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I

Background: Strenuous exercise is associated with tissue damage. This activates the innate immune system
and local inflammation. Interaction between innate and adaptive immunity is essential for maintaining
health, suggesting that the adaptive immune system may also be altered by exercise.
Objectives: To determine exercise induced changes in the adaptive immune system by measuring the
immunoglobulin isotype and subclass response to an ultra-marathon.
Methods: Venepuncture was performed on 11 experienced volunteers (six men, five women; mean (SD)
age 43 (9.8) years) 24 hours before the projected finishing time and immediately after and 3, 24, and
72 hours after an ultra-marathon (90 km). Serum was stored at 280˚C. IgM, IgD, IgA, IgG, IgG1, 2, 3,
and 4, and total IgE were measured.
Results: The following immunoglobulins were significantly (p(0.05) altered after the race: IgD,
immediately (251%) and 24 hours (241%) after; IgM 24 hours after (223%); total IgG immediately after
(+12%). There were no reports of symptoms of upper respiratory tract infections after the ultra-marathon.
Conclusions: In experienced ultra-endurance runners, alterations in immunoglobulin concentrations after a
race suggest an enhanced immune response, including isotype switching, interactions with the innate
immune system, and a secondary antibody response. These alterations may have a role in the
maintenance of subject health after an ultra-marathon.

n the last two decades, it has been suggested that acute,
intense bouts of long duration exercise (more than two
hours), such as marathon or ultra-marathon, increases the
risk of upper respiratory tract infection (URTI).1 2 This
increased risk of infection (viral or bacterial) suggests a
suppressed or altered immunity.3 4 To elucidate what exercise
induced changes occur, researchers have examined different
aspects of immune function, such as macrophage activation,5
natural killer cell number and activation,6 lymphocyte
proliferation,7 and cytokine production.8 Recently, it has
been suggested that intense long duration exercise may
initiate the upregulation of a Th2 lymphocyte response
which, by definition, would suppress cell mediated immunity
and thus put certain people at risk of developing URTI.3
Much of the research focus has emphasised the significantly increased risk of URTI after strenuous exercise.1 2
However, it should be noted that most people involved in
such competition do not develop URTI. Unquestionably,
many aspects of the immune/inflammatory system contribute to health maintenance, especially when the body is
placed under physical stress such as during an ultramarathon.
Circulating antibodies/immunoglobulins are generally
associated with the humoral arm of adaptive immunity.9
During a primary antibody response, T cells and antigen
activate naive B cells, which then differentiate into short
lived plasma cells, long lived plasma cells (three to four
months in mice), or memory B cells.10 The short lived plasma
cells are produced first and provide a rapid antigen specific
defence and initiation of the primary antibody response. This
involves an early rise in antibodies of the antigen specific IgM
class (isotype), followed by affinity maturation, isotype
switching, and a rise in antigen specific IgG, IgA, and/or
IgE antibodies.11 This response requires up to 10 days to
become fully activated.12 However, during subsequent reexposure to antigen, a rapid secondary antibody response is
initiated by the long lived plasma cells.10 These provide an

immediate high affinity antibody response to antigen in the
circulation without the need for activation of memory B cells,
which is a slower process.
The exercise related studies that have examined changes in
immunoglobulin responses are not in agreement. Some
studies have shown no change,13 some have shown
increases,14–16 and others have shown depressed immunoglobulin response or failed to measure all the immunoglobulin
isotypes and subclasses.16–18 Therefore the aim of this study
was to determine alterations in serum concentrations of
immunoglobulin isotypes and subclasses after an ultramarathon.

METHODS
Subjects
Initially 25 experienced runners from local running clubs,
who had entered the 90 km Comrades Ultra-Marathon,
South Africa in 2002, volunteered to participate in this study.
These runners did not smoke or have asthma, allergic
rhinitis, or respiratory disease. There was a 56% drop out
rate from the study because of failure to complete the race
(10) or failure to comply with the study protocol (4).
Therefore the study presents the immunoglobulin response
of 11 runners (six men, five women). The protocol was
approved by the institution’s ethics committee, and written
informed consent was obtained from each subject.
Study design
The subjects reported to the exercise testing laboratory two
weeks before the race where they completed questionnaires
on their health history, training schedule (distance run in the
preceding six months), and ultra-marathon experience. After
completion of the questionnaires, body composition and
cardiorespiratory fitness were determined.
Abbreviations: URTI, upper respiratory tract infection; V̇O2MAX,
maximal oxygen uptake
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Measurement of maximal oxygen uptake (V̇ O 2 MAX )
and heart rate
Subjects were instructed to abstain from high intensity or
long duration training sessions on the day before being
tested. They were also instructed to eat a light meal three
hours before the V̇O2MAX testing. The test was performed on a
Quinton 90 treadmill (Quinton Instrument Co, Seattle,
Washington, USA). Continuous respiratory measurements
were recorded with the MedGraphics CardiO2 combined V̇O2/
ECG exercise system (Medical Graphics Corporation,
Chicago, Illinois, USA). Heart rate response was monitored
using a Polar Heart Rate Monitor (Kempele, Finland). The
test began at 8 km/h on a 3% incline, for five minutes.
Thereafter, speed and gradient were increased at 1 km/h and
1% respectively every minute. From 12 km/h, only the
gradient was increased by 1% per minute until exhaustion.20
Standard criteria were used to ensure attainment of V̇O2MAX.21
URTI
Twenty four hours before the projected finishing time, the
runners completed a questionnaire on their state of health
during the two weeks leading up to the race. For two weeks
after completion of the race, the subjects completed a
validated, daily questionnaire on the severity and duration
of URTI. The questionnaire included a scale, which assessed
the severity and duration of self reported URTI such as a
running nose, sneezing, sore throat, and cough.22
Blood sampling
Venous blood samples (15 ml) were collected 24 hours before
the projected finishing time, and then within 10 minutes of
finishing the ultra-marathon and 3, 24, and 72 hours later. A
5 ml sample of blood was collected in a glass Vacutainer tube
containing the anticoagulant tripotassium ethylenediaminetetra-acetic acid (K3-EDTA) and used to determine full blood
counts. A 10 ml sample was collected in a serum separator
tube, which was kept at room temperature for 30 minutes.
This tube was then centrifuged for 10 minutes, and the
serum divided into 0.5 ml aliquots and stored at 280˚C until
analysis.
Haematological adjustments
Full blood counts were performed on K3-EDTA treated
specimens using standard haematological procedures on an
automated STKS model (Coulter Electronics Inc, Hialeah,
Florida, USA). Changes in plasma volume were determined
and corrected for from haemoglobin concentrations and
packed cell volumes recorded before and after the race using
the method of Dill and Costill.23
Table 1

Subject characteristics

Variable

Mean (SD)

Age (years)
Height (cm)
Weight (kg)
Body fat (%)
V̇O2MAX (ml/kg/min)
Heart rate maximum (beats/min)
Weekly training distance (km/week)
Race time (hours)

43 (10)
170 (10)
64 (13)
14 (3)
57.5 (6)
172 (15)
58 (17)
9.45 (1.1)

www.bjsportmed.com

Determination of total immunoglobulins and IgG
subclasses
The total amount of IgM, IgD, IgA, IgG, and IgG subclasses
was quantified by incubation with appropriate antisera
(anti-human IgM, IgD, IgA, IgG and IgG1, IgG2, IgG3 and
IgG4; Behring, Frankfurt, Germany). The amount of
complex (immunoglobulin–anti-immunoglobulin) formed
was measured by light scatter, using laser nephelometry
(Behring), and the amount of antibody present quantified by
comparison with standards of known concentration.
Total serum IgE was determined with the Alastat
Microplate Total IgE kit (Diagnostic Products, Los Angeles,
California, USA) according to the manufacturer’s instructions
and by comparisons with a known range of standard IgE
concentrations.
Statistical analysis
Data were analysed using commercial software (SAS
Institute, Cary, North Carolina, USA) using a repeated
measures analysis of variance, and comparing variables with
baseline values. Results are expressed as mean (SE). The level
of significance was set at p(0.05.

RESULTS
Subject characteristics
Table 1 gives basic information on the subjects. They were all
experienced ultra-marathon runners having completed an
average of four ultra-marathons. The mean distance covered
in training in preparation for the ultra-marathon was
1377.3 km (January to June). The mean (SE) time taken to
complete the race (9.45 (1.1) hours) indicates that the
athletes were not elite. The cut off time for the race is
11 hours, with the top 10 runners usually completing the
90 km in less than six hours. There were no reports of
symptoms of URTI in the two weeks before or after the ultramarathon.
Serological variables
All serum immunoglobulin concentrations before and after
the race were within clinically normal reference ranges.
Statistical analyses of the different immunoglobulins are
discussed individually.
IgD
Contrast testing revealed that IgD concentration had significantly decreased immediately after (251%, p = 0.04) and
24 hours after (241%, p = 0.04) the race but not three hours
after (p = 0.15). By 72 hours, IgD concentrations had
returned to baseline (fig 1).
IgM
Contrast testing suggested a decrease immediately (p =
0.76) and three hours (p = 0.36) after the race, although this
was not significant. However, by 24 hours, IgM was
significantly decreased (223%, p = 0.04) compared with
concentrations before the race. IgM remained lower at
72 hours (222%), although this value was not significant
(p = 0.09) (fig 1).
IgG (total)
A significant time effect was found for IgG (p = 0.02).
Contrast testing revealed that IgG was significantly raised
immediately after the race (+12%, p = 0.05); at three hours
there was still a 5% increase, but this was not significant
(p = 0.07). At 24 and 72 hours, concentrations had returned
to baseline (table 2).
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Measurement of body composition
Height and weight were recorded using a calibrated medical
height gauge and balance scale (Detecto, Webb City,
Missouri, USA). A Harpenden skinfold calliper was used for
skinfold measurements (seven sites) to assess body composition using the Drinkwater-Ross method.19
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and 72 hours (+12%, p = 0.5). It should be noted that there
was a large amount of individual variability, with the
standard error being almost equal to or greater than the
mean (table 2).
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IgA
Immediately after the race, there was a 10% increase in IgA,
but this was not significant (p = 0.65). This was followed by
a 6% decrease at three hours, a 10% decrease at 24 hours, and
a 6% decrease at 72 hours. These values were not significant
(p = 0.6) (table 2).

DISCUSSION
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Figure 1 Immunoglobulin D (IgD) and immunoglobulin M (IgM)
concentration immediately after the ultra-marathon and up to three days
later. Values are mean (SE). p(0.05, significantly different from the
before time point.

IgG isotypes (IgG1, 2, 3, 4)

IgG1
Contrast testing revealed that IgG1 was increased immediately (+12%) and three hours (+4.5%) after the race, although
these values were not significant (p = 0.09). At 24 and
72 hours, concentrations had returned to baseline (fig 2).

IgG2
Contrast testing showed a 15% increase in IgG2 immediately
after the race, but this was not significant (p = 0.09). By 24
and 72 hours, IgG2 concentrations had returned to baseline
(fig 2).

IgG3
Contrast testing suggested a 3% increase immediately after
the race, but this was not significant (p = 0.63). There
appeared to be a decrease at 24 and 72 hours but this was
also not significant (fig 2).

IgG4
Contrast testing revealed that immediately after the race,
there was a 16% increase in IgG4 but this was not significant
(p = 0.07). By three hours the concentration had returned to
baseline (fig 2).
IgE
Immediately after the race, there was a 12% increase in IgE
concentration but this was not significant (p = 0.52). IgE
remained at this concentration at 24 hours (+12%, p = 0.24)
Table 2

The focus of many previous studies has been to identify
changes in serum or salivary immunoglobulin concentrations
after an acute bout of strenuous exercise, in an attempt to
determine alterations that may be associated with increased
risk of URTI.14 24 However, in this study, as none of the
participants experienced a URTI in the two weeks after the
ultra-marathon, the discussion will attempt to elucidate
changes in immunoglobulin concentration that possibly
assist in the maintenance of health,25 after an acute bout of
stressful exercise.
An interesting finding in this study was the significant 12%
increase in total serum IgG immediately after the race. This
increase was accompanied by a decrease in IgM and IgD,
with both immunoglobulins being significantly reduced at
24 hours. Generally in exercise immunology, an increase in
immunoglobulin concentration has usually been interpreted
to represent enhanced immunity, and a decrease is usually
interpreted as immunosuppression.24 We suggest that this is
overly simplistic and that alterations in different immunoglobulins may reflect isotype switching and interaction with
the innate immune system.
With regard to changes in IgG, it appears that research is
conflicting,14 24 with few studies measuring this isotype after
ultra-endurance exercise. Alterations induced by shorter
acute bouts of exercise and training have been reported.
Poortmans26 found a significant 12% increase in serum IgG
immediately after a progressive cycle ergometer test to
fatigue (mean duration 21 minutes). However, Nieman and
Nehlsen-Cannarella14 found that IgG decreased during
recovery after a three hour run at marathon pace, reaching
its lowest point at 1.5 hours (27.6%) and rising to baseline
concentration 21 hours after exercise. Similarly to the present
findings, Poortmans and Haralambie27 reported a significant
7% increase in IgG immediately after a 100 km race.
However, Israel et al28 reported that 25 hours after a 75 km
run at high intensity, IgG was decreased by 22%. Training
induced decreases in IgG have been reported. Mashiko et al18
found a significant decrease in IgG (28%) after a 20 day
rugby training camp, training two hours a day, six days a
week. Recently, Petibois et al16 monitored immunoglobulin
alterations over 12 months of rowing training, and, like the
present study, found that IgG1, IgG2 and IgG4 increased as
the result of exercise. However, they found that IgG3
decreased up to the 18th week of training and remained
low from that point.

Serum immunoglobulin concentrations before and after an ultra-marathon race

Immunoglobulin

24 h before

Immediately
after

3 h after

24 h after

72 h after

IgA (g/l)
IgE (KU/l)
Total IgG (g/l)

2.182 (0.27)
31.175 (8.73)
10.351 (0.89)

2.390 (0.44)
34.870 (11.36)
11.817 (1.01)*

2.042 (0.26)
32.437 (9.59)
10.892 (0.85)

2.001 (0.31)
34.930 (10.24)
10.413 (0.88)

2.049 (0.28)
34.779 (10.12)
10.579 (0.69)

Values are mean (SE).
*p(0.05 compared with the concentration before.
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Figure 2 Immunoglobulin G (IgG) subclass concentrations immediately after the ultra-marathon and up to three days later. Values are mean (SE).
p(0.05, significantly different from the before time point.

One explanation that has been proposed for the increases
in certain antibodies after exercise is that non-systemic
immunoglobulins are flushed out of secondary lymph
‘‘storage’’ sites and/or enter the circulation because of
increased lymphatic flow.14 This may have been the reason
why IgG returned to baseline concentrations by three hours
after exercise, as they then returned to their ‘‘storage sites’’.
At present there is no evidence to support such an
assumption.14 Furthermore, if this had been the case, this
would most likely have resulted in significant increases in all
systemic antibodies; this did not occur, with certain
antibodies showing significant decreases.
We would like to propose that the increase in IgG
concentration after the ultra-marathon suggests antibody
class switching, similar to that which may occur during a
secondary antibody response. This is a process that has only
recently been described and involves a switch in immunoglobulin isotype from IgM to IgG.29 This implies that there
will be a decrease in measured IgM as it undergoes genetic
rearrangement and is transformed into IgG.29 Isotype switching is coordinated by T helper 2 cytokines4 10—for example,
interleukins 4, 10, and 6—as well as the hypothalamicpituitary-adrenal axis and sympathetic nervous system.30
Cortisol (hypothalamic-pituitary-adrenal axis) and noradrenaline (norepinephrine) (sympathetic nervous system) have
been shown to promote B cell immunoglobulin isotype
switching from IgM to IgG.30 Although the effect of exercise
on interleukin 4 has been difficult to detect, interleukin 10,
interleukin 6, cortisol, and noradrenaline have been regularly
reported to be increased by strenuous endurance exercise.24
In this study, IgM was significantly reduced 24 hours
(23%) after the ultra-marathon. Few studies have reported
concentrations of IgM after ultra-endurance exercise.
Nieman et al13 14 reported that IgM was increased by 7.2%
one hour into a three hour run at marathon pace, returning
to baseline concentrations during the recovery period at
21 hours. Petibois et al16 reported a training induced increase
in IgM concentration in elite rowers over 12 months.
Mashiko et al18 found that IgM decreased by 15% after a 20
day rugby training camp, training two hours a day, six days a
week. It is possible that the immunoglobulin response
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depends on the duration of the event. As in our study,
Israel et al28 found that IgM was decreased by 10% up to
25 hours after a 75 km run at high intensity. We would like
to suggest two possible explanations for the IgM concentrations detected in our study. Firstly, isotype switching may
have occurred as part of a rapid secondary antibody response.
Secondly, the decrease may reflect IgM interaction with the
innate immune system, specifically complement, in response
to exercise induced tissue damage.14 Immune complexes
formed between IgM and complement would have been
rapidly cleared from the circulation,11 reflecting reduced
concentrations of IgM in the peripheral blood.
Few reports have investigated the effect of exercise on
serum IgD. IgD was significantly decreased immediately after
the ultra-marathon and up to 24 hours during recovery,
rising to baseline concentration by 72 hours. This was not in
agreement with Petibois et al16 who reported that IgD was
significantly increased by rowing training over 12 months.
The exact function of IgD is still not completely clear.12 31
During resting conditions, all naive B cells express IgD on
their cell surface. During the early stages of an immunoglobulin response, little IgD antibody is found in the plasma, as
the naive B cells undergo maturation, and isotype switching
to IgM or IgG.12 Therefore IgD represents a marker of naive B
cells, and its decrease suggests the initiation of an immunoglobulin isotype switch caused by the ultra-marathon.
There is also minimal information available on the effect of
exercise on serum IgE, with two studies reporting no
significant changes.32 33 However, these results are not
directly comparable to the present study as the exercise
bouts were of a much shorter duration, a 21 km and 12.8 km
run respectively. IgE is generally associated with allergic
diseases such as asthma and rhinitis, and a role for IgE in the
protection against parasites has been proposed.10 During
isotype switching, IgM may switch to IgE and this typically
occurs in atopic people.10 Although the raised concentrations
of IgE in the present study (12%) immediately after the race
and 24 and 72 hours later were not significant, it is
interesting that there was a large variability in the response,
as seen in the large standard error. It is now well recognised
that there is a strong genetic component associated with
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What this study adds

Strenuous exercise is associated with tissue damage, which
activates the innate immune system and local inflammation.
Interaction between innate and adaptive immunity is essential
for maintaining health, suggesting that the adaptive immune
system may also be altered by exercise.

Alterations in immunoglobulin concentrations after an ultraendurance race suggest an enhanced immune response,
which may contribute to the maintenance of health after such
races.

IgE,34 and this could account in part for the variation
observed in our study, although the concentrations were
well within the normal laboratory range.
In this study, circulating IgA showed a slight nonsignificant increase immediately after the race, and then
returned to baseline concentrations. For the most part, IgA is
associated with mucosal secretions in the upper respiratory
tract (IgA1) and the gastrointestinal tract (IgA2).35 Therefore
changes in circulating concentrations were not expected, nor
were any dramatic changes noted.
From the immunoglobulin measurements obtained in this
study, it is not possible to clearly distinguish the possible
source of the IgG antibodies. They may have been the result
of an isotype switch of naive B lymphocytes with subsequent
immunoglobulins produced by (a) short lived plasma B cells
in a primary response, and/or (b) long lived plasma B cells,
and/or (c) antigen specific memory B cells, during a
secondary or tertiary response.9 10
In general, primary pathogen infection is followed
7–10 days later by a primary immunoglobulin response,
comprising predominantly IgM, with a slight increase in
IgG.9 36 Subsequent reinfection with the same pathogen
results in a secondary antibody response, with a rapid rise
in immunoglobulin concentrations, seen two to five days
later, and to a higher peak.9 This time the predominant
immunoglobulin produced is IgG, with some increase in IgE
and IgA, and with the IgM response diminishing or
disappearing.36 The rapid rise in specific high affinity
immunoglobulin is due to their secretion by long lived
plasma cells (produced through prior antigen exposure)
which can react immediately upon re-exposure to antigen.10
Therefore, other than isotype switching, it is possible that
long lived plasma cells were responsible for the rapid increase
in IgG concentration in this study. Whitham and Blannin37
suggested that exercise may enhance and maintain IgG
concentrations by increasing the chance of exposure to
airborne pathogens because of increased lung ventilation
during bouts of exercise. The athletes in this study were all
experienced athletes and had participated in the race on an
average of four previous occasions. Therefore they had all
been exposed to the race environment previously, including
the same contaminated air, communal areas such as
changing rooms, and race starting line ups. Theoretically,
they had all had exposure to similar antigens, which may
have resulted in the production and maintenance of long
lived plasma B cells specific for antigens encountered during
the race. With regard to IgG, the most significant changes
were seen immediately after the race and 24 hours later. This
rapid response would be more closely associated with a long
lived plasma B cell response to antigens encountered during
the race, and is therefore reflective of a secondary antibody
response.36
The limitations of this study are the small number of
subjects and the lack of a control group. It has also been
suggested that measurement of total immunoglobulin may
not be the best means of examining the effects of exercise on
immune function and that primary antigen specific, in vivo,
immune responses should be used.38 Despite these limitations, the study suggests that the serum immunoglobulin

response observed after an ultra-marathon in seasoned
runners represents an enhanced antibody response. Isotype
switching or a secondary antibody response may regulate this
response. The rapid upregulation of such a response probably
afforded protection against pathogens and could help
account for the maintenance of the wellbeing of the runners.
.....................
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