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Elevation of ambient temperature
Is associated with an increased
risk of herpes zoster: a time-series
analysis

Yoon-Jung Choi(®?, Youn-Hee Lim®?23, Kyung-Shin Lee?3 & Yun-Chul Hong%?3

Although varicella zoster (VZ) and herpes zoster (HZ) are caused by the same varicella zoster virus
(VZV), the former is caused by primary infection while the latter is caused by reactivation of latentVZV,
and their relationships with ambient temperature are also different. It is relatively well-established
thatVZ incidence declines with ambient temperature, but the relationship between HZ and ambient
temperature is inconclusive. Thus, we investigated the effects of ambient temperature on the
incidence of HZ in time-series analysis by using data from the Korean National Emergency Department
Information System between 2014 and 2016. We applied a generalized linear model to investigate the
relationship between ambient temperature and emergency room (ER) visits due to HZ, after controlling
for confounders in seven metropolitan cities and nine provinces in South Korea. Region-specific
estimates were pooled to obtain the national average estimates. There were a total of 61,957 ER visits
nationwide for HZ during the study period. HZ significantly increased by 2.03% to 2.94% in the moving
average lag models throughout 0 to 11 days with maximum percent increase of 2.94% (95% Cl: 2.20,
3.68) in the 6-day moving average lag model.

Reactivation of latent varicella zoster virus (VZV) infection can cause herpes zoster (HZ) (shingles) decades after
the primary VZV infection in childhood, which is known as varicella zoster (VZ) (chicken pox). Although HZ
mostly resolves spontaneously, neurologic complications can develop, including post-herpetic neuralgia, cranial
nerve palsies, myelitis, and encephalitis. The lifetime risk of HZ has been reported to be as high as 32% in Taiwan
and 30% in the United Kingdom'? Severity also increases after the age of 50 years?.

VZ and HZ are caused by the same virus, but the mechanisms and clinical entities are different; the former
is caused by airborne transmission as well as direct contact of VZV, mostly in children or younger ages, and the
latter is caused by the reactivation of latent VZV in older adults, especially when accompanied by risk factors
such as immunosuppressive conditions and chronic diseases including heart failure, COPD, asthma, chronic
kidney disease, and depression®=>. The effects of meteorological factors on VZ and HZ are also different. VZV is
not well transmitted under conditions of high ambient temperatures and high humidity®. The seroprevalence of
VZV in Europe is the lowest in the Mediterranean region where the temperatures are the highest in Europe”®. The
reported VZ incidence is higher during the cooler seasons in South and Southeast Asia®*!’, and ambient temper-
ature is negatively associated with VZ incidence in Greece!! and Shanghai, China'2.

In contrast, HZ incidence has been reported to be positively associated with increased ambient temperature.
Although some previous studies failed to detect seasonality of HZ*-15, which could be due to (1) using admis-
sion or consultation data which is more likely to involve HZ complications which are more chronic in nature
or (2) higher latitudes of the regions in which HZ seasonality was not observed, studies in Japan and Taiwan
showed that the prevalence of HZ was high in summer and low in winter, which is a mirror image of VZ inci-
dence'®!”. However, these studies did not quantify the degree of association between ambient temperature and
HZ. A time-series analysis in Australia reported that HZ was positively associated with ambient temperature and
UV light; however, the study was limited to a single city, and there were a total of 3,690 HZ cases over 5 years!.
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Variables Mean =+ SD Minimum Maximum

Meteorological measures

Mean temperature (°C) 13.80+9.30 —144 324
Minimum temperature (°C) 9.43+9.69 —18.12 28.7
Maximum temperature (°C) 18.92+9.43 —10.5 38.3
Relative humidity (%) 68.70+15.34 20.6 99.9
Sunshine duration (hours/day) 6.28+3.87 0 13.9
Daily emergency room visits due to herpes zoster

Male sex 1.45+2.61 0 39
Female sex 2.09+3.71 0 55
Age 0-18 years 0.1240.40 0 6
Age 19-64 years 2.42+4.39 0 67
Age >65 years 0.99+1.77 0 26
Total 3.53+6.03 0 91

Table 1. Descriptive statistics for meteorological data and cases of herpes zoster in the Republic of Korea from
January 1, 2014 to December 31, 2016.
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Figure 1. Mean temperature, total sunshine duration, and emergency room visits for herpes zoster in Seoul,
Korea (2014-2016).

Another time-series analysis in China showed thata 1°C increase in daily mean temperature was associated with
a2.18% increase in outpatient dermatology visits due to HZ; however, the study was confined to a single medical
center in Shanghai, with a total of 6,614 HZ cases'%.

Although the association between ambient temperature and VZ is relatively well established, evidence regard-
ing the association between ambient temperature and HZ is not convincing. Limited sample sizes in previous
studies indicate a need for more comprehensive data analysis over greater geographic areas. Thus, we used
large-scale, nationwide, emergency department data to confirm the association between meteorological factors
and HZ, focusing on ambient temperature. This enabled us to further analyze the differential effects of tempera-
ture by sex and age groups.

Results

There were a total of 61,957 ER visits due to HZ without complications nationwide in South Korea from January
1, 2014 to December 31, 2016, with 25,355 and 36,602 male and female patients, respectively. According to age
groups, there were 2,148 patients with HZ aged 0-18 years, 42,427 aged 19-64 years, and 17,382 aged >65 years.
Over the given study period for all cities and provinces, mean temperature, relative humidity, and sunshine dura-
tion were 13.80 £ 9.30°C, 68.70 £ 15.34%, and 6.28 &= 3.87 hours/day, respectively (Table 1). Seasonal variation
of HZ incidence coincided with seasonal variation of mean temperature in Seoul (Fig. 1). However, the seasonal
pattern of relative humidity and sunshine duration did not quite overlap with seasonal variation of HZ incidence.
When confined to Seoul, the Pearson correlation coefficients between ER visits for HZ and mean temperature,
relative humidity, and sunshine duration were 0.14, 0.036, and —0.056, respectively.

As shown in Fig. 2, the generalized additive model (GAM) analysis indicated a positive association between
HZ and mean temperature in Seoul when adjusted for relative humidity, duration of sunshine, and days of the
week. Minimum, maximum, and apparent temperature documented for Seoul also had positive associations with
HZ while the associations between HZ and relative humidity or sunshine duration were not significant in Seoul
(Fig. 2). Other cities and provinces showed similar positive associations between HZ and mean temperature
(Supplementary Fig. 1).

Table 2 and Fig. 3 show the pooled estimates resulting from meta-analysis of the generalized linear model
(GLM) estimates for each city and province in the models of up to 14-day moving average lags (the results of
meta-analysis for each city and province are shown in Supplementary Fig. 2). In the 1-day lag model, the percent
change in ER visits for HZ according to a 1-unit increase in ambient temperature (°C) was 2.15% (95% confidence
interval (CI): 1.59, 2.72). In the 7-day moving average lag model, ER visits for HZ increased by 2.90% (95% CI:
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Figure 2. Generalized additive model (GAM) showing association between the log of daily number of visits
for herpes zoster in emergency departments in Seoul, Korea and (A) mean temperature, (B) minimum
temperature, (C) maximum temperature, (D) apparent temperature, (E) relative humidity, and (F) sunshine
duration (Abbreviation: ER, emergency room; HZ, herpes zoster).

Moving average lag Percent change (95% CI)
0lag 2.30(1.72,2.89)
0-1 2.15(1.59,2.72)
0-2 2.27(1.69, 2.86)
0-3 2.48 (1.86,3.11)
0-4 2.65(1.99,3.32)
0-5 2.83(2.14, 3.52)
0-6 2.94(2.20,3.68)
0-7 2.90 (2.14, 3.67)
0-8 2.71(1.94,3.49)
0-9 2.52(1.79,3.25)
0-10 2.23(1.58,2.89)
0-11 2.03(1.34,2.72)
0-12 1.81 (1.08, 2.54)
0-13 1.34(0.58,2.10)
0-14 0.58 (—0.23, 1.40)

Table 2. Pooled estimates of percent change in emergency room visits due to herpes zoster according to a
1°Cincrease in daily mean temperature using different moving average lag models from January 1, 2014 to
December 31, 2016 in the meta-analysis of a generalized linear model (GLM) for seven metropolitan cities and
nine provinces in Korea. Abbreviation: CI, confidence interval.

2.14, 3.67) with every 1°C increase in daily mean temperature. As lag days increased in the moving average
models, percent changes of HZ with increases in ambient temperature remained above 2% (2.03-2.94%), up to
the 11-day moving average lag models, followed by a decrease in percent changes of HZ thereafter, reaching a
nonsignificant level. The maximum percent increase of HZ cases was 2.94% (95% CI: 2.20, 3.68) by 1 °C increase
in daily mean temperature in the 6-day moving average lag model.

When classified by sex and age subgroups, a 1 °C increase in daily mean temperature was associated with per-
cent changes in HZ 0f 2.12% (95% CI: 1.39, 2.85) for male patients, 2.28% (95% CI: 1.68, 2.89) for female patients,
2.38% (95% CI: 1.70, 3.05) for patients aged 19-64 years, and 2.13% (95% CI: 1.30, 2.97) for those >65 years of
age in the 0-lag model (Table 3 and Fig. 4). In the 7-day moving average model, percent changes of HZ were 1.95%
(95% CI: 1.09, 2.81) in male patients, 3.44% (95% CI: 2.41, 4.47) in female patients, 3.35% (95% CI: 2.35, 4.36)
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Moving average

lag (days) Total Male sex Female sex Age 19-64 years Age >65 years

0 2.3(1.72,2.89) 2.12(1.39,2.85) 2.28(1.68,2.89) 2.38(1.70, 3.05) 2.13(1.30,2.97)
0-1 2.15(1.59,2.72) 2.00 (1.28,2.73) 2.13(1.49,2.77) 2.30 (1.62,2.98) 1.90 (1.11, 2.69)
0-7 2.90 (2.14,3.67) 1.95 (1.09, 2.81) 3.44 (2.41,4.47) 3.35(2.35,4.36) 2.16(1.12,3.21)
0-14 0.58 (—0.23, 1.40) —0.52 (—1.99, 0.98) 1.23(0.18,2.28) 0.77 (—0.22, 1.76) 0.43 (—1.06, 1.94)

Table 3. Pooled estimates of percent change in emergency room visits due to herpes zoster according to a 1°C
increase in daily mean temperature by sex and age groups, using different moving average lag models from
January 1, 2014 to December 31, 2016 from the meta-analysis of a generalized linear model (GLM) for seven
metropolitan cities and nine provinces in Korea.
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Figure 3. Pooled estimates of percent change in emergency room visits for herpes zoster with every 1°C
increase in mean temperature in up to 14-day moving average lag models, from the meta-analysis of a
generalized linear model (GLM) for seven metropolitan cities and nine provinces in Korea (Abbreviation: ER,
emergency room; HZ, herpes zoster).
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Figure 4. Pooled estimates of percent change in emergency room visits due to herpes zoster with every 1°C
increase of mean temperature in the 7-day moving average lag model by sex and age group from the meta-
analysis of a generalized linear model (GLM) for seven metropolitan cities and nine provinces in Korea

(Abbreviation: ER, emergency room; HZ, herpes zoster).

in patients aged 19-64 years, and 2.16% (95% CI: 1.12, 3.21) in those >65 years of age. These results indicated
greater effect sizes in female than in male patients and in patients aged 19-64 years than those aged >65 years;
however, the differences of effect sizes between the groups were not statistically significant.

Discussion

We studied the relationship between daily mean temperature and ER visits for HZ using a time-series analysis.
Meta-analysis of seven metropolitan cities and nine provinces of South Korea revealed that for every 1°C increase
in ambient temperature, HZ significantly increased by 2.03% to 2.94% in the moving average lag models from 0
to 11 days with maximum percent increase of 2.94% (95% CI: 2.20, 3.68) in the 6-day moving average lag model.
Previous studies have investigated the association between HZ and meteorological factors, but these studies were
confined to a single medical center or a single city, and the number of cases of HZ was limited. To the best of our
knowledge, this is the first large-scale time-series analysis of the association between ER visits for HZ and ambient
temperature covering the entire nation of South Korea. The use of large-scale data enabled subgroup analysis by
sex and age groups, with percent changes found to be greater in female patients and patients aged 18-64 years,
although the difference was not statistically significant.

Little is known about the underlying mechanisms of seasonal variations in HZ incidence. VZV-specific T-cell
immunity is acquired during primary infection, which is essential for host recovery from VZ". In the later life of
ahost, VZV reactivates and reaches the skin via axonal transport, presenting the characteristic skin lesions along
the dermatome. Memory T cells that recognize VZV proteins remain detectable after primary infection, and VZV
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reactivation becomes more frequent as the interval from the primary infection lengthens. Previous studies have
shown that a decline in T-cell recognition of VZV antigens is associated with increased incidence of HZ?. In fact,
HZ reactivation is known to be associated with a spectrum of immunosuppression such as immunosenescence
which refers to the natural decline in T-cell function as aging, disease-induced immunosuppression, and immu-
nosuppressive therapy?'.

There is some evidence that host immune function could also be affected by environmental factors such as sea-
sons and ambient temperature. Seasonality of infectious diseases are well-established in humans, and it has been
suggested that inborn immunological rhythm underlies infectious diseases seasonality®>. If seasonality of infec-
tious diseases is related with seasonality of host immune system, then enhanced or reduced immune response
would, in turn, affect reactivation of latent viral infection. Previous studies have shown that human innate and
adaptive immune responses show variability according to seasons. In summer, a decrease is seen in the percentage
of monocytes expressing toll-like receptors (TLRs) and pro-inflammatory cytokines, such as interleukin (IL)-10,
IL-6, tissue necrosis factor (TNF), IL-10, and IFN-~. Circulating CD4+ and CD8+ T cell levels increase and
anti-inflammatory regulatory T cell levels decrease in summer?»**. The mRNA expression of genes involved in
B-cell receptor signaling, chemokine signaling, and phagosome were increased in winter and decreased in sum-
mer®. This pattern was linearly predicted by daily mean ambient temperature and sunlight duration, and was
not observed in people residing in an equatorial regions. Dopico et al. suggested that seasonal gene expression
was evolutionarily selected for such that immune response may be enhanced as a result of co-evolution with
infectious microorganisms and more intense inter-species competition during winter?. Thus, it is probable that
relatively reduced level of immune response in summer leaves people more susceptible to reactivation of latent
viral infection.

Along with temperature, ultraviolet radiation (UVR) and vitamin D may also contribute to the seasonality of
HZ. In humans, UVR-mediated immunosuppression is associated with reactivation of latent infection of herpes
simplex virus®®, which belongs to the same Alphaherpesvirinae subfamily as VZV. Exposure to UVR is associated
with downregulation of microorganism-specific T cells and decreased production of antibodies by B-cells?’. In
contrast, vitamin D is widely known for its roles in immune enhancement®®. Recent studies identified the associa-
tion between lower serum vitamin D levels and increased rates of infectious diseases such as Tb***°, acute respira-
tory tract infection®, and malaria®?. These associations were greater at higher or lower latitudes where vitamin D
deficiency is greater compared to equatorial regions®®. The sunshine duration is associated with UVR and vitamin
D as well as ambient temperature; therefore, further studies using direct information of UVR and vitamin D are
required to confirm the effects of ambient temperature on HZ.

The main limitation of this study is that the data only included ER visits; thus, the total number of HZ cases,
including those in outpatient clinics, is unknown. Nonetheless, the use of national ER data is reasonable for detec-
tion of trends in HZ incidence according to ambient temperature changes. Another limitation is that although
we excluded HZ cases with complications, it is possible that the ICD-10 code was misclassified. For instance, the
ICD-10 code for HZ without complications might have been assigned to patients with HZ who had complications
and vice versa. Inclusion of patients with HZ who had complications could result in misleading effects of ambient
temperature on the incidence of HZ because complications could be present in a more chronic fashion, such as
post-herpetic neuralgia.

In conclusion, our study was the first large-scale time-series analysis that showed a significant association of
elevation of ambient temperature with increased HZ incidence. While the association between ambient tempera-
ture and HZ was positive over the continuous three-year period, it would be important to conduct a study over a
longer period of time, especially to find out the effects of heat waves on HZ.

Materials and Methods

Data of HZ and meteorological parameters. We obtained data from the National Emergency
Department Information System (NEDIS) of Korea from January 1, 2014 to December 31, 2016. Cases of HZ
were identified as ICD-10 code B02.9. Since we were more interested in the effect of ambient temperature on the
incidence of HZ rather than sequelae of HZ, inclusion of HZ cases with complications would make the interpre-
tation more complex. Also, HZ-related complications such as post-herpetic neuralgia could present in a more
chronic fashion, leading to recurrent emergency room (ER) visits. Thus, we excluded cases of HZ with compli-
cations, such as zoster encephalitis (B02.0), zoster meningitis (B02.1), zoster with other nervous system involve-
ment (B02.2), zoster ocular disease (B02.3), disseminated zoster (B02.7), and zoster with other complications
(B02.8). We included only the main diagnosis codes rather than secondary or tertiary diagnosis codes, to exclude
chronic conditions related to HZ.

Data of meteorological parameters including daily maximum, mean, and minimum temperature (°C), relative
humidity (%), and sunshine duration (hours/day) were obtained from the Korea Meteorological Administration
for the given study period. The weather data were extracted for seven metropolitan cities (Seoul, Busan, Daegu,
Incheon, Gwangju, Daejeon, and Ulsan) and nine provinces (Kyung-ki, Kang-won, Chung-buk, Chung-nam,
Jeon-buk, Jeon-nam, Kyung-buk, Kyung-nam, and Jeju) of South Korea, which virtually cover all over the coun-
try. As this study used de-identified publicly available data, the Seoul National University Hospital Institutional
Review Board (IRB) deemed it exempt from IRB review (IRB No. H-1807-028-955).

Statistical analysis. We used a generalized additive model (GAM) to investigate the relationship between
meteorological factors such as ambient temperature, humidity, and sunshine duration as independent variables
and ER visits due to HZ as a dependent variable with Poisson distribution. The analysis was conducted separately
for each city and province. In the analysis for the effect of ambient temperature, we adjusted for mean relative
humidity and sunshine duration on the same day. Day of the week was also controlled for in the model to detect
distinct patterns of ER visits according to days, such as weekend or holidays. Eight degrees of freedom (df) per
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year were chosen for the natural cubic spline function of calendar time based on the lowest unbiased risk estima-
tor (UBRE)**** (Supplementary Fig. 3). We assumed 3 df for confounders such as ambient temperature, humidity,
and sunshine duration, based on the previous study'2. To explore the lag patterns of the effects of ambient temper-
ature on HZ, we fitted the model for single-day lags from 0 to 14 days and moving average lags for up to 14 days.

With an assumption of linearity based on the results of the GAM analysis, we further analyzed the association
between ambient temperature and HZ using a generalized linear model (GLM) separately for each city and prov-
ince. Similar to GAM analysis, the GLM was adjusted for mean humidity, sunshine duration, and day of the week.
We selected 8 df per year for the natural cubic spline function of calendar time based on Akaike Information
Criterion (AIC)*>* (Supplementary Fig. 4). Degrees of freedom for mean temperature, humidity, and duration
of sunshine were given as identical as in the GAM analysis. Estimates from the GLM analysis for all the cities and
provinces were subjected to meta-analysis to compute pooled estimates in Korea for single-day lags from 0 to 14
days and moving average lags for up to 14 days. Pooled estimates were presented as percent changes in ER visits
for HZ per 1°C increase in ambient temperature.

We conducted the GLM analysis with stratification by sex and age groups (19-64 and >65 years). Pooled
estimates for male vs. female sex, and patients aged 19-64 vs. >65 years were compared using the following

equation®”%:
(B — B2)/SE] + SE3

where (3, and (3, are percent change estimates, and SE, and SE, are standard errors for male and female sex (or age
19-64 and >65 years), respectively.

Statistical analyses were performed using R software (R version 3.5.1; The R Foundation for Statistical
Computing, Vienna, Austria). We used the mgcv, splines, and tsModel packages in R for the GAM and GLM
analyses and the metafor package for meta-analysis. Estimates with a p-value less than 0.05 were considered
statistically significant.

Data Availability
The original data of meteorological variables can be found at Korea Meteorological Administration website,
http://web.kma.go.kr/eng/index.jsp.
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