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Introduction

Abstract
Moderate physical activity possesses positive effects on
the immune system function. Numerous studies investigated such effects also in cancer patients. As most studies
were conducted on adults, much less is known in children
and adolescents. Moreover, most studies were conducted
under laboratory conditions in order to control the duration
and intensity of the activity. However, daily life also includes
outdoor activities.
The aim of the present study was to investigate immunological parameters in a pediatric cancer survivor (8 years)
suffering Acute Myeloid Leukemia (AML) who underwent
bone marrow transplantation. The values were compared to
those of a healthy control group (CG; N = 10). Blood samples were taken at the first (pre-test) and at the last day
(post-test) of a winter sports camp by using a portable flow
cytometry BD Accuri C6 device.
No significant changes were observed between the preand post-test in the CG. The patient showed an increase
in the total lymphocyte population, and in the CD3+ and
CD4+ cells, all of them being within the range of variation of
the CG. NK-cells increased slightly in the patient, however,
both values were below the range of variation of the CG.
B-Lymphocytes decreased from a value above the range
of variation of the CG to a level close to their median value.
Although the intensity of the skiing activities was difficult
to assess, the patient showed changes in immunological
parameters which might be interpreted as an improvement
of the immune system in the course of a one-week skiing
intervention.
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Numerous studies from the last decades demonstrated the influence of physical activity on the immune
system [1-3]. From an epidemiological perspective, the
risk of upper respiratory tract infection after physical activity - most intensely investigated in long distance runners - increases after highly intense activities whereas
low to moderate intensities were found to decrease the
risk [1]. This observation led to the “inverted J hypothesis” which describes the correlation between the intensity of an activity and the immune system response,
represented by the risk of infection [4]. As the risk of
upper respiratory tract infection might also be related
to temporary changes on the mucosa (e.g. drying, cooling, and increased contact to pathogens due to more
frequent and deeper breath) during running, investigations of cellular and humoral response to physical activity are a more direct approach to evaluate the effects
of sports on immune system function. The respective
results are largely in accordance with the epidemiologically obtained results and also suggest an intensity and
duration dependent immune reaction with an immunosuppression after highly intense activities [5] but with
immunological advantages after moderate activities [6].
The positive effects of moderate physical activity in
comparison to a sedentary lifestyle on immune parameters have also been studied in the context of cancer
diseases. The research questions concern for instance
the aspects prevention [7], rehabilitation [8], and cancer recurrence [9]. The results so far are promising and
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based on the seminal works by Schüle [10], physical activity in cancer rehabilitation has largely replaced the
former advice of resting and the avoidance of physical
“stress” as the most constructive behavior [11].
Most studies on physical activity and cancer were
conducted on adults. Only little is known about the effects in pediatric cancer patients. Findings obtained on
adults should not be transferred automatically to children and adolescents as it is known that the immune
response in (healthy) children partially differs from that
of adults [12], caused for instances by changes in the
thymus gland in the aging process [13]. Moreover, the
variable “physical activity” is difficult to control in children as they show rather often spontaneous physical
activities.
Studies on the immunological effects of physical
activity on cancer are usually conducted under laboratory environments. This approach is mandatory from a
methodological perspective as different variables can
be determined, controlled, and isolated accurately such
as duration and intensity of activities and other external
factors. However, aside the need for such fundamental
research conditions, the daily life of cancer patients and
cancer survivors does not take place in research laboratories and numerous other factors can affect the immune system function. The aim of the present study was
to document changes in immune system parameters in
a pediatric cancer survivor in a non-laboratory environment in comparison to corresponding values obtained
from a healthy control group. The study was conducted
as a pilot-study and a test of feasibility. The study was
embedded in a larger, ongoing project in which pediatric cancer patients participate in a one-week winter
sport camp together with their families.

Methods
The study was performed in 2015 on participants of
a one-week winter sport camp in Hemsedal (Norway)
in an altitude of between 600 m and 1400 m. The camp
was conducted annually from 2012 to 2018 as a larger joining rehabilitation project in cooperation of the
University of Hildesheim and the University Hospital of
Hannover (both Germany). The aim of the camp as an
ongoing project is to remove pediatric cancer survivors
together with their families from the exhausting clinical
routine and environment in order to support the rehabilitation process. The patients and their families were
skiing twice a day under the guidance of experienced instructors for about one and a half to two hours respectively [14]. The children were guided in groups of up
to five members. As the instructors were familiar with
the individual disease histories of their participants and
guided them for the whole week, the instructors were
able and free to adopt spontaneously the difficulties
and intensities of the exercises and activities in their respective group. The activities comprised skiing-specific
technical exercises including exercises of the “One-SkiKurpiers et al. Int J Sports Exerc Med 2019, 5:134
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Method” [15] and downhill runs.

The pediatric cancer survivor
The male patient was diagnosed at an age of five
years with acute myeloid leukemia (AML-M5) in May
2012. The treatment of the disease after stratification
was performed according to the protocol AML-BFM
2004 [16]. After recurrence of AML in February 2013,
the patient was stratified into high risk and underwent
a bone marrow transplantation in May 2013. In the
course of the allogenic transplantation, the patient’s
blood type changed from A+ to B-. Thereafter, the boy
was treated with immunosuppressant for 1.5 years.
He participated at the study at the age of eight years
and was out of therapy for 18 months at this time. The
patient suffered from severe side effects of the therapy,
including impairments of the sense of vision, loss of
hearing, enormous increase of body weight (BMI 21.2
with 14-18.9 as normal reference values for his age)
and numerous infects. Prior to the winter camp, he
was mostly sedentary and due to his generally limited
physical condition he arrived at the camp in a wheel
chair. The physical condition of the boy improved
remarkably and after one week of winter sport activity
he was able to ski down about 1000 m altitude without
any assistance.

The control group
The Control Group (CG) consisted of ten healthy
members (4 males, 6 females; average age 10.3 ± 2.0
years) of the winter camp, most of them being siblings
of the patients. They participated at the same activity
program as the patients, also grouped according to their
skiing abilities and physical condition.

Investigation
Blood samples were taken from the V. brachialis and
analyzed at the first (pre-test) and after the sixth and
last day (post-test) of the intervention in a field laboratory. The blood was taken in the afternoon between
three and four hours after the last skiing session. Criterion for exclusion from the study was an infection at
the time of the measurement (retrieved by questionnaire). The measurement device was a portable flow
cytometry BD Accuri C6 which allows for determination
of the immune status by measuring the relative concentration of lymphocyte subpopulations. This device has
been evaluated as very accurate [10]. For the present
study, the total amount of lymphocytes, T-cells (CD3+,
CD3+CD4+, CD3+CD8+), B-cells (CD19+) and NK-cells
(CD16+/CD56+) were determined (BD, Heidelberg, Multitest IMK Kit 50 Tests with BD Trucount Tubes Catalog
No. 340504). All data were anonymized after processing. The participants and their parents were informed
about the aims of the study and were free to quit their
participation at any time without justification. The ethics committee of the Hannover Medical School gave approval. The parents of the participants signed informed
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Table 1: The results of the measurements show the mean values and the standard deviation (SD), the 95% confidential interval
(CI) of the control group (CG), and the individual values of the patient. P-values were obtained from paired T-test. Values of the
patient which fall outside the 95% CI of the CG are marked with an asterisk (*). Values of the patient falling out of the entire range
of variation of the CG in pre- and post-test are marked with a double-dagger (‡). For the CG, N = 10, except for CD4+ and CD8+
in the pre-test with N = 8 each. The reference values for the shown CDs are 55-83% (CD 3), 28-57% (CD 4), 10-39% (CD 8),
7-31% (CD 16/56).
Lymphocytes
pre

post

CD3+
p-value

Mean ± SDCG 30.8 ± 9.1 29.7 ± 6.5 0.73

CD4+

pre

post

p-value

pre

post

p-value

0.32

44.6 ± 10.7 47.5 ± 6.3

68.0 ± 14.9

73.4 ± 6.1

24.3-37.3

25.0-34.4

57.3-78.7

69.1-77.7

35.7-53.5

43.0-52.0

Total rangeCG 20.1-52.3

17.1-40.1

29.3-81.3

60.8-80.6

31.5-62.5

36.4-59.9

Patient

27.2

62.4

79.0

37.9

53.4*

95% CICG

18.8

*

CD8+

CD16+/CD56+

pre

post

p-value

Mean ± SDCG 25.9 ± 6.4 23.9 ± 4.1 0.23
95% CICG

*

20.6-31.2

21.0-26.9

CD19+

pre

post

p-value

pre

post

p-value

11.1 ± 6.1

7.4 ± 2.0

0.10

11.7 ± 6.2

12.7 ± 3.7

0.64

6.8-15.4

6.0-8.9

7.3-16.1

10.0-15.3

Total rangeCG 18.1-35.3

19.6-30.1

4.3-19.9

4.4-11.6

1.2-20.5

7.6-19.5

Patient

23.8

2.9*‡

3.9*‡

23.7*‡

12.9
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Figure 1: Immune cell response of the patient in comparison to the control group before (PRE) and after (POST) the intervention.
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consent prior to the first test.
The results of the pre-test and the post-test of the
CG were analyzed by paired T-tests. P-values less 0.05
were considered significant. As the statistical analysis
of a single value is problematic, the patient’s values
were compared to the range of variation (total range of
variation and 95% confidential interval) of the CG. The
analyses were conducted using the software package
IBM SPSS Statistics v23.

Results
In all six parameters, no significant differences were
observed between the pre-test and the post-test in the
CG (Table 1).
For the total lymphocyte population, the patient
showed a value below the range of variation of the CG in
the respective pre-test (Figure 1a). However, the range
of variation of the CG was slightly larger in the post-test,
i.e. the total range of variation (in pre- and post-test together) of the CP covered the low pre-test value of the
patient. In the post-test, the value of the patient was
markedly higher compared to the pre-test and close
to the median value of the CG. For the CD3+ and CD4+
cells, the values of the patient were markedly higher in
the post-test than in the pre-test (Figure 1b and Figure
1c), in the post-test even higher than the 95% confidential interval (CI) of the CG, but still in the total range of
variation. For the CD8+ cells, the values of the patient
did not differ markedly between the two measurements
and the values were close to the median value of the
CG (Figure 1d). The most pronounced differences were
measured for the NK-cells (CD16+/CD56+ cells). Here,
although the values were slightly higher in the post-test
than in the pre-test in the patient, both values were below the range of variation of the CG (Figure 1e). A value
markedly higher than the range of variation in the CG
was found in the pre-test of the patient for the B-cells
(CD19+ cells). In the post-test, however, its value was
much lower than in the pre-test and close to the median
value of the CG (Figure 1f).

Discussion
According to the “inverted J hypothesis” and in accordance with numerous epidemiological studies, sport
can affect the immune system function in both ways,
negative and positive [17-20]. There is considerable
agreement that moderate activities possess positive effects on the immune system compared to an inactive,
sedentary lifestyle [21]. The positive effects found the
basis for sports therapy as an accompanying component in cancer follow-up care [22-24]. Under laboratory
or otherwise controlled conditions, e.g. in a sports hall,
the intensity and the duration of an activity can rather
easily be controlled. In outdoor activities, such control is
much more difficult. However, outdoor activities might
be much more attractive to many patients and correlate
much more with many activities of daily life.
Kurpiers et al. Int J Sports Exerc Med 2019, 5:134
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Regarding the physical condition and abilities, the patient in the present study showed impressive improvements in the course of one week of skiing intervention.
The interpretation of the immunological parameters is
more difficult. Of course, on the basis of N = 1, no general assumptions can be made. However, in contrast to
the healthy CG, the parameters measured in the patient
of the present study showed some pronounced differences between the pre-test and the post-test. In accordance with other studies [25], the NK-cell number was
markedly decreased in the patient following the immunosuppressive treatment. This parameter showed only
minor changes whereas the total lymphocyte population increased close to the median value of the CG which
might be interpreted as an improvement of the immunological status [26]. Marked changes were also seen in
the B-cell population which decreased from a high level
above the upper range of variation of the CG to a value
close to its median value.
As several studies suggest that the reaction of immunological parameters is highly dependent on intensity
and duration of the activity with effects up to 24 hours
after exercise in healthy and trained subjects [5], further
studies are needed to evaluate the acute and the long
term effects of such interventions in pediatric cancer
survivors.
Changes of the immunological parameters are assumed to be caused by stress hormone levels [21]. Accordingly, it is difficult to assess whether the changes
are caused by the physical activity alone. The skiing
sessions were perceived as moderate according to the
patient’s comments, suggesting that the positive effects
might be caused by the physical activity. As this subjective appraisal cannot be supported by objective measurements, the observed effect might be the result of
an interaction of the physical activity and other factors
such as the “adventure” of skiing aside the clinical environment and the experience of physical capacity after
a long time of poor physical constitution and being dependent on a wheel chair. The present study therefore
underlines the meaning of sports therapy in non-laboratory environments in which the effects of duration
and intensity of an intervention might be less important
since they are embedded in other effects, including psychoneuroimmunological ones [27,28].
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