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The relationship between meteorological factors

and mumps incidence in Guangzhou, China,
2005-2012:
A distributed lag nonlinear time-series analysis
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Background: Over the past decade, there have been resurgences and large-scale outbreaks of mumps worldwide.
Little evidence is available on the relationship between meteorological factors and the incidence of mumps. We aimed
to explore the effects of meteorological factors on mumps incidence.

Methods: A Poisson regression model combined with a distributed lag non-linear model (DLNM) was used to evaluate
the association between meteorological factors and the mumps incidence in Guangzhou, China, 2005-2012.

Results: Nonlinear relationships between meteorological factors, except sunshine hours, and mumps incidence
were observed. The relative risks (RRs) of mean temperature, relative humidity and atmospheric pressure were 1.81
(95% confidence interval (Cl), 1.41 to 2.32), 1.28 (95% Cl, 1.02 to 1.59), and 0.80 (95% Cl, 0.67 to 0.95) comparing the 99th
percentile to the median of their own, respectively. For wind velocity, the RR was 0.70 (95%Cl, 0.54 to 0.91) comparing
the 1st percentile to the median. The hot effect and cold effect were larger in females than in males, and the hot effect
increased with age.

Conclusions: Mean temperature, relative humidity, wind velocity and atmospheric pressure might be important
predictors of the mumps incidence. Tropical cyclone caused a higher increase in mumps cases. Our findings highlight
the need to strengthen the awareness of using protective measures during typhoon days and allocating more attention
to the susceptible populations during the summer. The two-dose regimen of mumps vaccine should be included in the
National Immunization Program schedule, and the catch-up vaccination campaigns should be promoted among adults.
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Introduction

Mumps virus causes an acute febrile illness with a nonspecific
prodrome followed by painful swelling of the parotid and less
commonly, other salivary glands. The complications of mumps
include deafness, mastitis, aseptic meningitis, encephalitis, and, in
postpubertal age groups, oophoritis, and orchitis. The incubation
period of mumps ranges from 12-25 d (median, 19 d).! Mumps
is primarily transmitted by direct contact, droplet spread, or
contaminated fomites. Although routine vaccination has resulted
in a sharp decrease in the number of reported mumps cases,? there
have been resurgences and large-scale outbreaks of mumps in many

countries over the past decade, even in vaccinated population.’” A
total of 909087 mumps cases were reported during 20082010,
and up to 81.8% of the cases were children aged 3—14 y in China,
in which mumps is categorized as a class “C” infectious disease.’
The international measles-mumps-rubella (MMR) vaccine
was introduced in Guangzhou in 1990. Since 1995, domestic live
attenuated mumps vaccine has been in use and is provided to
children over 8 mo of age."" As a part of the national routine
vaccination schedule, MMR or MM (measles-mumps) vaccine
has been administered to children 18-24 mo of age since
2008. Mumps is still a threat to children and young people in
Guangzhou, where 10008 and 7856 mumps cases were reported
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Table 1. Daily weather conditions and the mumps incidence in Guangzhou, southern China, 2005-2012

Variable Minimm P25 Median P75 Maximum Mean + SD
Maximum temperature(°C) 6.2 22.8 28.3 323 39.0 27.0+6.6
Mean temperature(°C) 5.1 18.0 24.2 27.7 34.2 226+6.3
Minimum temperature(°C) 1.8 14.8 21.2 24.8 30.4 195+6.4
Relative humidity(%) 20.0 65.0 75.0 83.0 99.0 729+13.2
Sunshine hours 0 0.2 3.9 7.7 11.8 42+36
Wind velocity(m/s) 0.4 12 1.5 2.0 9.1 1.7+0.9
Atmospheric pressure(hPa) 987.4 1002.3 1007.1 1012.8 1027.2 1007.5+7.0
Number of mumps case 0 10 14 22 90 17 +£10.5

P25 and P75 represent the 25th and 75th percentiles, respectively.

in 2011 and 2012, respectively, according to the notifiable
communicable disease epidemic report.

According to the Intergovernmental Panel on Climate Change
(IPCC) Fourth Assessment Report in 2007, the global average
temperature increased by 0.74 °C for 100 y ending in 2005. In
the context of global warming, climate change has been occurring
and affecting the distribution and the transmission of infectious
diseases, especially vector-borne and waterborne infectious
diseases.”? Studies have shown that climatic factors strongly
influence the ecology, development, behavior, and survival
of mosquitoes and the transmission dynamics of the diseases
they transmit.”® For example, rain and 3 cyclones inundated
Mozambique for 6 wk, which resulted in a 5-fold increase in the
incidence of malaria in 2000." Temperature and humidity can
affect the survival and transmission of airborne viruses.!>!

Seasonality in mumps incidence has been observed in
some countries. For example, a significant annual pattern was
documented in mumps incidence (April peak) in the United
States,"” and in Towa, the peak of the outbreaks occurred in the
spring of 2006 in April."® However, in China, the peaks were in
winter and spring.’® Climate change may partly influence the
morbidity of mumps, so it is particularly necessary to explore
whether climatic variations are one of the risk factors of the
increased mumps cases in China. Little literature was found on
the relationship between meteorological factors and mumps.”
To access the effects of meteorological factors on the incidence
of mumps and find the vulnerable populations, we performed a
distributed lag nonlinear time-series analysis.

Results

There were 49760 mumps cases reported in Guangzhou
during 2005-2012, with a male to female sex ratio of 1.76:1

(31746:18014). The largest number of mumps cases (10008)
was found in 2011, and the incidence rate was 78.80/100000.
During 2005-2012, the peak in mumps cases was in summer.
The descriptive statistics for the daily weather conditions and
the incidence of mumps are shown in Table 1. The daily average
maximum, mean and minimum temperature were 27.0 °C, 22.6
°C, and 19.5 °C, respectively. The average of the daily weather
conditions were as follows: relative humidity, 72.9%; sunshine
hours, 4.2 h; wind velocity, 1.7 m/s; and atmospheric pressure,
1007.5hPa.

Based on Spearman’s correlation analysis (Table 2),
the maximum temperature, mean temperature, minimum
temperature, relative humidity, wind velocity, and atmospheric
pressure were associated with the incidence of mumps. We
used the statistically significant variables above for subsequent
analyses.

The left 2 graphs of Figure 1 (Fig. 1A and B) showed the
patterns of mean temperature and the daily mumps cases over
time with the seasonal patterns. The right graphs showed
the crude relationship of the daily mumps cases with mean
temperature. Figure 1C showed one point per day and Figure 1D
showed data using systematic sampling every 30 cases from the
fifth case sorted by mean temperature. Nonlinear relationship
between mean temperature and the incidence of mumps was
found in Figure 1C and 1D.

Table 3 provided the matrix of Spearman’s correlation
coefficient within the meteorological variables. The 3 temperature
measures were strongly correlated with each other and with
atmospheric pressure. Our results in Table 4 indicated that mean
temperature was associated with the lowest Q-AIC. We used mean
temperature for the subsequent analyses for a better explanation
of results and we conducted 2 independent DLNMs using 6 df
for time per year for mean temperature and atmospheric pressure.
Table 4 showed that the time-series analysis using a NS with 6

Table 2. Spearman’s correlation results between weather conditions and mumps incidence in Guangzhou, southern China, 2005-2012

Maximum Mean Minimum Relative Sunshine Wind Atmospheric
temperature temperature temperature humidity hours velocity pressure
The
incidence 0.305** 0.314** 0.321** 0.207** 0.027 0.215** —0.460%**
of mumps
**Pp <0.01
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Figure 1. Daily mumps cases and mean temperature (°C) in Guangzhou, 2005-2012: patterns over time and crude association. ‘

df per year for time for our data performed better than the case-
crossover design.

The three-dimensional plots of Figure 2 showed the
relationship between the meteorological variables and the
incidence of mumps with various lag days. All the relationship
curves were nonlinear, whereas the different variables had
different characteristics. The risk was the highest when daily
mean temperature was 5.1 °C at lag 0 d and the RR was 1.05
(95%ClI, 1.02-1.10); when relative humidity was 99% at lag 24
d, the RR was the highest as 1.39 (95%CI, 1.03-1.89); when
wind velocity was 9.1m/s at lag 10 d, the RR was the highest as
1.82 (95%CIl, 0.98-3.42); and when atmospheric pressure was
987.4 hPa at lag 3 d, the RR was the highest as 1.04 (95%CI,
0.92-1.18).

For better interpretative purpose, we plotted the specific uni-
dimensional summaries of the associations. Figure 3 summarized
the estimated overall effects of the meteorological variables
over the corresponding lag days. In general, mean temperature,
relative humidity and wind velocity were positively associated
with the incidence of mumps, whereas atmospheric pressure was
negatively associated with the incidence of mumps. The overall
effects of mean temperature and wind velocity were greater than
the effects of relative humidity and atmospheric pressure.

To identify the cumulative extreme effects, we plotted the
estimated effects of mean temperature, relative humidity, wind

www.landesbioscience.com

velocity, and atmospheric pressure comparing the Ist to their
own 10th percentile and the 99th to their own 90th percentile
(Fig. 4). The significant cold effect, which was protective,
occurred within 0-10 d, whereas the significant hot effect was
the highest on the current day and appeared within 0-25 d. The
dry effect was not significant, and significant wet effect occurred
after a 17- day lag. The significant windless effect appeared
within 3-15 d, whereas the significant windy effect appeared
within 5-12 d. The low-pressure effect was not significant and
the significant high-pressure effect occurred within 1-3 d.

We also calculated
meteorological variables on the incidence of mumps along the
lag days (Table 5). For mean temperature, the RR was 1.81 (95%
CL, 1.41 to 2.32) comparing the 99th percentile to the median,
and the RR was 0.61 (95% CI, 0.41 to 0.91) comparing the 1st
percentile to the median. For relative humidity, the RR was 1.28
(95% CI: 1.02 to 1.59) comparing the 99th percentile to the
median. For wind velocity, the RR was 0.70 (95% CI, 0.54 to
0.91) comparing the 1st percentile to the median. For atmospheric
pressure, the RR was 0.80 (95% CI, 0.67to 0.95) comparing the
99th percentile to the median. Generally, the cumulative extreme

the cumulative extreme effect of

effects of mean temperature were greater than the extreme effects

of relative humidity, wind velocity, and atmospheric pressure.
Because temperature is more familiar to the public than other

meteorological variables as well as being easier to determine
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Table 3. Spearman’s correlation coefficients matrix of meteorological variables in Guangzhou, southern China, 2005-2012

Maximum Mean Minimum Relative Wind Atmospheric
temperature temperature temperature humidity velocity pressure
Maximum 1.00
temperature
Mean 0.97% 1.00
temperature
Minimum 0.908** 0.973** 1.00
temperature
Relative 0.003 0.077%* 0.178%* 1.00
humidity
Wind velocity ~0.108** ~0.085** ~0.058** ~0.004 1.00
Atmospheric ~0.775%* —0.815%* ~0.827%* ~0396* | —0.105%* 1.00
pressure

**P <0.01

with a thermometer by themselves, and the effects of mean
temperature on the incidence of mumps was apparent, we
evaluated the effects of mean temperature on the incidence of
mumps for the subpopulations (Table 6). The hot effect (the RR
of the incidence of mumps by comparing the 99th to the 90th
percentile of mean temperature) and cold effect (the RR of the
incidence of mumps by comparing the 1st to the 10th percentile
of mean temperature) were larger in females than in males. In
general, the hot effects increased with age, whereas cold effects
did not have the similar trend.

Based on the findings that the peak of mumps in Guangzhou
was in summer during 2005-2012 and the relationship between
the meteorological variables and the incidence of mumps that
we obtained above, we hypothesized tropical cyclones affected
mumps morbidity and calculated the RRs of the mumps incidence
during the case periods vs. the reference periods in 2005-2012
(Table 7). There were excess cases between 2 periods of each year.
The highest number of excess cases was 129 in 2010, and the least
was 5 in 2007. The RRs were higher than 1, and the statistical
significance of the RR 95% Cls were (1.04, 1.62), (1.14, 1.88),
(1.37, 1.94), (1.06, 1.51), and (1.00, 1.52) in 2006, 2008, 2010,
2011, and 2012, respectively. In general, tropical cyclones caused
a higher increase in mumps cases.

The sensitivity analyses showed that changing the df
of seasonality and long-term trends caused similar results.
Modifying the df for relative humidity, df for wind velocity and
the maximum lag from 20 to 30 d for temperature, the results
were robust to the alternative models.

Discussion

The relationships between meteorological variables and
mumps incidence have been examined in this study. Our results
indicated that there were nonlinear relationships between the
meteorological variables and mumps incidence, except for
sunshine hours. Mean temperature, relative humidity, and
wind velocity were positively associated with mumps incidence,
whereas atmospheric pressure was inversely associated with

2424
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mumps incidence. In terms of the effects of extreme weathers on
mumps, we detected that the hot effect and cold effect were larger
in females than in male, and the hot effect increased with age.

Over the past decade, there have been frequent resurgences and
large-scale global outbreaks of mumps, which have attracted an
increasing degree of attention.?*#* Very few studies have explored
the relationship between meteorological factors and the incidence
of mumps. To the best of our knowledge, this study is the first
to apply a DLNM which simultaneously estimates the nonlinear
and delayed effects to evaluate the effects of meteorological
factors on the mumps incidence in China.

In our study, the relationships between meteorological factors
and the incidence of mumps were nonlinear. We found that the
RR of the mumps incidence increased with mean temperature
and relative humidity, which is consistent with the findings in
Fukuoka, Japan."” Little literature is available on the effects of
wind velocity and atmospheric pressure. We found that the RR
of the mumps incidence increased with wind velocity, whereas it
decreased with increased atmospheric pressure. Our study shows
that there is no significant relationship between sunshine hours
and the mumps incidence.

The findings in this study are biologically and physically
plausible. Temperature and humidity are the influence factors
that affect the reproduction and the growth of virus. Although
mumps virus is stable at 4 °C for days,' the virus will be
inactivated. The temperature in Guangzhou is not high enough to
kill the virus rapidly, but with an increase in the temperature, the
activity of mumps virus increases. Moreover, an epidemiological
study demonstrated that adolescents usually participate in fewer
physical activities in colder months than warmer months.* This
might result in an increase in contact frequency among children,
which could increase the risk of mump infection in turn. A
review concluded that viruses with lipid envelopes generally tend
to survive longer at a lower relative humidity.® This finding
might apply to mumps virus, which is lipid enveloped. There are
always exceptions depending on individual situations, however,
the biological effects of mumps virus has not been reported.
Mumps virus might survive for a shorter time at higher humidity,
however, higher humidity frequently occurs at higher temperature
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Table 4. Akaike information criterion for quasi-Poisson(Q-AlC) values for the relationship between temperature measures and mumps incidence by

DLNM type

DLNM type Temperature measure Q-AIC
Maximum temperature 17022.92
Natural cubic spline-natural cubic spline(6df/year)? Mean temperature 16984.23
Minimum temperature 17007.85
Maximum temperature 17254.83
Combined with case-crossover design(calendar month)® Mean temperature 17252.24
Minimum temperature 17252.90

aUsing the natural cubic spline-natural cubic spline DLNM with 5 degrees of freedom for temperature, 3 degrees of freedom for lag and 6 degrees of
freedom for controlling seasonality and the long-term trend; *Using the natural cubic spline-natural cubic spline DLNM combined with case-crossover

design(calendar month) to control seasonality and the long-term trend.

because of an exponential relationship.*®

In Guangzhou, higher
temperature and higher relative humidity occur in summer,
when more people are likely to spend their time outside in more
crowded environments which could promote mumps infection
risk. Furthermore, high humidity causes the particulate matter
that mumps virus attaches to become heavy, which will influence
the concentration of the virus near the source of infections. Wind
is of potential importance as a dilution and survival factor in the
concentration of microbes. In Guangzhou, most of the time the
wind is mild. The faster the wind velocity, the less time there is
for mumps viruses to remain at a destination before they die,
i.e., the faster the wind velocity, the more the concentration will
resemble the source concentration of the infection.”” When there
is low pressure, the atmosphere is neutral or unstable, which is
beneficial for the transmission of mumps virus, whereas high
pressure hinders the spread of the virus.

The mumps incidence is high in Guangzhou (an incidence
rate of 78.80/100100 and 61.61/100000 in 2011 and 2012,
respectively). The peak of mumps was in summer in Guangzhou,
which was different from the entire country in which the peak
was in winter and spring.'® However, the peak of mumps was also
in summer in entire Guangdong Province,?® and similar seasonal
trend was found in Jiangxi and Fujian Province which are nearby
Guangzhou city.”** We hypothesized the different peaks might
be partially due to the diverse geographical locations and the
different temperature profiles in these areas.

The summers in Guangzhou are long, hot and humid.
In China, Guangdong is the first of the coastal provinces in
which tropical cyclones land, and more than one-half of the
tropical cyclones are typhoons.* Typhoons usually bring low
pressure and a large amount of rainfall >3 High temperature,
high relative humidity, high wind velocity and low atmospheric
pressure increase the mumps incidence, according to the findings
of our study. We hypothesized that tropical cyclones affect
the mumps incidence and calculated the RRs of the mumps
incidence during the case periods vs. the reference periods. Our
results indicated that tropical cyclones generally caused a higher
increase in mumps cases. These findings highlight the need to
strengthen the awareness of using protective measures during
typhoons. Because typhoons are predicable, it might be useful to
take protective measures such as wearing breathing masks during
typhoons to reduce the mumps incidence.

www.landesbioscience.com

In this study, we found that the hot effect and cold effect
were larger in females than in males. This finding might be
actributable to factors such as physiological differences between
males and females, the differences in behavior patterns, or
confounding by social conditions (e.g., educational attainment,
occupation, living alone). For example, an individual who has a
higher education might pay more attention to hygiene and might
be more likely to take protective measures such as using masks
when necessary to, reduce the risk of infections.

Mumps is a common childhood disease and our data showed
that mumps virus rarely infects old person. Therefore, we limited
our analysis to the mumps cases among people age 0-64 y. We
found that the hot effects increased with age, whereas mumps
mainly targets children. We hypothesize that this effect might
be because of the frequency and degree of hot exposure. High
temperature often occurs in summer, and children have summer
holidays and they usually are prevented by their parents from
going out at the hottest hours of the day. Adults must work
regardless of high temperature. Mumps is transmitted by close
contact and increased with age, people contact with more and
more people because of education, work, or social activities. Some
studies indicated one of the most likely cause of mumps outbreaks
in small group is intense social exposures.**** We frequently pay
more attention to children and men, because children are the
target population of mumps virus, and males have the higher rate
of complications than female.” Our findings highlight the need
to strengthen the awareness of avoiding intense social expose and
taking protective measures on hot days, especially for female and
those who often work outside. Policy makers should pay more
attention to susceptible subpopulations, such as providing high
temperature holidays or offering necessary protective supplies.
We could not find the trend of cold effect by age similar to the
hot effect. One possible explanation is that mumps viruses might
be inactive in low temperatures.

In this study, we found that mean temperature performed
better according to the Q-AIC although maximum, mean, and
minimum temperature had similar predictive results, which
might be due to their strong correlation.

Many studies exploring the relationship between temperature
and mortality selected the effect of relative humidity and
atmospheric pressure at the current day, which indicates that
they do not have lag effects.’”?® In our study, we selected a
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Figure 2. Relative risk of meteorological variables on mumps incidence, including mean temperature, relative humidity, wind velocity, and atmospheric

maximum lag of 24 d for relative humidity, a maximum lag of 7
d for atmospheric pressure and a maximum lag of 21 d for wind
velocity, and we found that mumps activities are better explained.
The incubation period of mumps is approximately 15 to 24 d,'"
and as early as 7 d before and until 9 d after onset of clinical
symptoms, mumps virus can be isolated from saliva.” For this
reason, we consider that relative humidity, wind velocity and
atmospheric pressure will influence the incidence of mumps a
few days later.

The case-crossover design is one of the most commonly
used methods to assess the effects of temperature on mortality
and morbidity. It controls seasonality and long-term trends by
comparing the exposure on a period shortly prior to or after the
onset to the reference periods in relatively small time windows (e.g.,
calendar month).***We compared the time-series design using a
NS with 6 df per year for time and the case-crossover design. In
our study, the time-series design using a NS with 6df per year for

2426 Human Vaccines & Immunotherapeutics

time performed better than the case-crossover design according
to the Q-AIC.

Climate change has a long-term effect on marine and
terrestrial ecosystems, which could directly or indirectly affect
the survival and/or the spread of pathogens and their vectors. As
a result, Climate change influences infectious diseases.'*'*%* Our
study also indicated that meteorological factors are associated
with the incidence of mumps. In the context of climate change,
it is quite possible that the frequency and the intensity of mumps
outbreaks or resurgences will increase.

Mumps remains a threat to public health in Guangzhou.
Mumps-containing vaccines were introduced in China in the
1990s, however, until 2008 the MMR or MM vaccine was not
included in the National Immunization Program, in which the
recommended target vaccination population are children aged
18-24 mo. Most population are not recommended to receive the
mumps vaccination to protect themselves from virus infection.
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Figure 3. The estimated overall effects of mean temperature, relative humidity, wind velocity, and atmospheric pressure over 30, 24, 21, 7 d, respectively.
The black lines represent mean relative risks, and green regions represent 95%Cls.

The mumps vaccines used in China do not provide full protection
against mumps and our prior published study showed that the
vaccine effectiveness of one dose of the mumps vaccine was
53.6% in Guangzhou in 2006-2012.%* Moreover, about one half
of the population in Guangzhou are floating, and 90% of them
were 16 to 45-y-old. The floating population, with lower living
standard and education, lack awareness regarding the vaccination
for their children and themselves generally. The large floating
population might contribute to the transmission of mumps
virus. A large floating population, insufficient immunization
coverage, unsatisfactory vaccine effectiveness, appropriate
climate, and global warming cause the high incidence of mumps
in Guangzhou.

In Guangzhou, an increasing mumps incidence has been
observed among teenagers and adults in recent years. During
the study period, 8967 of all notified mumps cases (18.0%) were
>14-y-old. Because they have to pay for the vaccinations by their
guardians or themselves, few would like to receive the vaccination
for mumps prevention. Teenagers and young adults, who usually
have low sero-positive prevalence and have more social contacts
than younger children, have a higher risk of mumps.® In our
study, we also found that adults are more susceptible to hot effect
than young children. Besides the moderate vaccine effectiveness

www.landesbioscience.com
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of one dose of mumps vaccine, we recommended the two-dose
regimen of mumps vaccine should be included in the National
Immunization Program schedule, and the catch-up vaccination
campaigns should be initiated by using mumps-containing
vaccine (for example MMR or MM vaccine) among adults.

To the best of our knowledge, this study is the first to apply
DLNM, to estimate the relationship between meteorological
factors and the incidence of mumps in China. We fitted a
model for each combination of temperature measures to select
the best-predicted temperature measures. We compared a time-
series analysis using a NS with 6df per year for time to the case-
crossover design, one of the most commonly used methods to
assess the effects of temperature on mortality and morbidity, to
determine which design performed better. We controlled for the
day of the week and public holidays. We examined the cold and
hot effects by sex and age to explore the susceptible populations
and explored the effects of tropical cyclones on mumps incidence.

There are some limitations in the study. First, we only used
data from one city to examine the effects of meteorological
factors on the incidence of mumps, and it is difficult to generalize
to other areas. Second, there are 30-50% silent infections of
mumps,?® which we were unable to report. The silent infections
of mumps, as important sources of infection, might partly affect
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relative risks, and green regions are 95%Cls.
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Table 5. The cumulative extreme effects of meteorological variables on mumps incidence along the lag days

Meteorological variables

RR(95%Cl)

Effect of extremely high value®

Effect of extremely low value®

Mean temperature 1.81(1.41,2.32) 0.61 (0.41,0.91)
Relative humidity 1.28(1.02, 1.59) 0.79 (0.59, 1.07)
Wind velocity 0.99(0.78,1.27) 0.70 (0.54, 0.91)

Atmospheric pressure

0.80 (0.67, 0.95)

1.00(0.90, 1.11)

aThe effects of an extremely high value were presented by the RR of the meteorological variables on the incidence of mumps by comparing the 99th to
the 90th percentile of each variable. *The effects of an extremely low value were presented by the RR of the meteorological variables on the incidence of

mumps by comparing the 1th to the 10th percentile of each variable.

the incidence of mumps. Third, we used the clinical diagnosis of
mumps for cases instead of laboratory confirmed cases, which
might overestimate the incidence of mumps. However, it is when
the incidence of mumps is low that other causes of parotitis
should be considered, and without laboratory confirmation of
the diagnosis the overestimation of mumps will be likely."” In
Guangzhou, the number of mumps cases was an average of 17 per
day in 2005-2012, so we hypothesize that the clinical diagnosis
of mumps will be relatively accurate. Fourth, we do not control
for wind direction, precipitation, and some air pollutions, because
these data were not available. A previous study showed that air
pollution might alter early childhood susceptibility to infection,*®
so air pollution might be a confounding factor. Further study is
needed to address the issue.

Materials and Methods

Data collection

Guangzhou, locating at 22°26'N to 23°56'N, and 112°57'E
to 114°3'E, is the largest metropolis in southern China, covering
an area of 7434 km?* and with the population over 12.75 million
in 2012. Traversed the Tropic of Cancer, Guangzhou has a typical
subtropical climate with a distinct 4 seasons, in which summers
are long, hot, and humid, winters are short, mild, and dry.

Mumps has been a notifiable disease in Guangzhou,
and reports of mumps cases were derived from the National

Information System for Disease Control and Prevention, a
physician-based system for reporting suspected or confirmed
cases from 1 January 2005 to 31 December 2012.% Because the
web-based disease reporting system was initiated on 1 January
2004, the records might not be comprehensive in 2004, we
collected the cases from January 2005. A clinical case of mumps
was defined as acute onset of unilateral or bilateral tender, self-
limited swelling of the parotid or other salivary glands lasting 2
or more days without other apparent cause. Bacterial infection
was excluded by the absence of an increase in the white blood
cell count.”® We obtained demographic information for the cases
including gender and age (between the date of mumps onset and
the date of birth).

The daily meteorological data, including the maximum,
mean, minimum temperature, and relative humidity, atmospheric
pressure, wind velocity, and duration of sunshine, were obtained
from the China Meteorological Administration.

Data analysis

We used Spearman’s correlation to examine the relevance
between the daily weather conditions and the incidence of mumps.
Scatter plots were drawn to observe the patterns of temperature,
the patterns of the incidence of mumps over time, and the crude
relationship between temperature and the incidence of mumps.
Because the scatter plot showed that the temperature-incidence
relationships were nonlinear, and many studies have shown
that temperature has a lag effect,”™ we fitted the distributed
lag nonlinear model (DLNM) to assess the association between

Table 6. Relative risk of the mumps incidence associated with the hot and cold effects by gender and age

RR(95%Cl)
Variable
Hot effect® Cold effect®
Gender
Male 1.35(1.16, 1.56) 0.39(0.24, 0.65)
Female 1.55(1.28, 1.88) 0.43(0.23,0.81)
Age
0~4 1.30(1.05, 1.61) 0.56(0.26, 1.19)
5~9 1.43(1.17,1.74) 0.16(0.08, 0.32)
10~14 1.58 (1.16, 2.16) 0.16(0.05, 0.48)
15~29 1.71(1.22,2.38) 2.17(0.83, 5.67)
30~64 1.83(1.19, 2.80) 1.23(0.35,4.28)

The hot effect was the RR of the incidence of mumps by comparing the 99th to the 90th percentile of mean temperature; °The cold effect was the RR of
the incidence of mumps by comparing the 1th to the 10th percentile of mean temperature.
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Table 7. Relative risks of the mumps incidence during the case periods vs. the reference periods in 2005-2012, Guangzhou, southern China

Case period Reference period
of cases of cases
2005.7.18-2005.7.26 286 20;)(5); 665'27.1_22?3(‘:’ (‘)2?136”" 266 20 ! ‘018.2((;')91 '
2006.7.15-2006.7.20 182 203%’3'62.;‘:_%%%‘2‘;61 g”d 140 42 1'310-212')04'
o | w | memmmed [ | 5 | e
2008.6.18-2008.6.23 151 20336227?1_22?33655.37?&"‘1 103 48 1 '417‘;:;')1 4
2009.6.23-2009.7.1 211 2;’8356}2.1_;?23669"572‘1 178 33 1.19(0.99,1,45)
2010.7.15-2010.7.26 334 2021 8;%?{12?21 8%;?%”‘1 205 129 1‘? ;14')37'
o | | e | | 5 | e
2012.7.24-2012.7.29 192 2;’3 1227831‘55’21 517258 i“gd 156 3% 1'213. ;12 .)00.

The bold font means statistically significant.

the daily temperature and the daily number of mumps cases.
DLNM, proposed and developed in recent years, is a flexible
model that simultaneously estimates the nonlinear and delayed
effects of exposure-response relationship, especially the effect of
temperature (or air pollution) on mortality (or morbidity).”">*
The DLNM can show the relationship between temperature
and the incidence of mumps at specified temperature and
lag and can calculate the cumulative effect in the presence of
delayed distributions. We used DLNM to assess the relationships
between other daily weather conditions and the daily number of
mumps cases.

We calculated the Spearman’s correlation coefficient matrix
within the meteorological variables for a preliminary analysis.
Because strong negative correlations were shown between each
temperature measure and atmospheric pressure (Table 3), the
constructed model using the 2 variables contemporaneously
might result in colinearity problems. Thus, we conducted 2
separate DLNMs in the analysis as follows: the first DLNM
considered the temperatures with no atmospheric pressure, while
the second included atmospheric pressure with no temperatures.
A DPoisson regression with quasi-Poisson function which allows for
over-dispersion in the daily number of mumps cases to combine
a DLNM, was constructed. The model structure is as follows:

Log[E(Y)] = a+NS(M, df; lag, df)+XNS,(X)+ yDOW, +
SHoliday, + NS(Time,6*8)

where Y is the observed daily number of mumps cases on day
#; a is the intercept; VS is a natural cubic spline; M is one of the
2 strongly correlative variable to estimate, including temperature
(or atmospheric pressure); X, is the other explanatory variables
of meteorological factors, including relative humidity and wind
velocity; DOW  is day of the week on day # and vy is vector of
coefficients; Holiday, is a binary variable of which the value is “1”
if day ¢ was a public holiday; 77me represent seasonality and the
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long-term trend, and we used the Akaike information criterion
for quasi-Poisson(Q-AIC) and found that using 6 df/year for
controlling seasonality and long-term trend produced the best
model fitting.

We used a NS-NS DLNM to explore the effect of the
explanatory variables and the lagged effects. On the basis of the
biological characteristics of mumps virus, we used the Q-AIC to
choose the df for temperature and atmospheric pressure and, the
df for lag and the maximum lag. NS with 5df was applied to the
daily temperature, and NS with 3df was applied to the lag. NS
with 3 df was applied to the daily atmospheric pressure and NS
with 3 df was applied to the lag. The knots were placed at equally
spaced values in the temperature and atmospheric pressure to
allow more flexibility in the 2 ends of the distribution and at
equal intervals in the log scale of lags to allow more flexible lag
effect for the early stage of delay. A maximum lag of 30 d was used
to model the effect of temperature on the incidence of mumps
because averaging over 31 d could cause bias in the estimates.”*
The maximum lag was set to 7 d for atmospheric pressure. The
reference value was defined as the median value of temperature
and atmospheric pressure to calculate the RR. According to the
Q-AIC and the prior studies,*®**>* we selected NS with 3 df for
the daily relative humidity and wind velocity, and NS with 3df
for lag. We selected a maximum lag of 24 d for relative humidity
and of 21 d for wind velocity.

We fitted a model for each combination of temperature
measures (the daily maximum, mean, and minimum
temperature) and the incidence of mumps using the above steps
to observe which measures of temperature provided the lowest
Q-AIC. We used the temperature with the lowest Q-AIC for
subsequent analyses. During the study period, 99.7% mumps
cases were those of 0- to 64-y-old. We focused on the cases of
patients aged 0—-64 y and stratified this population into 5 age
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groups (0—4, 5-9, 10-14, 15-29, and 30-64 y). Because more
than 80% cases were children aged 0-14 y, which is the target
mumps vaccination population, we divided children 0-14 y into
3 groups as the previous study.” We conducted stratified analyses
by gender and age group to identify subpopulations that are more
susceptible to the effect of cold or hot temperatures.

To further explore the relationship between meteorological
factors and the incidence of mumps, we calculated the RRs
comparing tropical cyclone periods with non-tropical cyclone
periods to determine whether tropical cyclone occurrence is related
to the incidence of mumps. During 2005-2012, we selected one
tropical cyclone periods of each year that influenced Guangzhou
as a case period, and selected the non-tropical cyclone in the
same year as the reference period. Considering the possibility of
lagged effects of tropical cyclones, we extended the case periods
by 3 subsequent days following the tropical cyclone periods.
To minimize potential time-varying confounding effects, the
reference period was selected as a bidirectional near-term summer
period of the dentical duration and with the dentical distribution
of the days of the week as the case period. For example, we selected
one tropical cyclone period between July 18th and July 23rd (6 d)
in 2005 and the case period was July 18th to 26th, 2005 (9 d). The
reference periods were the periods of June 27-30, 2005 and August
12-16, 2005. We assumed that the population of Guangzhou
changed little during one summer and the reference period had
the same length with the case period. Thus, the person-time units
in the denominators of the 2 incidences were equivalent for the 2
periods. This result allowed us to calculate the ratios between the
numbers of mumps cases as the RRs for each of the 2 periods of
2005-2012. We also calculated the excess cases as the difference in
the number of mumps cases in the 2 periods of each year and the
95% confidence intervals (95%CI) of RR.

Some studies*®>

used the case-crossover design to control for
season and secular trends by controlling the case and control days
in relatively small time windows (e.g., calendar month). We also
compared the case-crossover design and the NS-NS DLNM with
6df/year to determine which model performed better.

All statistical tests were two-sided and P < 0.05 was regarded
as a statistically significant difference. The analyses were

performed using R software (version 3.0.1; R Development

Core Team 2013) and the ‘dlnm’ package was used to create
the DLNM.>¢

Sensitivity analysis

Sensitivity analyses were performed by changing the df (5-9
per year) for time to control for seasonality and secular trends,
the df (4-7) for relative humidity, the df (4-7) for wind velocity
and the maximum lag from 20 to 30 d for temperature.

The data were collated and aggregated at the Guangzhou
Center for Disease Control and Prevention (GZCDC), and the
study approval was obtained from the GZCDC ethics committee.
All data used was anonymized.

Conclusions

Our study has provided evidence of the relationship between
meteorological factors and the incidence of mumps. Mean
temperature, relative humidity, wind velocity, and atmospheric
pressure might be important predictors of the mumps incidence.
Tropical cyclones caused a higher increase in mumps cases. Our
findings highlight the need to strengthen the awareness of using
protective measures during typhoon days and allocating more
attention to the susceptible populations during the summer. The
two-dose regimen of mumps vaccine should be included in the
National Immunization Program schedule, and the catch-up
vaccination campaigns should be promoted among adults.

Disclosure of Potential Conflicts of Interest

The author states he has no conflict of interest

Acknowledgments

We highly appreciate the help from the physicians from sentinel
surveillance hospitals and Guangzhou CDC for providing data
of mumps cases and China Meteorological Administration for
providing meteorology data. We also thank the Project For Key
Medicine Discipline Construction Of Guangzhou Municipality
(2013-2015-07) for their contribution in the study.

Funding

This work was supported by a grant from the Guangdong
Provincial ~ Department

(2012B091100045).

of  Science

and  Technology

References 5.  Schwarz NG, Bernard H, Melnic A, Bucov V, 8. Whyte D, O'Dea F, McDonnell C, O’Connell
Caterinciuc N, an der Heiden M, Andrews N, Pebody NH, Callinan S, Brosnan E, Powell J, Monahan R,
Hviid A, Rubin S, Miithlemann K. Mumps. Lancet R, Aidyralieva C, Hahné S. Mumps outbreak in the FitzGerald R, Mannix M, et al. Mumps epidemiology
2008; 371:932-44; PMID:18342688; htep://dx.doi. Republic of Moldova, 2007-2008. Pediatr Infect Dis in the mid-west of Ireland 2004-2008: increasing
org/10.1016/50140-6736(08) 60419-5 J 2010; 29:703-6; PMID:20308934; http://dx.doi. disease burden in the university/college setting. Euro
Watson-Creed G, Saunders A, Scott J, Lowe L, org/10.1097/INF.0b013e3181d743df Surveill 2009; 14; PMID:19389339
Pettipas J, Hatchette TF. Two successive outbreaks 6. Hukic M, Ravlija ], Dedeic Ljubovic A, Moro A, 9. Rajtevi¢ S, Seguljev Z, Petrovic V, Medi¢ S,
of mumps in Nova Scotia among vaccinated Arapcic S, Muller CP, Hiibschen JM. Ongoing Nedelijkovi¢ J, Milosevi¢ V, Turo L, Risti¢c M.
adolescents and young adults. CMAJ 20065 175:483- large mumps outbreak in the Federation of Bosnia Ongoing mumps outbreak in Novi Sad, the
8;  PMID:16940266;  http://dx.doi.org/10.1503/ and Herzegovina, Bosnia and Herzegovina, autonomous province of Vojvodina, Serbia, January to
cmaj.060660 December 2010 to July 2011. Euro Surveill 2011; 165 April 2012. Euro Surveill 2012; 17; PMID:22607963
Centers for Disease Control and Prevention (CDC). PMID:21903042 10. FeiF, Feng L, Xu Z, Feng Z. Epidemiology of mumps
Mumps  epidemic--lowa, 2006. MMWR Morb 7 Dayan GH, Quinlisk MP, Parker AA, Barskey AE, in China,2008-2010. Dis Surveill 2011; 26:691-3
Mortal Wkly Rep 2006; 55:366-8; PMID:16601665 Harris ML, Schwartz JM, Hunt K, Finley CG, 11. Fu C, Liang J, Wang M. Matched case-control
Centers for Disease Control and Prevention (CDC). Leschinsky DP, O’Keefe AL, et al. Recent resurgence study of effectiveness of live, attenuated S79 mumps
Mumps epidemic--United kingdom, 2004-2005. of mumps in the United States. N Engl ] Med virus vaccine against clinical mumps. Clin Vaccine
MMWR Morb Mortal Wkly Rep 2006; 55:173-5; 2008; 358:1580-9; PMID:18403766; http://dx.doi. Immunol 2008; 15:1425-8; PMID:18667635; http://
PMID:16498380 org/10.1056/NEJMo0a0706589 dx.doi.org/10.1128/CV1.00122-08
12. Shuman EK. Global climate change and infectious
diseases. N Engl ] Med 2010; 362:1061-3;
PMID:20335580; http://dx.doi.org/10.1056/
NEJMp0912931

2431

Human Vaccines & Immunotherapeutics

Volume 10 Issue 8

Do not distribute.

I0Science.

©2014 Landes B



19.

20.

21.

22.

23.

24.

25.

26.

27.

Reiter P. Climate change and mosquito-borne disease.
Environ Health Perspect 2001; 109(Suppl 1):141-
61; PMID:11250812; heep://dx.doi.org/10.1289/
chp.01109s1141

Epstein PR. Climate change and human health. N
Engl J Med 2005; 353:1433-6; PMID:16207843;
http://dx.doi.org/10.1056/NEJMp058079

Lowen AC, Mubareka S, Steel ], Palese P. Influenza
virus transmission is dependent on relative humidity
and temperature. PLoS Pathog 2007; 3:1470-6;
PMID:17953482; http://dx.doi.org/10.1371/journal.
ppat.0030151

Zhao Y, Aarnink AJ, Dijkman R, Fabri T, de Jong
MC, Groot Koerkamp PW. Effects of temperature,
relative humidity, absolute humidity, and evaporation
potential on survival of airborne Gumboro vaccine
virus. Appl Environ Microbiol 2012; 78:1048-
54; PMID:22156417; http://dx.doi.org/10.1128/
AEM.06477-11

Shah AP, Smolensky MH, Burau KD, Cech IM,
Lai D. Seasonality of primarily childhood and
young adult infectious diseases in the United States.
Chronobiol Int 2006; 23:1065-82; PMID:17050218;
http://dx.doi.org/10.1080/07420520600920718
Anderson LJ, Seward JF. Mumps epidemiology
and immunity: the anatomy of a modern epidemic.
Pediatr Infect Dis ] 2008; 27(Suppl):S75-9;
PMID:18820583; http://dx.doi.org/10.1097/
INF.0b013¢3181684d8d

Onozuka D, Hashizume M. Effect of weather
variability on the incidence of mumps in children:
a time-series analysis. Epidemiol Infect 2011;
139:1692-700;  PMID:21211102;  http://dx.doi.
0rg/10.1017/50950268810002967

Brockhoff HJ, Mollema L, Sonder GJ, Postema
CA, van Binnendijk RS, Kohl RH, de Melker HE,
Hahné SJ. Mumps outbreak in a highly vaccinated
student population, The Netherlands, 2004. Vaccine
2010; 28:2932-6; PMID:20188683; http://dx.doi.
org/10.1016/j.vaccine.2010.02.020

Barskey AE, Schulte C, Rosen JB, Handschur EF,
Rausch-Phung E, Doll MK, Cummings KP, Alleyne
EO, High P, Lawler J, et al. Mumps outbreak in
Orthodox Jewish communities in the United States.
N Engl ] Med 2012; 367:1704-13; PMID:23113481;
http://dx.doi.org/10.1056/NEJMoal202865
Schwarz NG, Bernard H, Melnic A, Bucov V,
Caterinciuc N, an der Heiden M, Andrews N, Pebody
R, Aidyralieva C, Hahné S. Mumps outbreak in the
Republic of Moldova, 2007-2008. Pediatr Infect Dis
J 20105 29:703-6; PMID:20308934; http://dx.doi.
org/10.1097/INF.0b013¢3181d743df

Dayan GH, Quinlisk MP, Parker AA, Barskey AE,
Harris ML, Schwartz JM, Hunt K, Finley CG,
Leschinsky DP, O’Keefe AL, et al. Recent resurgence
of mumps in the United States. N Engl ] Med
2008; 358:1580-9; PMID:18403766; http://dx.doi.
org/10.1056/NEJMo0a0706589

Bélanger M, Gray-Donald K, O’Loughlin J, Paradis
G, Hanley J. Influence of weather conditions and
season on physical activity in adolescents. Ann
Epidemiol 2009; 19:180-6; PMID:19217000; http://
dx.doi.org/10.1016/j.annepidem.2008.12.008

Tang JW. The effect of environmental parameters
on the survival of airborne infectious agents.
J R Soc Interface 2009; 6(Suppl 6):S737-46;
PMID:19773291; http://dx.doi.org/10.1098/
rsif.2009.0227.focus

Shaman J, Kohn M. Absolute humidity modulates
influenza survival, transmission, and seasonality.
Proc Natl Acad Sci U S A 2009; 106:3243-8;
PMID:19204283; http://dx.doi.org/10.1073/
pnas.0806852106

Lighthart B, Mohr AJ. Estimating downwind
concentrations of viable airborne microorganisms
in dynamic atmospheric conditions. Appl Environ

Microbiol 1987; 53:1580-3; PMID:3662508

2432

28.

29.

30.

31

32

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Peng Z, Wu C, Shu J, Tan Q, Lin J. Epidemiological
analysis on mumps in Guangdong Province in 2005-
2009. S China J Prev Med 2010; 36:31-3
Mao X, Tu Q. Epidemic trend analysis of mumps
in Jiangxi Province, 2008-2012. Capital Journal of
Public Health 2013:251-3.
Pan W, Cai Z, Zhang D. Analysis of epidemiological
characteristics of mumps and control measures in
Fujian Province in 2005-2007. China Trop Med
2008; 8:2101-2
Ou S, Luo Q, Lin G, Tu Y. Impact of tropical cyclones
on economic development of Guangzhou and disaster
reduction. Trop Geogr 2004; 24:118-22
.HeL,XuA, Chen T. Cold air activities and topographic
forcing in severe torrential rainfall in landing
typhoon depression(Tailim). Meteorological science
and technology 2009;37:385-91.
. Yin D, Zhang B, Wu H, Liu A. Diagnostic analysis on
the Extraordinary storm caused by re-intensification
depression of landfall typhoon.
catastrophology 2010;25:13-7.
Greenland K, Whelan J, Fanoy E, Borgert M, Hulshof
K, Yap KB, Swaan C, Donker T, van Binnendijk R, de
Melker H, et al. Mumps outbreak among vaccinated
university students associated with a large party,
the Netherlands, 2010. Vaccine 2012; 30:4676-
80; PMID:22579874; http://dx.doi.org/10.1016/j.
vaccine.2012.04.083
Brockhoff HJ, Mollema L, Sonder GJ, Postema
CA, van Binnendijk RS, Kohl RH, de Melker HE,
Hahné SJ. Mumps outbreak in a highly vaccinated
student population, The Netherlands, 2004. Vaccine
2010; 28:2932-6; PMID:20188683; http://dx.doi.
org/10.1016/j.vaccine.2010.02.020
Barskey AE, Schulte C, Rosen JB, Handschur EF,
Rausch-Phung E, Doll MK, Cummings KP, Alleyne
EO, High P, Lawler J, et al. Mumps outbreak in
Orthodox Jewish communities in the United States.
N Engl ] Med 2012; 367:1704-13; PMID:23113481;
http://dx.doi.org/10.1056/NEJMoal202865
Yang J, Ou CQ, Ding Y, Zhou YX, Chen PY.
Daily temperature and mortality: a study of
distributed  lag  non-linear effect and effect
Environ Health
htep://dx.doi.

Journal  of

modification in  Guangzhou.
2012; 11:63; PMID:22974173;
org/10.1186/1476-069X-11-63

Wu W, Xiao Y, Li G, Zeng W, Lin H, Rutherford
S, Xu 'Y, Luo Y, Xu X, Chu C, et al. Temperature-
mortality relationship in four subtropical Chinese
cities: a time-series study using a distributed lag
non-linear model. Sci Total Environ 2013; 449:355-
62; PMID:23454696; http://dx.doi.org/10.1016/j.
scitotenv.2013.01.090

Ennis FA, Jackson D. Isolation of virus during the
incubation period of mumps infection. ] Pediatr
1968; 72:536-7; PMID:5647297; http://dx.doi.
org/10.1016/50022-3476(68)80347-6

Guo Y, Tong S, Zhang Y, Barnett AG, Jia Y, Pan X.
The relationship between particulate air pollution
and emergency hospital visits for hypertension in
Beijing, China. Sci Total Environ 2010; 408:4446-
50; PMID:20638709; http://dx.doi.org/10.1016/j.
scitotenv.2010.06.042

Guo Y, Tong S, Li S, Barnett AG, Yu W, Zhang
Y, Pan X. Gaseous air pollution and emergency
hospital visits for hypertension in Beijing, China:
a time-stratified case-crossover study. Environ
Health 2010; 9:57; PMID:20920362; http://dx.doi.
org/10.1186/1476-069X-9-57

GuoY, Barnett AG, Pan X, Yu W, Tong S. The impact
of temperature on mortality in Tianjin, China: a
case-crossover design with a distributed lag nonlinear
model. Environ Health Perspect 2011; 119:1719-
25; PMID:21827978; http://dx.doi.org/10.1289/
ehp.1103598

Greer A, Ng V, Fisman D. Climate change and
infectious diseases in North America: the road ahead.
CMA]J 2008; 178:715-22; PMID:18332386

Human Vaccines & Immunotherapeutics

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Fu C, Xu ], Cai Y, He Q, Zhang C, Chen ], Dong
Z, Hu W, Wang H, Zhu W, et al. Effectiveness
of one dose of mumps vaccine against clinically
diagnosed mumps in Guangzhou, China, 2006-
2012. Hum Vaccin Immunother 2013; 9:2524-
8; PMID:23955378;  http://dx.doi.org/10.4161/
hv.26113

Watson-Creed G, Saunders A, Scott J, Lowe L,
Pettipas J, Hatchette TF. Two successive outbreaks
of mumps in Nova Scotia among vaccinated
adolescents and young adults. CMAJ 2006; 175:483-
8; PMID:16940266; http://dx.doi.org/10.1503/
cmaj.060660

Yamei H, ZaifangJ. Zhu Futang Practice of Pediatrics.
3rd ed.Beijing: People’s Medical Publishing House,
2011.

Guy RJ, Andrews RM, Kelly HA, Leydon JA, Riddell
MA, Lambert SB, Catton MG. Mumps and rubella: a
year of enhanced surveillance and laboratory testing.
Epidemiol Infect 2004; 132:391-8; PMID:15188707;
http://dx.doi.org/10.1017/S0950268804001955
Dostdl M, Hertz-Picciotto I, James R, Keller J,
Dejmek J, Selevan S, Kotésovec F, Nozicka J,
Gomez-Caminero A, Wegienka G, et al. Childhood
morbidity and air pollution in the Teplice program.
Cas Lek Cesk 2001; 140:658-61; PMID:11766454
Fu C, Liang ], Wang M. Matched case-control
study of effectiveness of live, attenuated S79 mumps
virus vaccine against clinical mumps. Clin Vaccine
Immunol 2008; 15:1425-8; PMID:18667635; http://
dx.doi.org/10.1128/CVI1.00122-08

Fu CX, Nie J, Liang JH, Wang M. Evaluation of
live attenuated S79 mumps vaccine effectiveness in
mumps outbreaks: a matched case-control study. Chin

Med J (Engl) 2009; 122:307-10; PMID:19236809

Armstrong  B.  Models for the relationship
between  ambient  temperature and  daily
mortality.  Epidemiology ~ 2006;  17:624-31;

PMID:17028505; http://dx.doi.org/10.1097/01.
¢de.0000239732.50999.8f

Guo Y, Li S, Zhang Y, Armstrong B, Jaakkola JJ,
Tong S, Pan X. Extremely cold and hot temperatures
increase the risk of ischaemic heart disease mortality:
epidemiological evidence from China. Heart 2013;
99:195-203; PMID:23150195; http://dx.doi.
org/10.1136/heartjn]-2012-302518

Son JY, Lee JT, Anderson GB, Bell ML. The impact
of heat waves on mortality in seven major cities in
Korea. Environ Health Perspect 2012; 120:566-
71; PMID:22266672; http://dx.doi.org/10.1289/
ehp.1103759

Gasparrini A, Armstrong B, Kenward MG.
Distributed lag non-linear models. Stat Med 2010;
29:2224-34; PMID:20812303; http://dx.doi.
org/10.1002/sim.3940

Onozuka D, Hashizume M. Effect of weather
variability on the incidence of mumps in children:
a time-series analysis. Epidemiol Infect 2011;
139:1692-700;  PMID:21211102;  htep://dx.doi.
0rg/10.1017/50950268810002967

Tian Z, Li S, Zhang J, Jaakkola JJ, Guo Y. Ambient
temperature and coronary heart disease mortality in
Beijing, China: a time series study. Environ Health
2012; 11:56; PMID:22909034;  http://dx.doi.
0rg/10.1186/1476-069X-11-56

Gasparrini A. Distributed Lag Linear and Non-
Linear Models in R: The Package dlnm. J Stat Softw
2011; 43:1-20; PMID:22003319

Volume 10 Issue 8

Do not distribute.

I0Science.

©2014 Landes B





