China CDC Weekly

Preplanned Studies

Associations Between Air Temperature and Daily Varicella Cases
— Jinan City, Shandong Province, China, 2019-2021
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Summary

What is already known about this topic?

The impact of air temperature on varicella has been
studied, but there is limited research exploring its effect
on varicella by gender and age group.

What is added by this report?

We conducted a time series analysis to examine the
differential effects of air temperature on varicella
infection across different demographic groups. Our
findings indicate that lower temperatures have a more
pronounced influence on varicella incidence among
males and children compared to females and adults.
What are the implications for public health
practice?

These findings can assist in identifying populations that
are vulnerable to temperature-related varicella and in
guiding the implementation of effective measures for

varicella control.

Varicella, an acute respiratory infectious disease
primarily affecting children, has been shown in several
studies to be influenced by air temperature (1-2).
However, little research has been conducted on the
effects of air temperature on varicella incidence based
on gender and age groups. This study aims to examine
the association between air temperature and varicella
and identify any group-specific differences in
temperature-related risk. A distributed lag non-linear
model (DLNM) was utilized to assess the impact of air
temperature on varicella incidence in Jinan City,
Shandong Province from 2019 to 2021. Our findings
indicate that both gender and age exhibit diverse
impacts of higher and lower temperatures on varicella
incidence. Lower temperatures have a greater effect on
varicella incidence in males compared to females,
particularly within 1-4 days of exposure. The relative
impacts of higher and lower temperatures on varicella
incidence in adults only persist for around 2 days,
whereas lower temperatures have a significantly higher
and longer-lasting impact on varicella incidence in
children, lasting up to 10 days. These results provide
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valuable insights for future risk assessments of
temperature-related infectious diseases and emphasize
the importance of implementing targeted public health
measures for vulnerable populations in relation to air
temperature.

Meteorological factors, particularly air temperature,
are known to influence the incidence of varicella (/-5).
However, there is limited research on the impact of
low temperature on varicella. Previous studies have
suggested that relative humidity may reduce the risk of
varicella incidence (3). The correlation between other
meteorological factors such as rainfall and wind speed
and varicella incidence remains unclear. Therefore, in
this study, we aimed to control for confounding
factors, including relative humidity, rainfall, and wind
speed (4-5). We collected daily reported varicella cases
from the Chinese infectious diseases reporting system
in Jinan City from 2019 to 2021. The data were
categorized by gender and age, and we identified a total
of 6,528 male and 5,182 female wvaricella cases.
Varicella cases were further classified as either adult
(age >18 years) or child (age <18 years) (6), with 7,266
child cases and 4,444 adult cases reported.
Additionally, we obtained daily mean temperature,
relative humidity, rainfall, and windspeed data for the
same period from the National Centers for
Environmental  Information (NCEI)  website
(https://www.ncei.noaa.gov/).

We employed a DLNM with a quasi-Poisson
distribution  to
temperature on varicella. To capture non-linear
relationships between air temperature and varicella
incidence, we used a natural cubic spline with 7
degrees of freedom (df). Lag effects, relative humidity,
rainfall, and windspeed were modeled using 3 df each.
Indicator variables were included for days of the week
and holidays. We focused on a lag of 14 days to
analyze the cumulative effect, lag effect, and incubation
period of varicella. Specific details of the model
parameters and sensitivity analyses can be found in the
supplementary materials. The analysis was conducted
using R software (version 4.2.2; R Foundation for

evaluate the influence of air
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Statistical Computing, Auckland, New Zealand),
utilizing the DLNM package.

The average air temperature was 13.3 C, with a
range of -13.5 C t030.4 °C for air temperature,
19.7% to 97.8% for relative humidity, 0 mm to 170.6
mm for rainfall, and 2.2 m/s to 159 m/s for
windspeed  (Supplementary Table S1,
hetps://weekly.chinacdc.cn/). Both higher and lower air

available in

temperatures were found to increase the risk of
varicella (Figure 1). The risk of varicella gradually
increased when the air temperature fell outside a
certain range. The maximum relative risk (RR) for
higher temperatures was 1.15 [95% confidence interval
(CD: 1.05, 1.26] at lag 0 days, while the maximum RR
for lower temperatures was 1.09 (95% CI: 0.84, 1.41)

FIGURE 1. The 3D plot of the daily average temperature
on varicella from 2019 to 2021 in Jinan City, Shandong
Province, China.

Abbreviation: RR=relative risk.
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at lag 14 days. The impact of lower air temperature on
varicella lasted approximately 10 days, whereas the
impact of higher air temperature typically only lasted
around 2 days.

The influence of higher air temperature on both
male and female varicella infections was found to be
greater when there was a lag of 0-3 days (Figure 2).
Conversely, lower air temperature had a stronger effect
on varicella in males compared to females, particularly
with a lag of 1-4 days. The highest RR of lower air
temperature on varicella in males was 1.25 (95% CI:
0.79, 1.92) at a lag of 3 days, while in females it was
1.20 (95% CI: 0.82, 1.68) at a lag of 5 days (Figure 2).

Figure 3 illustrates that the effect of lower air
temperatures on varicella in children is significantly
higher compared to adults and persists for
approximately 10 days. In contrast, the impact on
adults only lasts for about 2 days. The maximum RR
of lower air temperature on varicella in children is 1.33
(95% CT. 0.78, 2.30) at a lag of 4 days, while in adults
it is 1.16 (95% CI: 0.87, 1.54) at a lag of 0 days.
Additionally, the effect of higher air temperatures on
varicella in both adults and children only lasts for
approximately 2 days.

DISCUSSION

This study explores the relationship between air
temperature and varicella incidence in Jinan from 2019
to 2021, with a focus on gender and age differences.
We observed that lower air temperatures had a greater
impact on varicella morbidity compared to higher air
temperatures. Furthermore, there were differences in
how air temperature affected varicella based on gender
and age, with males and children being more
vulnerable to temperature-related risks. These findings
emphasize the need for targeted varicella prevention
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FIGURE 2. Exposure-response relationship of daily average temperature on varicella between (A) male and (B) female from

2019 to 2021 in Jinan City, Shandong Province, China.
Abbreviation: RR=relative risk.
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FIGURE 3. Exposure-response relationship of daily average temperature on varicella between (A) adults and (B) children of

2019 to 2021 in Jinan City, Shandong Province, China.
Abbreviation: RR=relative risk.

vulnerable  populations
variations. For instance, a

strategies  for based on
temperature study
conducted in Guangzhou found that the relative risk
was highest at 1.11 (95% CI: 1.07, 1.16) with a 21-day
lag when the mean temperature was 31.8 C (2). On
the other hand, a study in Lu’an City, Anhui Province
(in eastern China) identified that the maximum single-
day lag effects of varicella were 1.29 (95% CI. 1.20,
1.38) at a 16-day lag when the mean temperature was
-5.8 C (5). Previous studies have not consistently
reported gender and age differences in temperature-
related morbidity risk. Our subgroup analysis revealed
that males and children were high-risk groups for
temperature-related varicella, particularly in cases of
lower air temperature.

There may also be differences in responses to higher
air temperatures between males and females. This
could be due to males engaging in more outdoor
activities and being more susceptible to the impacts of
higher air temperatures, while females tend to take
protective  measures during periods of high
temperature. The greater impact of lower air
temperature on varicella in males may be related to
physiological factors such as body shape and hormonal
influences. A study by the University of Cambridge in
the UK demonstrated that in response to harsh cold
environments, blood vessels in the hands and feet
naturally contract to protect vital organs like the heart
from inadequate blood supply (7). Although both
males and females experience cold, females generally
exhibit greater sensitivity to temperature, leading them
to respond more quickly to temperature changes. Some
studies have indicated an annual increase in reported
varicella cases among older age groups (8).

Ambient  temperature can  directly
biochemical reactions within the body and have direct
or indirect effects on various systems. The impact of

impact
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higher or lower temperatures on varicella in adults is
relatively small due to their better adaptability to
temperature changes. Adults tend to take effective
protective measures, such as adjusting clothing and
utilizing air conditioning, to mitigate the potential
damage caused by temperature changes. Additionally,
ambient temperature can also influence the function of
the body’s immune system, potentially reducing
resistance to viruses and bacteria to a certain extent.
However, children’s physical development is not fully
mature, and their regulatory mechanisms may not
meet the requirements when faced with extreme
temperatures (9).

This study has a few limitations. First, we
acknowledge the presence of ecological fallacy, as it was
not possible to measure individual exposure accurately.
Second, limited studies have suggested that air
pollution may also contribute to increased varicella
incidence (10), which should be considered and
adjusted for in future research.

In summary, we found that there are gender and age
variations in the relationship between air temperature
and varicella. These findings can contribute to the
identification of vulnerable populations at risk of
temperature-related  varicella and  inform  the
development of effective varicella control strategies.
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SUPPLEMENTARY MATERIAL

Model Parameters
The formula is shown below (1):
Yt ~ QuasiPoisson(jut)

log(ut) = a+NS(Time, 7%7)+NS(Humidity, 3)+NS(Rainfall, 3)+NS(Windspeed, 3)+yDow+nHoliday +STemperature

In the formula, the variable Yt represents the daily number of varicella cases at a given time t. The intercept is
represented by o, and there are coefficients vy, 7, and B. Time is a time trend variable, and a natural cubic spline
curve was used to model it. We controlled for the long-term trend and seasonality effects using NS (Time). We also
controlled for the effects of relative humidity using NS (Humidity), the effects of rainfall using NS (Rainfall), and
the effects of windspeed using NS (Windspeed). Additionally, Dow represents the day of the week, indicating the
presence of a weekend effect, and Holiday represents public holidays, indicating the presence of a holiday effect.

This study aimed to assess the relationship between daily average temperature and daily varicella incidence.
Previous studies have shown a decreased risk of varicella with higher relative humidity (2-3). However, the
correlation between meteorological factors and varicella incidence, particularly rainfall and wind speed, remains
unclear. Furthermore, the impact of rainfall on varicella incidence has shown significant variation (4-5). Therefore,
this study sought to account for potential confounding factors, including relative humidity, rainfall, and wind speed,
in order to obtain accurate research results.

SUPPLEMENTARY TABLE S1. Descriptive data on daily varicella incidence and weather conditions in Jinan City,
Shandong Province, China, 2019-2021.

Variables Min Median Max Mean SD
Mean temperature (“C) -13.5 13.8 30.4 13.3 10.0
Relative humidity (%) 19.7 58.8 97.8 59.3 17.2
Rainfall (mm) 0 0 170.6 2.2 8.9
Windspeed (m/s) 2.2 5.5 15.9 5.8 1.9
Cases
Total 0 9 50 10.7 7.7
Male 0 5 26 6 4.7
Female 0 4 26 4.7 3.7
Child 0 5 31 6.6 5.6
Adult 0 3 19 4.1 3.2
Abbreviation: Min=minimum; Max=maximum; SD=standard deviation.
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SUPPLEMENTARY FIGURE S1. Sensitivity analyses of the distributed lag non-linear model from 2019 to 2021 in Jinan
City, Shandong Province, China.

Notes: Residuals were symmetrically distributed above and below 0. By changing parameters such as the maximum lag and
degrees of freedom (df) of long-term trends, it was found that the model fitting results showed no significant fluctuations,
indicating the overall stability of the model. It was proven that our model was stable and could be applied.
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