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Abstract: Background/Objectives: Volleyball training camps are known to reduce salivary
secretory immunoglobulin A (s-SIgA); however, when it begins to decrease is unclear. The
validity of a simple device for quantifying s-SIgA is lacking; hence, this study aimed to
observe detailed s-SIgA changes during a volleyball training camp after moving to a high
altitude and to investigate the difference in s-SIgA response between the two quantification
methods, namely, the enzyme-linked immunosorbent assay (ELISA) and lateral flow device
(LFD). Methods: Twenty-four male university volleyball players participated in the obser-
vational study. Measurements were collected at three points of the training camp (days 1, 4,
and 7). The s-SIgA was quantified using conventional ELISA and the new LFD method. Re-
sults: The s-SIgA concentrations quantified using the two methods decreased significantly
by day 4 (p < 0.05) and continued to decrease until day 7 (p < 0.05). A significant positive
correlation was found between the s-SIgA concentrations quantified using the LFD and
ELISA (p <0.05, rs = 0.319). Conclusions: These results indicate that a high-altitude volley-
ball training camp may suppress oral immune function by day 4 and that the evaluation of
s-SIgA concentration using the LFD method is beneficial. A faster and easier method for
assessing s-SIgA could contribute to athletes” condition management strategies.
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1. Introduction

Athletes work hard to improve their performance. To perform well in games, it is
necessary to pay more attention to daily physical condition management. Infections can
result in poor performance and can be transferred to other players and staff on the team.
Thus, it is important to maintain the immune function in conditioning athletes. Individuals
who perform high-intensity exercise, such as athletes, are at an increased risk of developing
upper respiratory tract infections (URTIs) [1].

Salivary secretory immunoglobulin A (s-SIgA) is a type of immune antibody that
prevents the invasion of mucous membranes by specifically binding to pathogens that have
invaded the body [2]. The s-SIgA plays an important role in the body’s first-line defense [3].
Decreased s-SIgA is reported to be associated with the development of URTIs [4]. High
training loads in various sports are shown to cause a decrease in athletes’ s-SIgA [5-7].
Thus, it is effective to monitor s-SIgA over time to prevent URTIs.
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Sports and training at high-altitude are known to increase the incidence of infection [8].
Additionally, the occurrence of URTI symptoms has been reported between 8 and 14 days
after movement to high-altitude [9]. One possible mechanism is the involvement of glu-
tamine. It has been reported that the rate of glutamine synthesis decreases chronically
during high-altitude stays, and it has been pointed out that that may lead to bacterial
translocation and weakened immune status [10]. Thus, moving to high altitudes may
reduce immune function. A previous study of volleyball players investigating the effect of
high-altitude training camps on s-SIgA responses demonstrated that the s-SIgA secretion
rate and saliva flow rates decreased after the training camps [11]. The s-SIgA secretion rate
was corrected by multiplying the s-SIgA concentration by the saliva flow rate. Another
previous study reported that a high-altitude training camp reduced the saliva secretion rate,
which indicates the saliva flow rate [12]. Only measurements after the volleyball training
camp were conducted at the campsite’s high altitudes [11]. Therefore, it is unclear whether
the decrease in s-SIgA secretion rates of volleyball players after the training camp was due
to training or staying at a high altitude. Additionally, variations in s-SIgA during training
camp periods shorter than the 8-14 days when URTI symptoms have been reported in
previous studies are unclear.

There has also been an issue with the method of quantifying s-SIgA. s-SIgA quantifi-
cation by the enzyme-linked immunosorbent assay (ELISA), as reported in many studies,
takes about a day and a half to obtain results [13,14]; however, prompt feedback is required
in an athlete’s condition management. By using the lateral flow device (LFD)—a novel
method for quantifying s-SIgA concentration—it has become possible to obtain the analysis
results earlier (within 30 min after collecting saliva) [15,16]. However, the difference in
s-SIgA concentrations between the conventional ELISA method and the novel LFD method
has not been well understood.

Therefore, the present study aimed to set a baseline after moving to a high-altitude
training camp and aimed to observe the effect of continuing volleyball training on changes
in s-SIgA quantified using two methods (ELISA and LFD). This study hypothesized that
the s-SIgA, which was the baseline value after moving to the high altitude, would show a
decline during the training camp period. It was also hypothesized that the s-SIgA measured
by the two quantitative methods would have the same pattern of change trends.

2. Results

Table 1 summarizes the changes in the subjective scales, physical strength, and saliva
components from days 1 to 7. Based on the subjective scales, no significant changes were
observed throughout the training camp, except for physical stress, upper-body incompati-
bility, and appetite. Physical stress and upper-body incompatibility significantly decreased
on day 4 compared to day 1, indicating that athletes condition worsened. Appetite signifi-
cantly decreased on days 4 and 7 compared to day 1, indicating that appetite continued to
decline until late into the training camp. The vertical jump did not change significantly,
but the handgrip strength significantly decreased on days 4 and 7 compared to day 1.
Comparing the saliva components on day 1, the saliva flow rate increased significantly on
day 4, and the s-SIgA secretion rates decreased significantly on day 7.
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Table 1. Changes in measurements during the high-altitude volleyball training camp.
S

Age (years) 197 £ 1.3 - - -

Height (cm) 183.7 £9.2 - - -

Body weight (kg) 78.2+£10.9 - - -

Volleyball experience (years) 105 £27 - - -
Total condition (mm) 67.5+17.3 66.6 £21.3 68.2 +16.4 0.859
Fatigue (mm) 432 +16.7 345+£202* 40.2 £16.8 0.075
Psychological stress (mm) 57.8 £ 18.1 57.54+223 582 +£222 0.977
Physical stress (mm) 443+ 174 33.8+£199* 38.1 £ 135 0.015
Upper-body incompatibility (mm) 71.1+18.3 563 +29.1* 59.6 £25.5 0.021
Lower-body incompatibility (mm) 471 +19.7 3724238 428 +£17.8 0.155
Previous day’s performance (mm) 48.0 £ 16.5 53.6 = 20.8 45.8 £19.8 0.194
Appetite (mm) 59.9 £26.7 509 £29.3* 50.8 £28.7* 0.028
Handgrip strength (kg) 50.6 £ 8.0 484+ 6.6* 487 £69* 0.008
Vertical jump (cm) 64.1+7.1 61.5+79 62.4 + 8.6 0.160
Saliva flow rate (mL/min) 1.04 £ 0.51 1.22 +0.47 * 1.09 + 0.48 0.012
ELISA: s-SIgA concentration (ug/mL) 61.0 +40.3 46.6 £264* 429+ 17.2*% 0.003
ELISA: s-SIgA secretion rates (pg/min) 53.6 + 25.0 53.3 + 239 429+17.1* 0.028
LFD: s-SIgA concentration (pug/mL) 453.0 £ 174.0 29454+ 133.5* 3828 +144.7*% 0.000

Data are shown as the mean + standard deviation. The asterisk * indicates p < 0.05 vs. day 1 in Dunnett’s
post-hoc test. ELISA, enzyme-linked immunosorbent assay; LFD, lateral flow device; s-SIgA, salivary secretory
immunoglobulin A; min, minute.

Figure 1 shows the changes in s-SIgA concentrations quantified using the ELISA and
LFD. Both the ELISA and LFD s-SIgA concentrations were significantly lower on days 4
and 7 than on day 1.
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Figure 1. Changes in s-SIgA concentrations were quantified using ELISA and LFD. Values are
represented as mean =+ standard deviation. s-SIgA, salivary secretory immunoglobulin A; ELISA,
enzyme-linked immunosorbent assay; LFD, lateral flow device.

Figure 2 shows the results of the univariate correlation between the s-SIgA concentra-
tions determined by ELISA and s-SIgA concentrations determined by the LFD and saliva
flow rate. The s-SIgA determined using the ELISA was positively correlated with s-SIgA
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by the LFD (rs = 0.319, p < 0.01) (Figure 2A) but was negatively correlated with the saliva
flow rate (rs = —0.445, p < 0.01) (Figure 2B).
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Figure 2. Univariate correlations between s-SIgA concentration determined via ELISA and s-SIgA con-
centration determined using (A) LFD and (B) saliva flow rate. ELISA: enzyme-linked immunosorbent
assay; LFD: lateral flow device; s-SIgA: salivary secretory immunoglobulin A.

Figure 3 shows the results of the Bland—Altman plot. The average difference in s-SIgA
concentrations between the ELISA and LFD method was —327 pug/mL, and the limit of
agreement ranged from —630 to —23 pg/mL. The 95% confidence interval ranged from
—363 to —290 ug/mlL, with a fixed error (p < 0.01) and proportional error (p < 0.01) in
s-SIgA concentrations determined by the ELISA and LFD.
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Figure 3. Bland—Altman plot for s-SIgA using ELISA and LFD. ELISA: enzyme-linked immunosorbent
assay; LFD: lateral flow device; s-SIgA: salivary secretory immunoglobulin A.

3. Discussion

In this study, we observed and examined the changes in s-SIgA concentrations during
a training camp for volleyball players after moving to a high altitude by quantifying them
using the ELISA and LFD. The main findings of this study were as follows. First, s-SIgA
concentrations decreased during the volleyball training camp, even after moving to a high
altitude. Second, s-SIgA concentrations quantified by the ELISA and LFD showed similar
patterns of change. These results suggest that s-SIgA is affected by volleyball training
regardless of the altitude and that s-SIgA evaluation using the LFD method can be useful
in managing the physical condition of athletes.

A previous study has shown that s-SIgA decreased after an 11-day volleyball training
camp, suggesting that this change may be due to a decrease in the saliva flow rate [11].
This is because the altitude before and after the training camp differed by nearly 1000 m.
Previous studies have reported that high-altitude training decreases the saliva flow rate
and may activate brain natriuretic peptides [12,17]; hence, moving to a high altitude may
lead to a decrease in the saliva flow rate. Therefore, it has become difficult to understand
whether the decrease in s-SIgA secretion rate after the training camp in the previous study
was due to moving to a high-altitude location or the effect of volleyball training. The results
of the present study showed that s-SIgA concentration decreased even after moving to
a high altitude, indicating that volleyball training affected the s-SIgA response. Figure 1
shows that the s-SIgA concentration, quantified by either the ELISA or LFD, decreased
on day 4 and remained low until day 7. In volleyball training camps, it is necessary to
proactively rest from the beginning after moving to the training camp because oral immune
function declines by day 4.

One of the novelties of this study is that s-SIgA was evaluated longitudinally using
two methods. It was demonstrated that s-SIgA quantified by the ELISA and LFD dur-
ing the training camp showed a similar pattern of change (Figure 1). In addition, there
was a positive correlation observed between the s-SIgA concentrations quantified using
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each method (Figure 2). These findings support those of a previous study that found a
strong positive correlation between the s-SIgA concentrations in the two quantification
methods [18]. Thus, these results indicate that s-SIgA can be quantified with high accuracy
using the LFD method in situations where a higher physical load is applied, such as in
a training camp conducted by an athlete. However, there are important points to note
regarding the interpretation of s-SIgA levels quantified using the LFD method, in particular,
regarding the saliva flow rate (saliva volume). In many studies, the s-SIgA secretion rate
calculated from the product of the s-SIgA concentration and saliva flow rate has been
used to evaluate s-SIgA [12,19-21]. This is because even if the s-SIgA concentration shows
an apparently high value due to condensation, the absolute amount of s-SIgA may not
necessarily increase when corrected by the amount of saliva per unit of time. In this study,
a significant negative correlation was also observed between the s-SIgA concentration
measured by the ELISA and the saliva flow rate (Figure 2). Therefore, it is appropriate
to evaluate the s-SIgA secretion rate, especially when quantified by the ELISA. However,
in this study, the saliva flow rate could not be evaluated when using the LFD method;
hence, the relationship between the saliva flow rate and s-SIgA concentration using the
LFD method should be examined in future studies.

This study has several limitations. First, the mechanisms by which the pattern changes
in the subjective and objective scales differed during the training camp are unclear. Objec-
tive scale s-SIgA concentration and handgrip strength decreased on day 4 and remained
low on day 7. However, the subjective scale, fatigue, and physical stress using the VAS
worsened on day 4 but not on day 7. On day 7, the athlete’s mood towards the end of the
training camp may have positively affected the subjective scale. In other words, immune
function may be weakened without the athlete’s knowledge. Therefore, the relationship
between psychological status and subjective scales, including psychological investigations,
should be examined more carefully in the future. Second, the Bland—Altman test confirmed
that there was a fixed error and a proportional error. This indicates that s-SIgA quantified
by the ELISA tends to have a lower value and that the difference between the two methods
increases as the measured value increases. Hence, it should be considered that the s-SIgA
quantified by the LFD method may be overinterpreted.

In this study, s-SIgA levels decreased by day 4 after the start of the volleyball camp.
This indicates that oral immune function was suppressed from day 4 of intensive training.
The persistent suppression of immune function weakens athletes” performance. Volleyball
players, coaches, and support staff should be aware of a more positive recovery during
training camps in which higher-intensity exercises are continued compared to normal
training periods. To assess s-SIgA without standard values, it is important to observe
changes within an individual. It would be effective to monitor changes in s-SIgA for
each individual using the LFD method to evaluate the status of oral immune function in
athletes more easily. Appropriate evaluation using objective indicators will contribute to
the implementation of effective training.

4. Materials and Methods
4.1. Ethics Approval

This study was approved by the Institutional Review Board of our University (Issue
Number: 019-H080). The study was conducted in accordance with the principles outlined

in the Declaration of Helsinki, and all participants provided written informed consent
before participating.
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4.2. Experimental Approach

To investigate s-SIgA fluctuations during high-altitude (approximately 1000 m) vol-
leyball training camps, we monitored 24 male collegiate volleyball players during their
summer training camp. The target team is a top-level team from a Japanese university
that made it to the finals at the national competition of university teams. Observations
were made at three different points of the training camp (days 1, 4, and 7). Table 2 shows
the training schedule for the volleyball camp. Technical training included practicing basic
volleyball techniques such as receiving, serving, spiking, tossing, and blocking. Tactical
training includes practicing a series of offence patterns, from receiving and tossing to
spiking. Match training is a type of practice that simulates a match. s-SIgA concentrations,
physical strength, and subjective fatigue were assessed. To evaluate athletes” physical
condition, saliva samples were collected. Participant samples included biological markers
whose collection satisfied the following criteria: (1) no medical insurance was required,
(2) sampling procedure was non-invasive and did not cause pain, and (3) continuous
collection was possible. Two methods (ELISA and LFD) were used for saliva collection to
quantify s-SIgA concentrations.

Table 2. Training schedule during the high-altitude volleyball training camp.

Time Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
AM session Meastre Technical Technical Measure Technical Technical Measure
(9:00-12:00) Training Training Training Training
PM session Tactical Tactical Tactical OFF Match Match Match
(15:00-18:00) Training Training Training Training Training Training

4.3. Participants

Twenty-four male volleyball players participated in this study (mean age,
19.7 + 1.3 years; mean height, 183.7 £ 9.2 cm; mean weight, 78.2 &+ 10.9 kg; mean vol-
leyball experience, 10.5 & 2.7 years). None of the participants had any diseases or injuries,
and none were smokers. The target team in this study is elite-level university students who
are highly ranked in inter-collegiate championships in the target country. Since the study
period was during a long university vacation, training sessions per week ranged from 6
to 12.

4.4. Saliva Sampling and Analysis

Considering diurnal changes, saliva samples using the two methods (ELISA and LFD)
were collected at the same time (7:00 a.m.) at all measurement points. Saliva samples for
ELISA were collected with chewing based on a previous study [13]. Saliva samples for
LFD were collected without masticatory stimuli based on a previous study [22]. The Oral
Fluid Collector (OFC; IPRO Interactive, Oxfordshire, UK) was used for saliva collection for
LFD. The OFC has a volume indicator that changes color from white to dark blue when
it contains 0.5 mL of saliva. The s-SIgA concentration was analyzed using a real-time
LFD according to the manufacturer’s guidelines (IPRO Interactive, Oxfordshire, UK). The
analysis of s-SIgA concentration using the LFD method was performed within 1 h of saliva
collection. Considering the effect of masticatory stimulation, saliva for LFD was collected
first. The s-SIgA secretion rate was calculated as follows: s-SIgA secretion rate (pg/min) =
saliva flow rate (mL/min) * s-SIgA concentration (ug/mL) using ELISA.

4.5. Physical Strength

As an indicator of muscular strength, handgrip strength was measured using a Takei
dynamometer (T.K.K. 5401; Takei Kiki Kogyo, Niigata, Japan) and the vertical jump using
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a Takei jump meter (T.K.K. 5406; Takei Kiki Kogyo, Niigata, Japan). Vertical jump was
measured by attaching a measuring device to the waist and allowing arm swing. These
parameters were measured twice, and the one with better records was used as data.

4.6. Subjective Evaluation of Questionnaire

All athletes completed a questionnaire regarding their psychophysiological status and
performance. The questionnaire was administered on a subjective scale using a visual
analog scale (VAS). The contents of the questionnaire included total condition, fatigue,
psychological stress, physical stress, upper-body incompatibility, lower-body incompatibil-
ity, performance from the previous day, and appetite. Athletes wrote down where their
feelings fit on the 100 mm line between the best and the worst for each item. A high value
indicates good condition, and a low value indicates poor condition.

4.7. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics software (version
24.0; IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test was used to evaluate the
normality of distributions. Time-dependent changes in the measurements were assessed
using repeated-measures analysis of variance (ANOVA). Dunnett’s post hoc test was used
when a significant difference was obtained from ANOVA. The relationships among ELISA
s-SIgA concentration, saliva flow rate, and LFD s-SIgA concentration were assessed using
Spearman’s rank correlation coefficients (;), since there was a non-normally distributed
variable. The Bland—Altman test [23] was performed to confirm the validity of the ELISA
and LFD methods for quantifying s-SIgA concentration. Statistical significance was set at
p <0.05.

5. Conclusions

The high-altitude volleyball training camp significantly reduced s-SIgA by day 4 and
persisted until day 7. This result suggests that volleyball training rather than a higher
altitude location may affect the s-SIgA concentration. Additionally, s-SIgA levels quantified
using the ELISA and LFD showed similar patterns of change. This suggests that the LFD
method is an effective quantitative method. However, the following points must be noted
when using the LFD method: 1. Difficulty quantifying saliva flow rate; 2. The quantitative
value is high; 3. The measurement error increases as the quantitative value is high.
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