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Abstract

Rationale

Respiratory infections are common after strenuous exercise, when salivary immunity may

be altered. We aim to investigate changes in salivary immunity after a marathon and its rela-

tionship with lower respiratory tract infections (LRTI) in healthy non-elite marathon runners.

Methods

Forty seven healthy marathon runners (28 males and 19 females) who completed the

42.195 km of the 2016 Barcelona marathon were studied. Saliva and blood samples were

collected the day before the marathon and two days after the end of the race. Salivary IgA,

antimicrobial proteins (lactoferrin, lysozyme) and chemokines (Groα, Groβ, MCP-1) were

determined using ELISA kits in saliva supernatant. Blood biochemistry and haemogram

were analyzed in all participants. The presence of LRTI was considered in those runners

who reported infectious lower respiratory tract symptoms during a minimum of 3 consecutive

days in the 2 weeks after the race.

Results

Eight participants (17%) presented a LRTI during the 2 weeks of follow-up. Higher lysozyme

levels were detected after the race in runners with LRTI when compared with those without

infection. A decrease in salivary lysozyme, Groα and Groβ levels after the race were

observed in those runners who did not develop a LRTI when compared to basal levels. Sali-

vary Groα levels correlated with basophil blood counts, and salivary lysozyme levels corre-

lated with leukocyte blood counts.

Conclusions

LRTI are common after a marathon race in non-elite healthy runners. Changes in salivary

antimicrobial proteins and chemokines are related to the presence of LRTI and correlate
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with systemic defense cells, which suggest an important role of salivary immunity in the

development of LRTI in non-elite marathon runners.

Introduction

The number of non-elite runners participating in marathons had increased dramatically in the

last ten years [1]. Several studies have demonstrated that marathons and ultramarathons may

alter immune function and increase the risk of respiratory tract infections [2–4]. Within two

weeks of completing such strenuous exercise, the risk of infection increased 100% to 500% [5]

and around 25% of finishers reported respiratory symptoms [3].

Salivary Immunoglobulin A (sIgA) is the most common antibody on the mucosal surface.

Different studies have analyzed changes in sIgA following strenuous exercises and their poten-

tial relationship with respiratory symptoms, with conflicting results [6–8]. Other studies have

suggested that immune factors present in mucosal secretion, including antimicrobial peptides

(AMPs) and immune mediators such as chemokines, changed after prolonged running. An

increase in salivary lactoferrin, one of the most abundant AMPs, has been described in partici-

pants in a 50 km ultramarathon [9]. Furthermore, chemokines such as Growth-Regulated

Oncogene-alpha (Groα or CXCL1), growth-Regulated Oncogene-beta (Groβ) and monocyte

chemoattractant protein 1 (MCP-1) have demonstrated an important role in the regulation of

local immunity against infections by contributing to the tissue infiltration of leukocytes [10].

Experimental studies showed that serum levels of these inflammatory mediators increased

markedly in response to exercise in mice [11]. However, limited data regarding salivary IgA,

AMPs, chemokines and the presence of lower respiratory tract infections (LRTI) in marathon

runners are available.

We hypothesized that non-elite marathon runner who experienced changes in their salivary

immunity would be more prone to developing a respiratory infection. Therefore, our aim was

to determine salivary levels of IgA, AMP and inflammatory markers before and after a mara-

thon and their relationship with the development of LRTI.

Materials and methods

Subjects

Forty seven healthy non-elite marathon runners (28 males and 19 females) completed the

42.195 km of the 2016 Barcelona Marathon. Mean finishing time was 3 hours and 38 min (±41

min). Study participants were recruited using an announcement in the marathon newsletter

that all marathon runners received two weeks prior to the race. Participation was voluntary in

all cases. The study was approved by the local ethics committee “Comité Étic de Investigació

Clı́nica de la Fundació de Gestió Sanitaria del Hospital de la Santa Creu i Sant Pau de Barce-

lona”, project number IIBSP-SUMMIT-2016-02. All participants gave signed informed

consent.

All runners were asked to report any incidence of respiratory symptoms 2 weeks before and

after the race. Runners who reported respiratory symptoms 2 weeks before marathon were

excluded from the study. LRTI was defined according the clinical definition proposed by the

European Respiratory Society and European Society for Clinical Microbiology and Infections

disease [12]: acute illness (present for 21 days or less) characterized by cough as the main

symptom, with at least one other respiratory tract symptom (sputum production, dyspnea,

wheeze or chest discomfort/pain) and no alternative explanation. In addition, all runners had
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to report at least one determination of fever (�38˚C) and duration of symptoms must be

higher than 3 days in order to exclude those symptoms induced only by strenuous exercise. All

runners with suspected LRTI were follow-up until a breakdown of symptoms was reported.

Saliva and blood collection

Saliva and blood samples were collected one day before the marathon and two days after the

end of the race. Saliva was collected into clean, sterile tub, maintained at 4˚C before centrifuga-

tion at 9500xg for 10 minutes at 4˚C. Supernatant was aspirated and 3 different aliquots were

frozen at -20˚C until use. Three 10 mL blood samples were obtained from the antecubital vein

and were transferred immediately (in less than 2 hours) to the laboratory for analysis.

Saliva analysis

The saliva samples were then thawed and total protein saliva was quantified using the Qubit

protein Assay Kit (Thermofisher Scientific). Salivary IgA (Human IgA Platinum ELISA,

ebioscience, Affymetrix, Santa Clare, CA), lactoferrin, lysozyme (AssayPro, St. Charles, MO,

USA), Groα, Groβ and MCP-1 (Elabscience, Houston, Texas) were measured by ELISA

according to the manufacturer’s instructions. The limit of detection for IgA was: 1.6 ng/ml;

lactoferrin: 0.625 ng/ml; lysozyme: 0.0781 ng/ml; Groα: 15.63 pg/ml, Groβ: 15.63 pg/ml and

MCP-1: 15.63 pg/ml. Data were expressed as the concentration of each molecule relative to

total saliva protein concentration [13]. Those determinations of relative salivary IgA concen-

tration with a ratio higher than 1 were excluded of the study due to possible contaminations

[14]. All determinations were performed in triplicate.

Blood analysis

Blood samples were centrifuged at 800xg at 4˚C for 10 min in a bench centrifuge. Super-

natant (plasma) was aliquoted and stored on dry ice until all samples were frozen at

-80˚C. Sodium and potassium plasma concentrations were determined using ion selective

electrodes with an ionized sodium/potassium analyzer KNA1 (Radiometer, Copenhagen,

Denmark). Creatinine and urea were measured using an AU5800 analyzer (Beckman

Coulter, Hospitalet de Llobregat, Spain). C-reactive protein was determined using the

AU-5800 Chemistry Analyzer (Bekman Coulter, Miami, FL, USA). Complete blood

counts were performed with the Unicel DxH800 automated hematology analyzer (Beck-

man Coulter, Miami, FL, USA).

Statistical analysis

Statistical analyses were performed using Graph Pad Prism 5 software. The Kolmogorov-

Smirnov test was applied to test the normal distribution of the data. All variables with a

normal distribution were reported as mean ± standard deviation (sd). T-test and paired t-

test respectively were used for the comparison of independent and related variables with

Gaussian distribution. The Wilcoxon test and Mann Whitney test were used for the com-

parison of related variables and for the comparison of independent variables respectively

with non-normally distributed data. Pearson’s and Spearman’s coefficients respectively

were used to correlate changes between normal and non-normal distributed variables.

Chi-square tests were used for the comparison of frequencies. P values less than 0.05 were

considered significant.
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Results

Study participants

Table 1 shows demographic and laboratory test results prior to the marathon for all partici-

pants. Median age was 30 years old, median years of training were around 10 and training

hours per week were around 6. All laboratory tests performed were in the normal range.

No differences between males and females were found in baseline characteristics (data not

shown), except for Body Mass Index (BMI), which was higher in males than in females (23.6

±2.1 vs 20.7 ± 1.4, p = 0.01).

Lower respiratory tract infections

Eight participants (17%) reported a LRTI during follow-up. No differences in demographics

and laboratory findings between infected and non-infected participants were found prior to

the marathon (Table 1). All runners with LRTI experienced a breakdown of the symptoms

before 14 days of their onset and were fully recovered within one month after the race.

Salivary IgA

No differences before and after the marathon were found in total salivary protein concentra-

tion (2.34±1.16 mg/ml vs 2.37±0.97 mg/ml, respectively) nor in salivary IgA levels normalized

to total salivary protein (0.39±0.25 vs 0.35±0.24) (Fig 1A). In addition, no differences in IgA

levels before and after the race were found between infected and non-infected runners (Fig

1B), and no differences were observed between male and females before marathon in salivary

IgA/protein.

Table 1. Demographic and biochemical charcateristics from marathon runners.

All runners Non LRTI LRTI p value

Sex (M/F) 28/19 21/18 7/1 NS

Age 39.0±7.1 39.1±7.4 38.6±5.6 NS

BMI 22.6±2.4 22.3±2.3 23.8±2.8 NS

Years training 9.7±9.3 10.2±10.0 7.4±4.0 NS

Hours training/week 6.5±3.7 6.5±3.9 6.6±2.6 NS

Glucose (mg/dl) 84.7±14.4 85.5±15.4 81.0±7.9 NS

Na (mEq/l) 139.3±1.6 139.2±1.4 139.8±2.5 NS

K (mEq/l) 4.0±1.6 4.0±0.2 4.0±0.3 NS

Leukocytes % 6.9±1.6 6.8±1.4 7.6±2.2 NS

% Lymphocytes 34.7±7.5 34.8±6.5 34.1±11.9 NS

% Monocytes 8.3±2.7 8.5±2.9 7.7±1.3 NS

% Neutrophils 53.9±8.5 53.5±7.5 55.8±12.6 NS

% Eosinophils 2.3±1.7 2.4±1.7 1.7±1.5 NS

% Basophils 0.6±0.4 0.7±0.4 0.4±0.1 NS

Hb (g/dl) 14.1±1.1 14.5±0.9 14.0±1.2 NS

Hematocrit (%) 41.8±3.3 41.6±3.4 42.8±2.9 NS

Platelets (x109/l) 215.8±50.3 214±48 220±62 NS

CRP (mg/dl) 1.3±2.2 1.4±2.4 1.0±0.5 NS

BMI, Body Mass Index; Hb, hemoglobin; CRP, C-reactive protein.

LRTI: Lower Respiratory Tract Infection

NS, non significant

https://doi.org/10.1371/journal.pone.0206059.t001
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Salivary antimicrobial proteins

No differences before and after the race were observed in salivary lactoferrin (0.013±0.01 vs

0.010±0.007) and salivary lysozyme levels (0.0094±0.007 vs 0.0078±0.007). Furthermore, no

differences between the sexes were observed before the marathon.

When runners with and without LRTI were compared, we observed no differences in sali-

vary lactoferrin levels before and after the race. However, those runners who developed a LRTI

showed higher levels of salivary lysozyme after the race compared to those who did not develop

it (0.012±0.01 vs 0.006±0.004, p = 0.02). In addition, a decrease in lysozyme levels was

observed in runners who did not develop LRTI when levels before and after the race were com-

pared (0.010±0.007 vs 0.006±0.004, p = 0.003) (Fig 2).

Salivary chemokines

No differences before and after the race were observed regarding salivary Groα Groβ and

MCP-1. However, runners who did not develop LRTI showed a significant decrease in salivary

Groα and Groβ levels after the race (Groα, 0.37±0.15 vs 0.30±0.14, p = 0.02; Groβ 0.47±0.17 vs

0.37±0.18, p = 0.03) (Fig 3A and 3B). No differences in MCP-1 levels were found.

Systemic correlations

Before the race, salivary lactoferrin levels had a weak but statistical significant negative rela-

tionship with blood lymphocyte counts (r = -0.13, p = 0.04) and salivary Groα had a weak posi-

tive correlation with the percentage of blood basophils (r = 0.22, p = 0.03) (Fig 4A and 4B).

After the race, salivary lysozyme correlated positively with the absolute number of blood

leukocytes (r = 0.26, p = 0.006) (Fig 4C).

Discussion

In our study we observed that LRTI is common in non-elite runners following a marathon and

we demonstrated that runners who developed a LRTI had different immunological profile in

their saliva. Specifically, a decrease in salivary lysozyme, Groα and Groβ levels was observed in

those runners who did not develop a LRTI when levels before and after the race were com-

pared. In addition, higher levels of lysozyme were detected after the race in runners with LRTI

Fig 1. Salivary sIgA from marathon non-elite runners. Salivary sIgA was determined by ELISA as described in

Materials and Methods. (A) sIgA content before and after marathon. (B) sIgA content before and after marathon based

on the development of LRTI after marathon. Results were showed as the concentration of sIgA relative to total protein

content. P values were determined by paired non parametric Wilcoxon t-test.

https://doi.org/10.1371/journal.pone.0206059.g001
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compared with those without infection. These findings suggest that immunological status may

be important for the development of a LRTI after a marathon.

Fig 2. Salivary lysozyme from marathon non-elite runners before and after the marathon. Results were showed as

the concentration of lysozyme relative to total protein content. P values were determined by unpaired t-test and paired

Wilcoxon test.

https://doi.org/10.1371/journal.pone.0206059.g002

Fig 3. Salivary Groα and Groβ. Salivary (A) Groα and (B) Groβ were determined by ELISA as described in Materials and Methods before and after marathon. P values

were determined by unpaired Mann Whitney t-test and paired Wilcoxon test.

https://doi.org/10.1371/journal.pone.0206059.g003
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Several data have been reported reflecting the importance of the immune system in the

development of LRTI after strenuous exercise. We observed that 17% of marathon runners

develop LRTI symptoms within 2 weeks after marathon, which is concordant to other studies

[7,15]. Although the effect of close proximity between runners during the race cannot be ruled

out, extreme effort has been shown to alter immune defenses by increasing inflammation in

the respiratory tract [16]. Different studies have postulated that a combination of several

immune, biochemical and hematological parameters participate in the severe stress on the

body resulting from such exercise and that they may be associated with an increased suscepti-

bility to developing infections [17]. Salivary IgA (sIgA) is one of the most widely-studied

parameters [7]. Some studies have pointed to the usefulness of sIgA as a noninvasive bio-

marker of mucosal immunity and LRTI risk [18,19]. However, other studies have suggested

that reductions in sIgA cannot be solely responsible for the decline in immune function that

may lead to LRTI [20]. In our cohort of runners, we did not observe differences in sIgA as

other authors previously showed [21]. We observed that sIgA represented about 40–60% of

total salivary protein, which is concordant with previous studies [22,23] but higher than other

ones [24]. Most of the studies were carried out few hours after exercise [25,26] and we wanted

to evaluate two days after finishing the marathon, since few data regarding the recovery period

and its influence on the development of LRTI are available [7].

Salivary antimicrobial proteins (sAMPs) such as lysozyme and lactoferrin protect the respi-

ratory tract from invading microorganisms and have been linked with an increased infection

risk in athletes [27]. In our cohort of runners, we observed no differences in the levels of saliva

lysozyme before the race. However, runners who did not develop LRTI showed a decrease in

lysozyme after the marathon. In contrast, those runners who developed a LRTI showed higher

Fig 4. Correlation of salivary lactoferrin, Groα and lysozyme with systemic haematological parameters. (A)

Negative correlation between salivary lactoferrin with blood lymphocytes, (B) positive correlation between salivary

Groα and blood basophils and (C) positive correlation between salivary lysozyme and blood leukocytes, were found.

Pearson’s and Spearman’s coefficients were respectively used to correlate changes between normal and between non-

normal distributed variables.

https://doi.org/10.1371/journal.pone.0206059.g004
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levels of salivary lysozyme after the race compared to those runners who did not develop

LRTI. Our findings are in line with other studies showing a decrease in salivary lysozyme

immediately after an ultra-marathon, though this decrease was not related to the presence of

LRTI [5]. However, other studies did not observe differences in salivary lysozyme levels after a

50 km race [25]. These discrepancies could be the consequence of different levels of effort dur-

ing exercise. Interestingly we observed an inverse relation between salivary lactoferrin and

blood lymphocyte counts before the race, which may be explained by the mobilization of neu-

trophils to maintain blood homeostasis. Previously, Inoue H et al. [28] described an immediate

increase in serum lactoferrin concentrations immediately after running exercise and serum

lactoferrin may play an antibacterial role in host defenses before the mobilization of neutro-

phils into the circulating pool. We also observed a positive correlation between blood leuko-

cyte counts and the content of saliva lysozyme after the marathon. It has been observed that

exercise sessions in both humans and animal models resulted in the stimulation of neutrophil

degranulation releasing lysozyme from blood neutrophils [29]. All of these findings suggested

that systemic alterations may affect the content of saliva lactoferrin and lysozyme in runners

and may contribute to the development of LRTI after races. Nevertheless, we cannot exclude a

process of dehydration during the marathon, since it has been demonstrated that dehydration

decreases saliva antimicrobial proteins [30,31]. Dehydration can therefore affect the content of

saliva AMPs, and further studies are needed to better elucidate its importance, though we did

not observe differences in protein content before and after the race.

Different chemokines have demonstrated a potential role in the regulation of immune

response during exercise [32]. We also found that Groα and Groβ, which are key components

in the attraction of neutrophils to the site of inflammation, decreased after the race in runners

who did not develop a LRTI. It has been described that daily moderate exercise suppressed

Groα [33] and, in experimental models, exercise down regulated multiple inflammatory cyto-

kines and chemokines including Groα and MCP-1 [34,35] and had a systemic anti-inflamma-

tory effect, reducing Groα, Groβ and MCP-1 [36,37]. These findings were observed in runners

who did not develop LRTI, suggesting that they had a better inflammatory regulation response

that may protect against infection. Therefore, athletic performance is both a stress factor and

an adaptive response to exercise that can be modulated by training, reduce inflammation and

help to prevent disease. Further studies are needed to better understand the relationship

between salivary immunity and systemic inflammation as a key factor in the development of

LRTI after exercise.

Interestingly, we observed a positive correlation between blood basophils and salivary Groα
level before the race. Sastre B et al, identified basophils as a new player in the status of bron-

chial inflammation in athletes [38]. We observed that non LRTI runners had a higher percent-

age of systemic basophils, although differences were not statistically significant.

Our study has several limitations. First, due to the small number of runners included, the

results should be validated in other studies before generalizing them. Second, since some data

reported the effect of feeding in post exercise saliva AMPs proteins [39] we cannot exclude

feeding related affectations in the determinations of AMPs in our cohort of runners. Third,

levels of leukocyte subpopulations after the race were measured 48 hours after the marathon

and other determinations at 7 or 14 days would be helpful to better characterize systemic

response in marathon runners, and it should be an important point to be taken into account in

further studies. And fourth, infectious agents that caused LRTI are not described due to the

absence of microbiological studies. Further studies including bacterial and viral determina-

tions would be very helpful to clarify this important issue.

In conclusion, non-elite runners who developed a LRTI after a marathon showed a differ-

ential profile of saliva IgA, AMPs and chemokines compared to those runners who did not

Salivary immunity in runners

PLOS ONE | https://doi.org/10.1371/journal.pone.0206059 November 21, 2018 8 / 11

https://doi.org/10.1371/journal.pone.0206059


develop infection. Therefore, exercise training and post-marathon recovery would be impor-

tant in the immunological profile and the risk of developing a LRTI. Further studies are

needed to better understand the underlying mechanisms and the impact of salivary immunity

and its regulation in the prevention and development of LRTI in non-elite marathon runners.
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Conceptualization: Elisabet Cantó, Emma Roca, Lidia Perea, Ana Rodrigo-Troyano, Guil-

lermo Suarez-Cuartin, Jordi Giner, Anna Feliu, Jose Manuel Soria, Lexa Nescolarde, Silvia

Vidal, Oriol Sibila.
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9. Ihalainen JK, Schumann M, Häkkinen K, Mero AA. Mucosal immunity and upper respiratory tract symp-

toms in recreational endurance runners. Appl Physiol Nutr Metab. 2016; 41(1):96–102. https://doi.org/

10.1139/apnm-2015-0242 PMID: 26701121

10. Kunz H, Bishop NC, Spielmann G, Pistillo M, Reed J, Ograjsek T, et al. Fitness level impacts salivary

antimicrobial protein responses to a single bout of cycling exercise. Eur J Appl Physiol. 2015; 115

(5):1015–27. https://doi.org/10.1007/s00421-014-3082-8 PMID: 25557386

11. Gillum T, Kuennen M, McKenna Z, Castillo M, Jordan-Patterson A, Bohnert C. Exercise increases lacto-

ferrin, but decreases lysozyme in salivary granulocytes. Eur J Appl Physiol. 2017; 117(5):1047–51.

https://doi.org/10.1007/s00421-017-3594-0 PMID: 28341903

12. Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, Ieven M, et al. Guidelines for the management of

adult lower respiratory tract infections—Full version. Clin Microbiol Infect. 2011; 17:E1–59.

13. Mackinnon LT, Ginn E, Seymour GJ. Decreased salivary immunoglobulin A secretion rate after intense

interval exercise in elite kayakers. Eur J Appl Physiol Occup Physiol. 1993; 67(2):180–4. PMID:

8223526

14. Kivlighan KT, Granger DA, Schwartz EB, Nelson V, Curran M, Shirtcliff EA. Quantifying blood leakage

into the oral mucosa and its effects on the measurement of cortisol, dehydroepiandrosterone, and tes-

tosterone in saliva. Horm Behav. 2004; 46(1):39–46. https://doi.org/10.1016/j.yhbeh.2004.01.006

PMID: 15215040

15. Nieman DC, Johanssen LM, Lee JW, Arabatzis K. Infectious episodes in runners before and after the

Los Angeles Marathon. J Sports Med Phys Fitness. 1990; 30(3):316–28. PMID: 2266764

16. Nieman DC. Marathon training and immune function. Sports Med. 2007; 37(4–5):412–5. https://doi.org/

10.2165/00007256-200737040-00036 PMID: 17465622

17. Tiollier E, Gomez-Merino D, Burnat P, Jouanin J-C, Bourrilhon C, Filaire E, et al. Intense training: muco-

sal immunity and incidence of respiratory infections. Eur J Appl Physiol. 2005; 93(4):421–8. https://doi.

org/10.1007/s00421-004-1231-1 PMID: 15490219

18. Gleeson M, Bishop N, Oliveira M, McCauley T, Tauler P. Sex differences in immune variables and respi-

ratory infection incidence in an athletic population. Exerc Immunol Rev. 2011; 17:122–35. PMID:

21446355

19. Neville V, Gleeson M, Folland JP. Salivary IgA as a risk factor for upper respiratory infections in elite

professional athletes. Med Sci Sports Exerc. 2008; 40(7):1228–36. https://doi.org/10.1249/MSS.

0b013e31816be9c3 PMID: 18580401

20. Peters EM, Bateman ED. Ultramarathon running and upper respiratory tract infections. An epidemiolog-

ical survey. S Afr Med J. 1983; 64(15):582–4. PMID: 6623247

21. Gillum T, Kuennen M, Miller T, Riley L. The effects of exercise, sex, and menstrual phase on salivary

antimicrobial proteins. Exerc Immunol Rev. 2014; 20:23–38. PMID: 24974719

22. Nieman DC, Henson DA, Fagoaga OR, Utter AC, Vinci DM, Davis JM, et al. Change in Salivary IgA Fol-

lowing a Competitive Marathon Race. Int J Sports Med. 2002; 23(1):69–75. https://doi.org/10.1055/s-

2002-19375 PMID: 11774070

23. Nehlsen-Cannarella SL, Nieman DC, Fagoaga OR, Kelln WJ, Henson DA, Shannon M, et al. Saliva

immunoglobulins in elite women rowers. Eur J Appl Physiol. 2000; 81(3):222–8. https://doi.org/10.1007/

s004210050034 PMID: 10638381

24. Loo JA, Yan W, Ramachandran P, Wong DT. Comparative human salivary and plasma proteomes. J

Dent Res. 2010; 89(10):1016–23. https://doi.org/10.1177/0022034510380414 PMID: 20739693

25. Gillum TL, Kuennen M, Gourley C, Schneider S, Dokladny K, Moseley P. Salivary antimicrobial protein

response to prolonged running. Biol Sport. 2013; 30(1):3–8. https://doi.org/10.5604/20831862.1029814

PMID: 24744458

Salivary immunity in runners

PLOS ONE | https://doi.org/10.1371/journal.pone.0206059 November 21, 2018 10 / 11

https://doi.org/10.1055/s-0033-1358479
https://doi.org/10.1055/s-0033-1358479
http://www.ncbi.nlm.nih.gov/pubmed/24886918
https://doi.org/10.1111/odi.12088
https://doi.org/10.1111/odi.12088
http://www.ncbi.nlm.nih.gov/pubmed/23464508
https://doi.org/10.1055/s-2002-19375
https://doi.org/10.1055/s-2002-19375
http://www.ncbi.nlm.nih.gov/pubmed/11774070
https://doi.org/10.1016/j.wem.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28257712
https://doi.org/10.1139/apnm-2015-0242
https://doi.org/10.1139/apnm-2015-0242
http://www.ncbi.nlm.nih.gov/pubmed/26701121
https://doi.org/10.1007/s00421-014-3082-8
http://www.ncbi.nlm.nih.gov/pubmed/25557386
https://doi.org/10.1007/s00421-017-3594-0
http://www.ncbi.nlm.nih.gov/pubmed/28341903
http://www.ncbi.nlm.nih.gov/pubmed/8223526
https://doi.org/10.1016/j.yhbeh.2004.01.006
http://www.ncbi.nlm.nih.gov/pubmed/15215040
http://www.ncbi.nlm.nih.gov/pubmed/2266764
https://doi.org/10.2165/00007256-200737040-00036
https://doi.org/10.2165/00007256-200737040-00036
http://www.ncbi.nlm.nih.gov/pubmed/17465622
https://doi.org/10.1007/s00421-004-1231-1
https://doi.org/10.1007/s00421-004-1231-1
http://www.ncbi.nlm.nih.gov/pubmed/15490219
http://www.ncbi.nlm.nih.gov/pubmed/21446355
https://doi.org/10.1249/MSS.0b013e31816be9c3
https://doi.org/10.1249/MSS.0b013e31816be9c3
http://www.ncbi.nlm.nih.gov/pubmed/18580401
http://www.ncbi.nlm.nih.gov/pubmed/6623247
http://www.ncbi.nlm.nih.gov/pubmed/24974719
https://doi.org/10.1055/s-2002-19375
https://doi.org/10.1055/s-2002-19375
http://www.ncbi.nlm.nih.gov/pubmed/11774070
https://doi.org/10.1007/s004210050034
https://doi.org/10.1007/s004210050034
http://www.ncbi.nlm.nih.gov/pubmed/10638381
https://doi.org/10.1177/0022034510380414
http://www.ncbi.nlm.nih.gov/pubmed/20739693
https://doi.org/10.5604/20831862.1029814
http://www.ncbi.nlm.nih.gov/pubmed/24744458
https://doi.org/10.1371/journal.pone.0206059


26. Allgrove JE, Geneen L, Latif S, Gleeson M. Influence of a fed or fasted state on the s-IgA response to

prolonged cycling in active men and women. Int J Sport Nutr Exerc Metab. 2009; 19(3):209–21. PMID:

19574610

27. Catoire M, Mensink M, Kalkhoven E, Schrauwen P, Kersten S. Identification of human exercise-induced

myokines using secretome analysis. Physiol Genomics. 2014; 46(7):256–67. https://doi.org/10.1152/

physiolgenomics.00174.2013 PMID: 24520153

28. Inoue H, Sakai M, Kaida Y, Kaibara K. Blood lactoferrin release induced by running exercise in normal

volunteers: antibacterial activity. Clin Chim Acta. 2004; 341(1–2):165–72. https://doi.org/10.1016/j.

cccn.2003.12.001 PMID: 14967173

29. Morozov VI, Pryatkin SA, Kalinski MI, Rogozkin VA. Effect of exercise to exhaustion on myeloperoxi-

dase and lysozyme release from blood neutrophils. Eur J Appl Physiol. 2003; 89(3–4):257–62. https://

doi.org/10.1007/s00421-002-0755-5 PMID: 12736833

30. Fortes MB, Diment BC, Di Felice U, Walsh NP. Dehydration decreases saliva antimicrobial proteins

important for mucosal immunity. Appl Physiol Nutr Metab. 2012; 37(5):850–9. https://doi.org/10.1139/

h2012-054 PMID: 22686429

31. Killer SC, Svendsen IS, Gleeson M. The influence of hydration status during prolonged endurance exer-

cise on salivary antimicrobial proteins. Eur J Appl Physiol. 2015; 115(9):1887–95. https://doi.org/10.

1007/s00421-015-3173-1 PMID: 25893563

32. Terra R, da Silva SAG, Pinto VS, Dutra PML. Effect of exercise on the immune system: response, adap-

tation and cell signaling. Rev Bras Med do Esporte. 2012; 18(3):208–14.

33. Aqel SI, Hampton JM, Bruss M, Jones KT, Valiente GR, Wu L-C, et al. Daily moderate exercise is bene-

ficial and social stress is detrimental to disease pathology in murine lupus nephritis. Front Physiol.

2017; 8:236. https://doi.org/10.3389/fphys.2017.00236 PMID: 28491039

34. Lee MC, Rakwal R, Shibato J, Inoue K, Chang H, Soya H. DNA microarray-based analysis of voluntary

resistance wheel running reveals novel transcriptome leading robust hippocampal plasticity. Physiol

Rep. 2014; 2(11):e12206. https://doi.org/10.14814/phy2.12206 PMID: 25413326

35. Szalai Z, Szász A, Nagy I, Puskás LG, Kupai K, Király A, et al. Anti-inflammatory effect of recreational
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