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ABSTRACT

Moreira, A, Arsati, F, Cury, PR, Franciscon, C, Oliveira, PR, and

Araújo, VC. Salivary immunoglobulin a response to a match in

top-level brazilian soccer players. J Strength Cond Res

23(7): 1968–1973, 2009—It has been suggested that several

parameters of mucosal immunity, including salivary immuno-

globulin A (s-IgA), are affected by heavy exercise either in field

sports or in the laboratory environment. Few observations have

been made during a true sporting environment, particularly in

professional soccer. We tested the hypothesis that salivary IgA

levels will be decreased after a 70-minute regulation in a top-

level professional soccer friendly match. Saliva samples from

24 male professional soccer players collected before and after

the match were analyzed. Salivary immunoglobulin A concen-

tration was measured by enzyme-linked immunosorbent assay

and expressed as the absolute concentration (s-IgAabs), s-IgA

relative to total protein concentration (IgA-Pro), and the

secretion rate of IgA (s-IgArate). Rate of perceived exertion

(RPE) was used to monitor the exercise intensity. The paired

t-test showed no significant changes in s-IgAabs and s-IgArate

(p . 0.05) from PRE to POST match. However, a significant

(p, 0.05) increase in total protein concentration (1.46 6 0.4 to

2.00 6 07) and a decrease in IgA-Pro were observed. The best

and most significant correlation was obtained with the RPE and

changes in IgA-Pro (rs = 20.43) and could indicate that this

expression may be an interesting marker of intensity in a soccer

match. However, further investigation regarding exercise

intensity, protein concentration, and immune suppression,

particularly in team sports, is warranted. From a practical

application, the variability of the responses among the players

leads us to suggest that there is a need to individually analyze

the results with team sports. Some athletes showed a decrease

in s-IgA expressions, suggesting the need for taking protective

actions to minimize contact with cold viruses or even reducing

the training load.

KEY WORDS immune function, sports, saliva, IgA

INTRODUCTION

I
n the past 2 decades there has been a substantial
increase in research dedicated to determining the
relationship between exercise and immune function.
Before 1970 there were only a handful of papers

describing the effects of exercise on the numbers of circulating
white blood cells. Since the mid 1970s there has been an
increasing number of papers published on this subject (6).

This is an important area of study because exercise may
modulate the immune system’s ability to monitor and protect
the individual from disease and repair damage (30). A J-
shaped relationship between the risk of contracting upper-
respiratory tract infection (URTI) and the amount of regular
exercise has been proposed (19). A J-shaped relationship
between URTI incidence and training load suggests that
a moderate level of regular exercise provides some protection
against infectious episodes, whereas severe levels of chronic
exercise seem to increase the incidence of infection above
that of sedentary individuals (19,20). In most of these studies,
endurance exercise has been the independent variable in
attempts to establish the relationship of heavy exertion,
immunity, and infection. The immune response to heavy
endurance exertion has received much attention after the
publication of several epidemiological studies indicating an
increased risk of URTI during the 1-to 2-week period after
marathon and ultramarathon race events (17,18,22,23,24).

Various authors have utilized the salivary concentrations of
immunoglobulin A (s-IgA) to investigate the relationship of
exercise training load, immune function, and URTI incidence.
Salivary immunoglobulin A is the predominant immuno-
globulin in mucosal fluids, serving to inhibit the attachment
and replication of pathogens and neutralize viruses and toxins
(36). Salivary immunoglobulin A has been show to correlate
more closely with URTI incidence than serum antibodies or
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other immune parameters (12). In addition, low resting levels
of s-IgA have been correlated with an increased risk of URTI
among competitive swimmers (4); it also has been suggested
that decreases in the concentration of s-IgA may act as
a marker of excessive training (13,29). A few studies have
provided evidence for the potential of monitoring decreases
in s-IgA concentration during training to predict an
individual athlete’s risk of URTI (5).

Studies of the acute response of s-IgA to heavy exercise
have produced conflicting results. Several studies reported
decreased s-IgA levels following various modes of intense
exercise, including swimming (34), interval exercise (12),
kayaking (11), running (21), and repeated sprint cycling
(Wingate tests) (3), whereas some studies have reported no
change in s-IgA levels after acute and chronic weight training
(15) or after an 80-minute collegiate rugby match (9).
Furthermore, several studies have reported increases in s-IgA
following acute bouts of exercise (1,14,26,28,35); however,
Sari-Sarraf et al. (26) did not report a statistically significant
increase following an acute bout of exercise. The reason for
these inconsistent and discrepant findings may be the
different methods used to express IgA data; differences in
the training and nutritional status of the subjects; and differ-
ences in the duration, intensity, and modality of exercise
(e.g., cycling, running, swimming; intermittent vs. continuous
exercise; team sports vs. individual sports).

Although the implications of an observed impact on s-IgA
levels following heavy exercise are of great interest to sport
scientists, relatively few data have been obtained in a true
environment setting among team sports such as soccer,
particularly in top-level professional teams. To our knowl-
edge, no information is available in professional Brazilian
soccer about acute changes in s-IgA during a soccer match.

The aim of the present study was to test the hypothesis that
s-IgA would be depressed after a 70-minute regulation in
a top-level professional soccer friendly match. To minimize
discrepancies that may be attributed to the method of
expressing IgA levels, we determined the absolute concen-
tration of s-IgA (s-IgAabs), the IgA concentration relative to
total protein concentration (IgA-Pro), and the secretion rate
of IgA (s-IgArate; the multiple of saliva flow rate and s-IgA
concentration). Rate of perceived exertion (RPE) was used to
monitor the intensity of the exercise during the match.

METHODS

Experimental Approach to the Problem

To test the hypothesis that s-IgA would be depressed after
a professional soccer match, saliva samples were obtained
from subjects before and after a regulation 70-minute friendly
soccer match during the competitive season. Subjects pro-
vided resting saliva samples approximately 10 minutes before
the presession warm-up (PRE), and postsession saliva
samples were collected within 5 minutes after the conclusion
of the match (POST). The aim was to model an actual match
with specific characteristics. Two halves of 35 minutes with

an interval of 10 minutes were carried out with 11 soccer
players on each team (with 1 substitution for each team).
At the interval the subjects were encouraged to drink water ad
libitum. The session took place during the afternoon and
the PRE saliva samples were obtained at 15:30. To quantify
the intensity of the session, RPE was recorded for all subjects
using Borg’s 6-20 scale (8). The players were familiarized
with this procedure during the regular training sessions.

Subjects

The casual, nonprobabilistic method was utilized for the
selection of the sample of individuals from whom data were
collected. Therefore, the sample belonged to a soccer team
from the main São Paulo (Brazil) division (A) and was
composed of 24 male professional soccer players (age 23 6 4
years, height 179.6 6 6.7 cm, body mass 76.3 6 8.0 kg ). This
team achieved fourth place in the 2007 São Paulo State
Championship, reaching the semi-final. This state champion-
ship can be considered the highest level of competition for
Brazilian professional teams and players. At this level, for
example, there are 2 teams that won the FIFA Club World
Cup (2000 and 2005). Four members of the team support staff
were selected as ‘‘environmental controls’’ by being exposed
to the same environmental conditions, traveling during the
season, and participating in the training sessions and on
the sidelines at matches with potential exposure to similar
pressures during the season as the soccer players. All subjects
provided informed consent. The Ethics Research Committee
of the School of Physical Education and Sport of University
of São Paulo approved the research.

Saliva Collection

The subjects abstained from food and caffeine products for at
least 2 hours prior to the PRE saliva collection. Initially, the
subjects were required to rinse out their mouths with distilled
water to remove potential sample contaminants that might
affect salivary IgA levels. The subjects were in a seated
position, with eyes open, head tilted slightly forward, and
making minimal orofacial movement. Unstimulated saliva
was collected into sterile 15-mL centrifuge tubes over a 5-
minute period for each sample. Immediately after collection,
the saliva samples were frozen and stored at 280�C until
assayed for s-IgA concentration.

Assays

Salivary immunoglobulin A concentration was measured by
enzyme-linked immunosorbent assay (ELISA; s-IgA EIA kit,
ALPCO Diagnostics, Salem, Massachusetts, USA). Saliva
samples were thawed and centrifuged at 3,000 rpm for 10
minutes, and supernatant was diluted (1:2000) in ELISA wash
buffer. After that, 100 mL of calibrators and diluted saliva
samples were added to microtiter wells (precoated with
polyclonal rabbit anti-human IgA) and incubated for 1 hour,
with constant shaking, at room temperature. After incubation,
the plate was aspirated and washed 5 times with 250 mL of
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ELISA wash buffer to remove all unbound substances. Then,
100 mL of peroxidase-labeled mouse anti-IgA conjugated was
added to each well on the microtiter plate. After incubating
the plate for 1 hour, with constant shaking at room
temperature, the contents of the plate were decanted and
washed 5 times with 250 mL of the ELISA wash buffer to
remove all unbound substances. After washing, 100 mL of
tetramethylbenzidine (TMB) substrate solution was added
and incubated for 5 minutes at room temperature with no
mixing. This enzyme acted on the substrate and caused a blue
color to appear in proportion to the amount of peroxidase
present. Finally, 50 mL of the stop solution was added to the
wells and the optical density was read on the plate reader at
450 nm. A yellow color was formed after stop solution was
added. The amount of color detected was directly pro-
portional to the amount of s-IgA present. From a calibration
curve (optical density vs. IgA concentration of the calibrators)
the concentration of s-IgA (mg/mL21) in each sample was
interpolated. The s-IgA secretion rate (mg/min21) was
calculated by multiplying the absolute s-IgA concentration
by salivary flow rate (mL/min21). Salivary flow rate was
determined by dividing the volume of saliva collected by the
time of the sampling period. The relative amount of IgA to
protein (mg/mg21) was determined by dividing the absolute
concentration of s-IgA by the total protein concentration.
Concentrations of total protein (mg/mL21) in the saliva were
measured by using the BCA protein assay kit (Pierce
Biotechnology, Rockford, Illinois, USA) using bovine serum
albumin as a standard. The test–retest correlation of the s-IgA
and total protein procedures in our laboratory are 0.98 and
0.99, respectively.

Statistical Analyses

All analyses were performed using the SPSS program
(version 10.0, Chicago, Illinois, USA). Data are reported as
means and SD. The distribution of the data was analyzed
by the Shapiro-Wilk test. A paired t-test was used to
compare PRE–POST patterns of change in each expres-
sion of s-IgA and to total
protein. Pearson’s product mo-
ment correlations were used to
test the relationship among
PRE–POST fluctuations using
different methods of expressing
IgA, and the Spearman corre-
lation coefficient was used to
test the correlations between
change values (PRE–POST
s-IgAabs, s-IgArate, IgA-Pro)
and RPE.

RESULTS

No changes in any expression
of s-IgA were observed for the
members of the team support

staff. For this reason we presented only the results from
soccer players.

RPE

The mean score obtained to RPE was 16.4 (SD = 1.9). The
minimum score was 13. It is reasonable to admit that the
mean soccer match intensity was above ‘‘hard’’ and it is not
position (function) dependent. The minimum RPE among
the players was ‘‘somewhat hard’’ (only 3 players and 1 was
a goalkeeper). Another goalkeeper indicated that the
intensity was hard. More than 45% of the subjects indicated
that the exertion was ‘‘hard’’ and 25% said it was between
‘‘very hard’’ and ‘‘very, very hard.’’

Correlation Between Changes in Salivary IgA Expressions

and RPE

The best and most significant correlation was obtained with
the RPE and changes in IgA-Pro (t = 22.26; p = 0.03). The
correlation (rs = 20.43) indicated that when the RPE
increased, the decrements in IgA-Pro are greater.

PRE–POST s-IgA Expression Values, Total Protein,

and Flow Rate

Table 1 gives s-IgA absolute concentration, s-IgA secretion
rate, s-IgA expressed relative to total protein, and flow rate
values from PRE to POST match. Significant differences
are only to total protein and IgA-Pro. The values revealed
increments to total protein and decrements to IgA-Pro. With
other expressions of s-IgA (s-IgAabs, s-IgArate) and flow rate,
no significant changes were observed.

Correlation Among PRE–POST Changes in s-IgA Measures

The correlation between changes in s-IgAabs and IgA-Pro
was strongly and significantly correlated (0.78; p = 0.00), and
a moderate correlation between s-IgAabs and s-IgArate was
found (0.44; p = 0.03). The s-IgArate and IgA-Pro changes
were also moderately correlated (0.44; p = 0.03).

Magnitude of the Individual Changes in s-IgA Expressions

Figure 1 depicts the magnitude of the individual changes in
the various s-IgA expressions.

TABLE 1. Total protein, salivary IgA expressed relative to total protein, absolute
concentration, secretion rate, and saliva flow rate for soccer players (mean + SD)
(n = 24).

Variable PRE POST p-value

Total protein (mg/mL21) 1.46 6 0.40 2.00 6 0.7 0.00*
s-IgAabs (mg/mL21) 380 6 22 384 6 22 0.95
IgA-Pro (mg/mg21) 257 6 11 196 6 90 0.00*
s-IgArate (mg/min21) 172 6 11 194 6 14 0.38
Flow rate (mL/min21) 0.50 6 0.34 0.55 6 0.36 0.25

PRE, resting saliva samples; POST, saliva samples within 5 minutes after the conclusion of
the match; s-IgAabs, s-IgA absolute concentration; IgA–Pro, s-IgA relative to total protein;
s-IgArate, s-IgA secretion rate.

*Significant at p , 0.05.
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DISCUSSION

The key finding of the present investigation was the observation
of relative stability in mean IgA saliva content. This was observed
when the s-IgAwas expressed as absolute concentration or s-IgA
secretion rate (difference was not significant) or as an increase in
total protein and a decrease in s-IgA when expressed as relative
to total protein (IgA-Pro). Furthermore, a significant correlation
between RPE and changes in IgA-Pro was detected.

The ratio of IgA to total protein (IgA-Pro) has been
investigated and discussed in previous exercise immunology

research papers. Tomasi et al.
(37) reported a 20% decrease in
s-IgA concentration after 2 to
3 hours of competition in elite
cross-country skiers that be-
came a 40% decrease when
expressed in relation to total
saliva protein concentration.
However, it has been suggested
that the use of the ratio of IgA
to total protein concentration
can lead to a misinterpretation
because the protein secretion
rate itself can increase during
exercise (1,38).

Bishop (2) has suggested that
it may be more appropriate to
express s-IgA concentration as
a ratio to albumin because
albumin is less affected by flow
rate and is not actively secreted
across the epithelial membrane.
The total protein content of
saliva is far more variable as
a result of the high concentra-
tions of enzymes such as amy-
lase, which are induced by flow
rate stimulation. Although this
could be a limitation to analyze
our results, in respect to mucosal
immunity, in the present study
the flow rate did not significantly
change from PRE to POST. It
is possible that the decrease in
saliva flow rate was prevented or
minimized by fluid intake during
the half-time interval.

About total protein, Blannin
et al. (1) observed a significant
increase from 0.48 6 0.10
mg/mL21 of saliva protein
concentration at preexercise
to 1.80 6 0.38 mg/mL21 post-
exercise. Their subjects cycled
on an electrically braked cycle

ergometer at a work rate equivalent to 80% VO2max until
exhaustion. On another occasion the subjects cycled on the
same ergometer at 55% VO2max for 3 hours or to fatigue. The
saliva protein concentration was higher for the 80% VO2max
condition at midexercise and postexercise. In this case, it is
reasonable to assume that the increase in total protein could
be a good marker of exercise intensity. The results of the
present study also show that there was a significant increase
in total protein from PRE (1.4 6 0.4 mg/mL21) to POST
(2.00 6 0.7 mg/mL21) match. These changes appear to

Figure 1. A, PRE–POST changes (%) in s-IgAabs for individual soccer players. B, PRE–POST changes (%) in
s-IgArate for individual soccer players. C, PRE–POST changes (%) in s-IgA relative to protein for individual soccer
players.
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result largely from the stimulation of amylase secretion by
increased sympathetic nervous activity (2). The role of the
total protein in immunological studies and the changes in
protein levels under different physiological conditions are still
poorly understood. These limitations are extensive for most
of the salivary proteins functions (27). The main goal to
search for the complete protein salivary composition will be
its use as a diagnostic tool to monitor the physiological,
health, or disease status of individuals (27).

In support of the speculation that the changes in total
protein and likewise the IgA-Pro may be a useful marker of
exercise intensity is the fact that the RPE (a marker of exercise
intensity) was significantly correlated with changes in IgA-
Pro. The results for IgA-Pro reflected the intensity of the
exercise (RPE). Increases in the protein concentration caused
the decrease in IgA-Pro from PRE to POST match, as
s-IgAabs concentration remained relatively stable.

RPE has been shown to be a useful tool for prescribing
exercise intensity based on its relationship with physiological
indicators of exercise stress (8,31,33) and does not appear
to be affected by exercise modality or training state (7,28).
Besides that, the RPE has been accepted as a valuable tool for
regulating intensity of exercise when designing prescribing
exercise based, for example, on the blood lactate response (7)
(an important marker of metabolic intensity).

Regarding IgA levels, in studies of elite or high-performance
endurance athletes during their normal training programs or
competitions, the agreement is that intense endurance
exercise results in lower levels of IgA in saliva after each
session (5). This consensus can be attributed by the fact that
numerous studies have showed decreases in levels of IgA in
saliva after intense exercise (3,4,11,12). The hypothesis that
a rigorous soccer match would temporarily suppress mucosal
immune function as assessed by s-IgA levels determined
immediately after the match was not supported in the present
study. Increases in s-IgA, which were observed in some players
(Figure 1), also have been reported in other studies (1,9,26,35).
The mechanism behind this phenomenon possibly includes
mechanical stimulation of IgA secretion from drinking fluid
(16). In an elite squad of squash players the response of s-IgA
to exercise was an increase in healthy athletes and a decrease
in those who developed URTI (10). An inherent drawback of
the current study is the inability to control the occurrence of
URTI and the association with s-IgA levels response.

Another confounding variable could be the fluid consump-
tion during the half-time interval. Although it could
potentially influence the observed results, differences were
unavoidable. In the realm of sports immunology, especially in
team sports, these variations may not be as accurate as in
a laboratory because individual differences in fluid consump-
tion and the individual workload may obscure the impact of
exercise alone on postexercise s-IgA. Further research on the
role of acute postexercise changes in s-IgA from top-level
soccer players and the risks of URTI or even the use of IgA like
a marker of excessive training is needed.

The present findings indicate some variation within each
athlete’s IgA levels and other previous studies (9,10,16). Kock
et al. (9) have obtained saliva samples from subjects before and
after an 80-minute game during the competitive season. The
results are in part similar to the findings of the current
investigation and also have an important external validity from
a sports immunology standpoint because, as in our study, they
have investigated an actual match situation in a team sport.

The present findings also have indicated that participation
in a friendly soccer match does not produce uniform response
in s-IgA expressions. There is a debate over the best method
of expressing s-IgA changes during exercise. The correlation
between changes in s-IgAabs and IgA-Pro in our study was
strongly and significantly correlated, and a moderate cor-
relation between s-IgAabs and s-IgArate was found. The
s-IgArate and IgA-Pro changes also were moderately corre-
lated. These findings reinforce the need to establish a uniform
standard for s-IgA expression.

This study indicates that acute intense exercise does not
seem to reduce saliva IgA. However, this does not mean that
IgA should be ignored as a mechanism that may leave athletes
more susceptible to infection, particularly during periods of
overreaching or overtraining. Moreover, the nature of this
exercise (team sports) and its demand is so different from the
endurance exercise and the likelihood to obtain distinct
effects could be taken into account.

PRACTICAL APPLICATIONS

The major findings of our study are that participating in a
70-minute regulation soccer match does not significantly
affect salivary IgA, and the total protein may be a good marker
of match intensity. These findings are novel in that they were
obtained from top-level professional Brazilian soccer players
in the actual playing environment and thus may be more
effective in being generalized and translated to practice. From
a scientific point of view the lack of significant decrease in
s-IgAabs and s-IgArate following the match is clear. However,
from a practical application to coaches and athletes, the
variability of the responses among the players leads us to
suggest that there is a need to individually analyze the results
with team sports. Some athletes showed substantial decrease
in s-IgA expressions, suggesting the need for taking protective
actions to minimize contact with cold viruses or even
reducing the training load for these athletes, who may be in
a overreaching state, or at least more susceptible to that, and
suffering an increased risk of incidence of upper-respiratory
illness. More research on the role of acute postexercise
changes in salivary IgA expressions in elite professional soccer
players is needed, especially in official soccer matches because
the majority of research has been conducted in either
endurance sports or in the laboratory environment.
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