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6DPHQYDWWLQJ
UV blootstelling heeft effecten op het immuunsysteem van mens en dier. Dergelijke effecten
zouden kunnen leiden tot verminderde weerstand tegen infecties in de bevolking. Wij hebben
in een retrospectieve cohort studie met 137 post-niertransplantatiepatiënten onderzocht of er
een verband tussen blootstelling aan zonlicht en het optreden van verschillende huidinfecties
aangetoond kon worden.
De klinische gegevens werden verkregen uit de patiënten dossiers van de deelnemers aan
deze studie. Een schatting van de blootstelling aan UV gedurende het gehele leven werd
gemaakt op basis van zelf-gerapporteerde gegevens in een vragenlijst. Het seizoen waarin de
diagnose van de betreffende infectie werd gesteld werd gezien als ruwe maat voor de
blootstelling aan UV vlak voor of op het moment van infectie. Deze blootstelingsvariabelen
werden opgenomen in een multivariaat Poisson regressie model voor herhaalde
waarnemingen, samen met andere klinisch relevante gegevens (o.a. aanwezigheid van
diabetes, gebruik prednison).
Het hoogste voorkomen van huidinfecties per tijdseenheid werd gevonden in de eerste 6
maanden na niertransplantatie. Er werd geen consistente correlatie gevonden met de maat
voor de cumulatieve zonlichtblootstelling gedurende het gehele leven. In de zomermaanden
werden de hoogste incidenties van virale en schimmel/ gist- infecties en de laagste van
bacteriële infecties gevonden. Herpes Simplex infecties werden vooral in de lente, terwijl
Herpes Zoster infecties vooral in de zomer gediagnosticeerd werden.
Eventuele interindividuele verschillen in de gevoeligheid voor en de rapportage van
huidinfecties zouden de associatie met de cumulatieve maat voor zonlichtblootstelling
vertekend kunnen hebben. Verder zou een gebrek aan gedetailleerde informatie de associatie
met het gebruik van immuunsuppressieve middelen en met het aantal behandelingen voor
rejectie vertekend kunnen hebben. Daar seizoen als een betrouwbare en tijdsafhankelijke
variabele in het Poisson model geïncludeerd kon worden, gaan deze bezwaren zeer
waarschijnlijk niet op voor de gevonden associatie tussen het optreden van infecties en
seizoen.
De conclusie die uit deze studie kan worden getrokken is dat er seizoensverschillen ten
aanzien van het voorkomen van infecties in deze groep niertransplantatie patiënten zijn. Deze
zouden gedeeltelijk kunnen worden toegeschreven aan het jaarritme voor UV belasting.
Daarnaast zouden andere jaarritmes in immuunresponsen, die niet noodzakelijkerwijs
verband behoeven te hebben met UV belasting, een rol kunnen spelen bij de seizoensinvloed
op het voorkomen van infecties in de bevolking.
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6XPPDU\
In view of the immune suppressive effects of ultraviolet B radiation (UVR) we examined
whether an association exists between exposure to solar UVR and the rate of different skin
infections in a retrospective cohort study of 137 renal transplant recipients.
The clinically data were extracted from the patient’s medical charts. An estimate of lifetime
cumulative exposure to sunlight was calculated on the basis of self-reported data. Season of
diagnosis was regarded as a rough estimate of the exposure just prior to or at the time of the
infection. These variables were included in a Multivariate Poisson Regression Model for
repeated measurements among other clinically relevant parameters (age at renal
transplantation, diabetes, and dose of immune suppressive treatment etc.).
The highest rates of infection were observed in the first 6 months since renal transplantation.
No consistent correlation was found with the estimate of lifetime cumulative exposure to
sunlight. In summer the highest rates of viral and fungal/ yeast and the lowest rates of
bacterial skin infections were found. For Herpes Simplex infections the highest rates were
found in spring, for Herpes Zoster infections the highest rates were found in summer.
It is discussed that inter-individual differences in the susceptibility to and the reporting of
infections may hamper the interpretation of the observed associations with the lifetime
cumulative estimate of sunlight. Furthermore, lack of detailed information on a daily basis
may have biased the association with the use of immune suppressive medication and the
number of treatments for rejections.
As season was introduced as time dependent variable the objections do probably not apply to
the observed seasonal influence on the occurrence of skin infections. This result may indicate
that seasonal differences in ambient UVR triggers a circannual rhythm in immune responses
and hence in the resistance to certain infections in human populations.
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���,QWURGXFWLRQ
Experimental animal data show that ultraviolet radiation (UVR) at doses relevant to outdoor
exposure may affect specific cellular immune responses and reduce the resistance to viral,
bacterial and parasitic agents [1,2]. It has also been shown that exposure to artificial UVR or
sunlight may suppress important immune parameters in humans [3,4,5]. It is still an
unresolved issue whether this acute UVR-induced immune suppression is associated with an
increased risk of infections or with a more severe clinical course after infection in human
populations [6,7]. We may assume that the possible subtle effects of UVR on the occurrence
or severity of infections in humans will come to light more easily in persons who already are
immune suppressed. It has been shown that renal transplant recipients are at increased risk of
non-melanoma skin cancer [8]. Both immune suppressive therapy and the cumulative life
time exposure to sunlight are believed to be important risk factors for the development of skin
cancers in these patients [9]. Furthermore, it is known that transplant recipients are at an
increased risk of acquiring infections due to their immune suppressive therapy [10,11]. In a
cohort of renal transplant recipients, who were initially included in a study on skin cancer, we
retraced the medical records and checked them for the presence of viral, bacterial and fungal/
yeast skin infections since the time of renal transplantation [9,12]. A description of the
infections found in these charts and their occurrence in the course of time since the renal
transplantation has been described [12]. The purpose of the present analysis was to examine
the possible association between exposure to solar UVR and the occurrence of different skin
infections.
It appears from experimental studies (both animal and human) that UVR may have a short
term and possibly reversible suppressive effects on the immune system [3,13]. For this
reason, it is expected that in our present study on infections the acute short term exposure to
solar UVR is of greater importance than the cumulative life time exposure, which is
associated with cumulated DNA damage in the skin and as a consequence induction of skin
malignancies. We hypothesised that in these immune suppressed patients a high, probably
short-term exposure to solar UVR is associated with an increased risk of skin infections.
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���0HWKRGV
����6WXG\�JURXS
The cohort maintained at the Transplant Unit of the Leiden University Medical Centre
consisted of 137 renal transplant recipients, who had received their first transplant between
July 20, 1967 and December 22, 1980 and who were still alive with a functioning graft on
August 1, 1989. The selection of this group of patients has been described before [9,14].
For the study on infections the follow-up of the cohort was extended to July 1, 1996. All but
three charts could be retraced from the Transplant Unit. Patients’ characteristics are given in
WDEOH��D�[12].

����$VVHVVPHQW�RI�H[SRVXUH�WR�VXQOLJKW
Between August 24, 1988 and December 31, 1989 a retrospective questionnaire on sunlight
exposure was administered [9,14]. Each patient’s life-time cumulative exposure to sunlight
was calculated by adding the hours of exposure associated with occupational activities to
those associated with non-occupational activities, such as outdoor recreation, holidays and
residence in the tropics. This was done to explore the association between the cumulative life
time exposure to solar UVR and the risk for skin cancer [9]. It is well known that there is a
strong association between season and exposure to ambient UVR in human populations
[15,16]. As the short-term exposure to sunlight could not be measured day-by-day in these
patients, the season of the year at the time of the diagnosis of an infection was regarded as
indicative of the exposure at the time of or prior to that infection.

����6WDWLVWLFDO�DQDO\VLV
We explored the association between the occurrence of skin infection and various possible
risk factors by means of a Poisson regression-analysis for repeated measurements. Rate ratios
(RR) and their statistical significance were calculated to estimate the relative risk of exposure
to/ presence of each possible determinant. In case of multi-categorical variables the RR’s
were calculated with regard to a reference category, which was chosen arbitrarily or according
to the expectation of the lowest risk associated with that level of the risk factor. As it is
known from our former analyses and clinical practice that time since renal transplantation is
an important determinant of infection, at first the analyses were performed bivariately with
period since renal transplantation as co-variable [10,11,12]. Time since renal transplantation
was subdivided in: the first month, 1 month – 6 months, 6 months – 1 year and longer than 1
year. Determinants bivariately associated with the risk of infection as statistically expressed
by a p-value of 0.10 (90% Confidence Interval, CI) or lower were included in the final
multivariate model. In the multivariate model a p-value of 0.05 (95%-CI) was regarded as the
level of statistical significance. All analyses were performed separately for infections of viral,
bacterial and fungal/ yeast origin [12].

The following independent variables were included in the analysis:
- Time since renal transplantation (< 1 month, 1 month – 6 months, 6 months – 1 year, >1
year). If the precise date of diagnosis of a skin infection was unknown, that infection was
excluded from the analysis.
- Gender
- Age at renal transplantation
- Diabetes (yes/ no)
- Skin type (I, III, III/IV) was assessed using standard criteria [17].
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- Use of azathioprine (mg/kg/day), the personal mean daily dose was calculated and
categorised (low/ intermediate/ high) for every above mentioned post-transplantation period
separately
- Use of prednisone (mg/kg/day), idem.
- Cumulative number of treatments for rejection (categorised)
- Lifetime cumulative exposure to sunlight. The cumulative number of hours exposed was
divided by the number of lifetime days to give the average life time exposure per day.
- Cumulative exposure to sunlight since renal transplantation. The number of hours exposed
since the time of renal transplantation only could be estimated from the questionnaires and by
dividing this number by the number of days between renal transplantation and the filling out
of the questionnaire the average exposure per day since renal transplantation was estimated.
- Season of infection.
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���5HVXOWV
In WDEOH��E an overview of all registered skin infections is given. A total of 340 infections in
105 patients were detected. The infections were 97 times of viral, 97 times of bacterial and
146 times of fungal/ yeast origin. Infections with Herpes Zoster and Herpes Simplex formed
the greatest part of viral infections.

In WDEOH��F the number and the rate (number per person year) of registered skin infections are
given by period since renal transplantation. The first half-year after the transplantation was
associated with the highest rate of (registered) skin infections, irrespective of the microbial
origin. The first month after renal transplantation was associated with the highest rate of
fungal and yeast infections. The period from the second through the sixth month after renal
transplantation was associated with the highest rate of viral and bacterial infections.

In WDEOH�� the results of the bivariate Poisson-analysis are shown. Younger age at renal
transplantation and a darker skin were statistically significantly associated with a lower rate of
skin infections of viral origin.
The presence of diabetes was associated with a higher rate of skin infections of bacterial and
fungal/ yeast origin.
After adjusting for the possible confounding effect of time since renal transplantation no
statistically significantly higher rates of infections were found during periods with
comparatively high doses of azathioprine or prednisone. For prednisone a strong correlation
between time since renal transplantation and the mean dosage was found with the highest
dosage immediately after the transplantation and decreasing doses thereafter (ILJXUH��), which
is in agreement with the dosage regimen after transplantation. Periods with low or
intermediate doses of azathioprine even tended to be associated with higher rates of infection,
especially in case of fungal/ yeast infections.
A higher cumulative life time exposure to sunlight tended to be associated with a higher rate
of infection, but no clear gradient was established with the highest rate of infections in the
group of participants with intermediate life time sunlight exposure.
A clear seasonal fluctuation could be established. Summer months (third quarter) were
associated with the highest rates of viral and fungal/ yeast infections and the lowest rates of
bacterial infections.
Those variables bivariately associated with the risk for viral, bacterial or fungal/ yeast
infections were included in a multivariate Poisson model. Results are shown in WDEOH��. The
same associations as were found in the bivariate analysis could be established. In case of viral
infections the association with skin type and season did not reach the level of statistical
significance (p=0.05).

As it is known that exposure to solar UVR may facilitate the recurrence of herpes viruses,
particularly Herpes Simplex, the above-described analysis was performed separately for
Herpes Simplex and Herpes Zoster. The multivariate model is shown in WDEOH��. For Herpes
Zoster a clear association with age at renal transplantation could be established. For both
Herpes Simplex and Herpes Zoster a seasonal fluctuation was found. Spring (second quarter)
was associated with the highest rates of Herpes Simplex.  Summer (third quarter) was
associated with the highest rates of Herpes Zoster.
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���'LVFXVVLRQ
In a cohort of post renal transplant recipients we examined the association between exposure
to solar UVR and the incidence of skin infections among other clinically important
parameters. This was done by using a rough estimate of short-term exposure and by a
questionnaire-based estimate of lifetime cumulative exposure. We regarded ‘season’ as
surrogate measure for short-term exposure to UVR.

In the analyses we took the clinically important determinants of infection like time since renal
transplantation, diabetes and immunosuppressive medication into account. It is already
known that the highest rates of infection are found in the first months after renal
transplantation [12]. The highest rate of fungal/ yeast infections was found in the first month
since renal transplantation, possibly reflecting the higher risk of candidal infections seen in
surgical patients, irrespective of the state of immunosuppression [10]. The highest rates of
viral and bacterial infections were found in the second through sixth month after renal
transplantation. This may reflect the influence of the immunosuppressive therapy, which is
determined mainly by its duration and less by the particular dose of drugs being administered
on a given day or over a few days [11]. Furthermore, the first months after renal
transplantation are possibly associated with more frequent visits to the clinic and so a higher
probability for an infection being diagnosed and registered in the medical chart.
Diabetes appeared to be associated with statistically significantly higher rates of bacterial and
fungal/ yeast infections, which is in accordance with clinical data [18,19].
Although it is well known that therapy with prednisone and azathioprine is associated with a
higher risk of infections [11,20,21,22], a consistent correlation with the dose of prednisone,
azathioprine, or the combination of both could not be established in this cohort. Periods with
low and intermediate doses of azathioprine even were associated with higher rates of fungal/
yeast infection. Furthermore, although a strong correlation between prednisone dose and time
since renal transplantation was observed (ILJXUH��), the correlation between the rate of
infections and the time since renal transplantation was not modified by taking into account
the effect of prednisone dose. These results may indicate that the association between the
prescribed dose of immunosuppressive medication and the risk for infections is not clear-cut
or can be evaluated only when detailed information on the daily use of medication and
adjustments of therapy regimen is included in the analysis.

We found a clear seasonal influence on the incidence of skin-infections. High summer (July
through September) was associated with the highest rates of Herpes Zoster (‘shingles’) and
fungal/ yeast infections, whereas these months were associated with the lowest rates of
bacterial skin infections. The highest rates of Herpes Simplex were found in spring and early
summer (April through June). It is already known that UVR may induce the recurrence of
Herpes Simplex, although we found no studies in which a clear seasonal variation could be
established [23,24,25,26]. In one study the greatest part of episodes of Herpes Simplex-
induced keratitis was found from January through June, which coincides with our finding of
highest incidences in spring [24]. In a population-based study a statistically significant
seasonal influence on the referred number of patients with acute Herpes Zoster viral infection
was found. The highest rates were found in summer, lower rates in autumn and winter and the
lowest rates in spring, which is in accordance with our findings [27]. In another study it was
also found that summer months were associated with the greatest number of patients with
Herpes Zoster [28]. In other studies increasing incidences of Herpes Zoster infection with age
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were found, which is also in accordance with our finding [29,30]. This finding may indicate
selective decline in cellular immunity to varicella virus with age [30]. As both humoral and
cellular immune responses are important to maintain control of viral replication, it is possible
that the observed seasonal fluctuation of Herpes infections is related to circannual variations
in immune responses [28,31]. Further research is needed to examine whether circannual
variations of immune responses and the occurrence of infections are due to seasonal
differences in ambient UVR. For Herpes Simplex and Herpes Zoster the established seasonal
variation may indicate an effect of UVR on the cellular immunity and hence the recurrence
rate. For the superficially localised fungal/ yeast infections we cannot rule out that the
seasonal fluctuation is due to seasonal differences in ambient and skin temperature and/ or
humidity.

Differences in infection rates between categories of patients characterised by the estimate of
lifetime cumulative exposure to sunlight could be established. This questionnaire-based
estimate of lifetime cumulative exposure to sunlight appeared to be correlated with the risk
for skin cancer in the same cohort in a former analysis [9].
A tendency towards higher rates of bacterial and fungal/ yeast infections was observed in the
intermediate exposed group. No association with the cumulative exposure since renal
transplantation could be established. UVR induced DNA damage can accumulate in the skin
and may be an important mediator of UVR induced immune suppression [32,33]. Hence, it is
plausible that the association with the lifetime cumulative exposure is stronger than the
association with the cumulative exposure during a shorter time interval, as is the case with
exposure since renal transplantation only. On the other hand, the association with the estimate
of lifetime cumulative exposure could not be established consistently, as there were no
statistically significant differences in infection rates between the highest and the lowest
exposed participants. Inter-individual differences in the number of visits to the clinic for
medical examination (‘reporting-bias’) or differences in susceptibility to infections may have
confounded the association with the life-time cumulative exposure or may have introduced
spurious differences between the low and intermediate exposure categories.

This retrospective cohort study has many limitations. Inter-individual differences in number
of visits to the clinic or susceptibility to infections may have confounded the correlation with
the time-independent variables as the life-time cumulative estimate of exposure to sunlight
and the cumulative number of treatments for rejection. Lack of detailed information on a
daily basis may have biased the association with immune suppressive medication and the
number of treatments for rejection.
On the other hand, as the patients were followed for many years and the date of diagnosis of
the infections used in the analysis was known, season was introduced as a reliable time
dependent variable. Hence, the above objections to the retrospective design of our study do
probably not apply to the observed seasonal effects.
Furthermore, we may exclude that the observed seasonal fluctuations are due to seasonal
differences in the reporting of infections or the use of immune suppressive medication, as an
association between these factors and season is unlikely.
Still, whether the higher rates of viral and fungal/ yeast infections in spring and summer are
due to the immune suppressive effect of UVR remains to be established [16].
We may hypothesise that in immunocompromised patients exposure to an
immunosuppressive dose of UVR will lead to a higher rate of certain clinical infections more
readily than in healthy persons. This may explain why in our cohort a seasonal fluctuation has
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come to light easily. Although our finding is possibly of no relevance in healthy non-
immunocompromised persons, it indicates that ambient UVB may have a subtle influence on
the resistance to infections in human populations.
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$SSHQGL[�� 7DEOHV�DQG�)LJXUH

7DEOH��D��%DVLF�&KDUDFWHULVWLFV�RI�WKH�6WXG\�3RSXODWLRQ�LQFOXGHG�LQ�WKH�SUHVHQW�DQDO\VLV

1XPEHU�RI�SDWLHQWV 134

*HQGHU�� male 80
female 54

$JH DW�UHQDO�WUDQVSODQWDWLRQ��PHDQ��PLQ��±�PD[�� 32.6 years (12.7 – 53.2)

'LDEHWHV yes 12
 no 122

6NLQ�W\SH I 4
 II 39
 III or IV 85

unknown 6

1XPEHU�RI��WUHDWPHQWV�IRU�UHMHFWLRQV
0-1 44

 2-3 61
 4-6 20
 unknown 9

&XPXODWLYH�OLIH�WLPH�H[SRVXUH�WR�VXQOLJKW
<0.52 hours/ day 39

 0.52 – 0.77 hours/ day 44
 >0.77 hours/ day 46

unknown 5

&XPXODWLYH�H[SRVXUH�WR�VXQOLJKW�VLQFH�UHQDO
WUDQVSODQWDWLRQ
 <0.52 hours/ day 38

0.52 – 1.17 hours/ day 45
 > 1.17 hours/ day 46

unknown 5

)ROORZ�XS�WLPH�LQFOXGHG�LQ�WKH�SUHVHQW�DQDO\VLV
�PHDQ��PLQ��±�PD[��

19.1 years (0.06 – 29.0)
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7DEOH��E�7KH�QXPEHU�DQG�W\SH�RI�VNLQ�LQIHFWLRQV�UHJLVWHUHG�LQ�WKH�PHGLFDO�UHFRUGV�VLQFH
WKH�WLPH�RI�UHQDO�WUDQVSODQWLRQ

All infections together
First infection
per patient

Number of
patients

Number of
infections

,QIHFWLRQ
9LUDO
Herpes Zoster 24 (22.8%) 48 55 (16.2%)
Herpes Simplex   9 (8.6%) 17 26 (7.6%)
Molluscum Contagiosum   4 (3.8%)   9 16 (4.7%)

%DFWHULDO
Impetigo vulgaris   7 (6.7%) 14 19 (5.6%)
Ecthyma   2 (1.9%)   3   3 (0.9%)
Folliculitis 15 (14.3%) 29 50 (14.7%)
Erysipelas   4 (3.8%) 12 22 (6.5%)
Erythrasma   0 (0.0%)   3   3 (0.9%)

)XQJDO
Candida 18 (17.1%) 28 46 (13.5%)
Dermatomycosis 13 (12.4%) 40 63 (18.5%)
Onychomycosis   4 (3.8%) 12 18 (5.3%)
Tinea Versicolor   5 (4.8%) 11 19 (5.6%)

����(100%)
No infections � ��
Charts not retraced � �

����SDWLHQWV ����LQIHFWLRQV
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7DEOH��F��7KH�QXPEHU�RI�LQIHFWLRQV�$���WKH�QXPEHU�RI�IROORZ�XS�\HDUV�LQ�ZKLFK�WKHVH
LQIHFWLRQV�ZHUH�REVHUYHG�%��DQG�WKH�UDWH�RI�LQIHFWLRQ��$�%���E\�W\SH�RI�LQIHFWLRQ�DQG�WLPH
VLQFH�UHQDO�WUDQVSODQWDWLRQ��7KRVH�LQIHFWLRQV�DUH�VKRZQ�WKDW�ZHUH�LQFOXGHG�LQ�WKH
3RLVVRQ�DQDO\VLV�

Number of
infections

Number of
follow-up
years

Rate of
infection
(number/yr)

9LUDO�LQIHFWLRQV
� DOO

< 1 month 0 10.50 0.000
1 month - 6 months 8 53.20 0.150

6 months - 1 year 1 63.28 0.015
> 1 year 78 2432.29 0.032

� +HUSHV�6LPSOH[
< 1 month 0 10.50 0.000

1 month – 6 months 4 53.20 0.075
6 months - 1 year 1 63.28 0.015

> 1 year 18 2432.29 0.007

� +HUSHV�=RVWHU
< 1 month 0 10.50 0.000

1 month - 6 months 4 53.20 0.075
6 months - 1 year 0 63.28 0.000

> 1 year 47 2432.29 0.019

%DFWHULDO�LQIHFWLRQV
< 1 month 2 10.50 0.190

1 month - 6 months 11 53.20 0.206
6 months - 1 year 5 63.28 0.079

> 1 year 74 2432.29 0.030

)XQJDO��\HDVW�LQIHFWLRQV
< 1 month 4 10.50 0.381

1 month - 6 months 14 53.20 0.263
6 months - 1 year 8 63.28 0.126

> 1 year 114 2432.29 0.046
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7DEOH����5HVXOWV�RI�WKH�3RLVVRQ�DQDO\VLV�RQ�GHWHUPLQDQWV�RI�VNLQ�LQIHFWLRQV�VLQFH�UHQDO
WUDQVSODQWDWLRQ��573��ELYDULDWH�

Viral Bacterial Fungal/ yeast
RR 90%-CI RR 90%-CI RR 90%-CI

1. Time since renal
transplantation a

< 1 month ���� ������������ 8.11 ������������
1 month - 6 months ���� ����������� ���� ������������ 5.61 �����������

6 months - 1 year 0.49 0.09 - 2.61 ���� ������������ 2.69 �����������
> 1 year 1.00 . 1.00 . 1.00 .

2. Gender
Female 1.28 0.84 - 1.95 1.37 0.71 - 2.62 1.09 0.74 - 1.61

Male 1.00 . 1.00 . 1.00 .

3. Age at RTP
< 26 years ���� ����������� 0.78 0.34 - 1.81 1.20 0.75 - 1.92

26 – 39 years 1.01 0.64 - 1.60 0.91 0.44 - 1.87 1.03 0.68 - 1.57
>39 years 1.00 . 1.00 . 1.00 .

4. Diabetes
Yes 0.99 0.48 - 2.04 ���� ������������ 1.66 �����������
No 1.00 . 1.00 . 1.00 .

5. Skin type
Dark (III/ IV) ���� ����������� 1.00 0.21 -  4.73 0.59 0.32 - 1.07

Intermediate (II) ���� ����������� 2.04 0.40 - 10.24 0.68 0.35 - 1.30
Light (I) 1.00 . 1.00 . 1.00 .

6. Azathioprine
<1.36 mg/kg/day 1.00 . 1.00 . 1.00 .

1.36 - 2.04 “ 0.76 0.47 - 1.24 0.87 0.42 - 1.77 ����E 0.74 - 1.85
> 2.04 “ 0.91 0.48 - 1.74 0.58 0.28 - 1.24 ���� 0.36 - 1.08

7. Prednison
<0.22 mg/kg/day 1.00 . 1.00 . 1.00 .

0.22 - 0.42 “ 0.52 0.16 - 1.67 0.93 0.38 - 2.30 1.31 0.52 - 3.27
> 0.42 “ 0.71 0.17 - 2.90 2.38 0.69 - 8.15 1.43 0.47 - 4.35

6./7. Combination 6/7
Low 1.00 . 1.00 . 1.00 .

Intermediate 0.77 0.34 - 1.70 0.74 0.40 - 1.38 ���� �����������
High 1.50 0.57 - 3.95 1.49 0.51 - 4.37 0.72 0.32 - 1.62
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8. Number of treatments
for rejections

0-1 1.00 . 1.00 . 1.00 .

2-3 1.09 0.66 - 1.81 0.60 0.27 - 1.32 0.81 0.51 - 1.27

4-6 0.67 0.37 - 1.21 0.56 0.26 - 1.21 1.05 0.60 - 1.83

9. Cumulative life-time
exposure to sunlight

< 0.52 hours/ day 1.00 . 1.00 . 1.00 .
0.52 – 0.77 “ 1.37 0.88 - 2.13 ���� ����������� ���� �����������

> 0.77 “ 1.15 0.70 - 1.89 1.63 0.82 - 3.25 1.14 0.70 - 1.87

10. Cumulative
exposure to sunlight
since RTP

< 0.52 hours/ day 1.00 . 1.00 . 1.00 .

0.52 – 1.17 “ 1.00 0.61 - 1.63 1.59 0.74 - 3.42 1.48 0.88 - 2.47

> 1.17 “ 1.09 0.63 - 1.88 1.20 0.65 - 2.22 1.16 0.70 - 1.93

11. Season
January – March 1.00 . 1.00 . 1.00 .

April – June 1.23 0.72 - 2.11 ���� ����������� ���� �����������
July – September ���� ����������� ����F 0.54 - 1.22 ���� �����������

October – December 1.27 0.76 - 2.11 1.12 0.69 - 1.82 1.39 0.89 - 2.17

a No other co-variables were included.
b The difference between the rate at a daily dose of  ‘1.36 - 2.04 mg/kg/day’ and the rate at a daily dose of
‘> 2.04 mg/kg/day’ reached the level of statistical significance (risk ratio = ����������&,�������±�����,
‘>2.04 mg/kg/day’ = reference category).
c The difference between the rate in ‘July – September’ and the rate in ‘April – June’ reached  the level of
statistical significance (risk ratio = ����������&,�������±�����, July – September = reference category).
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7DEOH����5HVXOWV�RI�WKH�3RLVVRQ�DQDO\VLV�RQ�GHWHUPLQDQWV�RI�VNLQ�LQIHFWLRQV�VLQFH�UHQDO
WUDQVSODQWDWLRQ��573��PXOWLYDULDWH�

Viral Bacterial Fungal/ yeast
RR 95%-CI RR 95%-CI RR 95%-CI

1. Time since renal
transplantation

< 1 month ���� ������������ ���� ������������
1 month - 6 months ���� ����������� ���� ������������ ���� ������������

6 months - 1 year 0.49 0.07 - 3.60 ���� ������������ ���� ������������
> 1 year 1.00 . 1.00 . 1.00 .

3. Age at RTP
< 26 years ���� �����������

26 – 39 years 0.99 0.56 - 1.73
>39 years 1.00 .

4. Diabetes
Yes ���� ������������ ���� �������������
No 1.00 . 1.00 .

5. Skin type
Dark (III/IV) 0.64 0.36 - 1.14

Intermediate (II) 0.64 0.38 - 1.09
Light (I) 1.00 .

6. Azathioprine
<1.36 mg/kg/day 1.00 .

1.36 - 2.04 “ ����D 0.67 - 1.99
> 2.04 “ ���� 0.29 - 1.12

9. Cumulative life-time
exposure to sunlight

< 0.52 hours/ day 1.00 . 1.00 .
0.52 – 0.77 “ ���� ����������� 1.71 0.96 - 3.05

> 0.77 “ 1.99 0.77 - 5.09 1.07 0.56 - 2.05

11. Season
January – March 1.00 . 1.00 . 1.00 .

April – June 1.23 0.65 - 2.33 ���� ����������� 1.54 0.96 - 2.48
July – September 1.58 0.92 - 2.73 ����E 0.50 - 1.37 ���� �����������

October – December 1.27 0.69 - 2.33 1.13 0.64 - 1.99 1.39 0.82 - 2.37

a The difference between the rate at a daily dose of  ‘1.36 - 2.04 mg/kg/day’ and the rate at a daily dose of
‘> 2.04 mg/kg/day’ reached the level of statistical significance (risk ratio = ����������&,�������±�����.
‘>2.04 mg/kg/day’ = reference category).
b The difference between the rate in ‘July – September’ and the rate in ‘April – June’ reached  the level of
statistical significance (risk ratio = ����������&,�������±�����. July – September = reference category).
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7DEOH����5HVXOWV�RI�WKH�3RLVVRQ�DQDO\VLV�RQ�GHWHUPLQDQWV�RI�+HUSHV�6LPSOH[��DQG�+HUSHV
=RVWHU�VNLQ�LQIHFWLRQV�VLQFH�UHQDO�WUDQVSODQWDWLRQ��573��PXOWLYDULDWH�

Herpes Simplex Herpes Zoster
RR 95%-CI RR 95%-CI

1. Time since renal
transplantation

< 1 month
1 month - 6 months ���� ������������� ���� ������������

6 months - 1 year 1.26 0.17 - 9.17
> 1 year 1.00 . 1.00 .

2. Gender
Male 2.50 0.88 - 7.13

Female 1.00 .

3. Age at RTP
< 26 years ���� �����������

26 – 39 years 0.74 0.44 - 1.24
>39 years 1.00 .

6./7. Combination 6/7
Low 0.39 0.09 - 1.68

Intermediate ���� �����������
High 1.00 .

11. Season
January – March 1.00 . 1.00 .

April – June ���� ������������ ���� 0.25 - 1.65
July – September 2.06 0.59 - 7.23 ����D 0.75 - 3.50

October – December 0.66 0.12 - 3.68 1.32 0.61 - 2.88

a The difference between the rate in ‘July – September’ and the rate in ‘April – June’ reached the level of
statistical significance (risk ratio = ����������&,�������±�����. July – September = reference category).
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)LJXUH����'DLO\�GRVDJHV�RI�SUHGQLVRQH��ZKLWH�EDU��DQG�D]DWKLRSULQH��JUH\�EDU��E\�WLPH�VLQFH
UHQDO�WUDQVSODQWDWLRQ
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