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Abstract
This systematic review and meta-analysis aimed at evaluating acute and chronic effects of physical exercise on IgA and IgG 
levels, as well as its relationship with the susceptibility to develop upper respiratory tract infections (URTI). This system-
atic review and meta-analysis was conducted and reported in accordance with PRISMA statement. A systematic search of 
PubMed, Web of Science, and EMBASE was performed in July 2020. This systematic review and meta-analysis included 
studies in which participants performed acute exercise or chronic physical training and were subjected to analyses of URTI 
incidence and concentrations of IgA and IgG. The selected studies for systematic review were divided into the following 
three groups: (I) trials that evaluated the effects of acute exercise in sedentary subjects, (II) trials that evaluated the effects 
of acute exercise in athletes/trained individuals, and (III) trials that evaluated the effects of chronic physical training on the 
incidence of URTI, as well as on the levels of IgA and IgG. Acute exercise increases the IgA levels in trained subjects but 
does not affect its levels in untrained subjects. Such increase in IgA levels induced by acute exercise is greater in trained 
individual that performed ultramarathon. On the other hand, chronic physical training reduces IgA levels in both trained and 
untrained subjects, does not change IgA levels in non-military subjects, besides from not affecting IgG levels. The present 
systematic review and meta-analysis indicates that acute exercise positively influences IgA levels in trained individuals, 
being this effect pronounced when a strenuous exercise such as ultramarathon is executed. Chronic physical training, in turn, 
does not affect IgG levels.
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Introduction

The COVID-19 pandemic is a global crisis of unprecedented 
scale in modern times [83]. The social distancing measures 
employed to curtail the impact of the infection are likely 
to reduce the amount of usual physical activity being per-
formed by most individuals [2, 28]. However, regular prac-
tice of physical exercise is known to induce multiple benefits 
on physical and mental health, including the improvement 
of the body’s ability to combat infections [2]. Thus, in addi-
tion to personal hygiene and social distancing, maintaining a 
healthy and active lifestyle can reduce the risk of COVID-19 
infection [82]. A very important question emerges on the 
topic in this context, the regular practice of moderate physi-
cal exercise or even vigorous chronic physical training can 
increase the susceptibility to severe cases of COVID-19?
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The immune system protects the body against infectious 
diseases through the recognition, attack and destruction of 
foreign elements to the body, being the resistance to infec-
tions associated with the effectiveness of such immune 
actions [21]. Physical exercise influences the immune sys-
tem in a dual way, as illustrated by the “J”-shaped curve 
that models the relationship between exercise and suscep-
tibility to infection [50]. While several evidences indicate 
that moderate intensity physical training is associated with 
several benefits to the immune system, such as reduction 
of chronic inflammation and elevation of immunological 
markers related to various diseases [14, 22, 76], others 
indicate that high-intensity physical exercise can result in 
mucosal and cellular immunosuppression, associated with 
increased incidence of upper respiratory tract infections 
(URTI) [55, 65].

URTI episodes result from the invasion of microorgan-
isms (i.e., viruses, bacteria or fungi), specifically in the 
airways above the glottis or vocal cords, that can manifest 
itself as tonsillitis, pharyngitis, laryngitis, sinusitis, otitis 
media, flu, and cold [25, 78]. Studies indicate that dur-
ing periods of intense training and competitions, athletes 
may experience immunosuppression and, consequently, 
increased susceptibility to URTI [16, 27]. One body’s 
immune response to exercise is the production and secre-
tion of immunoglobulins, whose serum levels and secre-
tion, especially the antigen-specific antibodies IgA and 
IgG, are associated with resistance to infection [54].

IgA is the most abundant antimicrobial protein that 
protects the mucosal surfaces [6], region where most 
infections are initiated [5, 32, 42, 49]. It is proposed 
that secretory IgA provides an immunological barrier by 
neutralizing and preventing viral pathogens from pen-
etrating the body through the mucosal surfaces [32, 42, 
49]. Based on the above mentioned, low concentrations 
of SIgA in athletes may in fact be associated with the 
increased susceptibility to URTI [23, 46, 49]. However, 
in sedentary individuals, moderate chronic exercise 
training has been shown to increase SIgA levels, which 
may have contributed to the apparent reduced suscepti-
bility to URTI [23].

Immunoglobulin G (IgG) is the most common type of 
antibody found in blood circulation. It is also one of the 
most abundant proteins in the human serum, accounting 
for about 10–20% of all plasma proteins. IgG appears dur-
ing the first and second immune responses by activating 
the complement system and macrophages [6, 80]. A recent 
study demonstrated that serum IgG levels were increased 
in pre-frailty elderly women after 12-weeks of aquatic 
moderate exercise [34]. Previous study also reported that 
acute moderate exercise, such as 45 min bout of walking, 
is associated with a transient rise in serum immunoglobu-
lin (IgA, IgG, and IgM) levels [54].

The studies that have examined exercise-associated 
changes in the levels of immunoglobulin isotypes often have 
contradictory results. As such, this interesting research area, 
which could potentially impact the practical guidelines for 
recommending exercise, remains open. While some studies 
have shown that exercise may decrease immunoglobulins in 
athletes [19, 20], others have reported, instead, an increase 
in its levels [44, 75]. No association between immunoglobu-
lins and exercise has been described as well [35]. In face of 
such inconsistences, and taking into account the apparent 
value of IgA and IgG as a potential biomarkers of URTI sus-
ceptibility in the context of exercise, the present systematic 
review intended to update the knowledge about the effects 
of acute exercise and exercise training, the two situations 
in which URTI mostly often occur, on IgA and IgG levels. 
The relationship between secretory immunoglobulins and 
the susceptibility to develop the diseases was also evalu-
ated. Taking into account that COVID-19 is an infection that 
also affects the respiratory tract, it seems relevant to better 
understand the beneficial effects of exercise in fighting URTI 
through modulation of immunoglobulin levels. This analysis 
could eventually be useful as guidance on prescribing physi-
cal exercise safely.

Methods

Search strategy

This systematic review and meta-analysis was conducted 
and reported according to the guidelines outlined in the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis) statement [36, 43, 64]. A systematic 
search in electronic databases, including PubMed, Web of 
Science and EMBASE was performed in July 2020 without 
any date restrictions. The search strategy used combinations 
of the following keywords: respiratory tract, exertion, physi-
cal effort, firefighters, military, immune system, infection, 
exercise, physical training, and sport. This review was not 
registered.

Study selection

This systematic review and meta-analysis included studies 
in which participants performed acute exercise or chronic 
physical training and were subjected to analyses of URTI 
incidence and concentrations of IgA and IgG. Furthermore, 
all included studies were written in English. Reviews, sum-
maries, case studies, and letters were disregarded, although 
this bibliography was consulted. Based on the search and 
inclusion/exclusion criteria, 43 studies (112 trials, n = 1291 
individuals) were selected for inclusion in this systematic 
review (Fig. 1). For inclusion in the meta-analysis, only 
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the 29 studies (85 trials, n = 662 individuals) that assessed 
IgA and IgG concentrations after acute exercise or chronic 
physical training were selected. Notably, several studies 
measured more than one physical performance parameter. 
Therefore, since all data addressing the effect of exercise 
on each parameter were included, the number of trials was 
greater than the number of studies.

Data grouping

The selected studies for systematic review were divided 
into the following three groups: (I) trials that evaluated 
the effects of acute exercise in sedentary subjects (11 tri-
als; 83 individuals, Table 1), (II) trials that evaluated the 
effects of acute exercise in athletes/trained individuals (64 
trials; 345 individuals, Table 2), and (III) trials that evalu-
ated the effects of chronic exercise training (42 trials; 748 

individuals, Table 3)on the incidence of URTI, as well as on 
the levels of IgA and IgG.

The studies included in the meta-analysis were divided 
into studies that evaluated the concentrations of IgA or 
IgG. IgA analysis was performed in the following groups: 
(I) untrained individuals that performed acute exercise, 
(II) trained individuals that performed acute exercise, (III) 
trained individuals that performed acute exercise in ultra-
marathon, (IV) trained individuals that performed acute 
exercise in triathlon, and (V) non-military trained individu-
als that performed acute exercise. IgG analysis was only 
performed in chronic physical trained individuals.

Risk of bias assessment

Two independent reviewers assessed the risk of bias using 
an adapted Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) instrument [26]. 

Fig. 1  Summary of the study 
selection process
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Discrepant evaluations were settled via discussion with a 
third reviewer. Using this approach, it was possible to evalu-
ate the risk of bias in each study included in the present 
systematic review. Domains reflecting sequence generation, 
allocation concealment, blinding of participants and person-
nel, incomplete outcome data, selective outcome reporting 
and other sources of bias were evaluated. The lack of one 
of these domains characterizes the reduction in the indi-
vidual methodological quality of each study in the following 
sequence: high, moderate, low and very low.

Furthermore, the GRADE approach was used to assess 
the overall quality with levels of evidence. This analysis 
was performed using a GRADE profiler software, available 
online (https:// gdt. grade pro. org/ app/), which was used to 
summarize our findings on the certainty of the evidence. 
Thus, for each outcome analyzed in the meta-analysis, the 
global assessment of the level of evidence was performed 
and classified into four levels: high (GRADE A), moderate 
(GRADE B), low (GRADE C), and very low (GRADE D) 
[26].

Statistical analysis

The mean and SD values of the IgA and IgG levels after 
acute and chronic exercise were obtained from the data 
provided in the consulted research papers. Heterogeneity 
was evaluated using the χ2 test for homogeneity and the I2 
statistic. The effect size (Cohen’s d or Hedges’ g) was cal-
culated for the physical performance indexes in each study. 
Then, a weighted-mean estimate of the effect size was 
calculated to account for differences in the sample sizes. 
The mean unweighted effect size and associated 95% CI 
were also calculated. We used Cohen’s classification of the 
effect size magnitude, where d < 0.20 = negligible effect; 
d = 0.20–0.49 = small effect; d = 0.50–0.79 = moderate 
effect; and d > 0.8 = large effect [12].

Results

Systematic review

In total, 2509 studies were identified through the database 
and reference searches. After removing the duplicates and 
excluding papers that did not meet the eligibility criteria 
following a review of their titles, abstracts and full texts, 43 
studies (117 trials, n = 1176 individuals) were selected for 
inclusion in the systematic review (Fig. 1). The characteris-
tics of the subjects, the exercise/physical training protocols 
and the infection parameter evaluated in each study are sum-
marized in Tables 1, 2, and 3.Ta
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Meta‑analyses

Twenty-nine studies (85 trials, n = 662 individuals) were 
included in the meta-analysis.

Untrained: acute exercise – IgA levels (GRADE C)

After pooling the data from 9 trials, the mean effect size was 
0.16 (95% CI: − 0.32 to 0.64), which indicates that acute 
exercise has a non-significant effect on IgA levels (p > 0.05; 
Fig. 2). According to a random effects analysis, medium 
heterogeneity was observed among these studies (I2 = 62.1%; 
Q = 21.1, df = 8, p = 0.07).

Trained: acute exercise – IgA levels (GRADE B)

After pooling the data from 50 trials, the mean effect size 
was 0.68 (95% CI: 0.34 to 1.02), which indicates that acute 
exercise induces a moderate and significant increase on IgA 
levels (p < 0.05; Fig. 3). According to a random effects anal-
ysis, high heterogeneity was observed among these studies 
(I2 = 90.2%; Q = 500.8, df = 49, p = 0.00). The subsequent 
analysis consisted of subdividing the trained subjects into 
two different sports: ultramarathon and triathlon. These 
sports were chosen based on their higher frequency on the 
trials. In addition, these sports are known to impose a high 
burden on the organism, challenging the immune system.

Trained: acute exercise—IgA levels 
in ultramarathon (GRADE A)

After pooling the data from 8 trials, the mean effect size 
was 1.60 (95% CI: 0.20 to 3.01), which indicates that ultra-
marathon induces a large and significant increase on IgA 
levels (p < 0.05; Fig. 4). According to a random effects anal-
ysis, high heterogeneity was observed among these studies 
(I2 = 97.5%; Q = 358.8, df = 9, p = 0.00).

Trained: acute exercise—IgA levels in triathlon 
(GRADE C)

After pooling the data from 16 trials, the mean effect size 
was 0.13 (95% CI: − 0.06 to 0.33), which indicates that tri-
athlon has a non-significant effect on IgA levels (p > 0.05; 
Fig. 5). According to a fixed effects analysis, no heterogene-
ity was observed among these studies (I2 = 28.1%; Q = 20.87, 
df = 15, p = 0.14).

Chronic physical training and IgA levels (GRADE B)

After pooling the data from 16 trials, the mean effect size 
was − 0.51 (95% CI: − 0.95 to − 0.07), which indicates that 
the chronic physical training induces a moderate and sig-
nificant decrease on IgA levels (p < 0.05; Fig. 6). Accord-
ing to a random effects analysis, high heterogeneity was 

Fig. 2  Forest plot of IgA levels in response of acute exercise in untrained subjects. SMD: standardized mean difference
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Fig. 3  Forest plot of IgA levels in response of acute exercise in trained subjects. SMD: standardized mean difference
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observed among these studies (I2 = 89.6%; Q = 144.1, 
df = 15, p = 0.00).

Chronic physical training and IgA levels non‑military 
personnel (GRADE C)

Due to the fact that the IgA response to chronic physi-
cal training was greatly affected by military coaching, 
IgA levels were analysed in non-military trained indi-
vidual separately. After pooling the data from 14 trials, 
the mean effect size was − 0.17 (95% CI: − 0.53 to 0.18), 
which indicates that the chronic physical training has a 
non-significant effect on IgA levels (p > 0.05; Fig.  7). 
According to a random effects analysis, high heterogeneity 
was observed among these studies (I2 = 83.3%; Q = 78.0, 
df = 13, p = 0.00).

Chronic physical training and IgG levels (GRADE C)

After pooling the data from 6 trials, the mean effect size 
was − 0.31 (95% CI: − 1.49 to 0.88), which indicates 
that the chronic physical training has a and non-signif-
icant effect on IgG levels (p > 0.05; Fig. 8). According 
to a random effects analysis, high heterogeneity was 
observed among these studies (I2 = 94.0%; Q = 83.5, df = 5, 
p = 0.00).

Relation between IgA levels and URTI incidences

A correlation between the URTI incidence and IgA levels 
in response to exercise was performed with data from three 
studies that simultaneously analyzed these variables. A 
strong negative correlation between the variables was found 
(r =  − 0.97. p = 0.13; Fig. 9).

Risk of bias

The risk of bias was assessed in 43 studies in the systematic 
review. Approximately 25% (11 studies) of them did not 
blind the participants or researchers. This limitation seems 
to be related to the characteristics of the studies’ experimen-
tal protocols. Nevertheless, most of the studies evaluated in 
the present systematic review consistently controlled the risk 
of bias and, therefore, were deemed moderate to high quality 
(Supplementary Table 1).

Discussion

The present systematic review and meta-analysis demon-
strates that acute exercise increases the IgA levels in trained 
subjects, but does not affect its levels in untrained subjects. 
Such increase in IgA levels induced by acute exercise is 
greater in trained individual that performed ultramarathon 
in comparison with those that executed triathlon. Although, 

Fig. 4  Forest plot of IgA levels in response of acute exercise in ultramarathoner. SMD: standardized mean difference
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trained individuals’ present elevated IgA response to acute 
exercise, these individuals have decreased IgA baseline. On 
the other hand, the basal IgA levels were reduced by chronic 
physical training. However, when data from non-military 
personnel are excluded from the trained individuals group, 
the remaining data reveals that chronic physical training does 
not alter IgA levels. In addition, chronic physical training 
does not change IgG levels. These data indicate that acute 
exercise positively influences IgA levels in trained individu-
als, being this effect pronounced when a strenuous exercise 
such as ultramarathon is executed. Moreover, chronic physi-
cal training response over IgA levels seems to depend on 
the characteristics of the subject’s chronic physical training 
since non-military personnel presented unchanged IgA lev-
els. The present analysis brings important information for 
exercise practitioners and athletes and provide support for 
the better understanding of the beneficial effects of exercise 
in fighting infections such as URTI through modulation of 
immunoglobulin levels.

The execution of acute, moderate and vigorous aerobic 
exercise of less than 60 min duration is known to enhance 
the recirculation of agents that play critical roles in immune 

defense activity and metabolic health, including immuno-
globulins [55]. Thus, this type of exercise is now seen as 
an immune system adjuvant. However, in response to pro-
longed and intensive exercise, and in competition events, 
salivary IgA output and other biomarkers of immune func-
tion are altered for several hours to days [52, 59]. These 
immune changes occur in different body sites such as the 
upper respiratory tract mucosal tissue and the lungs [55]. 
Secretory IgA plays an important role in the organism’s 
defense against respiratory illness through immune exclu-
sion at mucosal surfaces, intra-epithelial viral naturalization 
and immune elimination across mucosal surfaces [7, 20, 42].

The results of the present study indicate that acute exer-
cise does not modify IgA levels in untrained individuals. It 
does only when acute exercise is performed by trained sub-
jects, particularly after a strenuous bout of exercise. It is dif-
ficult to provide a definitive description of the acute effects 
of exercise on salivary IgA concentration [20]. Evidence 
demonstrated that athletes seem to experience a transitory 
decrease in s-IgA for up to 24 h post strenuous training ses-
sions or competition [66]. It is during this “open window” 
period of immune depression that athletes are thought to be 

Fig. 5  Forest plot of IgA levels in response of acute exercise in triathletes. SMD: standardized mean difference
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at greatest risk of URTI [49]. In fact, low IgA concentra-
tion and secretion rate have been associated with increased 
incidence of URTI in athletes [16, 20]. On the other hand, 
basketball players have shown an increase of IgA after com-
petitive games [77]. This increase in IgA levels possibly 
represents a beneficial effect of chronic physical training on 
immunity [20].

Upper respiratory tract infection during a critical train-
ing period may have a deleterious effect on the athlete’s 
ability to train and compete [20, 69].The increase in the 
incidence of URTI in athletes is still under debate in the 
literature. However, it is known that URTIs are the most 
common infection in highly trained athletes [67, 71]. 
Therefore, it is plausible to predict that chronic exercise 
training protocols that cause a reduction in IgA levels 
increase the incidence of URTI mostly in athletes than 
in the general sedentary population. In the present study, 
trained athletes present such a reduction of IgA levels. 
Interestingly, this response is unaffected in non-military 
trained individuals. Among the studies evaluated in the 
present review, only three simultaneously assessed the 
incidence of URTI and IgA levels. Despite of the few 

studies, the relationship between IgA levels and the inci-
dence of URTI seems clear (Fig. 9). Even though no sig-
nificant response was found, probably as a consequence 
of the small number of available studies, the sample of 
individuals (n = 125) is substantial. Therefore, to better 
establish this relationship between URTI incidence and 
IgA levels, a higher number of trials would be necessary.

Military training environment is a situation associate with 
several stressors such as intense physical training, energy 
deficit, psychological pressure, and sleep deprivation. The 
combination of these stressors enhances the susceptibility 
of detrimental effects on the immune system [79]. In the 
present study, military trained individuals show a greater 
reduction in IgA levels compared to non-military ones, prob-
ably due to an immune reaction to the combined actions of 
these stressors.

Small changes in IgG levels may be relevant for mucosal 
resistance to infections in the respiratory tract [7, 20]. The 
results of the meta-analysis indicate that chronic physi-
cal training does not alter baseline IgG levels. However, it 
should be noted that the number of studies and trials that 
carried out this type of evaluation was also small.

Fig. 6  Forest plot of IgA levels in response of physical training. SMD: standardized mean difference



 Pflügers Archiv - European Journal of Physiology

1 3

Fig. 7  Forest plot of IgA levels in response of physical training in non-military personnel. SMD: standardized mean difference

Fig. 8  Forest plot of IgG levels in response of physical training. SMD: standardized mean difference
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Exercise-induced immunomodulation appears to be 
dependent on the relationship between exercise intensity, 
duration and frequency [74]. As suggested by Nieman [53], 
the risk of upper tract infection is lower in the case of 
moderate-intensity exercise. This is supported by the con-
cept that the relationship between the exercise load and the 
risk of URTI has the shape of the letter “J.” This means that 
both too little and too much physical activity may increase 
the risk of upper respiratory tract infection [51]. Therefore, 
while regular practice of moderate physical exercise can 
be considered as a tool to prevent respiratory infections, 
vigorous intensity physical exercise is usually associated 
with adverse events [31, 73]. Such scenario implies that the 
effect of physical exercise on immunoglobulin levels may 
take into account the subject’s physical training. In fact, 
elite athletes frequently report upper respiratory symptoms 
associated with decreased efficiency of humoral immune 
response on a mucosal level, manifesting predominantly as 
lowered secretory IgA levels [31].

In this context, the present study demonstrated that military 
trained individuals showed a greater reduction in IgA levels 
compared to non-military ones. We propose that this is prob-
ably due to the military training environment, which mimics a 
strenuous training load. Similarly, to elite athletes, who have an 
increased chance of URTIs associated with decreased IgA [31], 
this creates the possibility that military personnel may experi-
ence URTI symptoms as a result of greater infection suscepti-
bility due to vigorous intensity physical exercise. Still, the issue 
of exercise load-related infection susceptibility requires further 
research.

Leandro et al. [33] state that exercise of long duration 
and/or intense exercise (> 2 h and/or > 80% of maxi-
mal oxygen uptake,  VO2max) is associated with markers 
of immunosuppression, including reduced production 
of salivary IgA and plasma IgM and IgG. Therefore, 
long duration and/or intense exercise can make people 
more susceptible to infections (mainly URTI), which 
can increase the risk of contamination and worsening 
of COVID-19 symptoms [33]. COVID-19’s high mor-
bidity and mortality is more prevalent in older people 
(> 60 years), but the health of a young and well-fit popu-
lation or even athletes should also be noted since there 
are still many answers to be given in relation to COVID 
19 [28]. Thus, understanding whether acute exercise or 
even chronic physical training increases the suscepti-
bility to URTI or even COVID is very important. And 
for that, it is necessary that adequate guidance becomes 
available [28]. 

Although we found it interesting/important to com-
pare gender and age, this was not possible in the pre-
sent study, because the number of studies was insuf-
ficient for this analysis to be carried out. We point out 
that Fondell et  al. [18], whose study included 1509 
subjects divided into groups of men and women aged 
20–60 years, found that physical activity reduces the 
incidence of upper respiratory tract illness in both 
gender, regardless of age. In another study, Akimoto 
et al. [1] demonstrated that regular physical training 
increases salivary IgA levels in healthy subjects (18 
males and 27 females) over 60 years of age.

Fig. 9  Correlation between 
IgA levels and the incidence of 
URTI in athletes
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Conclusion

The present systematic review and meta-analysis indicates that 
acute exercise positively influences IgA levels in trained indi-
viduals, being this effect pronounced when a strenuous exercise 
such as ultramarathon is executed. Moreover, chronic physical 
training response over IgA levels seems to depend on the char-
acteristics of the subject´s physical training since non-military 
personnel present unchanged IgA levels.
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