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The depletion in stratospheric ozone and changes in life-styles are likely to lead to an 
increased exposure to sunlight, including the UV-B waveband. Such irradiation may 
induce immunomodulation and therefore have adverse effects on human health. 
Alterations in immune responses could affect not only photocarcinogenesis but also 
resistance to infections, certain allergies and autoimmunity, and vaccination efficacy. 
In the present study, the risk of increased UV-B exposure has been estimated with 
respect to the resistance to a bacterial (Listeria rnonocytogenes) and a viral (herpes 
simplex virus) infection. The data indicate that suberythemal UV-B irradiation can 
have significant effects on immune responses to certain infectious diseases in human 
subjects. 
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Introduction 

Ultraviolet radiation (UVR) has been recognized 
by photobiologists, dermatologists, and oculists as 
a potential hazard for human health because of its 
genoloxic, mutagenic, carcinogenic and immuno- 
toxic properties. Its effects include the induction of 
skin cancers, ocular damage and impairment of 
resistance to certain infections, with changes in 
certain allergies and autoimmune diseases also 
suggested. 

Twenty years ago it was demonstrated that UV 
photons can affect the activity of the immune 
system through interactions with the skin. This 
implies that UV not only changes normal cells into 
cancer cells but also permits the outgrowth of the 
UV-transformed cells by depressing the immune 
system (Kripke 1974, 1981). Since then many 
studies have been performed in order to investigate 
the immunosuppressive effects of UV-B. Immune 
function parameters such as contact hypersensi- 
tivity, delayed-type hypersensitivity, mixed lym- 
phocyte reactions, mixed skin lymphocyte 
reactions and antigen presentation, as well as 
changes in cutaneous phenotypes, have been 
examined extensively (Hurks, Garssen et al. 
1994). In addition, some studies have focused on 

the consequences of this immunomodulation for 
resistance to UV induced skin tumours and skin 
associated infections, such as herpes simplex 
(Norval et al. 1994; Garssen, Norval et al. 1998; 
Goettsch, Garssen, Slob et al. 1998; Goettsch, 
Hurks et al. 1998). Immune response and resis- 
tance to herpes simplex virus (HSV) was sup- 
pressed by suberythemal doses of UV-B in rodent 
models and in human subjects. Other skin- 
associated infections that might be influenced by 
UV exposure are Leishmania, Mycobactehm 
leprae and Cnndida albicans (Giannini 1986; 
Jeevan & Kripke 1989; Jeevan et al. 1992; 
Denkins & Kripke 1993). Because UV can induce 
systemic effects in addition to its local effects in 
the skin, it was suggested that resistance to 
systemic infections and tumours may also be 
lowered. Indeed there is now increasing evidence 
that UV-B radiation can alter the immune response 
to systemic, non-skin associated infections. For 
example, it was demonstrated that the immune 
responses and resistance to Mycobncteriurn bovis 
were significantly suppressed by exposure (Jeevan 
& Kripke 1989; Jeevan et al. 1992). In other 
studies the immune response to Listeria mono- 
cytogenes (a bacterium), Trichinella spiralis (a 
parasite), HSV (systemic model) and cytomegalo- 
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virus (Goettsch, Garssen, De Klerk et al. 1996; 
Goettsch, Garssen, De Gruijl et al. 1996; Garssen, 
Van Der Vliet et al. 1995) were affected. In 
contrast, resistance to Schistosoma (Noonan & 
Lewis 1995) and malaria were not altered by 
suberythemal UV-B exposure. 

Based on our data with respect to the L. 
rnonocytogenes model and studies by De Fabo et 
al. (1990), an estimation of the risk of exposure of 
human subjects to increasing UV-B due to a 
decrease in the ozone layer thickness was 
calculated (Garssen, Norval et al. 1998; Goettsch, 
Garssen, Slob 1998; Goettsch, Hurks et al. 1998). 
The mathematical model included information on 
the action spectrum for the suppression of contact 
hypersensitivity (De Fabo & Noonan 1983) and 
dose response studies for suppression of T cell 
activity in the Listeria infection model, and the 
estimated biological effective irradiance at certain 
latitudes (De Fabo et al. 1990). 

It is generally agreed that for UV to have a 
biological effect it must be absorbed initially by a 
chromophore in the skin that translates the energy 
into a biochemical signal. This signal will then 
lead to a change in cellular components, such as 
cytokines, growth factors, and costimulatory 
signals, that can modulate the immune response. 
Various candidates - not mutually exclusive - 
have been proposed to act as the UV photorecep- 
tor. First UV can alter the DNA structure directly 
(Hurks, Out-Luiting et al. 1995; Vink et al. 1996). 
Second, UV can be absorbed by cellular compo- 
nents other than DNA, such as lipids in cell 
membranes, which generate oxidative DNA da- 
mage. In addition, lipid peroxidation reactions can 
trigger intracellular signalling pathways, which in 
turn may lead to gene activation. A third possible 
photoreceptor is urocanic acid (UCA), found in the 
stratum corneum as the trans-isomer. Upon UV 
irradiation, trans-UCA is converted to the im- 
munosuppressive cis-isomer (De Fabo & Noonan 
1983; Norval 1996). For example, in our studies it 
became clear that UCA isomerization played a 
pivotal role in UV-B induced immunosuppression 
leading to a lowered resistance to Trichinella. 
Very recently a new mechanism has been 
implicated in local as well as systemic immuno- 
modulation when it was demonstrated that the 
sensory nerve system and its neuropeptides, such 
as calcitonin gene related peptide, are involved in 
UV induced changes in immunity (Benrath et al. 
1995; Niizeki et al. 1997; Garssen, Buckley et al. 
1998). 

Because many mechanisms might be involved 
in UV-B induced immunosuppression, for the 
present paper new risk estimations for decreased 
ozone layer thickness were performed. In these 
estimations the action spectrum for DNA damage 
(Matsunaga et al. 1991), UCA absorption (De 
Fabo & Noonan 1983) and mixed skin lymphocyte 
reactions (Hurks, Out-Luiting et al. 1995) were 
taken into account instead of the action spectrum 
for contact hypersensitivity as published earlier. 
The risk estimations were calculated for systemic 
infections with L. monocytogenes and HSV. 

Methods and results 

Risk assessment comprises four steps: hazard 
identification, dose-response assessment, exposure 
assessment, and the ultimate risk characterization. 
Because experimental data on the effects of UVR 
on infectious diseases, easily obtainable in labora- 
tory animals, cannot be acquired using human 
subjects for ethical reasons, and because epide- 
miological data regarding the incidence of in- 
fectious diseases are not readily available, the only 
way to estimate the risk for humans is to 
extrapolate from the animal data. The parallelo- 
gram approach was used for this, as published 
earlier (Garssen, Norval et al. 1998; Goettsch, 
Garssen, Slob et al. 1998; Goettsch, Hurks et al. 
1998). In rodent models the effects of UV-B 
exposure on immune responses to systemic infec- 
tions with L. monocytogenes and HSV were 
investigated. 

Dose response studies in rats infected intrave- 
nously with L. monocytogenes indicated that 
6.8 U/m2 UVB (FS40 lamps) inhibited the specific 
cellular immune response by 50%. The suppres- 
sion led to delayed clearance of the bacteria from 
the spleen. In order to extrapolate from the rat to 
the human situation, this dose was multiplied by 
uncertainty factors for inter- and intraspecies 
differences. In prior studies, using tests for mixed 
skin lymphocyte reactions and natural killer cell 
function, it was shown that the average human 
being was approximately 3-4 (3.85 for mixed skin 
lymphocyte reaction) times less sensitive than the 
rat to the effects of UV-B on these parameters. For 
differences between people, an additional factor of 
0.5 was allowed. Thus the extrapolated, i.e. 
estimated, average dose necessary for the suppres- 
sion of cellular immunity to L. monocytogenes by 
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Table 1. Predicted effect of ozone depletion on solar exposure time necessary for 50% 
suppression of cellular immunity to Listeria monocytogenes in human subjects; 40"N. in July, 
with a clear sky, around noon. Artificial UV exposure was extrapolated to solar exposure using 
3 different action spectra and I absorption spectrum. CHS = action spectrum for contact 
hypersensitivity (De Fabo & Noonan 1983); DNA = action spectrum for DNA damage 
(Matsunaga et al. 1991); UCA = Urocanic acid absorption spectrum (De Fabo & Noonan 
1983); MSLR = action spectrum for mixed skin lymphocyte reaction (Hurks, Out-Luiting et 
al. 199.5). 

Estimated time in minutes necessary for 50% 
immunosuppression 

CHS DNA UCA MSLR 

No decrease in ozone 92 146 119 131 
20% decrease in ozone 82 131 106 118 

50% in human subjects was 6.8 x 
3.85 x 0.5 = 13.1 H/m2 cumulative (Goettsch, 
Garssen, Slob et al. 1998; Goettsch, Hurks et al. 
1998). 

One important question is the relevance of the 
FS40 lamp (broad-band UV-B) to sunlight ex- 
posure. In earlier risk assessment studies, the 
output of the lamp was extrapolated to solar 
exposure using an action spectrum for suppression 
of contact hypersensitivity in mice and biological 
effective irradiance for 50% immunosuppression 
in mice at certain latitudes as published by De 
Fabo & Noonan (1983) and De Fabo et al. (1990). 
The exposure times necessary for 50% suppression 
of immunity to L. monocytogenes in people at 
different latitudes were calculated for different 
amounts of ozone depletion (Garssen, Norval et al. 
1998; Goettsch, Garssen, Slob et al. 1998; 
Goettsch, Hurks et al. 1998). In the present study 

we performed additional calculations taking other 
action or absorption spectra into account. These 
were the absorption spectrum for UCA (De Fabo 
& Noonan 1983), the action spectrum for DNA 
damage (Matsunaga et al. 1991) and the action 
spectrum for the suppression of the mixed skin 
lymphocyte reaction (Hurks, Out-Luiting et al. 
1995). The results are shown in Table 1. 

Recently a model for systemic HSV infection in 
the rat was developed. The animals were exposed 
to the FS40 lamps followed by intranasal infection 
with the virus. HSV is neurotropic and homes to 
the ganglia and central nervous system. In some 
animals, depending on the virus load, the infection 
leads to clinical symptoms that reflect neurologi- 
cal damage (wobbling gait sometimes with 
paralysis, nervousness, jumpiness). It was found 
that the virus load increased as the UV-B dose 
increased, which was also true for the number/ 

Table 2. Predicted effect of ozone depletion on solar exposure time necessary to increase the 
incidence of human subjects suffering from clinical symptoms due to herpes simplex virus 
infection by 10% 40"N, in July, with a clear sky, around noon. Artificial UV exposure was 
extrapolated to solar exposure using 3 different action spectra and 1 absorption spectrum. 
CHS = action spectrum for contact hypersensitivity (De Fabo & Noonan 1983); DNA = action 
spectrum for DNA damage (Matsunaga et al. 1991); UCA = Urocanic acid absorption 
spectrum (De Fabo & Noonan 1983); MSLR = action spectrum for mixed skin lymphocyte 
reaction (Hurks, Out-Luiting et al. 199.5). 

Estimated time in minutes for 10% increase in the 
number of individuals suffering from clinical 

symptoms due to systemic herpes simplex virus 
infection 

CHS DNA UCA MSLR 

No decrease in ozone 302 478 390 42.5 
20% decrease in ozone 27 1 429 349 381 
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percentage of animals with the clinical symptoms. 
As in the Listcria model, the data were extra- 
polated to human subjects using the same 
uncertainty factors for inter- and intraspecies 
differences. The extrapolation from artificial UV- 
B exposure (FS40 lamps) to solar exposure was 
performed using the four different action or 
absorption spectra as outlined above. The solar 
exposure required to increase the incidence of 
clinical symptoms by 10% (i.e. 10% more 
individuals with clinical symptoms) in the general 
human population was calcukdted and is shown in 
Table 2.  

Discussion 

Risk assessment is a process of analysing relevant 
biological, dose-response, and exposure data for a 
particular agent in an attempt to establish qualita- 
tive and quantitative estimates of adverse effects 
on human health. Such an assessment of the 
carcinogenic potential of UV-B radiation is easier 
to determine than that of UV-B induced immuno- 
modulation and, as a consequence, impaired 
resistance to certain infections. For risk assess- 
ment of the carcinogenic potential of UV-B 
radiation, the adverse endpoint can be quantified 
and is beyond dispute (i.e. skin cancer). In 
contrast, the impairment in T cell immunity to L. 
nionocytogeizes is difficult to quantify in terms of 
increased incidence or severity of disease (Gars- 
sen, Norval et al. 1998; Goettsch, Garssen, Slob et 
al. 1998). However with the HSV model the 
adverse effects can be defined as percentage of 
individuals with clinical symptoms andor viral 
load increments. These endpoints for risk assess- 
ment may be more relevant than the impairment of 
one or two immune functions such as T cell and 
natural killer cell activity. 

In conclusion, in some animal infection models, 
UV-B exposure induces decreased immune re- 
sponses and increased pathogenic load. These 
results are likely to be relevant for the human 
situation because many of the immunomodulatory 
effects described in animals can also be found in 
people. Determining the exact quantitative rela- 
tionship between the immunosuppressive effects 
of UV-B radiation and an increased incidence of 
infectious diseases in the human population 
demands a cautious approach; further studies are 
required. Epidemiological and clinical approaches, 

as far as these are permitted ethically, may help to 
clarify the effect of UVR on human infectious 
diseases and should be areas of future research. 
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