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Runners and other exercise enthusiasts are tra­
ditionally motivated to participate in sports for
competitive or recreational reasons. However, some
exerciseparticipants are convinced that exercisewill
provide health benefits (Nash 1986). Indeed, reg­
ular exercise and physical activity have been es­
tablished as a means of reducing cardiovascular
disease risk and contributing to longevity (Paffen­
barger et al. 1986; Powell et al. 1987). In addition,
habitual exercisers often report other health-related
rewards from endurance exercise such as weight
control (Heath et a1. 1981), improved energy levels
(Hughes 1984) and stress reduction (Blumenthal et
al. 1980; Sinyor et al. 1983). Many exercisers also
believe that exercise improves their resistance to
infection and anecdotally report that they have
fewer colds and other upper respiratory tract in­
fections (URTI) [Simon 1987]. Despite these be­
liefs, few studies have examined the relationships
that exist among exercise and clinical expressions
of upper respiratory tract infections. This article
seeks to examine the existing studies that have in­
vestigated the relationship between exercise and
upper respiratory tract infections and to determine
ifany such relationship exists. It begins by defining
and discussing the specific health outcome of in­
fections and the classification of these diseases.
Secondly, the epidemiology and natural history are
discussed with the clinical and experimental evi-

dence of the relationship between upper respira­
tory tract infections and exercise explored. The
suggested immunological and physiological mech­
anisms of this possible relationship are examined,
followed by a review of the epidemiological data
linking an association of exercise to upper respi­
ratory tract infections. Finally, guidelines for the
exercising public are presented as an application of
our attempt to answer the question : exercise and
upper respiratory tract infections - is there a re­
lationship?

1. Classification and Definitions of
Upper Respiratory Tract Infections

Upper respiratory tract infections consist of a
number of acute illnesses that occur in the upper
portion of the respiratory tract. The most common
infections include pharyngitis, croup, bacterial
tracheitis, epiglottitis and the common cold. Since
the common cold is the leading acute illness and
cause of visits to a physician in the developed
world, the common cold is a focus of the article.
The term 'cold' carries different meanings for many
people; however, it is usually defined as an acute
illness that involves nasopharyngitis and catarrh ,
little or no fever and insignificant systemic symp­
toms.
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Table I. Viruses associated with the common cold (Hall &
McBride 1989)

Virus

Most common
Rhinoviruses

Coronaviruses

Common
Parainfluenza viruses

Respiratory syncytial virus

Influenza viruses

Less common

Adenoviruses

Enteroviruses
Reoviruses

Predominant seasons

Autumn, mid-spring
to summer
Winter

Autumn, spring

Winter to early spring

Winter

All seasons

Summer, autumn
All seasons

ruses it is not known which of these modes of
spread are most important. For rhinovirus and res­
piratory syncytial virus close contact with an in­
fected person or infected secretions is necessary,
with a number of studies demonstrating that peo­
ple infected with rhinovirus colds have recoverable
infectious virus on their hands (Gwaltney 1983;
Gwaltney & Hendley 1978; Hendley et aL 1973).
Furthermore, these studies have shown that rhi­
novirus may be readily transferred from the con­
taminated hands of one person to the hands of an­
other who, if susceptible, may acquire infection by
touching his nasal or conjunctival mucosa.

1.3 Epidemiology Of and Risk Factors For
Upper Respiratory Tract Infections

1.1 Aetiology

The aetiology of this group of upper respiratory
tract infections is viral in nature. The predominant
group of viruses which cause colds are the rhino­
viruses followed by the coronaviruses (table I). The
parainfluenza viruses, respiratory syncytial virus
and influenza viruses are all epidemic viruses that
are associated with colds. However, these viruses
cause more serious upper respiratory tract infec­
tions which tend to mask the milder colds (Hall &
McBride 1989).

1.2 Pathophysiology

Transmission of upper respiratory tract infec­
tion-causing viruses may occur through several
modes. Suspension of viral particles in large drop­
lets produced by a cough or sneeze with direct con­
tact into the eyes or on to the upper respiratory
passages is a common mode, usually produced by
close contact with the infected individual. Virus
suspended in the small particle aerosol of a sneeze
or cough is capable of travelling greater distances
and is another common mode of infection. Finally,
the virus can be spread by contact with contami­
nated secretions by hand from contaminated sur­
face to mucous membranes (self-inoculation) [Hall
& McBride 1989]. For most of the respiratory vi-

When examining the numbers and types of vi­
ruses causing upper respiratory tract infections it
is clear that this is a rather ubiquitous group of
infections. In general, the number of infections ac­
quired per year decreases with age (Bader et aL
1953;Brimblecombe et al. 1958; Dingle et al. 1964;
Fox et al. 1972; Gwaltney et al. 1966). Infants and
children have the highest incidence with 4 to 8 in­
fections per year. This rate may even double when
children are in day care or nursery school. In school­
aged children the incidence is 2 to 6 colds per year
(Badger et al. 1953;Brimblecombe et al. 1958;Din­
gle et al. 1964; Fox et al. 1972). Adults acquire 2
to 5 upper respiratory tract infections per year, with
women and adults who live in households with
children tending to suffer even more colds per year
(Gwaltney et aL 1966). Smoking has been shown
to aggravate the signs and symptoms of infection
but not to increase the attack rate (Gwaltney et al.
1966, 1967). Exposure to cold or to chilling does
not increase the chance ofacquiring or aggravating
a cold (Douglas et al. 1968). Recent studies have
demonstrated that psychological stress is a risk fac­
tor for the development of an upper respiratory
tract infection (Cohen et al. 1991; Graham 1986).
Finally, in studies exploring the prophylactic use
ofvitamin C in prevention, the attack rate of upper
respiratory tract infections was not diminished al-
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Fig. 2. Effect of marathon running on lymphocyte respon­
siveness to concanavalin A (Con A) at pre-exercise andat 30
min and 3h recovery from the marathon.

though symptoms were ameliorated (Coulehan et
al. 1976; Karlowski et al. 1975; Miller et al. 1977).

2. Clinical and Experimental Evidence

Human and animal experimental evidence has
demonstrated a relationship between exercise and
upper respiratory tract infections (Nieman & Nehl­
sen-Cannarella 1991 a, 1992). Furthermore, these
studies provide insight into potential mechanisms
that might explain the relationship between phys­
ical activity and infection.
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2.1 Immune Response to Heavy Exertion
(>70% V02max)

Fig. 1: The changes in natural killer (NK) cell activity at 3
effector: target (E: T) ratiosat 1.5, 6 and 21h following a 3h
run at 70% ~02max.

Several researchers have reported that various
aspects of immune function are depressed follow­
ing intense, prolonged endurance exercise (Nieman
& Nehlsen-Cannarella 1991a). Heavy exertion is a
form of physiological stress that causes large in­
creases in epinephrine (adrenaline) and cortisol
levels, hormones which have been consistently as­
sociated with a suppression of immune function,
and rapid perturbations in circulating levels ofleu­
cocyte and lymphocyte subsets.

Nieman et al. (1989a) and Berk et al. (1990) ran
10 seasoned marathoners at their fastest marathon
pace on treadmills for 3 hours. Cortisol rose 59%
above baseline levels after the 3-hour run , remain-

ing elevated for 1.5 hours of recovery before falling
to normal daytime levels. This increase in cortisol
correlated inversely with a 25 to 46% decrease in
natural killer (NK) cell activity at 1.5 hours after
recovery, which persisted for nearly 6 hours (fig.
1). Pedersen et al. (1988, 1989, 1990) and Kappel
et al. (1991) have carefully demonstrated that the
post exercise suppression of natural killer cell ac­
tivity is also related to increased levels of prosta­
glandins released from monocytes.

Eskola et al. (1978) and Gmunder et al. (1988)
have reported a significant decrease in lymphocyte
proliferative response for several hours after a mar­
athon (42.2km) [fig. 2]. MacNeil et al. (1991) have
demonstrated that the lymphocyte proliferative re­
sponse is decreased for at least 2 hours following
cycle ergometer exercise, especially following high
intensity exercise by athletes. Following 1 hour of
cycling at 80% V02max by untrained individuals,
Tvede et al. (1989) found suppression of B
lymphocyte function for at least 2 hours because
of an inhibitory effect of activated monocytes.
Smith et al. (1990) have determined that neutro­
phil killing capacity is decreased in elite athletes
engaging in prolonged periods of intensive tra ining
in comparison to untrained controls.

Nieman et al. (1989b) and Smith et al. (1990)
have reported significantly lower serum comple­
ment in long distance runners relative to sedentary
controls. A significant decrease in salivary immu­
noglobulin concentrations following 2 hours of in­
tense cycling or 50km of cross-country ski racing
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has been described by 2 groups of investigators
(Mackinnon et al. 1987;Tomasi et al. 1982). Israel
et al. (1982) have reported that serum immuno­
globulins fall 10 to 28% for at least 1 day after ath­
letes run 45 or 75km at high intensity. Russian in­
vestigators have related that exhaustion of immune
reserves can be observed during periods of im­
portant competitions, manifested by lowered im­
munoglobulin levels and suppression of phagocytic
activity ofneutrophils (Pershin et al. 1985;Petrova
et al. 1983, 1985).

Results from animal studies have rather con­
sistently supported the view that heavy acute and
chronic exertion are related to negative changes in
immune function. Several researchers have re­
ported that exhaustive single bouts of exercise by
both trained and untrained animals, or 6 days to
4.5 months of heavy exercise training, are linked
to increased splenic epinephrine and cortisol levels
and decreased splenic natural killer and T cell
lymphocyte function (Ferry et al. 1990; Hoffman­
Goetz et al. 1986; Mahan & Young 1989;Simpson
& Hoffman-Goetz 1990). Thus, both circulating
immune cells and those found in secondary lymph­
oid tissues may have their function suppressed be­
cause of the increase in cortisol and catecholamine
levels that occur following heavy exertion.

Further research is needed to better elucidate
the clinical significance of exercise induced changes
in immune status and function (many of which are
transient in nature), and which variables best pre­
dict potential changes in host protection. The data
at present are not consistent enough between stud­
ies to even suggest thresholds for various immune
system markers that may indicate increased risk of
upper respiratory tract infection.

2.2 Contributing Effects of
Psychological Stress

Psychological factors may also play an import­
ant role in the relationship between exercise and
upper respiratory tract infection. Exercise is a form
of physiological and psychological stress, varying
according to the intensity and duration of the
training programme. Interestingly, the acute re-
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sponse of the immune system to psychological
stressors alone is in many ways similar to those
that occur in response to acute exercise (Naliboff
et al. 1991). If the exercise training programme is
deemed stressful by the athlete, the combined psy­
chological and physiological impact may over­
whelm the ability of the immune system to protect
the host (Nieman & Nehlsen-Cannarella 1992).
Mental stress alone has been related to a wide
variety of negative changes in immunity. Bereave­
ment, major depression, loneliness, schizophrenia,
marital discord and other forms of mental stress
have all been associated with suppression of im­
mune function (Jemmott & Locke 1984;Khansari
et al. 1990).

A biochemical basis for bidirectional commu­
nication between the immune system and neuro­
endocrine system has been established (Blalock
1989).These systems produce and use many of the
same signal molecules in the form of hormones,
lymphokines and monokines for inter- and intra­
system communication and regulation. Lymphoid
organs are innervated by the autonomic nervous
system, and lymphocytes have receptors for the
various stress hormones. In the other direction, for
example, products of leucocytes have been shown
to alter neuronal activity in certain areas of the
brain.

Thus, stress of any form may decrease host pro­
tection from infection through both autonomic
nervous system and hormonal mechanisms. Re­
search by Graham and associates (1986), for ex­
ample, has demonstrated that during a given 6­
month period, highly stressed individuals have
twice as many days with respiratory infection
symptoms compared with low-stressed people.
Cohen et al. (1991) gave nasal drops containing
respiratory viruses to 394 subjects and reported that
psychological stress was associated in a dose-re­
sponse manner with an increased risk of acute in­
fectious respiratory illness. Although specific re­
search in this area has not yet been conducted, it
would seem logical to assume that athletes around
the time of competition, when both physiological
and psychological stress are high, would be most
vulnerable to respiratory infections.
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2.3 The Acute Phase Response

Another factor that may be important for the
risk of respiratory infection in athletes is the in­
volvement of the immune system in the tissue re­
pair process that occurs following strenuous exer­
cise (for a review see Neiman & Nehlsen-Cannarella
1991b). It has been well established that both heavy
acute and chronic exertion are associated with
muscle cell damage, local inflammation and the
stereotyped sequence of host defence reactions
known as the acute phase response (Evans & Can­
non 1991; Nieman & Nehlsen-Cannarella 1991a).

The acute phase response following endurance
exercise involves the complement system, neutro­
phils, macro phages, various cytokines and acute
phase proteins, and can last for several days, pro­
moting clearance ofdamaged tissue and setting the
stage for repair and growth. Lymphocytes, neutro­
phils and macrophages are attracted to the injured
muscle cells, and invade the area to aid in the pro­
cess. Neutrophils phagocytise tissue debris and re­
lease a wide variety of factors that aid in the diges­
tion of adjacent dead tissue cells (Smith 1991).
Macrophages have surface receptors which allow
them to react nonspecifically to a variety of sub­
stances, a process enhanced by the presence of op­
sonins (primarily complement and antibody).
Macrophages also are a prime source of cytokines
that mediate most of the physiological and inflam­
matory reactions accompanying muscle cell injury.
Dufaux and Order (1989b) have shown that plasma
elastase-a j-antitrypsin, neopterin, tumour necrosis
factor and soluble interleukin-2 receptor increase
during recovery from a 2.5-hour running test, sup­
porting the concept of a functional involvement of
polymorphonuclear neutrophils and an activation
of macrophages .and T-lymphocytes. Dufaux and
Order (1989a) have also provided evidence for
complement activation after 2.5 hours of running.

Could the active enmeshment of the immune
system in the muscle tissue repair and inflamma­
tion process mean that protection from respiratory
infection is compromised? Research to answer this
question is certainly warranted, and may greatly
increase our understanding as to how and why ath-
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letes appear to be more susceptible to respiratory
tract infections during periods of heavy training.

2.4 Immune Response to Moderate Exertion
(~70% ~02max)

Few studies have investigated the common be­
lief that moderate physical activity is beneficial in
decreasing risk of respiratory tract infections and
improving immune function. More research is cer­
tainly warranted to investigate this interesting area.

Since the turn of the century, the influence of
exercise training on resistance to infection has been
investigated using animal models. Cannon and
Kluger (1984) have reviewed the animal literature
and concluded that moderate exercise prior to in­
fection may increase resistance to infection, but that
exhaustive exercise after contracting an infection
may be detrimental, In accordance with this view­
point, Slubik et al. (1987) have reported that mod­
erate physical exercise preceding irradiation di­
minishes radiation injury in animals while intensive
exercise and stress may aggravate the damage.

Smith et al. (1990) have shown that 1 hour of
cycling at 60% ~02max may increase resistance to
infection by improving the 'killing capacity' of
neutrophils, an effect which persists for at least 6
hours of recovery. Given that neutrophils are the
body's best phagocyte, these findings suggest that
regular episodes of moderate exercise may increase
resistance to infection.

In a randomised controlled study by Nieman et
al. (1990) and Nehlsen-Cannarella et al. (1991), the
effects of walking on immune response and acute
respiratory. infection tract symptomatology were
measured on a group of sedentary, mildly obese
women. The exercise subjects walked 45 minutes
per session, 5 times per week, for 15 continuous
weeks on a measured course under supervision.
Subjects recorded health problems in a daily log
book using 10 codes supplied by the Centers for
Disease Control.

Exercise subjects experienced half the number
of days with respiratory infection symptoms dur­
ing the 15 weeks compared with the sedentary con­
trol group (5.1 ± 1.2 vs 10.8 ± 2.3 days, respec-
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3. Epidemiology of Exercise and
Upper Respiratory Tract Infections

Thus, the response of the immune system to ex­
ercise may have much to do with the degree of
intensity and total exertion load, and correspond­
ing changes in concentrations of cortisol and epi­
nephrine. Both of these hormones have been as­
sociated with many negative effects on immune
function (Cavallo et al. 1986; Crary et al. 1983;
Cupps & Fauci 1982). Lymphocytes have ~-adren­

ergic receptors, and the presence of epinephrine
during exercise increases receptor number on T
suppressor/cytotoxic and natural killer cells, which
are the major lymphocyte subsets that increase in
response to an exercise challenge (Field et al. I991;
Maisel et at. 1990; Van Tits et at. 1990). The degree
to which these lymphocyte subsets increase in the
peripheral blood as they are recruited from lymph­
oid tissue pools is highly dependent on the mag­
nitude of change in epinephrine. Additionally, the
effect on lymphocyte function is also dependent on
the change in both epinephrine and cortisol.

Moderate exercise such as walking does not in­
crease the concentration of epinephrine and cor­
tisol in the blood, resulting in a small lymphocy­
tosis in contrast to intense exercise, in which levels
of both hormones increase (Nieman 1991) [fig. 4].
Thus , it may be argued that moderate exercise in­
duces a small increase in natural killer cells and T
cytotoxic/suppressor cells without the potential
suppressive effect of epinephrine or cortisol, cre­
ating a milieu which may be favourable for host
protection. There is only a finite number of
lymphocytes that is specific to any particular anti­
gen. Theoretically, by recruiting lymphocytes from
the periphery, exercise may increase the rate of
lymphocyte circulation through the body, improv­
ing the potential for interaction of lymphocyte and
antigen without the attending negative effects of
stress hormones (Nieman & Nehlsen-Cannarella
1992).
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tively, p = 0.039). The number of separate
infectious episodes did not vary between groups
(1.0 ± 0.2 vs 1.1 ± 0.2 for exercise and sedentary
groups, respectively, p = 0.693) but the number of
symptom days per infectious episode was signifi­
cantly lower in the exercise group (p =0.049) [fig.
3]. Moderate exercise training led to a 20% net in­
crease in each of the 3 serum immunoglobulins,
and was significantly correlated with fewer respi­
ratory infection symptoms days (Nieman & Nehl­
sen-Cannarella 1991b). Moderate exercise training
also led to a significant increase in natural killer
cell activity which was correlated with a decrease
in the duration of respiratory infection symptoms
per episode. These results are similar to those of
Crist et al. (1989) who moderately exercised elderly
women for 16 weeks and measured a 33% higher
natural killer cell activity at rest, and a heightened
increase following maximal testing.

Fig. 3. Number of symptom days per upper respiratory
tract infection incident in exercise and nonexercise groups
(* = p < 0.05).

Laboratory and clinical studies suggest that
changes in immune parameters associated with
heavy train ing lead to adverse health effects, par-
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Fig. 4. Percentage change in selected immune markers in response to 2 acute exercise conditions: walking (~70% ~02max)

and intensive exercise (> 70% ~02max).

ticularly an increase in the incidence or severity of
upper respiratory tract infections. However, anec­
dotal reports by marathon runners that running in­
creased (or decreased) their incidence of upper res­
piratory tract infections were not correlated with
immune system changes (Green et al. 1981). If the
documented changes in immune parameters are
associated with upper respiratory tract infections,
there are several methods by which epidemiologi­
cal investigations can be used to evaluate this
effect.

To use the epidemiological approach, the fol­
lowing must be present: a defined population from
which the exposed group and a comparison group
can be selected, and a clear operational definition
of the outcome of interest. The exposure (training)
can be measured in a number of ways that would
indicate relative levels of individual exertion. While
this is not as accurate as the measurement that
would occur in a laboratory setting, there is con­
fidence that measuring levels of the exposure is

possible in a population-based setting. However,
defining the appropriate control or comparison
group is a more difficult problem. Among studies
involving runners, there have been a variety of
methods used to determine the comparison group:
faster runners were compared with slower runners
of the same road race (Peters et al. 1983); low mile­
age runners were compared to high mileage run­
ners over the same time period (Heath et al. 1991);
marathon runners were compared with those who
ran shorter races on the same day (Macera et al.
1991;Nieman et aI. 1989c); marathon runners were
compared with trained nonrunners (Nieman et al.
1990b), or marathon runners were compared with
nonrunning friends (Peters et al. 1983). Each of
these comparison groups has its advantages and
drawbacks.

The true measure of the outcome (upper res­
piratory tract infections) is impossible to ascertain
without a clinical examination and a laboratory
workup. In lieu of a clinical assessment, the best
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surrogate measure for upper respiratory tract in­
fection is self-reported symptoms. However, many
other disease processes or allergic reactions may
present with symptoms similar to those of upper
respiratory tract infections. Unless these symptoms
are severe or proceed to disability, most affected
individuals will not be seen by medical personnel,
and the symptoms will soon resolve without a
medical diagnosis. In spite of these limitations, self­
report is the best choice, and steps can be taken to
operationally define upper respiratory tract infec­
tion symptomatology so that definitions are con­
sistent across studies.

In spite of these measurement difficulties, sev­
eral studies have explored the relationship between
exercise and upper respiratory tract infection
symptomatology among population-based sam­
ples, usually runners. Among these studies, some
have supported the suggestion that athletes engag­
ing in marathon type events or very heavy training
are at increased risk of respiratory tract infections
(Heath et al. 1991; Nieman et al. 1990b; Peters et
al. 1983), while others have found no difference
among exposed and unexposed groups (Macera et
al. 1991; Nieman et al. 1989c),and still others have
found a decrease in infections among the exposed
compared with the unexposed (Nieman et al. 1990a;
Schouten et al. 1988).

Peters and Bateman (1983) studied the inci­
dence of respiratory tract infections in 1550 ran­
domly selected runners who took part in a 56km
race compared with matched controls who did not
run. Those who ran the race reported more symp­
toms of respiratory tract infections during the 2­
week period following the race than those who did
not run, and those who ran the faster race times
reported more symptoms, indicating a dose­
response relationship.

Nieman et al. (l990b) studied the incidence of
respiratory tract infection in a large group of mar­
athon runners who varied widely in running ability
and training habits. Those who ran the marathon
reported more symptoms during the week follow­
ing the race than similarly experienced runners who
had applied but did not participate in the race for
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possible confounders, the researchers concluded
that, compared with nonrunners, runners experi­
ence increased risk for respiratory tract infection
during heavy training or followinga marathon race
event.

Heath et al. (1991) followed a cohort of 530 run­
ners who self-reported any symptoms of respira­
tory infections daily for 1 year. The average runner
was about 40 years ofage, ran 20 miles (32km) per
week, and experienced a rate of 1.2 respiratory in­
fections per year. Controlling for various con­
founding variables, the lowest odds ratio for res­
piratory infection was found among those running
less than 10 miles (16km) per week. The odds ratio
more than doubled for those running more than
17 miles (27km) per week. The authors concluded
that running mileage was a significant risk factor
for upper respiratory tract infection symptoms.

In another study, no difference (for either men
or women) was found in the incidence of upper
respiratory tract infection symptomatology during
the month after the race for marathon runners
compared with those who ran on the same day, but
for shorter distances. In this study, the most im­
portant determinant for symptoms of upper res­
piratory tract infection after the race was the pres­
ence of upper respiratory tract infection symptoms
before the race. These results persisted after con­
trolling for total training mileage and percentage
increase in training mileage during the month be­
fore the race.

Nieman et al. (l989c) studied the incidence of
upper respiratory tract infection symptoms among
participants in 5km, IOkm and half-marathon road
races. During the 2 months before the race, those
running more than 15 miles (24km) per week re­
ported more events than those running fewer miles.
There was no increase in symptoms after the road
race compared with the week before the road race,
indicating that the race did not appear to be as­
sociated with an increased risk of acute upper res­
piratory tract infection.

In a study of young adults, Schouten et al. (1988)
found no difference in the incidence or duration
of upper respiratory tract infection symptoms when
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level ofsports activity or maximum aerobic power.
They found a slight inverse association between
symptoms and level of sports activity for women
only. Although this study had the advantage of
measuring several types of physical activity as well
as aerobic power, the upper respiratory tract infec­
tion measurement relied on memory recall for the
past 6 months, leading to possible misclassifica­
tion.

In a 15-week study of immune response and ex­
ercise, 36 mildly obese women were randomly as­
signed to walking or nonexercising groups (Nie­
man et a1. 1990a). During this time, the women in
the exercise group experienced fewer upper respi­
ratory tract infection symptom days, improved
cardiorespiratory fitness, and increased natural
killer cell numbers compared with their sedentary
controls. This study indicates that intensity of ex­
ercise may playa role, and that moderate activity
may actually improve immune function and as­
sociated upper respiratory tract infection symp­
toms.

Because this is a new field it is not surprising
that the results of the few studies done to date have
not been consistent. While most, but not all, of the
published studies have found a relationship be­
tween increased training and upper respiratory tract
infections, and considering that the type and in­
tensity of exercise has not been fully explored, no
definitive conclusions can be drawn. However, on
the basis of the available studies, some general
guidelines can be provided for future studies.

Separate comparison groups, a lower intensity
running or exercise comparison group as well as a
nonexercising or sedentary comparison group
should be considered. During the analysis stage the
comparison groups could be used to sort out some
of the biases present in the previous studies.

Because reporting behaviour differs between
men and women, the sample size should be large
enough to allow separate analyses for men and
women. A consistent time frame for reporting up­
per respiratory tract infection symptoms after rac­
ing events should be used. The studies noted here
have used follow-up times ranging from I to 4
weeks. When using self-report data, every attempt
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should be made to differentiate symptoms due to
allergy from symptoms because of upper respira­
tory tract infections. Because allergic rhinitis may
be present (but undiagnosed) the case definition of
upper respiratory tract infections should be defined
in such a way as to capture most of the events.
Data should also be collected on duration of the
event, and for longer studies, the number of symp­
tom-free days between events should be defined.

4. Guidelines for the Athlete and the
Exercising Public

At present, insufficient evidence exists to rec­
ommend precisely what laboratory tests of im­
mune function should be conducted to ascertain
when an athlete is at increased risk of an infectious
episode due to overtraining and/or psychosocial
stress. Although some evidence would suggest that
low immunoglobulin and complement levels, de­
creased lymphocyte proliferative response, dimin­
ished neutrophil phagocytic activity, depressed
natural killer cell activity, low total lymphocyte
count and low helper/suppressor T cell ratio are
each important markers of increased risk, the exact
level at which one or a combination of some or all
of these immune components becomes predictive
is unknown (Nieman & Nehlsen-Cannarella 1992).

There is an interesting similarity in the meta­
bolic and immunological responses to intense en­
durance exercise and to an infectious challenge
(Lewis et a1. 1986; Schaefer et a1. 1987). In both
conditions, the number of circulating leucocytes
increases, lymphopenia occurs (especially T cells
with cells trafficking to peripheral tissues), the
lymphocyte responses to phytohaemagglutinin
(PHA) and concanavalin (Con-A) decrease, body
core temperature rises, plasma levels of acute phase
proteins increase and degranulation of neutrophils
develops. Since endurance exercise is associated
with muscle cell damage and an increased intake
of potential pathogens through heightened venti­
lation, it is logical that in preparation for such a
challenge, the immune system receives a signal from
the neuroendocrine network that activates the im­
mune system.
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Why then do clinical experience and epidemio­
logical data point toward an increased risk of res­
piratory infection in some athletes? The mass of
evidence favours the view that psychosocial vari­
ables play an important role in effecting immu­
nological competence. The net effect of combined
psychological and physiological stress from unu­
sually heavy endurance exercise, especially during
times of competition, may lead to suppression or
down-regulation of the immune system.

For those athletes who must exercise intensely
for competitive reasons, several precautions can
help decrease the risk of sickness. These include
spacing vigorous workouts and race events as far
apart as possible, eating a well balanced diet, keep­
ing other life stresses to a minimum, avoiding
overtraining and chronic fatigue and obtaining ad­
equate sleep. Before and after intense race events,
the athlete should try to avoid contact with sick
people if at all possible.

For the fitness enthusiast, the area of concern
is not so much the harm that may come from over­
exertion, but the benefits that may derive from en­
gaging in regular, moderate forms of exercise. At
this time, even though investigative evidence sug­
gests improved host protection and immunosur­
veillance from moderate physical activity, more re­
search is needed to improve our understanding of
the workload threshold below or above which ex­
ercise becomes protective rather than detrimental.

Should athletes exercise when they have an up­
per respiratory tract infection? Most clinical auth­
orities in this area recommend that if the athlete
has symptoms of a common cold with no consti­
tutional involvement, then regular training may be
safely resumed a few days after the resolution of
symptoms (Roberts 1986; Simon 1987). Mild ex­
ercise during sickness with the common cold does
not appear to be contraindicated. However, if there
are symptoms or signs of systemic involvement (e.g.
fever, extreme fatigue, muscle aches, swollen lymph
glands), then 2 to 4 weeks should be allowed before
resumption of more intense training. These pre­
cautions are advised because of the well docu­
mented relationship between intense. exercise and
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the risk of developing a viral cardiomyopathy and
other severe form of viral infection (Sharp 1989).

5. Conclusions

Physical activity and exercise produce a variety
of alterations of the immune system, most of which
have not been fully investigated. However, the ef­
fects of vigorous exercise appear to depress im­
mune function and may compromise host defense
against upper respiratory tract infections. Because
of the complexity of host defence mechanisms and
the physiologyof exercise,further research is needed
in this area. Clinical studies examining the effects
of moderate levels of physical activity have shown
possible enhanced immune responses with a con­
comitant impact on the length and severity of an
upper respiratory tract infection. Therefore, the re­
lationship between exercise and upper respiratory
tract infections appears to be 'J' shaped with the
most sedentary at greatest risk of upper respiratory
tract infections along with the vigorously active,
with those engaged in moderate levels of activity
manifesting the apparently better host defence.

Epidemiological studies have generally dem­
onstrated a greater risk of upper respiratory tract
infection with vigorous levels of exercise; however,
these studies must be considered to be limited be­
cause of the lack ofadequate nonexercising control
groups. Further studies are necessary to demon­
strate the clinical and public health significance of
these relationships.

Engaging in regular moderate level physical ac­
tivity is most beneficial for maintaining health and
in preventing an initial upper respiratory tract in­
fection. Moderate level physical activity coupled
with generally good hygiene and avoidance ofclose
contact with individuals known to have an active
upper respiratory tract infection appear to be the
most commonsense measures for avoiding con­
tracting an upper respiratory tract infection. How­
ever, since avoidance of a high risk situation, such
as the presence of children, is often difficult, the
hygienic measures of frequent handwashing and the
thorough washing of potential fomitic surfaces will
aid in reducing exposure to the upper respiratory
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tract infection agent. For those athletes who are
required to engage in high intensity training and
competition, further steps should be taken to min­
imise contact with situations where exposure to
upper respiratory tract infection agents is high. In
addition, training techniques should take into con­
sideration the need for the organism to restore host
resistance by including lower intensity training
sandwiched between higher intensity training bouts.
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