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Abstract

This study examined the effect of a competitive season on salivary responses [cortisol (sC),
testosterone (sT), Testosterone/Cortisol ratio (sT/C), Immunoglobulin A (slgA), slgA secre-
tion rate (srlgA), alpha-amylase (sAA)] and upper respiratory symptoms (URS) occurrence
in three teams of male soccer players (Under-15, Under-17 and Under-19 yrs.). Training
and competition volumes, salivary biomarkers and URS were determined monthly. No differ-
ences were found for monthly training volume between teams. Incidence of URS was higher
for the U15 (44.9% of the total cases). Higher sT and srigA were observed for the U19,
lower sC were found for the U17 and sAA showed higher values for the U15 throughout the
season. In the U15, significant difference (p = .023) was found for sIgA concentration with
higher concentration values in January compared to December (-42.7%; p = .008) and the
sT showed seasonal variation (p < .001) with the highest value in January significantly differ-
ent from October (-40.2%; p = .035), November (-38.5%; p = 0.022) and December (-51.6%;
p=.008). The U19 presented an increase in sC in March compared to February (-66.1%,
p=.018), sT/C were higher in February compared to March (-58.1%; p=.022) and sAA
increased in March compared to September (-20.5%; p = .037). Negative correlations, con-
trolled for age group, were found between URS occurrence and srlgA (r=-0.170, p = .001),
SAA (r=-0.179,p =.001) and sT (r =-0.107, p = .047). Monitoring salivary biomarkers pro-
vides information on mucosal immunity with impact in URS occurrence. Coaches could
manipulate training loads to attenuate the physical stressors imposed on athletes, especially
at demanding and stressful periods.
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1 Introduction

The long competitive season often includes a high frequency, intensity and duration of train-
ing sessions, that can place a heavy strain on biological systems of young players. Furthermore,
the increase of exercise intensity, occurring as part of the success paradigm towards elite sport,
could be also added to a psychophysiological stress on youth elite players [1].

Long-term hormonal responses to elite team sports have been reported [2-6]. In particular,
sC, sT and their sT/C values are considered markers of exercise-related stress and balance
between anabolic and catabolic processes, respectively [5,7,8]. Depending on the intensity and
duration of exercise, transient increments or suppressions in immune parameters may also
occur, namely those involved in mucosal immunity including sAA [9] and sIgA [8,10].

Produced locally in the salivary glands and controlled by the autonomous nervous system,
sAA inhibits bacterial adherence and growth to epithelial surfaces [11] and has been proposed
as a biomarker of body stress and sympathetic nervous system activity [12-14]. Preventing the
attachment of external pathogens to mucosal surfaces, acting as a first line of defence against
microbial invasion, secretory IgA also plays an important role in mucosal immunity
[12,15,16], which might be affected by strenuous bouts of intense exercise [17]. In particular,
multiple daily intense training sessions may result in accumulative mucosal immune suppres-
sion of sIgA and srIgA [15,16].

Exercise-induced transient suppression of immunological responses could determine an
impaired immune condition [17] increasing the risk of contracting upper respiratory tract
infections (URTTI) [17-23]. The diagnosis of URTI is still unclear, especially in the absence of
laboratory testing confirming the presence of a pathogen [17,24]. Indeed, the term upper respi-
ratory symptoms (URS) could be more appropriate to classify signs and symptoms affecting
the upper airways [24-27].

Despite the many studies on various acute immunological and endocrine responses to
training and competition [20,28-30], data from seasonal monitoring of biomarkers using less
invasive strategies as saliva collection is still lacking [31]. In this study, we will permit a better
understanding of the load dynamics in the last three age-groups of the youth department and,
as well, the age-groups where the game has is formal format (eleven vs. eleven). With this in
mind it’s possible to the coaches and researchers to highlight the mechanisms that are under-
pinning the training sessions and, by inference, the competition, putting all in line with the
progressive demands of soccer talent development programs. Monitoring young athletes can
provide valuable information to coaches about the adequacy of their training plans; the aim of
this study was to examine the monthly variations of immune and hormonal mucosal parame-
ters in young soccer players during a competitive season. It has been hypothesized that: 1)
youth soccer players could show different age-related adaptive hormonal and immune
responses to training and competition; 2) exercise could mediate changes in mucosal immune
parameters and the incidence of upper respiratory symptoms could be related.

2 Materials and methods
2.1 Subjects

Fifty-seven male young players from the same soccer club academy, playing at national level in
their age group (main Portugal national championship), were recruited for this study. At the
beginning of the study U15, U17 and U19 teams encompassed 28, 35 and 28 players respec-
tively; however, some dropouts (11, 13 and 10 soccer players, respectively) occurred during the
competitive season due to: the club selection program requirements, occasional maladapta-
tion’s, injury and other reasons. Thus, the final sample consisted of the seventeen Under 15
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(U15: age 14.8+0.2 yrs.; stature 170.8+ 6.6 cm; body mass 60.1+9.5 kg; body fat 14.8+3.8%),
twenty-two Under 17 (U17, mean + SD: age 16.1+0.4 yrs.; stature 174.4+6.7 cm; body mass
67.0+8.1 kg; body fat 14.1+3.0%) and eighteen Under 19 (U19, mean + SD: age 18.8+0.2 yrs.;
stature 177.5+6.9 cm; body mass 70.9+8.1 kg; body fat 13.3+4.9%). The recruitment of soccer
players was agreed with the technical department of the soccer academy at the end of the sea-
son that preceded the study (May/June), and the study included all players from the squads of
the various teams. The inclusion criteria were: a) to volunteer, as well as to authorize their
tutors to participate in the study; a) integrate the team of the respective age group up to one
month after the start of the season; b) do not present any physical limitation or injury that pre-
vents them from participating in the regular training of the team. Exclusion criteria: a) the
occurrence of an injury or illness that would require you to leave regular training for a period
longer than 2 weeks; b) failure to participate in at least two thirds of the training plan; c) trans-
fer to another club / team. The sample consists of players who participate in the main national
competition of the respective age groups, obtaining merit sports results. The study took place
in a training academy for football players belonging to one of the historic clubs of Portuguese
football. The study was fully approved by the Ethics and Human Subjects Review Board of the
Faculty of Sports Science and Physical Education of the University of Coimbra (Portugal) and
conducted according to the Helsinki declaration (CE/FCDEF-UC/00032013). Verbal and writ-
ten information on the experimental procedures were provided for all participants. Signed
informed consent statements were obtained from athletes and their parents or guardians when
underaged (under 16).

2.2 Design

The study followed a longitudinal parallel design. To verify different age-related adaptive
responses to training, salivary hormonal (i.e., sC, sT and sT/C) and immune parameters (i.e.,
sAA, sIgA, srIgA) were monitored during a competitive season spanning from July to April.
The relationship between mucosal immune parameters and the incidence of URS was verified
monthly, always in the first training session in the first week of each month, after two days of
recovery for all teams (U15 = 8 months; U17 and U19 = 9 months).

2.3 Training and competition load

The training load was computed by counting the time (minutes) spent in training sessions and
competitions. During the experimental period, the three groups had four (U15 and U17) and
five (U19) training sessions with 1.5h of duration/session plus 70-, 80- and 90-minute match
per week for U15, U17 and U19, respectively. The typical training sessions consisted of warm-
up, individual and group technical drills, team technical drills, circuit training and cool-down.

2.4 Procedures and data collection

During the study period, no dietary interventions were undertaken. Players were instructed to
maintain their normal daily nutritional and hydration intake. Saliva samples were collected
monthly before the first training session of the week, ensuring at least 36 hours of rest from the
last match or training, which enabled the recovery of acute immune and hormonal responses
determined from previous exercise [32]. Furthermore, subjects were asked to avoid any intense
exercise during the 36 hours before each experimental session and to abstain from food and
caffeine products intake two hours before to saliva collection. Once at the collection site, sub-
jects were required to rinse out their mouths with distilled water to clean the oral cavity 20
min before collection time (18.00-19.00 pm). Then, passive unstimulated whole saliva samples
were collected during 3 min with athletes in a seated position and with the head tilted slightly
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forward, using appropriate pre-weighted and pre-labeled plastic tubes of 7mL (Sarstedt®) and
immediately stored at approximately 4°C in a polystyrene container with ice, prior to transport
and subsequent storage in the laboratory. Within the testing laboratory, the samples were de-
identified by application of a laboratory number, weighted again to calculate saliva flow rate
and they were thawed, vortexed, and centrifuged at 1,500 g (@3,000 rpm) for 15 min as per
ELISA protocol (Salimetrics, Carlsbad, CA, USA) and split into two Eppendorf tubes to allow
assay re-run if required. Labeled saliva samples were frozen at —80°C within a secure, back-up
powered ultra-low freezer within 4 h of collection. No additional preservatives such as sodium
azide were added to the samples to exclude possible assay interference.

2.5 Salivary hormonal and immune assessments

Concentrations of sC, sT, sAA and sIgA were determined using commercially available ELISA
kits (Salimetrics, Inc., State College, PA, USA). The concentration of salivary IgA was
expressed in term of: 1) the absolute concentration of salivary IgA (ug - ml™') and 2) the sali-
vary IgA secretion rate (ug - min™"). The salivary IgA secretion rate was calculated by multiply-
ing the absolute salivary IgA concentration (ug - ml™') by the salivary flow rate (ml - min™);
this latter value was calculated by dividing the total volume of each saliva sample (ml) by the
time taken to collect each sample (3 min). Salivary secretion rate was calculated from saliva
flow rate (ml.min™"), which was determined dividing the saliva volume by the collection time.
Saliva flow rate of valid samples should not be <0.1 mlL.min™'. Under basal conditions, the rate
of saliva production is 0.5 ml.min™" [33]. All samples belonging to the same athlete were tested
in the same plate to reduce inter-assay variations and in duplicate. The intra-assay maximum
coefficient of variation was 6.7% for sAA, 3.65% for sC, 3.3% for sT and 3.3% for sIgA. The
inter-assay maximum coefficient of variation was 5.8% for sAA, 6.41% for sC, 8.1% for sT and
7.9% for sIgA.

2.6 Monitoring of URS episodes

Subjects were required to fill a monthly log to document any signs or symptoms of URS
including cold, cough, nasal secretion, headache, sore throat, muscle pain, diarrhoea, abdomi-
nal pain, cold shivers, itchy eyes, sneezing and fever. The athletes’ information was compared
with that provided from their respective coaches, to eventually confirm the reported URS
occurrence. When a sign of illness was reported the WURSS-21 [34] was applied. This ques-
tionnaire was developed to comprehensively measure all significant health-related dimensions
that are negatively affected by the common cold. A conservative method of identifying URS
was used. The logging of an episode required a report of two or more cold-specific symptoms
during at least two days in a row. A new episode was considered after a minimum interval of
10 days following the previous one [35]. Symptoms related to allergic episodes (itchy eyes,
sneezing), gastrointestinal or muscular pain related to injuries were carefully analysed and dis-
carded [24,27].

2.7 Statistical analysis

Descriptive statistics was computed as mean and standard deviation (mean * SD). The Chi-
square test was used to compare time spent in training and competition and URS occurrence
of the 3 soccer groups. Accounting for non-normal distribution and small sample size the
Friedman test analysed the within repeated measures and Kruskal-Wallis test was used for
between comparisons. Pairwise multiple comparisons were conducted with the adjustment by
Dunn test originally designed first for Kruskal-Wallis test, able to use in non-parametric
repeated measures and incorporated in SPSS 21.0. Effect size was used to ascertain magnitude
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of the difference of the mean as trivial (0-0.19), small (0.20-0.49), medium (0.50-0.79), large
(0.80 and greater) [36]. We calculated the a priori statistical power. For an o = 0.05 and moder-
ate effect size (es = 0.5), the sample size of our study assures an  of 0.84 (84%) using G*Power
Version 3.1.9.2. The exploration of association between biomarkers and URS was done
through Spearman Rho (p< 0.05). Statistical analysis was performed using the software pack-
age (IBM SPSS, version 21.0, 2012), with statistical significance set at (p< 0.05).

3 Results
3.1 Training load

Regarding the monthly distribution of exercise volume in each group, the U15 highest percent-
ages emerged in October (12.3%), whereas the relative picture for both U17 (18.6%) and U19
(14.5%) was in August (above each group seasonal training volume average). This distribution
fits with the previous pre-season overload of both U17 and U19 and mimics the incremental
approach planned for the youngest group (U15), which performs a higher volume later.

Table 1 shows detailed data of the monthly exercise volume (minutes) spent in training and
matches. A seasonal training volume variation for all groups are presented in the Fig 1.

3.2 URS occurrence

Higher URS occurrence emerged for U15 team (40 episodes,44.9% of the total) compared to
U17 (33 episodes, 37.1% of total) and U19 (16 episodes, 18% of the total) (Z = 6.47; P = 0.039;
Fig 2). A significant inverse association was found between URS with srIgA (r = -0.170, p =
.001), sAA (r =-0.179, p=.001) and sT (r = -0.107, p = .047). Furthermore, the correlation
between the number of URS events and the age group (r = -0.180, p< .001) showed that there
was a trend to younger players were more prone to get an URS episode.

3.3 Seasonal variation of salivary biomarkers

Table 2 reports the comparative analysis of the immunological and endocrine biomarkers
values (mean and standard deviation) and the groups comparisons, whereas Fig 3 (Graphs
A-F) show the pattern across time for the physiological parameters, which highlights the most
critical variation of the study variables during the soccer season in the three soccer teams.

Table 1. Monthly training volume and matches of each soccer team (U15, U17 and U19).
Under-15 Under-17 Under-19

Training volume | Match volume | Total volume | Training volume | Match volume | Total volume | Training volume | Match volume | Total volume

min min min min min min min min min

August 1440 280 1720 1730 450 2180 1820 360 2180
September 1530 280 1810 1500 270 1770 1530 450 1980
October 1620 280 1900 1660 270 1930 1805 270 2075
November 1080 280 1360 1520 360 1880 1455 270 1725
December 1440 210 1650 1270 360 1630 1385 270 1655
January 1350 280 1630 1760 270 2030 1740 360 2100
February 1530 280 1810 1455 270 1725 1440 180 1620
March 1440 210 1950 1235 360 1595 1355 540 1895
April - - - 1445 360 1805 1365 360 1725

Mean 1428,8 262,5 1691,3 1508,3 330,0 1838,3 1566,3 340,0 1903,8
SD 162,7 324 164,5 185,1 63,6 188,7 192,2 1154 215,3
cv 11,4 12,3 9,7 12,3 19,3 10,3 12,3 33,9 11,3

https://doi.org/10.1371/journal.pone.0236669.t001
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Fig 1. Seasonal training volume variation of young soccer players (U19, U17 and U15) across a soccer season. Data
are % variation per group.

https://doi.org/10.1371/journal.pone.0236669.g001

3.3.1 Salivary IgA(sIgA) and secretion rate (srIgA). Significant difference (x> = 16.200;
p =.023) was found for sIgA concentration in U15 team with higher concentration values in
January compared to December (p =.008, ES = 1.03 [0.25, 1.8]) (Table 2). Inter-group sIgA
comparisons showed only difference between U15 and U17 in January (p = .016, ES = 0.92
[0.25, 1.58]), whereas no seasonal differences emerged for sIgA and srIgA between U17 and
U19 (Table 2, Fig 3A and 3B). Across the season, higher srIgA values were found in the U19
compared to the U17 in August (p = .005, ES = 1.12 [0.45, 1.79]), September (p = .001, ES =
1.23 [0.55, 1.90]) and April (p = .011, ES = 0.86 [0.21, 1.51]) (Table 2, Fig 3B). Additionally, the
U19 showed higher srIgA values with respect to U15 in November (p = .018, ES = 1.21 [0.49,
1.93]) (Table 2, Fig 3B).

3.3.2 Salivary alpha-amylase (sAA). The U15 and U17 groups showed a stable response
for sAA along the season, while the U19 presented significant variation (x> = 16.711; p = .033)
with the values found in March (by the end of the season) clearly lower than from those regis-
tered in September (p = .037, ES = "0.48 [-1.15, 0.18]) (Table 2). Differences between U15 and
U17 were observed in September (p = .011, ES = 1.02 [0.34, 1.69]), October (p =.014, ES = 0.80
[0.14, 1.45]), December (p < .001, ES = 1.59 [0.87, 2.32]) and March (p = .002, ES = 1.86 [0.50,

A) B)
100 50

g- ‘_v | @ U_15
o2 80 ® -] 1 = U-17
O o+ i
8 5 S8 - U-19
0w . o8
8 % 40_..’.:""\ 8 -g
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w20 u =

R R
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Fig 2. Upper respiratory symptoms occurrence in young soccer players (U19, U17 and U15) across a soccer season. Data are: A) URS occurrence of number of
episodes in each group per month; B) URS occurrence of % total number of episodes of total group per month.

https://doi.org/10.1371/journal.pone.0236669.g002
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Table 2. Salivary immune and hormonal responses (S-IgA, Sr-IgA, S-AA, S-C, S-T and S-T:C ratio) of young soccer players (U19, U17 and U15) across a soccer

season.
Aug Sep ‘ Oct Nov Dec Jan Feb Mar Apr
Under 15 (n=17)
S-IgA (mg.dL’l) 279.3 (97.1) 302.1(95.2) 285.6 (70.0) 240.7 (124.9) | 224.3(132.4) | 391.2(189.7)° | 248.6 (101.6) 280.5 (136.8)
st-IgA (ug.min™) | 98.5 (54.9) 85.4 (31.6) 78.0 (30.2) 72.1(26.2) 84.5 (58.2) 108.5(59.5) | 65.6(34.5) 74.9 (33.4)
S-AA (UmL™) 95.6 (60.5) 87.1 (45.9) 97.8 (49.1) 81.1(40.4) 115.3 (57.0) 109.6 (109.9) 116.2 (72.8) 93.9 (59.1)
S-C (g/mL) 208.7 (82.4) | 195.3(77.9) | 132.4(82.4)* | 144.5(124.8) | 124.3(98.1) 119.6 (48.7) | 154.3(43.0) | 165.6 (119.9)
S-T (ng/mL) 87.3 (34.5) 69.6 (30.2) 65.9 (29.6) 67.8 (21.6) 53.3(18.0) | 110.2 (60.2)%%¢ | 72.9 (15.5) 65.6 (27.9)
S-T:C 0.49 (0.28) 0.45 (0.37) 0.62 (0.32) 0.69 (0.31) 0.74 (0.62) 1.25 (1.21) 0.51 (0.20) 0.49 (0.24)f
Under 17 (n = 22)
S-IgA (mg.dL’l) 368.3 (229.5) | 239.6(117.9) | 289.8 (151.4) | 256.8 (153.1) | 270.3 (146.2) | 245.9 (128.4) £ | 293.8 (134.4) 247.9 (117.5) 227.0 (96.5)
sr-IgA (pg.min’l) 68.5 (41.1) 69.0 (41.6) 72.5 (53.0) 99.8 (58.1) 120.8 (107.6) 89.2 (45.5) 121.2 (102.6) 91.2 (90.3) 63.1 (41.8)
S-AA (UmL™) 54.5 (42.4) 45.6 (43.9)£ 54.4 (57.6)£ 67.6 (99.5) 41.2 (36.3)£ 55.5(60.1) 58.3 (65.6) 33.9 (43.0) 47.3 (36.5)
S-C (ng/mL) 130.5 (107.8)£ | 85.8 (63.0)£ 56.0 (39.6)£ 66.3 (54.7)£ 49.1 (34.0) 83.2 (41.6) 84.1 (45.6)% 119.3 (77.0) 101.1 (78.1)
S-T (ng/mL) 84.8 (21.0) 65.5 (19.0) 71.5 (26.6) 64.8 (21.8) 60.5 (17.0) 75.3 (27.0)£ 107.3 (64.5) 80.1 (28.3) 64.0 (20.4)
S-T:C 1.17 (1.0) £ 1.14 (0.94)t | 1.57 (O.87)g’h £] 1.22(0.56) £ 1.80 (1.16)£ 1.36 (1.53) 1.40 (0.63) £ 1.13 (1.05) 1.10 (0.92)
Under 19 (n =18)
S-IgA (mgdL™") | 352.2(111.2) | 241.8(66.8) | 287.4(145.5) | 277.9(137.7) | 281.2(128.5) | 290.9(85.3) | 251.8(126.3) | 286.4(116.1) | 251.5(91.5)
Sr—IgA(pg.min'l) 154.3 (104.3)¥ | 145.5(80.6)¥ | 117.8(103.9) | 153.6 (90.1)£ | 170.6 (136.0) 150.3 (98.5) 120.0 (95.5) 103.7 (57.2) 118.0 (83.1)¥
S-AA (U.mL™Y) 54.9 (51.6) 56.2 (47.7) 74.2 (73.6) 91.3(99.4) | 61.1 (44.8)£ 71.2 (42.8) 54.9 (52.7) 37.5(27.0)® 60.0 (46.9)
S-C (ng/mL) 232.5(175.9) | 243.9 (163.0)¥ | 226.1(133.3)¥ | 179.1 (138.2)¥ | 236.4 (175.2)¥ | 222.9 (126.5)¥ | 99.3 (50.4)¥ | 292.7 (191.2) & ¥ | 256.0 (210.2)¥
S-T (ng/mL) 90.5 (30.7) 95.4 (20.9)¥£ 87.7 (19.1) 82.1(21.4) 90.8 (29.6)%,£ 87.9 (21.3) 121.4 (39.0)£ 97.9 (36.3)£ 98.4 (33.9)¥
S-T:C 0.68 (0.69) 0.73(0.67) | 0.64(0.63)¥ | 0.92(0.91)¥ | 0.68(0.60)¥ | 0.66(0.72)¥ |1.36(0.46)"¢ | 0.57(0.67)¥ 0.70 (0.69)

Data are mean (SD).

* significant difference with August

P significant differences with September

¢ significant difference with October

4 significant difference with November

¢ significant difference with December

fsignificant difference with January

§ significant difference with February

h significant difference with March

! significant difference with April, (p<0.05).

¥ significant difference with U-17
¢ significant difference with U-15, p<0.05.

https://doi.org/10.1371/journal.pone.0236669.t002

1.87]) whilst differences between U15 and U19 were observed in December (p = .034,
ES =1.06 [0.35,1.77]) (Table 2, Fig 3C).
3.3.3 Salivary cortisol (sC). The Ul5 showed a significant variation during the season
(x* = 15.309, p = .032) with higher values early in the season (August compared to October)
(p=.032,ES =0.93 [0.2, 1.63]). No differences were observed for sC in the U17 group along
the season. The U19 group also exhibit significant variation during the season (x* = 16.133;
p =.041) reaching higher values in March compared to February (p = .018, ES = 1.32 [-2.15,
-0.48]) (Table 2).
Comparing the team’s data along the season, the U17 showed lower sC than the U19 and
U15 groups (p < .001) (Table 2, Fig 3D). Looking at the monthly variation, U17 compared to
U19 registered lower concentrations of sC in September (p = .001, ES = 1.33 [0.64, 2.02]),
October (p < .001, ES = 1.81 [1.07, 2.55]), November (p = .012, ES = 0.85 [0.19, 1.51]),
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Fig 3. Salivary immune and hormonal responses of young soccer players (U19, U17 and U15) across a soccer season. Data are Mean + SD (standard
deviation). * P < 0.05 between U15 and U17. # P < 0.05 between U17 and U19. & P < 0.05 between U15 and U19. Abbreviations: U15: Under-15 yrs, U17:
Under-17 yrs, U19: Under-19 yrs.

https://doi.org/10.1371/journal.pone.0236669.9003

December (p < .001, ES = 1.56 [0.85, 2.27]), January (p = .002, ES = 1.55 [0.84, 2.26]), February
(p=.008, ES = 0.32 [-0.31, 0.94]), March (p = .007, ES = 1.23 [0.55, 1.97]) and April (p = .019,
ES =1.01[0.35, 1.68]) (Table 2, Fig 3D). Compared to U15, U17 had lower concentrations in
August (p =.003, ES = 0.8 [0.14, 1.45]), September (p =.003, ES = 1.56 [0.84, 2.29]), October
(p=.012, ES = 1.23 [0.54, 1.92]), November (p = .038, ES = 1.11 [0.44, 1.78]), December (p =
.011, ES = 1.08 [0.41, 1.76]) and February (p = .001, ES = 0.54 [0.10, 1.18]) (Table 2, Fig 3D).
No differences were found for the cortisol concentration between the U15 and U19 groups
(Table 2, Fig 3D).

3.3.4 Salivary testosterone (sT). In the U15 the sT showed seasonal variation (> =
26.667; p < .001) with the highest value in January, that was significantly different from Octo-
ber (p =.035, ES = 0.93 [0.23, 1.64]), November (p = 0.022, ES = 0.94 [0.23, 1.65]) and Decem-
ber (p =.008, ES = 1.28 [0.54, 2.02]) (Table 2). Furthermore, differences in sT concentrations
were found between U15 and U19 in September (p = .001, ES = 0.99 [0.3, 1.7]), December (p
< .001, ES = 1.52 [0.76, 2.27]), February (p = .002, ES = 1.61 [0.85, 2.38]) and March (p = .039,
ES =0.99 [0.29, 1.70]) (Table 2, Fig 3E). Whilst sT differences between U15 and U17 teams
were observed only in January (p = .0016, ES = 0.78 [0.13, 1.44]) (Table 2, Fig 3E). The sT con-
centrations in the U17 and U19 teams differed significantly in September (p =.002, ES = 1.5
[0.8,2.21]), December (p =.004, ES = 1.29 [0.60, 1.94]) and April (p = .005, ES = 1.26 [0.58,
1.94]) (Table 2, Fig 3E).

3.3.5 Salivary testosterone to cortisol ratio (sT/C). The U15 team showed significant
variation in this anabolic:catabolic ratio (2 = 24.470; p = .002) that was lower in March com-
pared to October (p = .035, ES = 0.48 [-0.20, 1.16]) and January (p = .001, ES = 0.88 [0.18,
1.59]) (Table 2). The U17 team showed differences over the season (2 = 21.504; p = .006) with
higher values in October when compared to the end of the season in March (p =.037,

ES = 0.29 [-0.3, 0.89]) and April (p = .037, ES = -0.48 [-1.08, 0.12]) (Table 2). The U19 team
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also showed a significant variation (}2 = 17.128; p = .029) with the highest values in February
when compared to those observed in March (p =.022, ES = -1.37 [0.65, 2.1]) (Table 2).

Several differences were found between groups in the sT/C (Table 2, Fig 3F). The U17 team
had higher values than U19 team in October (p < .001, ES = 1.01 [0.34, 1.67]), November (p =
.030, ES = -0.3 [-0.94, 0.31]), December (p<0.001, ES = -1.8 [-1.85,-0.3]), January (p = -.008,
ES =-0.57 [-1.2, 0.06]) and March (p = .003, ES = -0.62 [-1.26, 0.02]); when compared to the
U15 team, higher values were found in August (p = .046, ES = 0.8 [0.14, 1.46]), September (p <
.001, ES = 0.87 [0.21, 1.53]), October (p = .005, ES = 1.08 [0.40, 1.75]), November (p = .046,

ES =0.91 [0.25, 1.57]), December (p < .001, ES = 1.1 [0.42, 1.78]) and February (p = .001,
ES = 1.81 [1.06, 2.56]) (Table 2, Fig 3F). Between the U19 and U15 teams, increased values in
the older group were only found in February (p = .001, ES = 2.37 [1.51, 3.24]) (Table 2, Fig 3F)

3.4 Training load and salivary biomarkers

The total volume of training showed a positive correlation with mean sIgA concentrations
(r=0.104, p = .036), whereas the total volume of competitions correlated negatively with sAA
enzyme activity (r = -0.138, p = .006).

4 Discussion

To our knowledge, this is the first study that monitored the occurrence of URS, the immune
and hormonal responses during an entire soccer season in relation to the training and compe-
tition load of three age-groups of youth players belonging to the same soccer academy. Main
findings highlighted tendencies to associations between training volume, salivary biomarkers
and URS occurrence.

4.1 Seasonal training load variation

We observed a stable training volume in each group across de season (Table 1). The CV of the
total volume was 9,7%, 10,3% and 11.3% for U-15, U-17 and U-19 respectively. These CV was
lower than that observed in Portuguese professional soccer players [37]. Valente-dos-Santos
and co-authors [38] showed that the overall training demand in soccer tends to stabilize after
the player’s peak height velocity.

4.2 Immune and hormonal responses along the training season

4.2.1 Salivary immune parameters. Considering all collected immune data over the sea-
son in the three age-group teams, we observed that the U19 team tended to show higher mean
srIgA values than the younger teams and the opposite behavior for the sAA mean
concentration.

Looking for the seasonal variation in each age-group, in the U15 team, sIgA showed the
lowest value in December. This is in line with the observed pattern in rugby players during an
eleven months season [31], where lower IgA levels were found in December and explained by
a period of increased training intensity and reduced match activity, the same as was observed
in U15 team. Although not statistically significant, the U19 team also showed a trend toward a
decrease in srIgA in the last three months of the season. This behavior could be linked to the
cumulative impact of a phase of intense training load and the cold weather conditions at this
time of the year in the Northern hemisphere. Similarly, a study showed that sIgA had a signifi-
cant decline in professional English Premier League soccer players during an intensive winter
training period [39]. These results have practical relevance because they demonstrate that sIgA
provides a non-invasive assessment that is simultaneously sensitive to the changes to either
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physical and/or psychological stress [28] associated with a winter short-term period of inten-
sive competition.

U19 showed marked sAA differences along the training season (Mar vs Sep). It is possible
to speculate that sAA significantly changes due to physiological and psychological stress in
acute conditions [38]. In endurance sports, SAA acts as a potential marker of training overload
[40] and adaptation [41], but in team sports the prevailing idea is that SAA is probably not very
responsive and not very useful for longitudinal monitoring of the immune response. In fact, a
prolonged period of training and the participation in a high number of matches could lead to a
lower anti-microbial defense, affecting the immune response of young players. This could be
seen in the U19 teams that showed a tendency of decrease in sAA values in March, the most
stressful competitive month for this team.

4.2.2 Salivary hormonal parameters. The current study highlighted that U19 increased
sC values in March and in April, which could be explained by the participation to decisive
matches. In fact, training records showed that March was highly demanding, with a sequence
of nine matches, being all decisive for the main goal of the season. The stress was also elevated
at the end of the season, when match outcomes were important to maintain the U19 in the
first division of the national championship, players were also stressed with that decisive phase.
The higher sC values found in U19 compared to U17 and U15 could also be due to the higher
competitive demands of their championship.

The U15 team showed higher sT levels and sT/C ratio in January compared to August. It
could be possible to speculate that the rest days during the Christmas vacations helped the
recovery process and consequently the immune and hormonal systems, allowing an increase
in the anabolic response. The antagonist role of the stress hormone cortisol on mucosal immu-
nity [31] was not confirmed in this study. The scarce variation observed throughout the season
for the sC levels did not seem to contribute to the impairment in mucosal immunity. Probably,
this group of young soccer players responded well to the stress situations related to training
and competition. In general, a tendency for the stabilization of the hormonal system in the
U15 was observed. Among the teams, U17 presented small variations in the studied biomark-
ers. The hormonal response of these young soccer players seems to be well adapted to their
regular training workload and matches, one probability could be the “natural selection” pro-
cess and for this reason was more resilient with respect to their youngest counterparts. It could
be hypothesized that players more prone to illness could have dropped out soccer or were not
selected for the U17 team. As expected, the U19 tended to show higher sT concentrations com-
pared to the younger groups throughout the competitive season.

The usefulness of the individual hormonal response in team sport athletes for an early detec-
tion of maladaptation’s over extended periods is controversial. The apparent antagonist role of
cortisol and testosterone has already been discussed [11,28]. Results from longitudinal studies
have been equivocal and included a rise in sC during a soccer season [6], whereas a reduction in
sC and an increase in sT/C were observed during 12 weeks of Australian Football season [2].
Low sC values have been associated to a good recovery, indicating the best moment to increase
the training intensity [42]. Also, increases in the testosterone concentration reflect a good recov-
ery of the athletes, thus enabling an increment in training load [43,44]. Conversely, high cortisol
levels have been related to the exhaustion of adrenal glands, associated to extreme fatigue [45].

4.3 Immune and Hormonal changes and URS occurrence

The demands of modern elite soccer, where the weekly microcycle presents several training
units and often more than one competition, make players more likely to experience repeated
stress situations with a limited opportunity to recover, resulting in decreases in sIgA
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concentrations and increases in the risk for URTIs occurrence [46]. Youth elite soccer players
undergo weekly training plans that mimic those of adult elite players. In fact, soccer clubs sup-
port early specialization of potential elite players to have, as soon as possible, important reve-
nues [47]. The tendency of inverse association of srIgA levels and URS occurrence between the
volumes of training observed in this study reinforces the concept that youth athletes should be
exposed to a training load adequate to their age [1]. In fact, the higher occurrence of URS in
the U15 players compared to their older counterparts could reflect the difficulties in the adap-
tation of the immune system related to training during their competitive year. Conversely,
players older than 15 years might have a stronger immune response possibly because of a natu-
ral sports selection process, which retains the more resilient athletes. In Portugal the highest
seasonal prevalence of URS occurs in January [48]. In the current season, the epidemic flu
period occurred between the last week of December and the end of February, with the weekly
highest incidence rate observed in the end of December. This could explain the incidence rate
our study, namely regarding December. In December, more than 50% of the soccer players
showed a concurrent depression in their immunity with low salivary IgA concentrations. This
inverse relationship between IgA concentration and cases of URS has already been reported in
literature [18,20,28,31]. In the U17 players, 20% of the athletes showed symptoms of respira-
tory illness in September, despite the lower accumulation of training and the low incidence of
respiratory infection symptoms in the Portuguese population. In the Under-19 players, the
pattern was closer to the one database [48]. Despite the high incidence of cold cases in the Por-
tuguese population in January, regular intense soccer training could be a co-factor that helped
explain the increase in URS in these athletes. Finally, the higher URS occurrence in youth play-
ers with respect to their older counterparts could be associated with periods of increased stress
and training accumulation, resulting independent from environmental conditions. It is likely
that young athletes more prone to illness could have dropped out of soccer or have failed the
selection for the following championships.

5 Conclusions

The current study confirmed that youth soccer players show different age-related adaptive
hormonal and immune responses to training and competition. There is an association between
training load (volume), mucosal immunity, hormone levels and URS. The monitoring of sali-
vary biomarkers is a noninvasive strategy that identified periods when decreases in salivary
IgA and testosterone indicate impaired health, which in turn could affect performance mainly
in younger athletes at the beginning of a serious competitive career. A stimulating effect of tes-
tosterone on sIgA and of cortisol on sAA was observed, also confirming that mucosal immune
parameters and incidence of upper respiratory symptoms are related. The monitoring of sIgA,
testosterone and a-amylase levels could provide a useful and non-invasive approach associated
to URS susceptibility and occurrence in young athletes during an entire soccer season, helping
detect those more prone to illness. With this knowledge, coaches can potentially manipulate
daily training loads to attenuate the physical stressors imposed upon the athletes and thereby
decrease the likelihood of URS occurrence, especially at more demanding and stressful peri-
ods. In considering that in youth soccer players the prevalence of URS is higher with respect to
the seasonal influence of severe weather conditions, coaches are urged to consider the effect of
accumulation of training load and matches on the athletes’ immune response.

Limitations of this study

In this study some limitations must be acknowledged. First, the quantification of training load
was limited to the volume of training and time spent in competition, not considering training
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intensity that could have an impact on the immune and hormonal salivary markers [28]. Sec-
ondly, the impact of blood contamination on the measurement of salivary hormones, associ-
ated with a minor injury in the oral cavity was not examined, as we did not use any biomarker
for blood contamination. However, we believe that we adopted trustable procedures. All sub-
jects in the study were checked on a regular base for oral health by the academy medical staff.
Additionally, when we detected some values out of the range, they were excluded from the
analysis.

S1

Supporting information

S1 Data.
(XLSX)

Acknowledgments

Firstly, the authors would like to thank all the athletes that volunteered to participate in this
study, and the support from the Faculty of Sport Sciences and Physical Education, University
of Coimbra.

Author Contributions

Conceptualization: Renata Fiedler Lopes, Antonio José Figueiredo, Carlos Gongalves, Anto-
nio Tessitore, Ana Maria Teixeira, Luis Rama.

Data curation: Renata Fiedler Lopes, Luciele Guerra Minuzzi, Antonio Tessitore, Laura
Capranica, Ana Maria Teixeira, Luis Rama.

Formal analysis: Renata Fiedler Lopes, Luis Rama.
Funding acquisition: Antonio José Figueiredo, Luis Rama.
Investigation: Renata Fiedler Lopes.

Methodology: Renata Fiedler Lopes, Luis Rama.
Supervision: Luis Rama.

Writing - original draft: Renata Fiedler Lopes, Luciele Guerra Minuzzi, Ana Maria Teixeira,
Luis Rama.

Writing - review & editing: Renata Fiedler Lopes, Luciele Guerra Minuzzi, Antonio José
Figueiredo, Carlos Gongalves, Antonio Tessitore, Laura Capranica, Ana Maria Teixeira,
Luis Rama.

References

1. Capranica L, Millard-Stafford ML. Youth sport specialization: how to manage competition and training?
Int J Sports Physiol Perform [Internet]. 2011 Dec [cited 2019 Apr 30]; 6(4):572-9. Available from: http://
www.ncbi.nim.nih.gov/pubmed/22174125 https://doi.org/10.1123/ijspp.6.4.572 PMID: 22174125

2. Cormack SJ, Newton RU, McGuigan MR, Cormie P. Neuromuscular and endocrine responses of elite
players during an Australian rules football season. Int J Sports Physiol Perform [Internet]. 2008 Dec
[cited 2019 Apr 29]; 3(4):439-53. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19223670
https://doi.org/10.1123/ijspp.3.4.439 PMID: 19223670

3. Coutts AJ, Reaburn P, Piva TJ, Rowsell GJ. Monitoring for overreaching in rugby league players. Eur J
Appl Physiol [Internet]. 2007 Jan 25 [cited 2019 Apr 29]; 99(3):313—24. Available from: http:/link.
springer.com/10.1007/s00421-006-0345-z PMID: 17219174

PLOS ONE | https://doi.org/10.1371/journal.pone.0236669  August 4, 2020 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0236669.s001
http://www.ncbi.nlm.nih.gov/pubmed/22174125
http://www.ncbi.nlm.nih.gov/pubmed/22174125
https://doi.org/10.1123/ijspp.6.4.572
http://www.ncbi.nlm.nih.gov/pubmed/22174125
http://www.ncbi.nlm.nih.gov/pubmed/19223670
https://doi.org/10.1123/ijspp.3.4.439
http://www.ncbi.nlm.nih.gov/pubmed/19223670
http://link.springer.com/10.1007/s00421-006-0345-z
http://link.springer.com/10.1007/s00421-006-0345-z
http://www.ncbi.nlm.nih.gov/pubmed/17219174
https://doi.org/10.1371/journal.pone.0236669

PLOS ONE

Upper respiratory symptoms and salivary responses in soccer players

10.

1.

12

13.

14.

15.
16.

17.

18.

19.

20.

Kraemer RR, Shockett P, Webb ND, Shah U, Castracane VD. A transient elevated irisin blood concen-
tration in response to prolonged, moderate aerobic exercise in young men and women. Horm Metab
Res [Internet]. 2014 Feb 23 [cited 2017 Jul 3]; 46(2):150—4. Available from: http://www.thieme-connect.
de/DOI/DOI?10.1055/s-0033-1355381 PMID: 24062088

Putlur P, Foster C, Miskowski JA, Kane MK, Burton SE, Scheett TP, et al. Alteration of immune function
in women collegiate soccer players and college students. J Sports Sci Med [Internet]. 2004 Dec 31
[cited 2019 Apr 29]; 3(4):234—43. Available from: http://www.ncbi.nlm.nih.gov/pubmed/14971972
PMID: 24624008

Filaire E, Lac G, Pequignot J-M. Biological, hormonal, and psychological parameters in professional
soccer players throughout a competitive season. Percept Mot Skills [Internet]. 2003 Dec 31 [cited 2019
Apr 30];97(3 Pt 2):1061-72. Available from: http://journals.sagepub.com/doi/10.2466/pms.2003.97.3f.
1061

E.F, X. B, M. S, G. L. Preliminary results on mood state, salivary testosterone:cortisol ratio and team
performance in a professional soccer team. Eur J Appl Physiol [Internet]. 2001 Dec 1 [cited 2019 Apr
29]; 86(2):179-84. Available from: http://link.springer.com/10.1007/s004210100512 PMID: 11822478

Pefailillo L, Maya L, Nifio G, Torres H, Zbinden-Foncea H. Salivary hormones and IgA in relation to
physical performance in football. J Sports Sci [Internet]. 2015 Dec 14 [cited 2019 Apr 29]; 33(20):2080—
7. Available from: http://www.tandfonline.com/doi/full/10.1080/02640414.2015.1064151 PMID:
26146019

Koibuchi E, Suzuki Y. Exercise upregulates salivary amylase in humans (Review). Exp Ther Med [Inter-
net]. 2014 Apr [cited 2019 Apr 29]; 7(4):773-7. Available from: https://www.spandidos-publications.
com/10.3892/etm.2014.1497 PMID: 24669232

Gill S, Teixeira A, Rosado F, Hankey J, Wright A, Marczak S, et al. The Impact of a 24-h Ultra-Marathon
on Salivary Antimicrobial Protein Responses. Int J Sports Med [Internet]. 2014 Jun 2 [cited 2019 Apr
29]; 35(11):966—71. Available from: http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1358479
PMID: 24886918

Papacosta E, Nassis GP. Saliva as a tool for monitoring steroid, peptide and immune markers in sport
and exercise science. J Sci Med Sport [Internet]. 2011 Sep [cited 2016 Jul 22]; 14(5):424-34. Available
from: https://doi.org/10.1016/j.jsams.2011.03.004 PMID: 21474377

Aligrove JE, Gomes E, Hough J, Gleeson M. Effects of exercise intensity on salivary antimicrobial pro-

teins and markers of stress in active men. J Sports Sci [Internet]. 2008/03/18. 2008 Apr [cited 2014 Jan
29]; 26(6):653—-61. Available from: http://www.tandfonline.com/doi/abs/10.1080/02640410701716790

PMID: 18344136

Nater UM, Rohleder N, Schlotz W, Ehlert U, Kirschbaum C. Determinants of the diurnal course of sali-
vary alpha-amylase. Psychoneuroendocrinology [Internet]. 2007 May [cited 2019 Apr 29]; 32(4):392—
401. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17418498 PMID: 17418498

Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi K, Nishikawa Y. Effect of psychological stress on
the salivary cortisol and amylase levels in healthy young adults. Arch Oral Biol [Internet]. 2004 Dec
[cited 2019 Apr 29]; 49(12):963-8. Available from: http://www.ncbi.nim.nih.gov/pubmed/15485637
https://doi.org/10.1016/j.archoralbio.2004.06.007 PMID: 15485637

Koch AJ, Ph D. Immune Response to Exercise. Exerc Immun. 2010; 4(2):92—1083.

Miletic ID, Schiffman SS, Miletic VD, Sattely-Miller EA. Salivary IgA secretion rate in young and elderly
persons. Physiol Behav [Internet]. 1996 Jul [cited 2019 Apr 29]; 60(1):243-8. Available from: http://
www.ncbi.nim.nih.gov/pubmed/8804670 https://doi.org/10.1016/0031-9384(95)02161-2 PMID:
8804670

Walsh N, Gleeson MM, Shephard R, Woods J, Bishop N, Fleshner M, et al. Position statement. Part
one: Immune function and exercise. Exerc Immunol Rev. 2011; 17:6-63. PMID: 21446352

Fahlman MM, Engels H-J. Mucosal IgA and URTI in American college football players: a year longitudi-
nal study. Med Sci Sports Exerc [Internet]. 2005 Mar [cited 2019 Apr 29]; 37(3):374-80. Available from:
http://www.ncbi.nim.nih.gov/pubmed/15741834 https://doi.org/10.1249/01.mss.0000155432.67020.88
PMID: 15741834

Gleeson M, Pyne DB. Exercise effects on mucosal immunity. Immunol Cell Biol [Internet]. 2000 Oct
[cited 2019 Apr 29]; 78(5):536—44. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11050537
https://doi.org/10.1111/j.1440-1711.2000.t01-8-.x PMID: 11050537

Mortatti AL, Moreira A, Aoki MS, Crewther BT, Castagna C, de Arruda AFS, et al. Effect of Competition
on Salivary Cortisol, Inmunoglobulin A, and Upper Respiratory Tract Infections in Elite Young Soccer
Players. J Strength Cond Res [Internet]. 2012 May [cited 2019 Apr 29]; 26(5):1396—401. Available from:
https://insights.ovid.com/crossref?an=00124278-201205000-00031 https://doi.org/10.1519/JSC.
0b013e31822e7b63 PMID: 22516911

PLOS ONE | https://doi.org/10.1371/journal.pone.0236669  August 4, 2020 13/15


http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1355381
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1355381
http://www.ncbi.nlm.nih.gov/pubmed/24062088
http://www.ncbi.nlm.nih.gov/pubmed/14971972
http://www.ncbi.nlm.nih.gov/pubmed/24624008
http://journals.sagepub.com/doi/10.2466/pms.2003.97.3f.1061
http://journals.sagepub.com/doi/10.2466/pms.2003.97.3f.1061
http://link.springer.com/10.1007/s004210100512
http://www.ncbi.nlm.nih.gov/pubmed/11822478
http://www.tandfonline.com/doi/full/10.1080/02640414.2015.1064151
http://www.ncbi.nlm.nih.gov/pubmed/26146019
https://www.spandidos-publications.com/10.3892/etm.2014.1497
https://www.spandidos-publications.com/10.3892/etm.2014.1497
http://www.ncbi.nlm.nih.gov/pubmed/24669232
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1358479
http://www.ncbi.nlm.nih.gov/pubmed/24886918
https://doi.org/10.1016/j.jsams.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21474377
http://www.tandfonline.com/doi/abs/10.1080/02640410701716790
http://www.ncbi.nlm.nih.gov/pubmed/18344136
http://www.ncbi.nlm.nih.gov/pubmed/17418498
http://www.ncbi.nlm.nih.gov/pubmed/17418498
http://www.ncbi.nlm.nih.gov/pubmed/15485637
https://doi.org/10.1016/j.archoralbio.2004.06.007
http://www.ncbi.nlm.nih.gov/pubmed/15485637
http://www.ncbi.nlm.nih.gov/pubmed/8804670
http://www.ncbi.nlm.nih.gov/pubmed/8804670
https://doi.org/10.1016/0031-9384%2895%2902161-2
http://www.ncbi.nlm.nih.gov/pubmed/8804670
http://www.ncbi.nlm.nih.gov/pubmed/21446352
http://www.ncbi.nlm.nih.gov/pubmed/15741834
https://doi.org/10.1249/01.mss.0000155432.67020.88
http://www.ncbi.nlm.nih.gov/pubmed/15741834
http://www.ncbi.nlm.nih.gov/pubmed/11050537
https://doi.org/10.1111/j.1440-1711.2000.t01-8-.x
http://www.ncbi.nlm.nih.gov/pubmed/11050537
https://insights.ovid.com/crossref?an=00124278-201205000-00031
https://doi.org/10.1519/JSC.0b013e31822e7b63
https://doi.org/10.1519/JSC.0b013e31822e7b63
http://www.ncbi.nlm.nih.gov/pubmed/22516911
https://doi.org/10.1371/journal.pone.0236669

PLOS ONE

Upper respiratory symptoms and salivary responses in soccer players

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nieman DC. Immune response to heavy exertion. J Appl Physiol. 1997; 82(5):1385-94. https://doi.org/
10.1152/jappl.1997.82.5.1385 PMID: 9134882

Nieman DC. Risk of upper respiratory tract infection in athletes: an epidemiologic and immunologic per-
spective. J Athl Train [Internet]. 1997 Oct [cited 2019 Apr 29]; 32(4):344-9. Available from: http://www.
ncbi.nim.nih.gov/pubmed/16558471 PMID: 16558471

Tomasi TB, Trudeau FB, Czerwinski D, Erredge S. Immune parameters in athletes before and after
strenuous exercise. J Clin Immunol. 1982; 2(3):173-8. hitps://doi.org/10.1007/BF00915219 PMID:
6981653

Spence L, Brown WJ, Pyne DB, Nissen MD, Sloots TP, McCormack JG, et al. Incidence, etiology, and
symptomatology of upper respiratory illness in elite athletes. Med Sci Sports Exerc [Internet]. 2007 Apr
[cited 2019 Apr 29]; 39(4):577—-86. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17414793
https://doi.org/10.1249/mss.0b013e31802e851a PMID: 17414793

Cox AJ, Gleeson M, Pyne DB, Callister R, Hopkins WG, Fricker PA. Clinical and Laboratory Evaluation
of Upper Respiratory Symptoms in Elite Athletes. Clin J Sport Med [Internet]. 2008 Sep [cited 2019 Apr
29]; 18(5):438—45. Available from: https://insights.ovid.com/crossref?an=00042752-200809000-00012

Morgado JM, Ramal L, Silva I, de Jesus Inacio M, Henriques A, Laranjeira P, et al. Cytokine production
by monocytes, neutrophils, and dendritic cells is hampered by long-term intensive training in elite swim-
mers. Eur J Appl Physiol [Internet]. 2012 Feb 17 [cited 2014 Aug 24]; 112(2):471-82. Available from:
http://link.springer.com/10.1007/s00421-011-1966-4 PMID: 21584686

Rama L, Teixeira AM, Matos A, Borges G, Henriques A, Gleeson M, et al. Changes in natural killer cell
subpopulations over a winter training season in elite swimmers. Eur J Appl Physiol [Internet]. 2013 Apr
19 [cited 2014 May 16]; 113(4):859-68. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22990626
https://doi.org/10.1007/s00421-012-2490-x PMID: 22990626

Djaoui L, Haddad M, Chamari K, Dellal A. Monitoring training load and fatigue in soccer players with
physiological markers. Physiol Behav [Internet]. 2017 Nov [cited 2019 Apr 29]; 181:86—94. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S00319384 17302780 https://doi.org/10.1016/j.
physbeh.2017.09.004 PMID: 28886966

Moreira A, Mortatti AL, Arruda AFS, Freitas CG, de Arruda M, Aoki MS. Salivary IgA Response and
Upper Respiratory Tract Infection Symptoms During a 21-Week Competitive Season in Young Soccer
Players. J Strength Cond Res [Internet]. 2014 Feb [cited 2019 Apr 29]; 28(2):467—73. Available from:
https://insights.ovid.com/crossref?an=00124278-201402000-00020 https://doi.org/10.1519/JSC.
0b013e31829b5512 PMID: 24473469

RosalL, Teixeira A, Lira F, Tufik S, Mello M, Santos R. Moderate acute exercise (70% VO 2 peak)
induces TGF-B, a-amylase and IgA in saliva during recovery. Oral Dis [Internet]. 2014 Mar [cited 2019
Apr 29]; 20(2):186—-90. Available from: http://doi.wiley.com/10.1111/0di.12088 PMID: 23464508

Cunniffe B, Griffiths H, Proctor W, Davies B, Baker JS, Jones KP. Mucosal immunity and iliness inci-
dence in elite rugby union players across a season. Med Sci Sports Exerc [Internet]. 2011 Mar [cited
2017 Jul 3]; 43(3):388-97. Available from: http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:
landingpage&an=00005768-201103000-00003 https://doi.org/10.1249/MSS.0b013e3181ef9d6b
PMID: 20631639

Gleeson M. Immune function in sport and exercise. J Appl Physiol [Internet]. 2007 Aug 24 [cited 2014
Jul 15]; 103(2):693-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17303714 https://doi.org/
10.1152/japplphysiol.00008.2007 PMID: 17303714

lorgulescu G. Saliva between normal and pathological. Important factors in determining systemic and
oral health. J Med Life [Internet]. 2009 [cited 2019 Apr 30]; 2(3):303-7. Available from: http://www.ncbi.
nim.nih.gov/pubmed/20112475 PMID: 20112475

Barrett B, Brown RL, Mundt MP, Thomas GR, Barlow SK, Highstrom AD, et al. Validation of a short
form Wisconsin Upper Respiratory Symptom Survey (WURSS-21). Health Qual Life Outcomes [Inter-
net]. 2009 Dec 12 [cited 2019 Apr 29]; 7(1):76. Available from: https://hglo.biomedcentral.com/articles/
10.1186/1477-7525-7-76

Bishop N. Exercise and infection risk. In: Immune function in sport and exercise. Churchill Livingstone
Elsevier: Edinburgh; 2006. p. 1-14.

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine
and exercise science. Med Sci Sports Exerc [Internet]. 2009 Jan; 41(1):3—13. Available from: http://
content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200901000-00002
https://doi.org/10.1249/MSS.0b013e31818cb278 PMID: 19092709

Clemente FM, Clark C, Castillo D, Sarmento H, Nikolaidis PT, Rosemann T, et al. Variations of training
load, monotony, and strain and dose-response relationships with maximal aerobic speed, maximal oxy-
gen uptake, and isokinetic strength in professional soccer players. PLoS One. 2019;

PLOS ONE | https://doi.org/10.1371/journal.pone.0236669  August 4, 2020 14/15


https://doi.org/10.1152/jappl.1997.82.5.1385
https://doi.org/10.1152/jappl.1997.82.5.1385
http://www.ncbi.nlm.nih.gov/pubmed/9134882
http://www.ncbi.nlm.nih.gov/pubmed/16558471
http://www.ncbi.nlm.nih.gov/pubmed/16558471
http://www.ncbi.nlm.nih.gov/pubmed/16558471
https://doi.org/10.1007/BF00915219
http://www.ncbi.nlm.nih.gov/pubmed/6981653
http://www.ncbi.nlm.nih.gov/pubmed/17414793
https://doi.org/10.1249/mss.0b013e31802e851a
http://www.ncbi.nlm.nih.gov/pubmed/17414793
https://insights.ovid.com/crossref?an=00042752-200809000-00012
http://link.springer.com/10.1007/s00421-011-1966-4
http://www.ncbi.nlm.nih.gov/pubmed/21584686
http://www.ncbi.nlm.nih.gov/pubmed/22990626
https://doi.org/10.1007/s00421-012-2490-x
http://www.ncbi.nlm.nih.gov/pubmed/22990626
https://linkinghub.elsevier.com/retrieve/pii/S0031938417302780
https://doi.org/10.1016/j.physbeh.2017.09.004
https://doi.org/10.1016/j.physbeh.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/28886966
https://insights.ovid.com/crossref?an=00124278-201402000-00020
https://doi.org/10.1519/JSC.0b013e31829b5512
https://doi.org/10.1519/JSC.0b013e31829b5512
http://www.ncbi.nlm.nih.gov/pubmed/24473469
http://doi.wiley.com/10.1111/odi.12088
http://www.ncbi.nlm.nih.gov/pubmed/23464508
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-201103000-00003
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-201103000-00003
https://doi.org/10.1249/MSS.0b013e3181ef9d6b
http://www.ncbi.nlm.nih.gov/pubmed/20631639
http://www.ncbi.nlm.nih.gov/pubmed/17303714
https://doi.org/10.1152/japplphysiol.00008.2007
https://doi.org/10.1152/japplphysiol.00008.2007
http://www.ncbi.nlm.nih.gov/pubmed/17303714
http://www.ncbi.nlm.nih.gov/pubmed/20112475
http://www.ncbi.nlm.nih.gov/pubmed/20112475
http://www.ncbi.nlm.nih.gov/pubmed/20112475
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-7-76
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-7-76
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200901000-00002
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005768-200901000-00002
https://doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1371/journal.pone.0236669

PLOS ONE

Upper respiratory symptoms and salivary responses in soccer players

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Valente-dos-Santos J, Coelho-e-Silva M, Duarte J, Pereira J, Rebelo-Gongalves R, Figueiredo A, et al.
Allometric Multilevel Modelling of Agility and Dribbling Speed by Skeletal Age and Playing Position in
Youth Soccer Players. Int J Sports Med [Internet]. 2014 Apr 15 [cited 2019 Apr 29]; 35(09):762-71.
Available from: http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1358469

Morgans R, Orme P, Anderson L, Drust B, Morton JP. An Intensive Winter Fixture Schedule Induces a
Transient Fall in Salivary IgA in English Premier League Soccer Players. Res Sport Med [Internet].
2014 Oct 2 [cited 2019 Apr 30]; 22(4):346-54. Available from: https://www.tandfonline.com/doi/full/10.
1080/15438627.2014.944641

Edmonds R, Burkett B, Leicht A, McKean M. Effect of Chronic Training on Heart Rate Variability, Sali-
vary IgA and Salivary Alpha-Amylase in Elite Swimmers with a Disability. Sacchetti M, editor. PLoS One
[Internet]. 2015 Jun 4 [cited 2019 Apr 29]; 10(6):e0127749. Available from: https://doi.org/10.1371/
journal.pone.0127749 PMID: 26043224

Diaz M, Bocanegra O, Teixeira R, Soares S, Espindola F. Salivary nitric oxide and alpha-amylase as
indexes of training intensity and load. Int J Sports Med [Internet]. 2013 Sep 7 [cited 2019 Apr 29]; 34
(1):8-13. Available from: http://www.thieme-connect.de/DOI/DOI?10.1055/s-0032-1316318 PMID:
22960992

Meeusen R, Duclos M, Foster C, Fry A, Gleeson M, Nieman D, et al. Prevention, diagnosis, and treat-
ment of the overtraining syndrome: joint consensus statement of the European College of Sport Science
and the American College of Sports Medicine. Med Sci Sports Exerc [Internet]. 2013 Jan [cited 2019
Apr 30]; 45(1):186—205. Available from: http://www.ncbi.nIm.nih.gov/pubmed/23247672 https://doi.org/
10.1249/MSS.0b013e318279a10a PMID: 23247672

Elloumi M, Maso F, Michaux O, Robert A, Lac G. Behaviour of saliva cortisol [C], testosterone [T] and
the T/C ratio during a rugby match and during the post-competition recovery days. Eur J Appl Physiol
[Internet]. 2003 Sep 29 [cited 2019 Apr 30]; 90(1-2):23-8. Available from: http:/link.springer.com/10.
1007/s00421-003-0868-5 PMID: 12783234

Minuzzi LG, Rama L, Chupel MU, Rosado F, Kuga GK, Gaspar RC, et al. Inmune-endocrine responses
and physical performance of master athletes during the sports season. J Cell Biochem [Internet]. 2019
Apr [cited 2019 Mar 15]; 120(4):5551—7. Available from: http://doi.wiley.com/10.1002/jcb.27839 PMID:
30320909

Locke S, Osborne M, O’Rourke P. Persistent fatigue in young athletes: measuring the clinical course
and identifying variables affecting clinical recovery. Scand J Med Sci Sports [Internet]. 2011 Feb [cited
2019 Apr 30]; 21(1):90-7. Available from: http://doi.wiley.com/10.1111/j.1600-0838.2009.00983.x
PMID: 19895383

Owen AL, Wong DP, Dunlop G, Groussard C, Kebsi W, Dellal A, et al. High-Intensity Training and Sali-
vary Immunoglobulin A Responses in Professional Top-Level Soccer Players. J Strength Cond Res
[Internet]. 2016 Sep [cited 2019 Apr 30]; 30(9):2460-9. Available from: https://insights.ovid.com/
crossref?an=00124278-201609000-00013 https://doi.org/10.1519/JSC.0000000000000380 PMID:
24448005

Figueiredo AJ, Gongalves CE, Tessitore A. Bridging the Gap between Empirical Results, Actual Strate-
gies, and Developmental Programs in Soccer. Int J Sports Physiol Perform [Internet]. 2014 May 1 [cited
2019 Apr 30]; 9(3):540-3. Available from: http://journals.humankinetics.com/doi/10.1123/ijspp.2014_
0023 PMID: 24755978

Guiomar R., Pechirra P., Cristévao P., Costa |., Conde P., Rodrigues A. P., et al. Programa Nacional de
Vigilancia da Gripe: relatério da época 2015/2016. 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0236669  August 4, 2020 15/15


http://www.thieme-connect.de/DOI/DOI?10.1055/s-0033-1358469
https://www.tandfonline.com/doi/full/10.1080/15438627.2014.944641
https://www.tandfonline.com/doi/full/10.1080/15438627.2014.944641
https://doi.org/10.1371/journal.pone.0127749
https://doi.org/10.1371/journal.pone.0127749
http://www.ncbi.nlm.nih.gov/pubmed/26043224
http://www.thieme-connect.de/DOI/DOI?10.1055/s-0032-1316318
http://www.ncbi.nlm.nih.gov/pubmed/22960992
http://www.ncbi.nlm.nih.gov/pubmed/23247672
https://doi.org/10.1249/MSS.0b013e318279a10a
https://doi.org/10.1249/MSS.0b013e318279a10a
http://www.ncbi.nlm.nih.gov/pubmed/23247672
http://link.springer.com/10.1007/s00421-003-0868-5
http://link.springer.com/10.1007/s00421-003-0868-5
http://www.ncbi.nlm.nih.gov/pubmed/12783234
http://doi.wiley.com/10.1002/jcb.27839
http://www.ncbi.nlm.nih.gov/pubmed/30320909
http://doi.wiley.com/10.1111/j.1600-0838.2009.00983.x
http://www.ncbi.nlm.nih.gov/pubmed/19895383
https://insights.ovid.com/crossref?an=00124278-201609000-00013
https://insights.ovid.com/crossref?an=00124278-201609000-00013
https://doi.org/10.1519/JSC.0000000000000380
http://www.ncbi.nlm.nih.gov/pubmed/24448005
http://journals.humankinetics.com/doi/10.1123/ijspp.2014_0023
http://journals.humankinetics.com/doi/10.1123/ijspp.2014_0023
http://www.ncbi.nlm.nih.gov/pubmed/24755978
https://doi.org/10.1371/journal.pone.0236669

