer the research questions A and B as separate entities. 

Definition of URTI varied between the studies which might have contributed to 

discrepancies in the comparison of studies. 

The season of the studies, diet and the results for control groups were not taken to 

consideration although environmental and nutritional aspects might have influenced 

the immune responses (Gleeson et al., 2017). 

Fitness level of subjects was not assessed in all studies, hence the status of athletes is 

only approximate (Gleeson, Pyne, & Callister, 2004). 
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Conclusions  

The goal of this review was to evaluate the relationship of immune function 

markers to URTI symptoms and to the training-load in original studies with 

endurance athletes. All of the selected 11 studies reported statistically 

significant longitudinal marker changes with endurance exercise, however, 

none of them reported a significant linear correlation of the immune marker 

values to exercise-load. The most significant relationship between immune 

marker and exercise-load was observed in the study of Gleeson et al. (1999) 

where the mean salivary IgA pre-training displayed high but insignificant 

correlation (r =.701, p =.079) to the cumulative training-load over 28 weeks in 

elite swimmers as calculated post-hoc from the retrieved data.  

Salivary IgA was the most supported immune marker employed in the selected 

studies, with significant (p<.01) but low correlation (r=-.22) of the marker 

assessed pre-training to the occurrence of URTI (Gleeson et al., 1999) and a 

significant (p<.001) decrease post 160 km ultra-marathon race, which level was 

significantly (p=.04) lower in runners with URTI (Nieman, Henson, Dumke, & 

Lind, 2006). Salivary IgA was also sensitive to moderate 3 weeks training in 

sedentary, increasing significantly (p<.05) above pre-training levels, while the 

occurrence of URTI symptoms decreased significantly at the same time 

(Klentrou, Cieslak, MacNeil, Vintinner, & Plyley, 2002). 

Hanstock et al. (2016) have demonstrated tear fluid IgA superiority in markers 

sensitivity to training and URTI predictability over salivary IgA in two studies on 
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recreational athletes. However, more data is required to establish the validity 

of tear fluid IgA across all categories of athletes and training-loads. 

Oxid-Burst assay shown also significant magnitude changes with chronic 

training (Pyne et al., 1995) and with acute exercise (Nieman et al., 2014) in 

elite and in trained athletes, as well as the Oxid-Burst kinetics displaying 

significant (p<.05), moderate correlation to the occurrence of URTI symptoms 

post 3-day intensive cycling training camp (White, 2015). 

Practical complexity as assessed according to Bermon et al. (2017) of the 

oxidative burst assay, the salivary and the tear fluid IgA highlighted the main 

weaknesses being time consuming and requiring individual baseline. Oxid-

Burst kinetics assessed directly from capillary blood using ABEL®-Sport method 

in field and the salivary IgA measured with a point-of-care IPRO LFD device 

might be the emerging alternatives for improved simplicity and comparability 

between studies but requiring further standardisation of these immune 

function assessment methods. 

When evaluating athletes’ immune function responses to training the 

cumulative training-load is a useful way of assessing its progressive impact, 

however the relationship of the immune marker to exercise-load is not 

expected to be linear and monitoring individual immune function changes 

related to training patterns are of highest importance. 
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Rationale for the proposed journal 

The Research Project: British Journal of Sports Medicine (BJSM) or the Journal of 

Sports Medicine and Physical Fitness (JSMPF) 

The subject of Upper Respiratory Tract Infections and immune function in sport and 

exercise is often presented in BJSM, which aims to highlight clinically-relevant original 

research (5 out of 36 references in the Literature Review). 

 JSMPF will also be considered as it is relevant (3references in the Review) and does 

not require any submission fees. 

The Literature Review has already been submitted to the highly relevant Exercise 

Immunology Review with a submission deadline by 31 July. 
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Abstract - Research Study 

Background and aims: Rowing induced muscle stress may have impact on athletes’ 

immune-system and lead to an increased incidence of upper respiratory tract 

infection (URTI) symptoms. This study aimed to evaluate the capability of ABEL®-Sport 

test used in the field of to assess the susceptibility of rowers to URTI pending their 

exercise-loads.  

Methods: 6 male (aged 50 ± 16.9 y) and 5 female (aged 47 ± 9.6 y) club rowers 

recorded their habitual training and URTI symptoms daily for two weeks and 

performed a 6.8 km race-simulation on a rowing ergometer at the beginning of third 

week. The immune function of the rowers was assessed via the quantification and 

kinetics of oxidative burst response of leukocytes in 10 µl capillary blood using ABEL®-

Sport test throughout the study in the field. 

Results: The severity of URTI symptoms increased from pre-race median value of 0 (0 

– 9) to 3 (0 – 13) within two weeks post-race but was not statistically significant 

(p>.0125). There was very high correlation between the frequency of the occurrence 

of abnormal ABEL® Sport kinetics up to the 48h post-race for 7 rowers with URTI 

symptoms two weeks post-race (r = .930, p = .002). All 4 participants with a final URTI 

score >10 had irregular oxidative burst kinetics before the race and 48h after and 2 of 

them have not reported any URTI symptoms before the race.  

Conclusion: The study results indicate that ABEL®-Sport test used in the field is 

capable of detecting susceptibility to URTI in club rowers and could guide individual 

athletes in training-loads suitable for their well-being. 
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Key words: exercise, rowers, training-load, immune marker, oxidative burst 

kinetics, respiratory infection. 

 

Introduction  

Endurance athletes are up to six times more likely to exhibit upper respiratory tract 

infection (URTI) symptoms within two weeks after strenuous race-events in 

comparison to athletes with a similar training-status but not participating in the race 

(Nieman, 1998). There is also an increasing evidence for suppressed immune-function 

for up to 72 hours following heavy exertion, such as decrease of neutrophil oxidative 

burst (Oxid-Burst) activity and phagocytosis (Nieman et al., 2014) as well as depressed 

mucosal immune function (Gleeson et al., 2017; Nieman, Henson, Dumke, & Lind, 

2006). Exercise-induced immune depression can be sufficient to increase athletes’ 

susceptibility to infections such as URTI. Therefore, monitoring athletes’ immune 

function is an important factor of the preparation before competition. However, there 

are limited analytical methods which are readily accessible to predict URTI symptoms 

or detect overtraining. The ABEL®–Sport test offers an option which is based on the 

assessment of Oxid-Burst response of athlete’s neutrophils from capillary blood using 

a field luminometer (Knight, 2011; Knight, Wakeman, & Reeves, 2013). White (2015) 

used the ABEL® – Sport test method to investigate the immune status of 11 elite 

cyclists during 4 days of training camp. A positive correlation (r = .729, p < .05) was 

shown between the frequency of abnormal Oxid-Burst kinetics recorded during the 

training camp and URTI symptoms occurring within two weeks post-camp (White, 

2015). Further research found a 55 – 80% decline of quantitatively assessed 



  

46 
 

neutrophil's Oxid-Burst using ABEL®-Sport test reagents following 2.5 h of cycling at 

60% maximal oxygen uptake (VO2max) (Jones, Thatcher, March, & Davison, 2015). 

However, the relationships between URTI symptoms to the Oxid-Burst response to 

training and post heavy exercise of club rowers have not been reported before. 

The aims of the present study were to assess:  

(i) Predictability of URTI symptoms occurring in a 2 weeks period post 6.8 km 

rowing race from the ABEL®-Sport test measures carried out in the field on 

club rowers. 

(ii) Impact of habitual training load and heavy-exercise of club rowers on self-

reported URTI symptoms and on the oxidative burst response of athletes’ 

neutrophils as assessed with ABEL®-Sport test during a two-weeks training 

period.  

 

Methods 

The recruitment for the study commenced in March 2016 after receiving approval 

from the University of Chester Ethics Committee (Appendix 3). The main study 

commenced at the beginning of April 2016 after holidays and was carried out in 

Chester (UK). 

Study Subjects 

The study participants aged 19 – 65 years were recruited from the University of 

Chester rowing squad and from the Grosvenor Rowing Club in Chester according to 
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the Participant Information Sheet (Appendix 4). To be included in the study, 

participants had to train regularly for at least 3 hours per week, including rowing in a 

boat or on a rowing ergometer minimum three times per week and be in good health, 

not using excessive food supplements and non-smokers (Jones et al., 2014). Based on 

the a-priori statistical power analysis (Faul, Erdfelder, Lang, & Buchner, 2007) from the 

study-data of White (2015), which resulted in power value of .88 (two-tailed, p = .729, 

n = 11), the aim was to have minimum 14 participants to achieve a power value of .95. 

Fifteen volunteers signed the consent-form (Appendix 5) and were health-screened as 

listed in the health-screen form (Appendix 6). 

Research Design 

In this study, habitual training volumes, 6.8 km rowing race performance and URTI 

symptoms were analysed in club rowers in relation to their immune status as assessed 

with the ABEL®-Sport method at six time-points in the study: day 1, week 1, week 2 

(same as pre-race), directly post-race (intervention), 24 – 48 hours post race and two 

weeks post-race. Appendix 7 summarises the sequence of events in the study. 

Athletes’ cardiorespiratory fitness and body composition were assessed two weeks 

prior to the start of the main study. Stature was measured with a calibrated height-

gauge and body composition was assessed with Tanita Analyser MC-780MA (Tokyo, 

Japan). 

Cardiorespiratory Fitness Assessment 

Subjects were instructed to abstain from food and caffeine at least 1 h prior to their 

cardiorespiratory fitness assessment. An incremental VO2max test was performed 
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using a protocol adapted from British Association of Sport and Exercise Sciences 

([BASES]1997) for rowing ergometer (Concept 2, Nottingham, UK) (Nieman et al., 

2000). Pulmonary gas exchanges were measured breath by breath throughout the test 

by having the participants wear a face mask attached to a portable gas analysis system 

(MetaMax 3B; Cortex Biophysik, Leipzig, Germany). The heart rate, VO2 uptake and 

the rating of perceived exertion (RPE) according to Borg’s 6 – 20 scale (Borg, 1998) 

were recorded 15 seconds before starting each new stage, when the rower increased 

the power output by 30W, every 3 minutes until volitional exhaustion (Appendix 8A & 

B). 

Daily Physical Activities Logs  

Log-sheets for daily recording of physical activities (PA) (Martensson, Nordebo, & 

Malm, 2014) were given to each participant for 14 days. The first day of records 

coincided with the first blood sample for the ABEL®-Sport Test. The participants were 

advised to record all PA at moderate and vigorous effort level as described in 

Appendix 9A in accordance with the International Physical Activities Questionnaire 

(Craig et al., 2003). Appendix 9B gives an example how to fill in the daily PA diary 

(Appendix 9C).  

For each activity recorded in daily PA logs a corresponding metabolic equivalent (MET) 

intensity level was used from the Compendium of Physical Activities (Ainsworth et al., 

2000) to calculate weekly training loads in MET-hours (MET-h) by multiplying the MET 

value of the activity with its duration in hours for each participant (Jones et al., 2014). 
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The PA classified as moderate intensity (3 – 5.9 METs) and vigorous intensity (≥6 

METs) (Ainsworth et al., 2011) were taken for further data analysis (Appendix 9D). 

 

Intervention – 6.8 km Race on Rowing Ergometer 

At the beginning of the third week of the study, the participants were requested to 

perform a simulated 6.8km-race on Concept 2 rowing ergometer which distance 

represents the length of the Head of the River Race-event on the River Thames in 

London. Participant B106 performed the race on RowPerfect ergometer (Row Perfect 

2001, Duffield, UK). Heart rates were monitored using a chest strapped wireless 

sensor (Polar H1, Polar Electro Oy, Kempele, Finland or Garmin HRM3-SS, Taiwan) and 

continuously recorded through a wireless link to a monitor (Polar RS400, Polar Electro 

Oy, Kempele, Finland or Forerunner 220, Garmin, Taiwan). The time, the average work 

level (split), stroke rate and heart rate, were recorded continuously throughout the 

race via ergometer and heart-rate monitors and hand recorded after every 1 km raced 

and at the end of the 6.8 km race (Appendix 10). 

Daily Wellbeing and URTI Logs  

Wisconsin Upper Respiratory Symptom Survey (WURSS) was used to assess the daily 

wellbeing and URTI incidence (Barrett et al., 2005). WURRS-11 is a short version of the 

WURSS consisting of 11 items used in the study of White (2015). The participants filled 

one page of WURSS-11 (Appendix 11) at the end of each day during the 14 days PA 

record period. Based on the responses recorded, a sickness severity score for each 
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week of the study was calculated by summing the daily general illness severity score 

(0=not sick, 1=very mildly to 7=severely sick) (Nieman, Henson, Austin, & Sha, 2011). A 

quality of life interference score was calculated by summing the interference scores 

for think clearly and accomplish daily activities and an URTI symptom score was 

calculated by summing 3 nasal (runny nose, plugged nose and sneezing) and 3 throat 

(sore throat, scratchy throat and cough) symptom scores for each daily record (0= no 

symptom, 1= very mild to 7= severe) (Obasi, Brown, & Barret, 2014). URTI days were 

counted when subjects scored 1 or higher on any URTI symptom. Tiredness days were 

counted when subjects scored 1 or higher on the tiredness symptom. 

Final Symptom and PA Questionnaire 

Two weeks post race the participants completed a questionnaire (Appendix 12) which 

retrospectively recorded the severity of URTI symptoms and life interference score as 

in the WURSS-11 within the two weeks post race. 

The questionnaire requested to state how the average training and PA-loads over the 

two weeks post race compared to the usual training and PA-loads on a seven points 

scale from “very much lower” to “very much higher”. 

Blood Samples and Oxid-Burst Analysis with ABEL®-Sport Test 

Blood samples were taken by finger-prick from participants at the Grosvenor Rowing 

Club before their usual training sessions. Blood samples were collected into a 50 µl 

capillary tube coated with ethylenediaminetetraacetic acid (EDTA), transferred in to a 

capped tube and stored at 4 - 6◦C for up to 5 hours before analysis. 
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The ABEL®-Sport test is a luminometric analysis of the intensity and kinetics of the 

response of capillary blood leukocytes activated in vitro with formyl-methyl-

phenyalanine (fMLP) to reactive oxygen species (ROS). The reaction of ROS with the 

bioluminescent protein Pholasin® leads to light-emission (Knight, 2011). 

All reagents and equipment used in the test were supplied by Knight Scientific Ltd, 

Plymouth, UK. To carry-out the test, 10 µl sample of the EDTA capillary blood was 

dispensed into 1 ml blood-dilution-buffer and mixed. 50 µl diluted blood was 

transferred to an assay cuvette containing 225 µl buffer and 50 µl of Adjuvant-K, to 

which 25 µl reconstructed Pholasin® was pipetted. The cuvette was incubated for 6 

minutes at 37◦C. Following this period, the cuvette was inserted in to the portable 

ABEL®-meter. After 1 min of baseline measurement, 50 µl of reconstructed fMLP was 

injected and the luminescence was recorded for 6 min determining the peak-light and 

the kinetic light-response. Test repetitions were conducted at random. 

ABEL®-meter data analyses  

ABEL®-meter data analyses were conducted using Microsoft Excel 2013 with 

templates provided by Knight Scientific Ltd. To allow characterisation of the light 

kinetic-response, the magnitude of the light-response was normalised to 100% of the 

reference value representing a “normal” maximal Oxid-Burst response of 385 healthy 

people of 24000 – 54000 relative light units (RLU) (Webster, 2016).  

Five distinct kinetic shapes (A, C, D, F and K) were recognised within the current study 

from the Knight Scientific Ltd database (Knight, Stride, Webster, & Purdue, 2016) as 

listed in Appendix 13.The light peak response was taken as the maximum value 
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recorded post fMLP injection minus baseline and evaluated for the fit within the 

normal maximal range and classified as low (< 24000 RLU), in range (>24000 and 

<54000 RLU) or high (> 54000 RLU). 

 

Statistical Analysis 

The data were analysed with the statistical software package SPSS Statistics version 22 

for Windows and initially assessed for normal distribution with descriptive statistics. 

Statistical significance was set at the p <.05 level. To identify differences between men 

and women, Independent Samples t- test or Mann-Whitney U test were used pending 

their normal distribution and homogeneity of variance. To compare the data between 

different time points, Friedman or Repeated Measures ANOVA with post-hoc analysis - 

Wilcoxon test or Paired t-test (where appropriate) were used applying Bonferroni 

adjustment. Pearson’s or Spearman’s correlation were used to analyse associations 

between data sets pending on their distribution (Morris, 2013). 
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Results 

After 2 dropouts not related to the study and 2 participants not fully submitting their 

diary records, the final 11 study subjects consisted of 6 male (aged 50 ± 16.9 years, 

weight 78± 9.4 kg, height 181 ± 7.2 cm) and 5 female (aged 47 ± 9.6 years, weight 66 ± 

9.4 kg, height 169 ± 7.2 cm) rowers, who had 1 - 45 years rowing experience including 

competition at local and international levels.  

Table 1 summarises subjects’ characteristics. 

All participants of the current study displayed good to high cardiovascular fitness as 

assessed by the VO2max test with 55 ± 5.5 ml∙min-1∙kg-1 for men which was 

significantly higher (p = .027) than 46 ± 6.2 ml∙min-1∙kg-1  for women (American College 

of Sports Medicine [ACSM], 2014). 
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Table 1. Subjects characteristics, their habitual training loads and 6.8 km race 
performance. 

 Men  

(n=6) 

Women (n=5) Whole sample 

(n=11) 

Age (years) 

Height (cm) 

Body mass (kg) 

Body mass index (kg.m-2) 

Body fat (%) 

VO2max test (ml∙min-1∙kg-1) 

HRmax - VO2max test (beats.min-1) 

Maximal power output - VO2max test (W) 

Continuous rowing experience (years) 

50 ± 16.9 

181 ± 7.2* 

78 ± 9.4 

23.8 ± 1.7 

14.9 ± 4.8 

55 ± 5.5* 

171 ± 16 

235 ± 12* 

13.8 ± 16.8 

47 ± 9.6  

169 ± 8.2* 

66 ± 13.3 

23.2 ± 5.0 

23.5 ± 9.4 

46 ± 6.2* 

164 ± 22 

174 ± 13* 

12.4 ± 8.0 

49 ± 13.5 

 

72 ± 12.3 

23.5 ± 3.4 

18.8 ± 8.2 

 

168 ± 18 

 

13.1 ± 12.9 

Moderate Activities (3 – 5.9 METs) 

- Week 1 workload (MET-h∙week-1) 

- Week 2 workload (MET-h∙week-1) 

- Week 1 time (hours∙week-1) 

- Week 2 time (hours∙week-1) 

 

18 ± 15 

8 ± 5 

5.2 ± 4.7 

2.3 ± 1.6 

 

43 ± 44 

26 ± 27 

11.9 ± 12.4 

7.1 ± 7.2 

 

29.7 ± 32.5 

16.2  ± 19.9 

8.2 ± 9.2 

4.5 ± 5.3 

Vigorous Activities (≥ 6 METs) 

- Week 1 workload (MET-h∙week-1) 

- Week 2 workload (MET-h∙week-1) 

- Week 1 time (hours∙week-1) 

- Week 2 time (hours∙week-1) 

- Number of vigorous active days in weeks 1&2 

(days∙week-1) 

 

80 ± 39 

95 ± 36* 

9.3 ± 5.3 

10.9 ± 3.4* 

 

4.5 ± 1.0 

 

56 ± 25 

48 ± 13* 

6.2 ± 3.4 

5.5 ± 2.1* 

 

3.7 ± .8 

 

69.3 ± 34.5 

 

7.7 ± 4.6 

 

 

4.1 ± 1.0 

Weeks 1&2 mean vigorous + moderate PA 

workload (MET-h∙week-1) 

 

101 ± 34 

 

87 ± 47 

 

94 ± 39 

Moderate Rowing (7 METs) 

- Week 1 (MET-h∙week-1) 

- Week 2 (MET-h∙week-1) 

- Weeks 1&2 mean time (hours∙week-1) 

 

37 ± 31 

32 ± 23 

4.9 ± 3.2 

 

14 ± 11 

19 ± 21 

2.4 ± 2.2 

 

26 ± 26 

27 ± 22 

3.8 ± 3.0 

Vigorous Rowing (12 METs) 

- Week 1 (MET-h∙week-1) 

- Week 2 (MET-h∙week-1) 

- Weeks 1&2 mean time (hours∙week-1) 

 

34 ± 19 

30 ± 28 

2.7 ± 1.8 

 

29 ± 15 

20 ± 15 

2.1 ± 1.2 

 

32 ± 17 

25 ± 22 

2.4 ± 1.5 

Weeks 1&2 mean vigorous + moderate 

rowing workload (MET-h∙week-1) 

 

64 ± 30 

 

44 ± 23 

 

55 ± 28 

Intervention - 6.8 km race on rowing 

ergometer 

- Time (min) 

- Workload (MET-h) 

HRmax – race (beats.min-1) 

Average power output – race (W) 

Power ratio race-average to max VO2max 

 

 

27.1 ± 1.6* 

5.5 ± .4* 

181 ± 14 

208 ± 31* 

.88 ± .09 

 

 

30.7 ± 1.8* 

4.7 ± .4* 

175 ± 22 

144 ± 25* 

.83 ± .12 

 

 

 

 

178 ± 17 

 

.86 ± .10 

Values are mean ± SD. Mean values of not normally distributed data-sets are in italics. *Significant 
difference between men and women p < .05 
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Habitual Physical Activities and Training 

There were no statistically significant differences found between the training-loads of 

men and women except the second week of the study when men spent twice as much 

time on vigorous activities compared to women (Table 1). This resulted in a 

significantly (p = .023) higher average exercise-load spent on activities above 6 METs 

for men than women in the second week (95 ± 36 versus 48 ± 13 MET-h∙week-1).  

The mean values of number of days with activities above 6 METs were not significantly 

(p=.202) different between the sexes (men 4.5 ± 1.0 and women 3.7 ± .8 days∙week-1) 

in the two weeks period. There were no significant differences in moderate (p=.182) 

and vigorous (p=.657) training-loads between weeks 1 and 2. 

There were no significant differences between men and women in the rowing training 

in weeks 1 & 2. Time spent on rowing, including ergometer, was 6.2 ± 3.55 h∙week-1 on 

average for men and women in weeks 1 & 2. The vigorous rowing (≥ 12 METs) time 

was 44 ± 26 % of the total rowing time in both weeks together.  

Only one person (B106 with no URTI symptoms post-race) reported to train somewhat 

more in the two weeks post-race (weeks 3&4) while 6 participants had the same and 4 

had lower training-loads compared to the weeks 1 & 2 of the study.  

Intervention – 6.8 km Race on Rowing Ergometer 

Men were faster in performing the 6.8 km race on the rowing ergometer (men 27.1 ± 

1.6 and women 30.7 ± 1.8 min, Table 1) and had on average significantly higher 

exercise-loads than women for this intervention. 
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Daily URTI symptom scores 

Table 2 compares URTI symptoms scores recorded by male and female participants 

during the two weeks period of usual training and two weeks post race. There were no 

statistically significant differences found between men and women in the URTI 

symptoms at any time in the study. However, women had significantly (p = .032) 

higher number of days with tiredness 7 (2 – 7) in week 1 compared to the median 

value of 2 (0 – 5) days for men. 

There was no significant difference (p = .484) between the average URTI scores in 

week 1 and 2 of the study. Two weeks post-race the median URTI score per day 

increased (p = .018) to 3.0 (0 – 13.0) compared to the day 1 (d1) value of 1.0 (0 – 10.0) 

for men and women together. Also the median URTI score increased from d14 (pre-

race) within two weeks post-race (p = .028) but both URTI score changes were not 

statistically significant as they were above p=.0125 (.05/4) considering Bonferroni 

adjustment.  

The median values of the sickness and life-interference scores were 0 for week 1 and 

week 2 of the study for both sexes together (Table 2) with the highest life interference 

score of 10 on d1 for participant B105 who had also URTI symptoms score of 10 and 

sickness score of 1 at the beginning of the study. Two male and two female 

participants had no URTI symptoms post-race (B106, B108, G201 and G205, see Table 

3).  
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Table 2. Comparison of URTI and wellbeing scores in men and women based on daily 
records for two weeks by the participants and two weeks post race questionnaire. 

 Men  

(n=6) 

Women (n=5) Whole sample 

(n=11) 

General sickness score 

- Week 1 (sum)  

- Week 2 (sum) 

 

0 (0 – 9) 

0 (0 – 15) 

 

0 (0 – 6) 

3 (0 – 4) 

 

0 (0 – 9) 

0 (0 – 15) 

Life interference score 

- Week 1 (sum)  

- Week 2 (sum) 

 

0 (0 – 20) 

0 (0 – 12) 

 

0 (0 – 3) 

0 (0 – 4) 

 

0 (0 – 20) 

0 (0 – 12) 

URTI symptoms score 

- Day 1 (score per day)  

- Week 1 (average score per day)  

- Day 7 (score per day) 

- Week 2 (average score per day) 

- Day 14 (score per day)  

- Two weeks post race (average score per day)  

 

0 (0 – 10.0) 

1.7 (0 – 4.6) 

1.0 (0 – 10.0) 

2.0 (0 – 8.7) 

0 (.0 - 9.0) 

5.0 (0 – 13.0) 

 

0 (0 – 3.0) 

0 (0 – 2.9) 

0 (0 – 4.0) 

1.0 (0 – 3.9) 

0 (0 – 3.0) 

3.0 (0 – 12.0) 

 

1.0 (0 – 10.0) 

1.0 (0 – 4.6) 

0 (0 – 10.0) 

1.0 (0 – 8.7) 

0 (0 – 9.0) 

3.0 (0 – 13.0) 

URTI total days  

- Week 1 

- Week 2 

Tiredness total days  

- Week 1 

- Week 2 

 

4.5 (0 – 7) 

3.5 (0 – 7) 

 

2 (0 – 5)* 

2 (0 – 5) 

 

0 (0 – 7) 

4 (0 – 7) 

 

7 (2 – 7)* 

5 (0 – 7) 

 

4 (0 – 7) 

4 (0 – 7) 

 

 

2.0 (0 – 7.0) 

Values are median (minimum – maximum). Median values of normally distributed data-sets 
are in italics. *) p < .05 for differences between men and women.  

 

ABEL®-Sport test results 

ABEL®-Sport test repetitions were conducted from the same blood samples using the 

same reagents (Appendix 14). All repetitions had the same Oxid-Burst kinetic curve 

shape as the first reading. The differences between the first reading of the maximal 

light response (minus baseline) and the re-tests ranged between 5 - 47% of the mean 

reading. The classification of the maximal light-response (within, > or < the normal 

range) was the same as the first reading for all re-tests except for one sample taken on 
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21 April 2016, where the first test was below the normal range and the re-test and the 

mean value of both readings were within the normal range.  

The Oxid-Burst-peak-light value of 153151 RLU for participant G205 two weeks post-

race was three-times higher than the second-highest recorded overall and was 

identified as an auslier and replaced with the second-highest light-peak-value for 

G205 of 55238 RLU recorded pre-race (Pallant, 2010). 

Table 3. Individual ABEL® Sport test results (curve shape and maximal peak within 
normal range 24000 – 54000 RLU) throughout the study and URTI (nasal + throat) 
symptoms score on day 1, day 14 and within two weeks post race. Darker shading 
indicates higher vulnerability to infections and fatigue according to Knight Scientific 
database (see Appendix 13). 

 

Table 3 lists all individual ABEL®-Sport test curve shapes and the fit of light-peaks on 

each time-point in the study, to be within the normal range (24000 – 54000 RLU).  

Subject

Code

d1

URTI 

Score 

(nasal

+throat) ABEL

d1

ABEL

end wk1

d14

URTI 

Score 

(nasal+

throat)

ABEL

end wk2 

pre race

ABEL 

post race

ABEL

48h" post 

race

ABEL 2wks 

post race

2 weeks 

post-race 

URTI 

score 

(nasal+

throat)

B101 1 (1+0) A high A in range 0 A in range A in range A low A low 2 (2+0)

B102 4^(2+2) F low F low 0 K in range K in range F in range K low 13 (10+3)

B105 10^(3+7) A high F in range 4 (3+1) F low F low F low A in range 12 (9+3)

B106 0 A in range A in range 0 A in range A in range A in range" A in range 0

B107 4 (3+1) F in range A high 9^^(4+5) A in range A in range A low A in range 8 (5+3)

B108 0 F in range A in range 0 A low A in range A low" A in range 0

G201 0 A in range F low 0 F low F low F low F in range 0

G202 3 (3+0) C in range C low 3^(2+1) C low C low C low D in range 12 (9+3)

G203 2 (0+2) F in range F in range 0 F low F low A low A low 12 (9+3)

G205 0 A in range F in range 0 A high F in range F in range A high 0

G209 0 A high F high 1 (1+0) A in range A in range A in range" A in range 3 (0+3)

Mean ± 

SD

light peak (RLU)

 42935 

± 20731

 32278 

±  14726

 26390 ± 

14150

 26540 ± 

7650

 21856 *

±  5188

 32040 

±  10033

^  sickness score ≥1 that day.    "B106, B108 and G209 gave blood samples 24-36h post race

Mean values of not normally distributed data-sets are in italics. *p≤.01 vs d1 value
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Only one participant (B106) had normal ABEL®-Sport test results throughout the 

study. B106 has also not reported any URTI symptoms.  

 

Figure 1. Individual Oxid-Burst Peak values in time for four participants who had URTI 

symptoms score > 10 within 2 weeks post race versus mean Oxid-Burst-Peak values 

for remaining seven participants with low or nil URTI symptoms score (dotted line, 

with error bars representing SD). Normal range is shaded (24000 – 54000 RLU). 

There were 4 participants, 2 male (B102, B105) and 2 female (G202, G203), with post 

race URTI scores above 10 and all of them had abnormal ABEL®-Sport responses 

before the race as well as 48h post race. Also, their Oxid-Burst-peak values were 

below the normal range from pre-race onwards with exception of B102 (Figure 1). 

There were no statistically significant differences found between men and women in 

the Oxid-Burst peak values at any time in the study. The mean Oxid-Burst-peak value 
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for men and women decreased from 42935 ± 20731 RLU on day 1 to 26390 ± 14150 

RLU (61 ± 33%) on day 14 pre-race (p = .039), however, this was deemed not 

statistically significant considering Bonferroni adjustment (p>.0125). 

The average post–race and 48h-post-race Oxid-Burst-peak values were not 

significantly (p >.05) different from the pre-race value, however, there was a 

significant (p=.01) Oxid-Burst-peak-light decrease to the median value of 48% (40 – 

70%) 48h-post-race in comparison to the mean value at the beginning of the study. 

Impact of training-load on URTI and on oxidative burst 

Table 4 summarises the relationships between the PA–loads, URTI symptoms and the 

Oxid-Burst measures. In the first week of the study a modest positive correlation (r = 

.607, p < .05) occurred between the volume of PA-load at moderate intensities and 

the number of URTI-days for the total sample. 

In the second week, there was a modest correlation (r = .678, p< .05) between URTI 

symptoms and PA at vigorous intensities.  

The workload of the 6.8 km rowing race showed low correlation to the post-race URTI 

score (r = .393, p = .232) which was not significant. 
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Table 4. Correlations between physical activity (PA)-loads, URTI and ABEL® measures. 

Exercise-load 
(Period of study) 

 

Correlations with Exercise-load Correlations with  
ABEL Peak 

vs URTI score   vs URTI days  vs ABEL Peak  vs URTI score  vs URTI Days  

Habitual Training 

Wk1 
 

Moderate 
PA (sum) 

↗ r=.563 
p=.071 (d7) 

↗ r=.607* 
p=.048 (wk1) 

↗ r=.218 
p=.519 (d7) 

↗ r=.214 
p=.527 

(d7) 

r=0 
p=1 

(Wk1) 
Vigorous 
PA (sum) 

↗ r=.245, 
p=.468 (d7) 

↗ r=.289 
p=.388 (wk1) 

↗ r=.109 
p=.749 (d7) 

Wk2 

Moderate 
PA (sum) 

↘r=-.305 
p=.361 (d7) 

↗ r=.396 
p=.229 (wk2) 

↘r=-.309 
p=.355 (d7) 

↘r=-.200 
p=.555 

(d7) 

↘ r=-.141 
p=.679 
(Wk2) 

Vigorous 
PA (sum) 

↗ r=.411 
p=.210 (d7) 

↗ r=.678* 
p=.022 (wk2) 

↗ r=.073 
p=.468 (d7) 

6.8 km race simulation 

Race  
MET-h 
(d14) 

↗r=.393 
p=.232 

(race MET-h 
vs final URTI) 

n/a 

↗ r=.196 
p=.564 (race 
MET-h vs 
post-race 
ABEL) 

↘ r=-.296 
p=.377 

(post-race 
ABEL vs final 

URTI) 

↘ r=-.478 
p=.137 

(post-race 
ABEL vs 
wk1&2 URTI 
days) 

↘ r=-.159 
p=.640 (race 
MET-h vs 48h-
post race 
ABEL) 

↘ r=-.066 
p=.848 

(48h-post-
race ABEL vs 
final URTI) 

↘ r=-.064 
p=.851 

(48h-post-
race ABEL vs 
wk1&2 URTI 
days) 

↘ r=-.346 
p=.297 (race 
MET-h vs final 
ABEL) 

↘ r=-.831** 
p=.002 

(Final ABEL 
vs final URTI) 

↘ r=-.377 
p=.253 

(48h-post-
race ABEL vs 
wk1&2 URTI 
days) 

*p<.05, **p<.01 

Correlation of ABEL®-Sport measures to URTI symptoms 

The final Oxid-Burst-peak-light displayed high negative correlation to the 2 weeks-

post-race URTI score (r =-.831, p =.002, Table 4). However, the Oxid-Burst-peak values 

directly-post and 48h-post-race correlated only at low and very low levels (r=-.296 and 

-.066) with the final URTI symptom scores without statistical significance (p>.05). 
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The frequency of the occurrence of abnormal ABEL® Sport kinetics up to the 48h post-

race shown modest correlation (r = .680) with the URTI symptoms score recorded 2 

weeks post-race and was statistically significant (p = .021, N = 11).  

The same relationship strengthened for the 7 rowers with URTI symptoms post race (r = 

.930, p = .002).  

The number of days with URTI symptoms during the first two weeks of study 

correlated significantly (p = .032) to the URTI symptom scores post race at modest 

level (r = .646). 

 

Discussion  

The study results demonstrate that ABEL®-Sport test used in the field is capable of 

predicting URTI symptoms occurring two weeks post-acute exercise, such as a 6.8 km 

simulated race on rowing ergometer, by displaying irregular oxidative-burst-kinetics 

48h post-race in 6 out of 7 (86%) male and female club rowers who had URTI 

symptoms up-to two weeks later. These results are in agreement with the study by 

White (2015) who demonstrated immunodepression in elite cyclists following a 4-day 

training camp using ABEL®-Sport test. White (2015) has reported a high positive 

correlation (r =.729, p<.05) between the frequency of irregular Oxid-Burst kinetics and 

URTI symptoms occurring within two weeks post-camp  and that 63% of variance in 

the post-camp URTI symptom severity could be explained in the number of irregular 

ABEL-kinetic-shapes (p<.05).  
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Immune-Function 

It has been previously reported that heavy exercise can lead to tissue damage causing 

local inflammation and activation of innate and adaptive immune systems (McKune, 

Smith, Semple, & Wadee, 2005). These exercise-induced changes in the immune-

function status are linked to an increased metabolic rate and raised levels of heat 

shock proteins, to cell death, to the alterations of cell trafficking and pathogen 

recognition as well as to the cell effector functions such as cytokine expression, 

antigen processing, oxidative burst and phagocytosis (Walsh et al., 2011). The 

immune-function depression occurs 3 to 72h post-exercise and can worsen without 

sufficient recovery (Pedersen, Rohde, & Zacho, 1996). The present study is in 

agreement with the above trends as it has demonstrated that the magnitude of the 

oxidative-burst response of its cohort reduced over the 2-weeks period of habitual 

training to 61 ± 33% (p=.039>.0125) of the d1 mean value and there was a significant 

(p=.01) Oxid-Burst-peak-light decrease to 48% (40 – 70%)  48h-post-race in 

comparison to the mean value at the beginning of the study, falling below the 

“healthy” limit as compared to the Knight Scientific Ltd database. The depression of 

the immune-function, as assed by the ABEL®-Sport test, is likely to contribute to an 

increased susceptibility to URTI infections following strenuous exercise (Northoff, 

2009). 

Training- and exercise-loads 

The weekly habitual PA-loads of 11 club rowers in the first two weeks of this study 

were on average 94 ± 39 MET-h and did not differ significantly between men and 
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women. The average rowing-load (including ergometer) also did not differ between 

the sexes and was 55 ± 28 MET-h.week-1 (about 60% of the overall PA-load) spending 

more than 6h on rowing per week. Based on the report from Nieman et al. (2000) elite 

rowers reach training volumes of above 3h per day, of which about 60% is rowing and 

they are capable of displaying 450 - 550W in a 5 – 6 minutes race. Based on these 

figures, it can be estimated that elite rowers’ weekly rowing training volumes are 2 – 3 

times as high as for the cohort in the present study. However, the club rowers have 

demonstrated an ability to use on average 86% of their maximal power output from 

VO2max-test (240W for men and 180W for women) for up to 30 minutes in the race 

simulation raising their heart-rates (HR) above the HRmax recorded during VO2max-

test (Table 1). 

About 70% of the body’s muscle mass is involved in rowing and the post-rowing stress 

hormones can reach very high values which may have impact on the athletes’ 

immune-system and lead to an increased incidence of sickness compared to other 

athletes groups (Nieman et al., 2000). 

The week 1 moderate PA-load shown a higher correlation to the number of URTI days 

in that week amongst the study participants with r = .607 (p=.048) compared to week 

2 (r=.396, p=.229). The majority of participants had a short holiday before the main 

study has commenced, it is therefore suggested that the training loads for the first 

week of the study were higher than in the previous week. It is well reported that large 

fluctuations in training load are associated with small but significant increase in the 

frequency of symptoms (Svendsen, Taylor, Tonnessen, Bahr, & Gleeson, 2016). A large 
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increase in endurance-training intensity has also been reported to significantly 

decrease (p <.001) the Oxid-Burst of neutrophils in elite swimmers (Pyne et al., 1995).  

In the present study, the training-loads did not significantly differ between the two 

weeks which were recorded on the daily basis. Interestingly, the vigorous training-load 

in week 2 shown very low positive correlation to ABEL-peak-light (r = .073, p=.468) 

and modest positive correlation (r =.678) to the number of URTI days in week 2 which 

was significant (p=.022). However, more research is required to analyse the impact of 

training intensities of rowers on URTI. 

URTI symptoms 

There were no significant differences found between men and women in URTI and 

immune responses. All 4 participants with the final URTI score >10 had irregular Oxid-

Burst kinetics before the race and 48h after and 2 of them (B102, G203) have not 

reported any URTI symptoms before the race, which suggests that ABEL®-Sport test is 

capable of detecting susceptibility to URTI before symptoms occur.  

Participant G209 who had a regular ABEL-Sport test result 48h post-race, had a low 

URTI-score post-race of 3 which consisted of a very mild sore throat and mild cough 

and might have been caused by factors such as polluted air (Bermon, 2007). 

Practicalities 

Methodological complexity limits the ability to assess the immune-function of athletes 

for a practitioner as highlighted by Bermon et al. (2017). The ability to reduce this 

restriction by assessing the immune function within the athlete’s training environment 

suggest that ABEL®-Sport test is capable of overcoming this limitation. 
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Limitations 

 URTI were self-assessed and not clinically confirmed.  

 Further validation is required to compare the ABEL-Sport test against other immune 

markers such as salivary Ig-A (Gleeson et al., 1999; Gleeson et al., 2017). 

 Nutrition was not included in the evaluation. 

 VO2peak test as described by Godfrey & Williams (2007) is appropriate to assess 

fitness of rowers. 

 The timing of the “48h-post-race” blood sampling varied due to the availability of 

participants (Table 3). 

Conclusions 

The study results indicate that ABEL®-Sport test used in the field is capable of 

detecting susceptibility to URTI in club rowers and could guide individual athletes in 

managing their training and competition events. 

  



  

67 
 

References for Research Study 
Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett Jr, D. R., Tudor-

Locke, C., . . . Leon, A. S. (2011). 2011 Compendium of Physical Activities: a 
second update of codes and MET values. Medicine and Science in Sports and 
Exercise, 43(8), 1575-1581. doi:10.1249/MSS.0b013e31821ece12 

Ainsworth, B. E., Haskell, W. L., Whitt, M. C., Irwin, M. L., Swartz, A. M., Strath, S. J., . . . 
Emplaincourt, P. O. (2000). Compendium of physical activities: an update of 
activity codes and MET intensities. Medicine and Science in Sports and Exercise, 
32(9; SUPP/1), S498-S504. doi:10.1097/00005768-200009001-00009 

American College of Sports Medicine (2014). ACSM's Resource Manual for Guidelines 
for Exercise Testing and Prescription (7 ed.). Philadelphia: Lippincott Williams & 
Wilkins. 

Barrett, B., Brown, R., Mundt, M., Safdar, N., Dye, L., Maberry, R., & Alt, J. (2005). The 
Wisconsin upper respiratory symptom survey is responsive, reliable, and valid. 
Journal of Clinical Epidemiology, 58(6), 609-617. 
doi:10.1016/j.jclinepi.2004.11.019 

Bermon, S. (2007). Airway inflammation and upper respiratory tract infection in 
athletes: is there a link? Exercise Immunology Review, 13, 6-14. http://eir-
isei.de/2007/eir-2007-006-article.pdf 

British Association of Sport and Exercise Sciences. (1997). In S. Bird & R. Davison (Eds.) 
Physiological testing guidelines (3rd ed., pp 112-114). Leeds: British Association 
of Sport & Exercise Sciences. 

Borg, G. (1998). Borg's perceived exertion and pain scales: Human kinetics. 
Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A. E., Booth, M. L., Ainsworth, B. E., 

. . . Oja, P. (2003). International physical activity questionnaire: 12-country 
reliability and validity. Medicine and Science in Sports and Exercise, 35(8), 
1381-1395. doi:10.1249/01.mss.0000078924.61453.fb 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G* Power 3: A flexible 
statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behavior Research Methods, 39(2), 175-191. 
doi:10.3758/BF03193146 

Gleeson, M., McDonald, W. A., Pyne, D. B., Cripps, A. W., Francis, J. L., Fricker, P. A., & 
Clancy, R. L. (1999). Salivary IgA levels and infection risk in elite swimmers. 
Medicine and Science in Sports and Exercise, 31, 67-73.  

Gleeson, M., Pyne, D. B., Elkington, L. J., Hall, S. T., Attia, J. R., Oldmeadow, C., . . . 
Callister, R. (2017). Developing a multi-component immune model for 
evaluating the risk of respiratory illness in athletes. Exercise Immunology 
Review, 23, 52-64. http://eir-isei.de/2017/eir-2017-052-article.pdf 

Godfrey, R. J., & Williams, C. A. (2007) Rowing. In E. M. Winter (Ed.). Sport and 
exercise physiology testing guidelines: the British Association of Sport and 
Exercise Sciences guide (pp 172-177). London: Routledge. 

Jones, A., Cameron, S., Thatcher, R., Beecroft, M., Mur, L., & Davison, G. (2014). 
Effects of bovine colostrum supplementation on upper respiratory illness in 
active males. Brain, Behavior, and Immunity, 39, 194-203. 
doi:10.1016/j.bbi.2013.10.032 



  

68 
 

Jones, A., Thatcher, R., March, D., & Davison, G. (2015). Influence of 4 weeks of bovine 
colostrum supplementation on neutrophil and mucosal immune responses to 
prolonged cycling. Scandinavian Journal of Medicine & Science in Sports, 25, 
788-796. doi:10.1111/sms.12433 

Klentrou, P., Cieslak, T., MacNeil, M., Vintinner, A., & Plyley, M. (2002). Effect of 
moderate exercise on salivary immunoglobulin A and infection risk in humans. 
European Journal of Applied Physiology, 87(2), 153-158. doi:10.1007/s00421-
002-0609-1 

Knight, J. (2011). Detection of Overtraining Syndrome in an Individual. U S Patent 
Application: US 13/634,493. 

Knight, J. (2016). Library of curves template file [Microsoft Excel template].  
Knight, J., Stride, M., Webster, S., & Purdue, J. (2016). Managing fatigue and early 

infection detection in football: a novel approach. Paper presented at the 
Football Medicine Strategies, London. 

Knight, J., Wakeman, M., & Reeves, J. (2013). ABEL-Sport™ test for assessing over 
training syndrome and detecting infection. British Journal of Sports Medicine, 
47(17), e4-e4. doi:10.1136/bjsports-2013-093073.9 

Martensson, S., Nordebo, K., & Malm, C. (2014). High Training Volumes are Associated 
with a Low Number of Self-Reported Sick Days in Elite Endurance Athletes. 
Journal of Sports Science and Medicine, 13(4), 929-933.  

McKune, A. J., Smith, L. L., Semple, S. J., & Wadee, A. A. (2005). Influence of ultra-
endurance exercise on immunoglobulin isotypes and subclasses. British Journal 
of Sports Medicine, 39(9), 665-670. doi:10.1136/bjsm.2004.017194 

Morris, M. (2013). Statistics: Inferential. In A. McIntosh-Scott, T. Mason, & D. Coyle 
(Eds.), Key Concepts in Nursing and Healthcare Research (pp. 177-183). 
London: Sage. 

Nieman, D. C. (1998). Effects of Athletic Endurance Training on Infection Rates and 
Immunity. In R. B. Kreider, A. C. Fry, & M. L. O'Toole (Eds.), Overtraining in 
sport (pp. 193-217). Champaign, IL: Human Kinetics. 

Nieman, D. C., Henson, D. A., Austin, M. D., & Sha, W. (2011). Upper respiratory tract 
infection is reduced in physically fit and active adults. British Journal of Sports 
Medicine, 45(12), 987-992. doi:10.1136/bjsm.2010.077875 

Nieman, D. C., Henson, D. A., Dumke, C. L., & Lind, R. H. (2006). Relationship between 
salivary IgA secretion and upper respiratory tract infection following a 160-km 
race. Journal of Sports Medicine and Physical Fitness, 46(1), 158.  

Nieman, D. C., Luo, B., Dréau, D., Henson, D. A., Shanely, R. A., Dew, D., & Meaney, M. 
P. (2014). Immune and inflammation responses to a 3-day period of intensified 
running versus cycling. Brain, Behavior, and Immunity, 39, 180-185. 
doi:10.1016/j.bbi.2013.09.004 

Nieman, D. C., Nehlsen-Cannarella, S. L., Fagoaga, O. R., Henson, D. A., Shannon, M., 
Hjertman, J. M., . . . Schilling, B. K. (2000). Immune function in female elite 
rowers and non-athletes. British Journal of Sports Medicine, 34(3), 181-187. 
doi:10.1136/bjsm.34.3.181 

Northoff, H. (2009). Exercise Immunology Review. Exercise Immunology Review, 15, 5.  



  

69 
 

Obasi, C. N., Brown, R. L., & Barrett, B. P. (2014). Item reduction of the Wisconsin 
Upper Respiratory Symptom Survey (WURSS-21) leads to the WURSS-11. 
Quality of Life Research, 23(4), 1293-1298. doi:10.1007/s11136-013-0561-z 

Pallant, J. (2010). SPSS survival manual: a step by step guide to data analysis using 
SPSS (4th ed.). Maidenhead: McGraw-Hill. 

Pedersen, B. K., Rohde, T., & Zacho, M. (1996). Immunity in athletes. The Journal of 
Sports Medicine and Physical Fitness, 36(4), 236.  

Svendsen, I. S., Taylor, I. M., Tønnessen, E., Bahr, R., & Gleeson, M. (2016). Training-
related and competition-related risk factors for respiratory tract and 
gastrointestinal infections in elite cross-country skiers. British Journal of Sports 
Medicine, 50(13), 809-815. doi:10.1136/bjsports-2015-095398 

Walsh, N. P., Gleeson, M., Pyne, D. B., Nieman, D. C., Dhabhar, F. S., Shephard, R. J., . . 
. Kajeniene, A. (2011). Position statement. Part two: Maintaining immune 
health. Exercise Immunology Review, 17, 64-103. http://eir-isei.de/2011/eir-
2011-006-article.pdf 

Webster, S. (2016). [ABEL-Sport Normal maximal range]. E-mail communication. 
White, I. (2015). Efficacy of the ABEL-sportTM test in detecting and predicting upper 

respiratory tract symptoms in elite cyclists at a 4 day training camp. 
(Unpublished master's thesis). University of Exeter, United Kingdom. 

 

  



  

70 
 

Additional page –further outlook 

The ABEL and URTI related results of the study results are presented in the current 

paper which focuses on predictability of URTI symptoms based on ABEL-Sport test. A 

second paper is in progress which will be a post-hoc analysis of collected data 

focussing on the levels and patterns of rowing training and competition and their 

impact on the occurrence of URTI in club rowers in relation to their physical fitness.  

 

Participants and coaches debrief 

All participants were debriefed on individual basis (see example in Appendix 15). 

There was a presentation circulated for the Grosvenor Rowing Club coaches with 

overall observations and conclusions from the study (see final two slides in Appendix 

16). 
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APPENDIX 1. J and S shaped curves representing the relationship between training-

load and illness risk. Moderate loads lower the risk of illness, while high training-loads 

have the highest risk for sub-elite athletes (J shaped curve). Elite athletes are less 

susceptible to illness at high exercise-loads. Adapted from Schwellnus et al. (2016)*. 

 

 

 

*) Schwellnus, M., Soligard, T., Alonso, J. M., Bahr, R., Clarsen, B., Dijkstra, H. P., . . . 
Engebretsen, L. (2016). How much is too much? (Part 2) International Olympic 
Committee consensus statement on load in sport and risk of illness. British 
Journal of Sports Medicine, 50(17), 1043-1052. doi:10.1136/bjsports-2016-
096572 

.  
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APPENDIX 2. Search strategy 

Criteria 

code 

Search 

criteria 

Synonyms used for search  

1 Subject 

qualification 

(athlete* OR sports* OR runner* OR 

cyclist* OR endurance OR canoeist* OR 

rower* OR marathoner* OR skier* OR 

swimmer* OR exercise OR “physical 

activity”) 

2 Training-load (load OR workload OR “exercise intensity” 

OR over-training OR “exercise volume” OR 

training OR “MET hours” OR MET-h) 

3 Infection 

symptoms  

(“upper respiratory tract” OR "cold 

symptom" OR “respiratory infection” OR 

“throat infection” OR “nasal infection”) 

4 Immune-

function 

marker 

(immune OR immunity OR cytokine* OR 

“natural killer cell” OR “oxidative burst” 

OR neutrophil* OR leu?ocyte*) 

 

Final search strategy: 1 AND 2 AND 3 AND 4 

 

  



  

73 
 

Appendix 3. Confirmation of Ethical Approval
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Appendix 4. Participant Information Sheet 
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Appendix 5. Consent form 
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Appendix 6. Health Check  
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Appendix 7  
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Appendix 8A 
 

Maximal Oxygen Uptake Measurement – Incremental Protocol – Concept 2 rowing 
ergometer 

Adapted from BASES (1997)* 
Aim 
To determine maximal oxygen uptake (VO2max) using breath gas analysis. 
 
Procedure 
The participants were requested not to have food or drink coffee 1 hour before the 
test.  
The test was performed on Concept 2 rowing ergometer set to drag factor 125. 

1. Before the test, portable gas analysis system (Cortex MM 3B, Metamax 3B; 
Cortex Biophysik, Leipzig, Germany) was calibrated according to the 
manufacturer’s guidelines against known concentrations of cylinder gases (17 
% oxygen, 5 % carbon dioxide) and using a calibration syringe. 

2. Following appropriate screening and once consent has been given participant 
were informed about the procedure and instructed on the Borg’s scale to rate 
perceived exertion (RPE) where 6 means “no exertion at all” and 20 means 
“maximal exertion”(Borg, 1998)**. 

3. Participants were fitted with chest strap and wireless sensor (Polar H1, Polar 
Electro Oy, Kempele, Finland) to measure heart rate (HR) and with a face mask 
and the portable gas analysis system.  

4. Before starting the test a 3 minute warm was to be performed – Females at 60 
W and males at 90 W. 

5. Protocols for determination of VO2max for male and female participants are 
shown in the Table 1 below. The participants maintained a self-selected 
strokes per minute rating to achieve the required work rate. 

6. HR, VO2 and RPE was recorded 15 seconds before the start of a new stage (see 
overleaf). 

7. The respiratory exchange ratio (RER) was monitored for reaching value of 1.15 
(Powers & Howley, 2012)*** 

8. The test is continued until volitional exhaustion and preceded by a warm down 
until heart rate is approximately 100 bpm. 

 
Table 1. Protocol for determination of VO2max during rowing 

 Initial Work rate (W) Work rate increment (W) 

Male 120 - 180 30 

Female 90 - 140 30 

*) BASES (1997). Physiological testing guidelines (3rd ed., pp 112-114). Leeds: British 
Association of Sport & Exercise Sciences. 

**) Borg, G. (1998). Borg's perceived exertion and pain scales: Human kinetics. 

***) Powers, S. K., & Howley, E. T. (2012). Exercise physiology: theory and application to fitness 

and performance (8th, International student ed.). New York: McGraw-Hill. 
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Appendix 8B 
 

Data Collection Sheet VO2max test 

Name/Research ID Code:     Sex: 

DOB:        Body Mass (kg):  

  

Informed consent completed? Yes/No    PAR-Q completed? Yes/No 

 

Maximal Oxygen Uptake – Concept 2 rowing ergometer  

LEVEL 
(W) 

TIME 
(min) 

HR RPE Actual VO2
 

(mL.kg-1.min-1) 
Predicted 

VO2
 

(mL.kg-

1.min-1) 

Comments 

       

90 0 - 3      

120 3 - 6      

150 6 - 9      

180  9 - 12      

240 12 - 15      

270 15 - 18      

300 18 - 21      
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Appendix 9A 

Physical Activities & Daily Symptom Report 
 

How to fill in the physical activities diary 

We are interested in finding out about your rowing training and also other kinds of physical 
activities that you are undertaking in two 7 days periods. Of main importance are activities at 
moderate and vigorous levels (see explanation below) and the time you spend being 
physically active. Please think about your rowing training but also about the activities you do 
at work, as part of your house and garden work, to get from place to place, and in your spare 
time for recreation. 
 
Points to remember when you are filling in the diary: 

 Start a new page for each day 

 Employ the write as you go policy when recording in order to ensure activities are not 
forgotten. 

 Don't change your habits because of the diary. 

 Remember to be as accurate as you can, keep in mind:   
- time of the day 
- activity length in minutes (at least 10 minutes) 
- level of training effort recording e.g. the split/distance on the rowing machine or 

distance covered while running, rowing or cycling 
- level of effort for all other activities –  
- Vigorous physical activities refer to activities that take hard physical effort and 

make you breathe much harder than normal;  
- Moderate activities refer to activities that take moderate physical effort and make 

you breathe somewhat harder than normal. 
 

 

There is an example of how to fill the diary on the next page with the key information 

highlighted. 

 

Daily Symptom Report 

At the end of each day please complete the Daily Symptom Report by simply filling in or 

crossing the appropriate circle for the 11 items related to your wellbeing. 

 

 

If you have any questions please contact 

Maria Labedzka  
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 Appendix 9B Daily Activities and Training Diary – Example with the key information 

highlighted. 

 

Day 2 Date  ID 

Tuesday 23/02/2016  FEM1423 

Time of the day Activity with intensity – for how long 

0 – 1:00  

1:00 – 2:00  

2:00 – 3:00  

3:00 – 4:00  

4:00 – 5:00  

5:00 – 6:00 
 

 

6:00 – 7:00 
 

15min shovelling snow 

7:00 – 8:00 
 

20 min driving to work 

8:00 – 9:00 
 

60 min sitting/ working 

9:00 – 10:00 
 

55 min sitting / working 

10:00 – 11:00 
 

60 min working in the lab 

11:00 – 12:00 
 

60 min working in the lab 

12:00 – 13:00 
 

30 min walk to the shops /moderate effort 
15 min lunch 

13:00 – 14:00 
 

60 min sitting/ working 

14:00 – 15:00 
 

55 min sitting / working 

15:00 – 16:00 
 

60 min working in the lab 

16:00 – 17:00 
 

60 min working in the lab 

17:00 – 18:00 
 

20 min driving home 
Bicycle ride 20 min/ 5 km 

18:00 – 19:00 
 

5 km erg test/ 20 min 
20 min run moderate effort 

19:00 – 20:00 
 

30 min circuit at the club / vigorous effort 
 

20:00 – 21:00 
 

Bicycle ride 20 min/ 5 km 
 

21:00 – 22:00 
 

TV sitting 60 min 

22:00 – 23:00 TV sitting 30 min 

23:00 – 24:00  
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Appendix 9C. Daily Activities and Training Diary  

Day 1 Date  ID 

    

Time of the day Activity with intensity – for how long 

0 – 1:00  

1:00 – 2:00  

2:00 – 3:00  

3:00 – 4:00  

4:00 – 5:00  

5:00 – 6:00 
 

 

6:00 – 7:00 
 

 

7:00 – 8:00 
 

 

8:00 – 9:00 
 

 

9:00 – 10:00 
 

 

10:00 – 11:00 
 

 

11:00 – 12:00 
 

 

12:00 – 13:00 
 

 

13:00 – 14:00 
 

 

14:00 – 15:00 
 

 

15:00 – 16:00 
 

 

16:00 – 17:00 
 

 

17:00 – 18:00 
 

 

18:00 – 19:00 
 

 

19:00 – 20:00 
 

 

20:00 – 21:00 
 

 

21:00 – 22:00 
 

 

22:00 – 23:00  

23:00 – 24:00  
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Appendix 9d. Calculation of weekly MET-h based on PA diary records 
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Appendix 10. Data Collection Sheet for 6.8 km race on Concept 2 rowing ergometer 

Participant Code: 

Date: 

 

Distance 

(km) 

Time  

(min:sec) 

Level  

(Watts) 

Rate 

(stroke/ 

min) 

500m 

Split 

(min:sec) 

HR 

(beat/ 

min) 

0      

1      

2      

3      

4      

5      

6      

6.8      

       

Overall 

6.8      

 

Heart rate (HR) recorded using chest strap and wireless sensor (Polar H1, Polar Electro 

Oy, Kempele, Finland), through a wireless link to a watch (Polar RS400, Polar Electro 

Oy, Kempele, Finland) 

Concept 2 rowing ergometer with 

PM3 – drag factor set to 125 

Image representing the summary of 

the power output, distance and 

stroke rate in time, photographed 

from the Concept 2 monitor 

memory post race (Grosvenor 

Rowing Club Gym). 

 

  



  

88 
 

Appendix 11 Daily symptom report 
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Appendix 12 Final Symptom Report post 6.8 km race  
 
Dear Participant, 
The questionnaire below is the final part of the study which we are asking you to complete on 
14 May 2016. 
 
We are interested in finding out if you experienced any of the cold or fatigue symptoms in the 
two weeks period following your 6.8 km race on the rowing ergometer. 
  
Please rate the average severity the symptoms by crossing the appropriate field. Please also 

indicate how soon after the race a particular symptom started occurring. 

 Did not 

have this 

symptom  

0 

Very 

Mild 

 

1 

 

 

 

2 

 

Mild 

 

3 

 

 

 

4 

 

Moderate 

 

5 

 

 

 

6 

 

Severe 

 

7 

Number of 

days post 

6.8 km 

rowing race 

this 

symptom 

started 

Runny nose          

Plugged nose          

Sneezing          

Sore throat          

Scratchy 

throat 

         

Cough          

Feeling tired          

 

Over the period of last two weeks how much your cold and fatigue symptoms interfered with 

your ability to: 

 Not 

at all 

0 

Very 

Mildly 

1 

 

 

2 

 

Mildly 

3 

 

 

4 

Moder

ately 

5 

 

 

6 

Severely 

 

7 

Number of days post 

6.8 km rowing race this 

interference occurred 

Think clearly          

Accomplish daily 

activities (exercise 

included) 

         

 

 

Please state how your average training and physical activities load over the last two weeks 

compared to your usual training and physical activities patterns: 

Very 

much 

lower 

Somewhat 

lower 

A little 

lower 

The same A little 

higher 

Somewhat 

higher 

Very much 

higher 
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Appendix 13 ABEL®-Sport light kinetic shape categories in this study and a response 
scale related to fatigue and infection based on Knight Scientific Ltd. database. The 
normal peak height range (minus baseline) is 24000 – 54000 RLU. Darker shading 
corresponds to higher ABEL-score and indicates higher vulnerability to infections or 
fatigue. Adapted from Knight Scientific Ltd. 

Kinetic shape with category Fit of the peak height 
in the normal range 

ABEL-score related to 
fatigue & infection 

A 
Normal reference curve 

Within normal range 0 – healthy response 

Higher than 54000 RLU 1 – irregular response 

Lower than 24000 RLU 2 – more irregular 
response 

C 
More rounded then A 

Within normal range 1 – irregular response 

Higher than 54000 RLU 1 – irregular response 

Lower than 24000 RLU 3 – increased fatigue/ 
infection 

D 
More rounded than C 

Within normal range 3 – indicates 
inflammation 

F 
Sharp peak 

Within normal range 1 – irregular response 

Higher than 54000 RLU 2 – more irregular 
response 

Lower than 24000 RLU 3 – increased fatigue 

K 
Very sharp peak 

Within normal range 2 – more irregular 
response 

Lower than 24000 RLU 3 – indicates infection 

Knight, J. (2016). Library of curves template file [Microsoft Excel template] 

Knight, J., Stride, M., Webster, S., & Purdue, J. (2016). Managing fatigue and early infection detection in 

football: a novel approach. Paper presented at the Football Medicine Strategies, London.  

  



  

91 
 

Appendix 14. ABEL – Sport test repetitions 

ABEL-Sport test repetitions were done from the same blood samples using the same 

reagents within two hours of testing. All repetitions had the same ABEL kinetic curve 

shape. The differences between the first reading of the maximal light response (minus 

pre-stimulation reading) and the same day re-tests ranged between 1744 and 13528 

RLU (mean Δ value = 5123 ± 4050 RLU, 22 ± 12% of mean reading, n = 8).  

The classification of the maximal light response to be within the normal range of 

24000 – 54000 RLU was the same for all re-tests except for one blood sample taken on 

21 April 2016, where the first test was below the range (22137 RLU) and the re-test 

and the mean value of both readings were within the normal range (35665 and 28901 

RLU).  

 

Date of 
blood 
collection Code 

Time in 
the 
study 

Shape 
first 
reading 

Shape 
repetition 

RLU 
max – 
first 
reading 

RLU max 
repetition 

Δ RLU max 
(first – 
repetition) 

RLU max 
mean 
value 

Δ RLU 
max 
percent 
of mean 
(%) 

21 Apr 16 B105 wk 1 F F 22137 35665 -13528 28901 -46.8 

23 Apr 16 B102 Wk 1 F F 17876 13824 4052 15850 25.6 

23 Apr 16 G205 Wk 1 F F 37910 45660 -7750 41785 -18.5 

23 Apr 16 G202 wk 1 C C 16812 21441 -4629 19127 -24.2 

28 Apr 16 B105 Wk 2 F F 12360 10067 2293 11214 20.4 

30 Apr 16 G202 Wk 2 C C 12380 14124 -1744 13252 -13.2 

2 May 16 B102 
48h 
post F F 24030 25165 -1135 24598 -4.6 

14 May 
16 G201 

2 wks 
post F F 32305 26456 5849 29381 19.9 
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Appendix 15 Example of participant’s debrief. 
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Appendix 16 Selected slides from the coaches’ debrief

 

 

  


