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BACKGROUND: Infectious mononucleosis (IM) is an acute serious illness which requires among other things an
interruption of training. The return to play for athletes after IM is complicated and a long-term process which could
result in the relapse of health complications linked fundamentally with the illness.

OBJECTIVE: The aim of this study was to design a convalescence program which leads to an improvement in
physical fitness and provides a safe return to play without relapse of health complications for an elite athlete who
suffered from IM.

METHODS: The convalescence program lasted almost 3 months. Training load was optimized based on autonomic
nervous system (ANS) activity which was assessed by spectral analysis (SA) of heart rate variability (HRV). There
were evaluated an individual spectral variables - very low frequency power (Py, ) (0.02-0.05 Hz); low frequency power
(P.r) (0.05-0.15 Hz), high frequency power (P,;) (0.15-0.50 Hz), total power (P;) (0.02-0.50 Hz), ratio Py, ¢/Pyr
and P, /P, heart rate (HR), and age-dependent complex index of SA HRV - index of vagal activity, sympathovagal
balance, and total score. Further, perceived exertion during exercise and morning fatigue was assessed. Repeated
biochemical analysis was focused on the selected transaminase level.

RESULTS: Among recovery periods, an increase in mean of P, was accompanied by elevation of Py, /Py and
P, /Py No significant differences in mean values of any complex index of SA HRV among periods were found. A de-
cline in HR was identified during measurements in lying, but mostly in supine. A significant elevation of perceived
exertion during exercise occurred between periods. The morning fatigue culminated during the last period. No rela-
tionship between subjective feeling of fatigue and complex index of SA HRV was found.

CONCLUSIONS: A convalescence strategy based on assessment of ANS activity brought an improvement in
physical fitness, in spite of borderline or mild elevated transaminase level. We suggest that a combination of both non-
invasive SA HRV and periodic assessment of biochemical indicators of liver state seems to be a promising strategy for
determination of safe application of training load during convalescence after IM.
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INTRODUCTION & Wheeler, 1986), but also after 8 weeks (Moolenar,
Peters, & Bolk, 1988). The consensus from more cur-

Infectious mononucleosis (IM) is a disease caused rent literature is that light noncontact activities may

the Epstein-Barr virus which afflicts many athletes each
year (Putukian et al., 2008). A conservative way of treat-
ment IM is commonly accompanied by the advice of
the restriction of contact sport (Papesch & Watkins,
2001) and/or intestive physical activity and e.g. the diet
(Candy, Chalder, Cleare, Wessely, & Hotopf, 2005).
However, athletes often rush the return to training
and competition participation, and thus risk a relapse
of health complications linked with fundamental dis-
ease. In literature, there is still a lack of information or
ambiguous recommendations how to manage convales-
cence after IM in term of the suitable start or optimal
intensity of exercise. Some authors recommended begin-
ning with low physical activity after two week (Welch

commence 3 weeks from symptom onset, but the return-
ing to contact activities is more complicated (Putukian
et al., 2008). Moreover, from review of Waninger and
Harcke (2005) results that no strong evidence-based in-
formation supports use of a single parameter to predict
the safe return to sport participation.

Spectral analysis of heart rate variability (SA HRV)
is a non-invasive method which enables quantification of
autonomic nervous system (ANS) activity which is ac-
cepted as sensitive marker of homeostatic disturbances
(Aubert, Seps, & Beckert, 2003). It well documented
that IM is associated with the prolonged fatigue (Katz,
Shiraishi, Mears, Binns, & Tailor, 2009; Rea, Russo,
Katon, Ashley, & Buchwald, 2001) that causes an im-



pairment in ANS activity in terms of the reduction in
vagal activity and the shift of sympathovagal balance
towards sympathetic predominance (Wyller, Barbieri,
Thaulow, & Saul, 2008). Impairment in autonomic re-
gulation may induce a decrease in adaptation capacity
of athlete that delays a convalescence process. On the
other hand, higher ANS activity is linked with better
homeostasis regulation which could positively affect
physical performance (Pichot et al., 2002).

The main purpose of this study was to design a con-
valescence program for elite athlete after IM which was
based on the maintaining ANS activity in balance via
optimization of training intensity using SA HRV.

METHODS

Participants

One elite Czech basketball player after IM volunteered
to participate in the present study. He was a non-smok-
er and during the study he did not use any medication
which may affect ANS. Characteristics of the athlete is
presented in TABLE 1.

Time frame of health complication and subsequent
treatment

An acute cytomegalovirus accompanied with eleva-
tion of transaminase level was identified in our subject in
January 2010. Athlete underwent a standard treatment
(a strictly diet with rest on bed) lasting two months

TABLE 1
Basic morphological a physiological characteristics
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which resulted in an improvement in health status.
Thus, he decided for the return to play. Unfortunately,
deterioration in health complication associated with the
fundamental disease occurred after one month from the
return to competition again. The relapse caused another
interruption of sport participation including physical
activities for next two months when he was still highly
fatigued, and frequently suffered by infection of the up-
per respiratory tract.

Approximately in half of August 2010 began the
convalescence program which lasted to the end of the
September 2010. Athlete returned for the first time to
competition in the 6™ of September, and during next
month he fully participated in the basketball training
and competitions. Particular parts of developed pro-
gram including both the exercise intensity, and training
drills are clearly presented in TABLE 2. During conva-
lescence period athlete repeatedly underwent analysis of
alanine amino transferase (ALT) level; aspartat amino
transferase (AST) level, and gama glutamyl transferase
(GGT) level (TABLE 5).

Experimental design

Before the study started, the participant was closely
informed about the study design, and then he submitted
written informed consent. Further, athlete underwent
preliminary measurements in order to preclude any me-
dical or health limitations to performing the maximal
exertion test. Before performing of maximal stress test,
athlete underwent basic anthropological measurement

Parameter Age BMI Body Fat HRrest HRmax YO,peak MPO BP
[unit] [year] [kg.m2] [%] [BPM] [BPM] [ml.kg-'.min"!] [W.kg!] [torr]

Pre-test 28 21.73 9.1 65 180* 36.8 * 3.4* 128/72

Post-test 28 22.01 7.6 53 177 61.1 7.0 124/79

Legend: HRrest - resting heart rate, HRmax - maximal heart rate, BPM - beat per minute, BP - blood pressure, VO,peak - peak oxygen
uptake, BMI - Body Mass Index, MPO - maximal power output, percentage of body fat was computed from 10 skin fold caliper testing
according to Pafizkova (1962), * value was achieved during measurement on bicycle

TABLE 2

Characteristics of physical activities and mean exercise intensity during recovery period

Convalescence 1t phase 2" phase 31 phase
HR [BPM] 110-125 125-145 145-175
HRmax [%] 61-66 66-77 77-97
Duration [min. ] 10-20 30-50 60-90 (120)

Physical activity

Walking (uphill-downhill),
swimming, cycling on stationary
bicycle, rowing on simulator, easy
work out with own body.

Jogging, swimming, cycling, rowing
on simulator, moderate work out
with own body, athletics training.

Running, work out, swimming,
basketball drills, athletics training,
circle resistant training.

Legend: HR - heart rate, BPM - beat per minute, HRmax - maximal heart rate, % - percentage, min. - minute




Acta Univ. Palacki. Olomuc., Gymn. 2012, vol. 42, no. 2

and monitoring of resting ANS activity. All measure-
ments were performed between 8 to 10 a.m. Athlete
was required to avoid eating and drinking any substance
affecting ANS activity for minimally 2 hours before the
ANS measurement.

Pre-convalescence maximal stress test was performed
on a bicycle ergometer Ergoline 900 in order to estab-
lish the peak oxygen uptake (VO,peak) and maximal
heart rate (HRmax). Ventilation and gas exchange were
continually analyzed (Oxycon 4, Mijnhardt Holland)
during the exercise and were reported as mean for 30 s.
Post convalescence maximal stress test was performed
on a treadmill (Lode Valliant, Netherlands). Ventilation
and gas exchange were continually analyzed (ZAN 600
Ergo USB, Germany) during the exercise and were re-
ported as mean for 30 s. HR responses were monitored
(S810 Polar, Finland) continuously during both maxi-
mal exercise tests.

ANS activity was measured by the athlete himself
after properly training each day in the morning. Electro-
cardiographic data were continually sampled in a quiet
room during a standardized ortho-clinostatic maneuver
of lying-standing-lying by system VarCor PF 7 (Salin-
ger & Gwozdziewicz, 2008) which requests for short-
term spectral analysis of HRV both 300 R-R intervals
and 300 seconds per position. Frequency domain analy-
ses were performed according to the methods described
by Salinger et al. (1998). Amplitude density of the col-
lected signal was estimated using the fast Fourier trans-
form method with a partly modified Coarse-Graining
Spectral Analyze algorithm (Yamamoto & Hughson,
1991). Power of mean spectral components were calcu-
lated by integrating area under the power spectral densi-
ty curve in the frequency ranges according to Salinger et
al. (1998) - power very low frequency (Py, ) 0.02-0.05
Hz; power low frequency (P,;) 0.05-0.15 Hz, power
high frequency (Py;) 0.15-0.5 Hz, and total power (P;)
0.02-0.5 Hz, respectively. Resting heart rate (HRrest)
was computed as a mean for 5 min. in second lying posi-
tion. The autonomic cardiac activity was also expressed
by complex indexes of SA HRV (Stejskal et al., 2002) -
the complex index of the vagal activity (VA), the com-
plex index of the sympathovagal balance (SVB) and
the complex index of the total score (TS). Parameter
function age (FA) represents the value of TS which was
adjusted into the age. The reference values of SA HRV
indexes range from -5.0 to +5.0 points. The physiologi-
cal values have been established for both VA and SVB
in range from -2.0 to +2.0 points; for TS from -1.5 to
+1.5 points (Stejskal, Prikryl, & Jakubec, 2004).

The aim of the optimizing process was to keep the
ANS activity in balance and throughout avoiding long-
term reduction in ANS activity due to excess training
load. The process starts automatically when the sub-
ject finished at least the fifth measurements of ANS
activity. Optimizing procedure is based on comparing

a magnitude of differences between ANS activity in ac-
tual measurement with the mean of ANS activity at least
five and maximally twenty previous measurements. In
this case, autonomic activity is represented by FA. The
tested subject received one of the four possible recom-
mendations - an increase in intensity; preserved actual
intensity; reduce intensity and/or temporally interrupt
the training. The whole procedure is detailed described
in study of Slachta, Stejskal, and Elfmark (2003).

In all training sessions, HR was controlled by HR
Polar 810 monitor (Finland). Immediately after train-
ing sessions was evaluated perceived exertion on the
16 points Borg scale. The athlete further assessed
the feeling of fatigue each time before the ANS activ-
ity measurement. The level of subjective feeling of fa-
tigue ranged from 0 (no fatigue) to 5 (extremely high)
point(s). This scale was established only for this project,
therefore it was not validated.

Statistical analysis

Data were analysed using software STATISTICA 9.0.
The normal Gaussian distribution of the analysed data
was verified by the Kolmogorov-Smirnov test. Values
of HR, fatigue, and perceived exertion were tested us-
ing one-way repeated-measures of ANOVA with Fischer
LSD post hoc test. Kruskal-Wallis H-test followed by
Wilcoxon test (post hoc analysis) was conducted to ex-
amine the effect of exercise on complex index of SA
HRYV. Relationship between selected variables was ana-
lyzed by Pearson correlation. In all analysis, p < .05 was
considered to be statistically significant.

RESULTS

TABLE 3 shows that a significant increase in mean
Py Pip Pye P and ratio Py, /Py was found in the
2" and the 3“ period compared to the 1* period in stand-
ing position. The mean P, . and P; significantly increased
in the 3™ compared to 2" period in standing. Mean HR
in standing position decreased significantly among pe-
riods. In lying position, only Py,  and ratio Py, ¢/Py sig-
nificantly increased in the 2" compared to the 1% period.
The mean Py, P, Prand ratio Py, /Pyrand P, /Py
significantly increased in the 3" period compared to the
I* period. The ratio P, /Py significantly increased also in
the 3" period compared to 2™ period. A significant reduc-
tion in mean HR in lying position was investigated only
in the last period compared to both previous periods.

TABLE 4 shows that statistical analysis did not find
any significant differences in mean values of complex
index of SA HRV among periods. A significant increase
in mean value of perceived exertion occurred between
subsequent periods. The mean value of perceived fatigue
was significantly higher only in the 3™ period compared
to the 1% period (TABLE 4).
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TABLE 3
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Statistical analysis of individual variables of SA HRV during convalescence periods

Parameter [unit] l;p:rzigd 2; p:;i; d 3:1p=erzi(9)d
S_Py;r[ms?] 60.57 £64.06 186.98 £102.85* 256.28 £152.53
S_P,;[ms?] 233.99 £150.72 353.34 £159.15* 531.50 £221.62 1 §
S_Pyp [ms?] 19.09 £12.65 31.97 £17.14* 49.21 £31.96 1
S_Pyie/Pur 3.62 £3.56 7.91 £7.36* 6.24 £4.62
S_Pi/Pur 13.38 £5.01 13.49 £7.79 NS 13.46 £6.85 NS
S_P;[ms?] 313.66 £206.97 572.28 £220.31* 836.99 £329.98 1 §
S_HR [BPM] 97.59 +7.16 84.11 +2.82% 79.19 £5.99 + §
L_Py,;[ms?] 310.02 £226.19 439.67 £275.00* 618.33 £428.00
L_P,; [ms?] 392.17 £242.73 480.77 £268.89 NS 939.86 £572.20 1 §
L_Py [ms?] 4,125.09 +1,371.29 4,389.80 £1,272.23 NS 3,966.05 +1,252.93 NS
L_Pyie/Pur 0.08 £0.07 0.11 £0.06* 0.16 +0.10 T

L_P /Py 0.11 £0.08 0.12 £0.08 NS 0.25+0.16 T §
L_P;[ms?] 12,920.14 +£4,248.69 14,095.80 +3,865.08 NS 16,731.56 +5,620.09
L_HR [BPM] 51.18 £4.13 50.22 £2.52 NS 48.11 £4.06 T §

Legend: S -standing position, L - lying position, Py, . - power very low frequency, P, » - power low frequency, Py - power high frequency,
P, - total power, HR - heart rate, * - 1* period vs 2" period, T - 1* period vs 3™ period, § - 2% period vs 3" period (Kruskal-Wallis H-test
followed by Wilcoxon test), P < .05, NS - non significant, values are given as mean + SE

TABLE 4

Statistical analysis of investigated parameters during different convalescence period

st 3 nd 3 rd 3
Parameter [unit] le:rzlgd ZN p=er21;) d 3Np=er21;)d
TS [points] 0.83 £0.54 0.98 £0.44 NS 0.86 +0.55 NS
VA [points] 0.52 £0.51 0.67 +0.38 NS 0.62 +0.53 NS
SVB [points] 1.40 £0.85 1.57 £0.84 NS 1.31 £0.97 NS
Borg scale [points] 11.12+2.71 13.31 £2.29* 14.69 £2.16 1 §
Fatigue [points] 1.38 £0.94 1.59 £0.98 NS 2.10+1.01

Legend: TS - complex index of total score, VA - complex index of vagal activity, SVB - complex index of sympathovagal balance, P < .05
(Kruskal-Wallis H-test followed by Wilcoxon test), NS - non significant, * - 1% period vs 2™ period, 1 - 1% period vs 3™ period, § - 2* period
vs 3“period (ANOVA; Fischer LSD post hoc test), P < .05, NS - non significant, values are given as mean +SE

TABLE 5

Results of transaminase levels analysis during convalescence and after 3 months

1(‘;[{2]‘)"‘“ [unit] 19.7. 2011 10. 8. 17. 8. 1.9. 3. 10. 4.12. 28.3.2012
‘(’;)Lfsl_‘:)k;g)vl 110 0.83 0.76 0.83 1.35 121 0.76
ﬁ)S_OT“[_“;‘;g"] 0.59 0.55 0.4 0.50 0.64 0.76 0.50
gﬁz_[(')‘ga;)]fll 0.79 0.68 0.64 0.75 0.76 0.72 0.64

Legend: RV - reference value, ALT - alanine amino transferase, AST - aspartat amino transferase, GGT - gama glutamyl transferase,

RV - reference values
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TABLE 6
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Results of Pearson correlation analysis between selected variables (N = 87)

T TS

P

VA SVB

Perceived Fatigue -0.054

0.060 -0.154

Legend: TS - complex index of total score, VA - complex index of vagal activity, SVB - complex index of sympatovagal balance, r, -

Pearson correlation

TABLE 5 shows that the values of ALT were clas-
sified as slightly elevated, AST as normal (except for
one investigation). All values of GTT were indentified
in normal range. An improvement in all parameters oc-
curred after three moths of return to standard training
exercise. No relationship between any complex index of
SA HRYV and morning fatigue was found.

DISCUSSION

The aim of this study was to design a convalescence
program for elite athlete after IM which contributes to
an improvement of his fitness level and with the safe re-
turn to play without relapse of the fundamental disease.
Our strategy was based on the optimizing of training
load according to the ANS activity by using SA HRV.

The analysis revealed an increase in mean of P dur-
ing both tested position resulting from the increase in
ANS activity. A dynamics of parameter P, which pure-
ly reflects vagal activity (Malik, 1995) shows that vagal
activity increased in lying, but remained unchanged in
supine position. Therefore an increase in Py was mainly
induced by rising of spectral power in slow fluctuations
area (Py,r and P, ;) which is under influence either of
both branches of ANS (Task Force, 1996) or mostly
by sympathetic activity (Malliani, Pagani, Lombardi, &
Cerruti, 1991). Significant elevation of ratio Py, z/Pyr
and P, /P, during subsequent periods of convalescence
could be sign of relative increase in sympathetic activity
despite persisted prevailing vagal activity in autonomic
cardiac regulation during supine. These changes in au-
tonomic regulation results from the continuously ris-
ing training load among periods when the last period
was classified as the most intensive. In addition, in this
period was investigated significant growth in perceived
fatigue. In this context Furlan et al. (1993) reported that
trained athletes during peak intensity training showed
a resting bradycardia together with high LF values, thus
suggesting a more complex neural interaction modulat-
ing HR. We suppose that mentioned changes in ANS
activity in well trained athlete could be classified posi-
tively, because a short recovery will follow by withdrawal
of elevated sympathetic activity accompanied with the
increase in vagal activity.

Our results further show non-significant changes
in index of SA HRV between particular convalescence
periods which means only small complex changes in
ANS activity. Stejskal, Slachta, Elfmark, Salinger, and
Gaul-Alacova (2002) supposed that complex index of
SA HRYV are more sensitive for assessment of discrete
changes ANS activity than individual spectral variables,
because these indexes includes all age-dependent indi-
vidual spectral parameters which were sampled in both
standing, and supine position. A well-balanced state of
ANS was reached via optimization of training load when
each negative change in index of SA HRV was followed
by the reduction in training load or temporally interrup-
tion of training process. On the contrary, positive course
of these indexes facilitated a more intensive training,
and thereby an enhancement in physical fitness.

Noffsinger (1996) recommended that athletes for
first few days of convalescence after IM should listen his
or her body, and increase physical activities according
to toleration. However, from the performed correlation
analysis between ANS activity and morning fatigue in
our study, it is evident that an athlete based on his sub-
jective feelings is not able to assess his actual adaptation
capacity. Nevertheless, the level of actual adaptation
capacities plays an important role in adequate training
load determination. Therefore, we inclined to opinion
that self-perception of fatigue could be use as a tool for
training load determination only in the few first days of
convalescence after long lasting disease. However, long-
term determination of the training load based on feeling
of fatigue could be in this sense a misguided.

An investigation of functional state or size of liver
and spleen could be helpful in determination of time
frame of the return to play (Putukian et al., 2008; Wa-
ninger & Harcke, 2005). In our study, we investigated
a border line or mild elevated values of ALT (AST only
in one measurement) while liver and spleen had, ac-
cording to a medical report normal size. From review of
Waninger and Harcke (2005) results that there has been
no definitive correlation identified between an increase
in of the spleen and blood liver/enzyme parameters,
and further, no data support the use of serial hemato-
logical studies as an indicator of safety return to play.
Therefore, we suppose that in given case the dynamics
of liver enzymes did not indicate an excessive increase
in training load during convalescence periods.
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In our study we further found successive decline in
HR in supine and mostly in orthostatic stimulation. It
is evident that this HR dynamics could be considered
as a sign of new adaptation development. Because, two
months of training interruption caused detraining which
is associated with the partial or complete loss of train-
ing-induced anatomical, physiological and performance
adaptations (Mujika & Padila, 2001). From dynamics
of HR is evident that a time course of cardiovascular
adaptation could be controlled both in supine, and dur-
ing orthostatic stimulation.

Limitations

An absence of control patient group together with
only case study report could be considered the main
limitation of this study. More research in this field is
needed.

CONCLUSIONS

Our study shows that convalescence strategy based
on assessment of ANS activity contributed an improve-
ment in physical fitness, in spite of borderline or mild
elevated transaminase level. Probably training guided by
subjective feeling of fatigue within convalescence after
IM could be inaccurate. In conclusion, we suggest that
combination of both non-invasive SA HRV method and
periodical assessment of biochemical indicators of liver
state seems to be a promising strategy for determination
of safe application of the training load during convales-
cence after IM. Finally, SA HRV can be accepted as an
auxiliary method in infectious hepatitis patients with
borderline biochemical parameters.
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REKONVALESCENCE PO INFEKCNI
MONONUKLEOZE RIZENA NA ZAKLADE
AKTIVITY AUTONOMNIHO NERVOVEHO

SYSTEMU U VRCHOLOVEHO SPORTOVCE:
KAZUISTIKA
(Souhrn anglického textu)

VYCHODISKA: Infekéni mononukleoza (InM) je
zavazné onemocnéni vyvolané Epstein-Barr virem, které
vyZaduje okamzité pferuSeni tréninku.

CILE: Hlavnim cilem nasi prace bylo vytvofit opti-
malni rekondi¢ni program pro vrcholového sportovce
po recidivé InM, ktery povede k jeho bezpecnému na-
vratu do vrcholového sportu.

METODIKA: Rizena rekonvalescence trvala téméf
tfi mésice. Davkovani zatiZeni bylo podfizeno aktudlni
urovni aktivity autonomniho nervového systému (ANS),
ktera byla opakované diagnostikovana metodou spektral-
ni analyzy variability srde¢ni frekvence (SA VSF). Hod-
noceny byly individualni parametry - spektralni vykon
v oblasti velmi nizké frekvence (P, ) (0,02-0,05 Hz);
vykon v oblasti nizké frekvence (P ;) (0,05-0,15 Hz);
vykon v oblasti vysoké frekvence (Py) (0,15-0,50 Hz);
celkovy spektralni vykon (P;) (0,02-0,50 Hz); poméry
Py, ¢/Pyur 2 P /Py a srdeéni frekvence (SF). Dale byla
aktivita ANS posuzovana pomoci komplexnich indexd
SA HRYV - indexu vagové aktivity, sympatovagové balan-
ce a celkového skore. V praci bylo hodnoceno i subjek-
tivni vnimani zatiZeni spole¢né s ranni Unavou. Prova-
dény byly také biochemické analyzy aktivity vybranych
jaternich enzymi.

VYSLEDKY: Béhem rekonvalescence doslo ke zvy-
Seni primérné hodnoty Py, které doprovazelo zvyseni
poméru Py, /Pyr a P /Py Mezi jednotlivymi etapa-
mi rekonvalescence nedoslo k signifikantnim zménam
u Zadného z komplexnich indexti SA HRV. V lehu a pre-
devs§im ve stoji byl zaznamenan signifikantni pokles SF.
Dale byl béhem rekonvalescence pozorovan signifikant-
ni vzestup subjektivné vnimaného zatizeni a v posledni
etap€ doslo ke kulminaci ranni inavy. Mezi komplexni-
mi indexy SA HRV a pocitem ranni unavy nebyl proka-
zan Zadny vztah.

ZAVERY: Rekonvalescence Fizena na zakladé mo-
nitoringu aktivity ANS pfisp€la ke zlepSeni kondice,
prestoZe aktivita jaternich enzyma zlstavala hrani¢ni
aZ mirn€ zvySena. Davkovani zatiZeni zaloZzené na sub-
jektivnim hodnoceni unavy v ramci rekonvalescence
po InM bude pravdépodobné nepiesné. Proto se domni-
vame, Ze neinvazivni metoda SA VSF spole¢né s pravi-
delnou biochemickou analyzou jaternich enzym se zda
byt slibnou strategii pro stanoveni bezpeéného zatizeni
béhem rekonvalescence po InM, ktera povede k navratu
sportovce do plného zatiZeni.

Klicovad slova: variabilita srdecni frekvence, iinava, hepati-
tida, Epstein-Barr virus, detrénink, rekonvalescence.
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