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Abstract

Mumps, a common childhood disease, has a high incidence in Guangzhou city, China. It

has been proven that mumps is influenced by seasonality. However, the role of meteorologi-

cal factors among children is yet to be fully ascertained. This study explored the association

between meteorological factors and the incidence of mumps among children in Guangzhou.

Distributed lag nonlinear models were used to evaluate the correlation between meteorolog-

ical factors and the incidence of mumps among children from 2014–2018. The nonlinear lag

effects of some meteorological factors were detected. Mean temperature, atmospheric

pressure, and relative humidity were positively correlated with mumps incidence, contrary to

that of wind speed. Extreme effects of temperature, wind speed, atmospheric pressure, and

relative humidity on the incidence of mumps among children in Guangzhou were evaluated

in a subgroup analysis according to gender and age. Our preliminary results offered funda-

mental information to better understand the epidemic trends of mumps among children to

develop an early warning system, and strengthen the intervention and prevention of

mumps.

Introduction

Mumps is a common childhood disease caused by the mumps virus that mostly affects chil-

dren aged 5–9 years [1, 2]. It manifests clinically as an inflammation of the parotid gland with

precursory fever. Most cases are mild and self-limiting, but can result in some severe complica-

tions such as deafness, aseptic meningitis, and encephalitis [3]. The incubation period of

mumps is 12–24 days, with a median of 19 days [4]. Mumps is not only transmitted by droplet

spread, but also via direct contact or contaminated fomites [1].

Mumps can be effectively prevented by vaccination. A sharp reduction in incidence was

observed after routine vaccination [5]; however, many countries, including France [6], Ireland
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[7], UK [8], and USA [9] have experienced resurgences of mumps and reported large scale out-

breaks over the past decade. Since 2007, the mumps vaccine has been integrated into the

National Immunization Program in China, and the measles, mumps, and rubella (MMR) or

measles and mumps (MM) vaccine has been provided free of charge to children aged 18–24

months in Guangzhou since 2008 [10]. However, the incidence rates of mumps in China rose

to 33.9/100,000 and 35.6/ 100,000 during 2011–2012 [11]; meanwhile, 10008 and 7856 mumps

cases were reported in Guangzhou [10]. A one dose vaccine program is unavailable to fully

control the epidemic of mumps, although the immunization coverage rate is about 80% to

90% nationwide [12]. The two doses vaccination program was recommended by the World

Health Organization [13] and the polyvalent mumps vaccine was recommended in the USA

[9]. Hence, mumps is still a serious public health concern among children not only in Guang-

zhou, China, but also worldwide.

The incidence of mumps showed apparent seasonality in various areas, with the peak in late

spring, early summer, and winter. Different seasonal distributions were even observed in south-

ern and northern China [11, 12]. This hinted that mumps incidence was influenced by seasonal

undulation. Therefore, we hypothesized that meteorological factors might play a vital role in the

spread of mumps. Recently, the effects of meteorological factors on some infectious diseases

have been explored extensively as early warning signals of possible epidemics, such as those of

hand, foot, and mouth disease [14], varicella [15], and influenza [16]. Limited studies have been

conducted to explore the association between meteorological factors and the incidence of

mumps. A study using the ARIMAX model in Beijing, China showed that increasing tempera-

ture would cause an increase in the incidence of mumps [17], whereas a study that used a gener-

alized additive model in Jining showed that an increasing trend in the incidence of mumps was

observed when the temperature rose above 4˚C [18]. However, a study which applied Pearson’s

correlation analysis in Czech Republic showed that there was no relationship between mumps

incidence and drier and warmer weather [19]. Besides, a Poisson regression model was applied

in a study on mumps in 10 cities in Guangxi Province [20]. However, most of the previous stud-

ies only focused on linear effects but not lag effects. A study conducted in Shenzhen city applied

the distributed lag nonlinear model (DLNM) in exploring the relationship between wind veloc-

ity and mumps cases [21]. Studies conducted in Fujian Province and Guangzhou city applied

the DLNM in exploring the nonlinear correlations between meteorological factors and the inci-

dence of mumps [22, 23]. However, the nonlinear and lag effects of climatic factors on the trans-

mission among children, who are the main population affected by mumps, are still unclear at

present. A study conducted in Japan explored the linear relationship between meteorological

factors and mumps incidence among children via negative binomial regression analysis [24].

What are the roles of meteorological factors on mumps incidence among children? There is an

urgent need to explore these nonlinear relationships using lag effects.

In this study, an ecological methodology was used to analyze the features of mumps in

Guangzhou from 2014 to 2018. We built DLNMs [25], which can flexibly depict the nonlinear

correlation and describe delayed effects in time-series studies, to analyze the effects of meteo-

rological factors on mumps transmission among children. The findings of our study may be

helpful in developing an early warning system for mumps epidemics among children, improv-

ing preventative measures, and reducing the risk of mumps infection among children.

Materials and methods

Study region

Guangzhou is the third largest city in China with a total of 8.97 million registered inhabitants.

It is a typical meteorologically humid subtropical area and is located within 112˚570E to 114˚

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 2 / 15

(20181A011051) and the Science and Technology

Project of Guangzhou (201804010093) and the

Project for Key Medicine Discipline Construction of

Guangzhou Municipality (2017-2019-07).

Competing interests: There is no conflict of

interest for the authors.

https://doi.org/10.1371/journal.pone.0232273


30E and 22˚260N to 23˚560N (Fig 1). In Guangzhou, the summer season is wet and hot, whereas

the winter season is dry and cool.

Data sources

In this study, clinically diagnosed cases of mumps among persons younger than 18 years were

obtained from the National Notifiable Disease Report System from January 2014 to December

2018. Clinically, mumps was defined as an acute onset of bilateral or unilateral tender, self-lim-

ited swelling of the parotid or other salivary glands lasting for more than 2 days. Mumps is a

notifiable disease in Guangzhou; consequently, all clinicians are required to compulsorily

report cases to local health authorities within 24 hours via the National Notifiable Disease Sur-

veillance System.

Daily meteorological data, including mean temperature (˚C), diurnal temperature range

(˚C) (highest temperature minus lowest temperature), atmospheric pressure (hPa), aggregate

rainfall intensity (mm), wind speed (m/s), relative humidity (%), and sunshine duration

(hours) were collected simultaneously from the Guangzhou Meteorological Bureau.

Statistical analysis

We performed a descriptive analysis of meteorological variables and the occurrence of mumps

in Guangzhou. Based on scatter plots, we concluded that the correlations between the meteo-

rological factors and mumps incidence were nonlinear. The Mann–Kendall and Pettitt tests

were applied to initially analyze the tendency of the meteorological variables and mumps cases

among children. Most of the variables tended to increase or decrease. Due to the reasons men-

tioned above, DLNMs were applied to detect the relationships between meteorological vari-

ables and the occurrence of mumps. Atmospheric pressure was strongly correlated with

average temperature (r = -0.82, P<0.01) as per the Spearman’s correlation analysis. Hence, the

two variables were not combined in a model to avoid the potential problem of collinearity.

Poisson regression, performed with the quasi-Poisson function, was used to assess over-

Fig 1. The geographical location of study area in Guangzhou city, Southern China.

https://doi.org/10.1371/journal.pone.0232273.g001
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dispersion of daily cases of mumps in the DLNMs. The calculation is performed using the fol-

lowing equation:

log½EðYtÞ� ¼ aþ
X

NSiðXi; df iÞ þ dDowþ δHolidayt þNSðTime; 7 per yearÞ;

where Yt represents the number of cases of mumps reported on day t; both α and δ are the

intercepts; NS represents natural cubic spline; X represents meteorological variables, such as

temperature, diurnal temperature range, rainfall, atmospheric pressure, wind speed, relative

humidity, and sunshine hours; df is the degrees of freedom; Holiday is defined as a binary vari-

able (if day t is a public holiday or school vacation, it is marked as 1, otherwise it is marked as

0); Dow represents the day of week effect; and Time denotes long term trends and seasonality.

We selected the df of day to control long term trends, seasonality, and meteorological variables

using the Akaike information criterion (AIC). Based on the AICs, we chose df = 3 for NS

according to the meteorological variables mentioned above. After combining the incubation

period of mumps, df = 24 was chosen for mean temperature, atmospheric pressure, and wind

speed, and df = 14 was chosen for relative humidity.

Extreme high effects were defined as when the value of meteorological variables were

beyond the 97.5th percentile; when the value was below the 2.5th percentile, it was defined as

an extreme low effect.

All statistical tests were two-sided. Analysis items with P<0.05 were considered statistically

significant. All statistical analyses were performed using R version 3.5.3 (The R Development

Core Team, Vienna, Austria) and the DLNMs were built using the dlnm package in the R envi-

ronment [25].

We performed the sensitivity analyses by shifting the df (5–9) per year to control for season-

ality and long-term trends using time, and changing the df (4–7) for mean temperature, atmo-

spheric pressure, diurnal temperature range, wind speed, accumulated rainfall, relative

humidity, and sunshine hours.

Ethical considerations

The study protocol was approved by the Ethics Committee of the Guangzhou Center for Dis-

ease Control and Prevention. All data were fully anonymized before we accessed them.

Fig 2. The boxplot of mumps cases among children in Guangzhou, 2014–2018.

https://doi.org/10.1371/journal.pone.0232273.g002
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Results

From January 1st, 2014 to December 31st, 2018, a total of 9842 mumps cases among persons

younger than 18 years were reported in Guangzhou. During 2014 to 2018, the breakdown of

mumps cases was 1962, 2077, 1838, 1977, and 1988, respectively. The gender ratio was 1.83

(6362 males to 3480 females). Among the groups aged 0–3, 4–6, 7–14, and 15–17 years, there

were 2197 (22.32%), 3773 (38.34%), 3672 (37.31%), and 200 (2.03%) cases, respectively. The

peak of mumps occurrence in the study period occurred from May to July, with a total of 3087

cases (31.37%) (Fig 2).

A description of meteorological variables and mumps cases is given as follows (Fig 3). The

mean daily temperature was 22.24˚C, and the means of diurnal temperature, aggregate rainfall,

atmospheric pressure, wind speed, relative humidity, and hours of sunshine were 8.20˚C, 6.04

mm, 1005.41 hPa, 2.16 m/s, 79.19%, and 4.42 hours, respectively. The monthly distribution is

shown in the monthly boxplot of meteorological factors (Fig 4). The results of the Mann–Ken-

dall and Pettitt tests are shown in Table 1. The variables of DTR, rain, pressure, wind, relative

humidity were statistically significant. Wind and relative humidity had a rising tendency,

whereas the DTR, rain and pressure had a decrease tendency. No tendency was observed

among the variables of cases, temperature and sunshine hours.

Fig 5 shows the interaction network between meteorological factors and mumps cases

among children, the strongest interaction was observed between temperature and mumps

cases. Temperature, sunshine hour, relative correlation and aggregate rainfall had a positive

interaction with mumps cases, whereas atmosphere pressure, wind speed and DTR had a nega-

tive interaction with mumps cases. Spearman’s correlation analyses revealed that the incidence

of mumps was positively correlated with mean temperature, relative humidity, aggregate rain-

fall, and hours of sunshine. On the contrary, wind speed and atmospheric pressure were nega-

tively correlated with the incidence of mumps. Mean temperature was strongly correlated with

atmospheric pressure (r = -0.82, P<0.01).

Fig 6 illustrates the correlation between mumps cases and meteorological variables with dif-

ferent lag periods in Guangzhou. Specific features were observed in various variables with a

nonlinear curve. The highest relative risk (RR) was 1.005 (95% confidence interval [CI]: 1.001–

Fig 3. The boxplot of meteorological factors and mumps cases among children in Guangzhou, 2014–2018.

https://doi.org/10.1371/journal.pone.0232273.g003
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1.010) at lag day 21, when the daily mean temperature was 25.0˚C. When atmospheric pressure

was 1027 hPa at lag day 0, the lowest RR was 0.775 (95% CI: 0.655–0.916). When relative

humidity was 72.0%, the highest RR was 1.014 (95% CI: 1.003–1.026) at lag day 12. When

wind velocity was 8.70 m/s, the highest RR was 1.269 (95% CI: 1.033–1.560) at lag day 11.

For a better explanation, the one-dimensional curves were plotted about the overall effects

of meteorological factors over the corresponding lag days (Fig 7). In a word, mean tempera-

ture, atmospheric pressure, and relative humidity were associated with mumps incidence,

unlike wind speed. The RR of mean temperature significantly increased from 10˚C to 23.6˚C,

whereas that of wind speed significantly declined from 1.9 to 4.5 m/s. Atmospheric pressure

Fig 4. The monthly boxplot of meteorological factors in Guangzhou, 2014–2018.

https://doi.org/10.1371/journal.pone.0232273.g004

Table 1. The results of the Man-Kendall and Pettitt tests for the meteorological variables and mumps cases among children in Guangzhou, 2014–2018.

variables P S change-point number change-point P

case 0.3 + 1542 2018/3/22 <0.01

temperature 0.19 + 129 2014/5/9 <0.01

DTR <0.01 - 414 2015/2/18 <0.01

rain <0.01 - 986 2016/9/12 <0.01

pressure <0.01 - 482 2015/4/27 <0.01

wind <0.01 + 371 2015/1/6 <0.01

relative humidity <0.01 + 794 2016/3/4 <0.01

Sunshine hours 0.88 - 674 2015/11/5 0.02

# S: ‘+’ means a rise tendency, ‘-‘means a decrease tendency.

https://doi.org/10.1371/journal.pone.0232273.t001
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and relative humidity both showed a reverse U-shaped curve relationship with mumps. How-

ever, the RRs just had a significantly increasing trend before the atmosphere pressure as 992

Fig 5. The interaction network between meteorological factors and mumps cases among children in Guangzhou, 2014–2018. �cas

represents cases; tm represents temperature; prs represents atmospheric pressure; wnd represents wind; dtr represents diurnal

temperature range; ran represents rain; rhm represents relative humidity; sun represents sunshine hours. The green line means positive

relationship, whereas the red one means negative relationship. The width of the lines dedicates the degree of r. The thicker is the line, the

greater is the interaction.

https://doi.org/10.1371/journal.pone.0232273.g005

Fig 6. Plots of the relative risk of climatic factors on the incidence of mumps in children, including mean

temperature, diurnal temperature range, atmospheric pressure, wind speed, relative humidity and sunshine

hours.

https://doi.org/10.1371/journal.pone.0232273.g006
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hPa and the relative humidity as 60%, respectively. There were no significant relationships

between other meteorological variables and the incidence of mumps in our study.

The cumulative extreme effects of meteorological factors on mumps along the correspond-

ing lag days are shown in Fig 8. As shown in Table 2, the extreme low effect of temperature

was significant and the lowest RR was 0.88 (95% CI: 0.83–0.93) at lag day 0, whereas the

extreme high effect of temperature was not significant. On the contrary, the extreme high

effects of atmospheric pressure and wind speed were statistically significant, whereas the

extreme low effects were not. For atmospheric pressure, the lowest RR was 0.88 (95% CI: 0.82–

0.94) at lag day 0. For wind speed, the lowest RR was 0.94 (95% CI: 0.89–0.98) at lag day 0.

Regarding relative humidity, the RR of the extreme high effect was 0.96 (95% CI: 0.94–0.99) at

lag day 2, and the RR of the extreme low effect was 0.96 (95% CI: 0.93–0.99) at lag day 2. For

the extreme high and low effects of sunshine hours, the RRs were 1.03 (95% CI: 1.02–1.04) at

lag day 2 and 1.02 (95% CI: 1.01–1.03) at lag day 17, respectively.

In the analyses by subpopulation, the extreme low effects of temperature, atmospheric pres-

sure, and relative humidity, and the extreme high effect of wind speed were statistically signifi-

cant in the female population, but no significant extreme effect was observed in the male

population. The extreme low effect of temperature was observed in the 4–6 year old group

(RR = 0.25, 95% CI: 0.11–0.60) and 15–17 year old group (RR = 0.01, 95% CI: 0.00–0.57). The

extreme high effect of atmospheric pressure was observed in the 4–6 year age group

(RR = 0.46, 95% CI: 0.21–0.98) (Table 3).

Fig 7. The estimated overall effects of mean temperature, diurnal temperature range, atmospheric pressure, wind speed, relative

humidity, and sunshine hours along corresponding lag days. The Y lab represents the value of relative risk, the X lab represents the

value of relevant variables. The red lines represent mean relative risks and the grey regions represent 95% CIs.The black vertical line

represents the medians of the climatic factors, and the dotted lines represent the 2.5 percentile and the 97.5 percentile for the

meteorological factors, respectively.

https://doi.org/10.1371/journal.pone.0232273.g007

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 8 / 15

https://doi.org/10.1371/journal.pone.0232273.g007
https://doi.org/10.1371/journal.pone.0232273


Fig 8. The extreme effects of mean temperature, diurnal temperature range, atmospheric pressure, wind speed,

relative humidity, and sunshine hours with extreme high effects (97.5%) and extreme low effects (2.5%). The Y lab

represents the value of relative risk, the X lab represents the value of lag day. The red lines represent mean relative risks

and grey regions represent 95%CIs.

https://doi.org/10.1371/journal.pone.0232273.g008

Table 2. The extreme effects of meteorological variables on the incidence of mumps among children along the lag days in Guangzhou, 2014–2018.

Meteorological variables Lag day High effect (97.5%) Lag day Low effect (2.5%)

RR 95%CI RR 95%CI

Mean temperature / / / 0 0.88 0.83–0.93

Atmospheric pressure 0 0.88 0.82–0.94 / / /

Wind speed 0 0.94 0.89–0.98 / / /

Relatively humidity 2 0.96 0.94–0.99 2 0.96 0.93–0.99

https://doi.org/10.1371/journal.pone.0232273.t002
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Sensitivity analyses indicated similar results after the changes in the df for long-term trends

and seasonality. Altering the dfs for temperature, atmospheric pressure, wind speed, and rela-

tive humidity, the original models showed better robustness compared to their alternatives.

Discussion

In this study, the incidence of mumps among children in Guangzhou fluctuated seasonally

with the epidemic peak from May to July. The trough of mumps incidence among children

occurred in February, coinciding with the winter holiday in school. However, our result dif-

fered from that of a study conducted in Ireland, which detected a relatively low mumps inci-

dence in summer and a peak in autumn [7], and a study conducted in the Netherlands with

two seasonality peaks in spring and autumn [26]. In China, the epidemic pattern in Guangh-

zou also differed from that of Beijing city, Zibo city in Shandong province, and Chongqing

city, which showed two epidemic peaks from April to July and October to January, with an

emphasis on the former [17, 27, 28]. It indicated that the effect of meteorological factors on the

occurrence of mumps may be distinct in various regions with particular climatic features.

Climatic variables such as temperature, relative humidity, and wind speed have been proven

to play a key role in the occurrence of certain infectious diseases [29–31]. Recently, more and

more attention has been drawn to the effects of meteorological factors on mumps incidence.

Some studies have been conducted to explore the relationships between meteorological factors

and mumps cases; however, most of the studies just detected linear relationships without lag

effects. Recently, DLNMs have been applied widely to evaluate these nonlinear correlations with

lag effects [10, 21, 23]. However, these relationships among children still need to be explored.

To the best of our knowledge, this is the first study to apply DLNMs to detect the effects of

meteorological variables on mumps incidence among children in a subtropical city in China.

Nonlinear relationships were observed in some meteorological variables in our study. When

the mean temperature ranged from 10–23.6˚C, the RR showed an increased trend. Our finding

was not fully consistent with previous studies. A study conducted in Mexico showed that the

mumps incidence declined markedly during the summer [32]. However, a study conducted in

Taiwan [33] reported that the incidence of mumps started to increase at a temperature of

20˚C, and started to decline after 25˚C, whereas a study conducted in Jining, China [18] and a

study focused on children in Japan [24] both reported linearly positive associations between

mumps incidence and temperature. A previous study conducted in Guangzhou [22] also

revealed a positive correlation between mean temperature and the incidence of mumps in the

overall population. However, another study conducted in Jining showed a U-shaped relation-

ship curve between mean temperature and mumps incidence [34]. The discrepancy may be

due to the differences in methodology, geographic location, and climatic characteristics. The

Table 3. The cumulative extreme effects of meteorological variables on mumps cases of children by sex and age.

Variables Mean temperature Wind speed Relative humidity Atmospheric pressure

low effect high effect low effect high effect low effect high effect low effect high effect

RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI RR 95%CI

total 0.56 0.32–0.99 0.99 0.70–1.40 0.77 0.47–1.28 0.64 0.40–1.01 0.76 0.61–0.94 0.89 0.67–1.17 0.70 0.49–0.99 0.75 0.45–1.24

male 0.88 0.44–1.73 0.91 0.59–1.39 0.76 0.41–1.41 0.88 0.50–1.56 0.95 0.73–1.23 1.06 0.75–1.49 0.87 0.56–1.34 0.81 0.43–1.50

female 0.23 0.10–0.62 1.12 0.66–2.02 0.77 0.74–1.71 0.34 0.16–0.72 0.50 0.35–0.72 0.64 0.41–1.00 0.47 0.26–0.83 0.64 0.28–1.45

<4years 1.83 0.60–5.65 1.40 0.69–2.83 0.99 0.36–2.71 0.74 0.29–1.87 0.73 0.48–1.11 0.70 0.39–1.24 0.54 0.26–1.09 0.97 0.37–2.55

4–6 years 0.25 0.11–0.60 1.01 0.58–1.75 0.68 0.31–1.49 0.51 0.25–1.05 0.77 0.56–1.07 1.28 0.83–1.96 0.81 0.46–1.42 0.46 0.21–0.98

7–13 years 0.82 0.32–2.10 0.83 0.48–1.44 0.79 0.35–1.80 0.81 0.37–1.76 0.76 0.52–1.11 0.72 0.45–1.14 0.73 0.41–1.30 1.25 0.51–3.05

14–17 years 0.01 0.00–0.57 0.18 0.01–2.74 0.35 0.01–16.28 0.05 0.00–2.18 0.48 0.07–3.29 0.38 0.05–3.09 0.20 0.01–2.66 0.08 0.00–3.08

https://doi.org/10.1371/journal.pone.0232273.t003
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incidence of mumps depended on the contact rate, which might be influenced by social behav-

ior [35]. A previous epidemiologic study conducted in Canada showed that adolescents usually

engage in more physical activity in the warmer months than in the colder months [36]. Chil-

dren are more likely to come into contact with each other in warmer weather, which might

result in an increase in the incidence of mumps. When the temperature continued to increase,

outdoor activities among children might decrease, reducing the risk of mumps infection; how-

ever, the extreme high effect was not statistically significant. For the same reason, the risk of

mumps infection will be reduced in extreme cold conditions; however, the accumulated

extreme cold effect was only observed significantly among females. These might explain our

finding among children in Guangzhou and shows that preventative measures and health edu-

cation should be strengthened in the temperature range mentioned above in our study.

The results of some studies were inconsistent with ours. For example, relative humidity was

found to have a negative impact on mumps incidence with a threshold of 54% in Jining, China

[18]. However, another study conducted in Jining showed that the effect of relative humidity on

mumps increased slightly and then decreased quickly, with a threshold of 64% [34]. Besides, a

study conducted in Taiwan [33] found no correlation between relative humidity and mumps

incidence. Our study showed a U-shaped relationship between relative humidity and mumps

incidence among children in Guangzhou, with a statistically significant increase before a relative

humidity of 60%. Meanwhile, nonlinear extreme high and low effects of relative humidity on

mumps incidence were both found among children. Studies on the mechanism underlying the

effect of relative humidity on mumps incidence are rare and should be carried out in the future.

One possible mechanism might be as follows. Droplet spread is one of the modes of transmis-

sion of the mumps virus [1]. When the relative humidity is low, water in the droplets evaporates

quickly. The longer the droplet with mumps viruses remains airborne, the easier it is the

mumps infect the children [37]. As the relative humidity increases, the effects become insignifi-

cant. However, an extremely high effect of relative humidity was observed with an RR of 0.96

(95% CI: 0.93–0.99) at lag day 2, which may be explained by the fact that high relative humidity

often coincides with heavy rain, which will make children more likely to stay at home [38] and

reduce the contact rate. More studies should be carried out to identify biological evidence.

Wind could affect the suspension time of viruses and their diffusion distance [39, 40]. Our

study revealed that the RR decreased as the wind speed surpassed 1.9 m/s till 4.9 m/s. More-

over, the high effect of wind speed yielded an RR of 0.94 (95% CI: 0.89–0.98). Our study result

was similar to that of a study conducted in Shenzhen, which depicted a reverse V-shaped rela-

tionship between wind velocity and mumps incidence, with the peak at 2 m/s [21], and a study

conducted in Fujian province [23], which showed a negative relationship between wind speed

and mumps incidence. In view of the resuspension phenomenon, the concentration of local

viruses may be diluted by higher wind velocity [39, 41], which could possibly explain our find-

ing. In the subpopulation analysis, an accumulated high effect of wind speed was observed

among females. This may be explained by the reduction in outdoor activity among females in

the extreme high wind velocity weather. Based on our findings, regular ventilation might be

helpful in protecting children against infection with mumps.

In our study, extreme low effects of mean temperature, atmospheric pressure, and relative

humidity, and an extreme high effect of wind speed were found among females with RR values

less than 1, whereas no extreme effect was detected among males. This may be due to factors

such as physiological gender differences and the discrepancy in behavior patterns [42]. For

example, in extreme weather conditions, males are more active and will be more likely to play

with friends, which will increase the contact rate with children infected with mumps. This

shows that children should cut down on going to crowded places such as playgrounds in the

active period of mumps from May to July in Guangzhou.
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Our results showed a positive correlation before 1000.05 hPa, after which point the correla-

tion was not statistically significant. However, previous studies showed different results. For

instance, a study conducted in 10 cities in Guangxi province in China [20] reported that no

significant relationship was found between atmospheric pressure and the incidence of mumps,

whereas a study conducted in Beijing [17] showed that atmospheric pressure was negatively

associated with mumps incidence. Unfortunately, limited studies are available regarding the

underlying mechanism. This may be explained as follows. As the atmospheric pressure

increases in the beginning, the cold air would enter and promote the spread of the virus, lead-

ing to high virus abundance in the atmosphere. After exceeding a certain value of atmospheric

pressure, the effect mentioned above is offset by high wind speed. However, further studies

should be conducted to explore the foundational mechanism in future.

Several limitations of our study should be acknowledged. At first, the data were only

obtained in Guangzhou, southern China; hence, it cannot stand for other cities or countries.

Secondly, we used meteorological data instead of the exposure conditions of individuals; this

may lead to bias in our results. Further, we could not exclude the possibility that some poten-

tial confounding factors existed in our research, including host susceptibility, preventive mea-

sures, geographic factors, and population density. Moreover, data regarding human serum

antibodies against mumps and information regarding mumps vaccination were unavailable in

our study. Finally, we did not assess factors regarding air pollution which have been proven to

affect the incidence of mumps [43]. Therefore, more studies should be undertaken to take

these variables into consideration.

Conclusions

In general, compared to previous studies that focused on the effect of meteorological factors on

mumps incidence, for the first time, we identified a significant nonlinear association between

certain climatic variables and mumps incidence among children in Guangzhou with lag effects.

At a certain corresponding range, mean temperature, atmospheric pressure, and relative

humidity were positively correlated with the incidence of mumps among children, opposite to

that of wind speed. Moreover, extreme effects of the variables mentioned above among mumps

cases were detected in a subgroup analysis according to gender and age. These findings provide

the underlying information to better understand the epidemic tendency of mumps. Based on

our results, some measures could be implemented to minimize the occurrence of mumps. For

example, preventative measures and health education should be strengthened in the tempera-

ture range of 10–23.6˚C, and proper ventilation might be helpful in protecting children against

infection with mumps. We also implied that children should cut down on going to crowded

places such as playgrounds in the active period of mumps from May to July in Guangzhou. Our

findings in this study will help improve the early warning system and reinforce the prevention

and intervention of risk factors for mumps among children in Guangzhou.

Supporting information

S1 Data. The data and the R program of our study were uploaded as the supporting infor-

mation file, which also included the data of subpopulation analyses.

(ZIP)

Acknowledgments

We thank the Guangzhou Meteorological Bureau for offering climatic data for our study. We

would like to thank Editage (www.editage.cn) for English language editing.

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0232273.s001
http://www.editage.cn/
https://doi.org/10.1371/journal.pone.0232273


Author Contributions

Data curation: Jianyun Lu.

Methodology: Jianyun Lu, Xiaowei Ma.

Software: Xiaowei Ma.

Supervision: Zhicong Yang, Zhoubin Zhang.

Visualization: Mengmeng Ma.

Writing – original draft: Jianyun Lu.

Writing – review & editing: Zhicong Yang, Zhoubin Zhang.

References
1. Hviid A, Rubin S, Muhlemann K. Mumps. Lancet (London, England). 2008; 371(9616):932–44. https://

doi.org/10.1016/s0140-6736(08)60419-5

2. Rubin S, Eckhaus M, Rennick LJ, Bamford CG, Duprex WP. Molecular biology, pathogenesis and

pathology of mumps virus. The Journal of pathology. 2015; 235(2):242–52. https://doi.org/10.1002/

path.4445 PMID: 25229387

3. Grennan D. Mumps. Jama. 2019; 322(10):1022. https://doi.org/10.1001/jama.2019.10982 PMID:

31503310

4. Richardson M, Elliman D, Maguire H, Simpson J, Nicoll A. Evidence base of incubation periods, periods

of infectiousness and exclusion policies for the control of communicable diseases in schools and pre-

schools. The Pediatric infectious disease journal. 2001; 20(4):380–91. https://doi.org/10.1097/

00006454-200104000-00004 PMID: 11332662

5. Galazka AM, Robertson SE, Kraigher A. Mumps and mumps vaccine: a global review. Bulletin of the

World Health Organization. 1999; 77(1):3–14 PMID: 10063655

6. Vygen S, Fischer A, Meurice L, Mounchetrou Njoya I, Gregoris M, Ndiaye B, et al. Waning immunity

against mumps in vaccinated young adults, France 2013. Euro Surveill. 2016; 21(10):30156. https://doi.

org/10.2807/1560-7917.es.2016.21.10.30156 PMID: 26987576

7. Whyte D, O’Dea F, McDonnell C, O’Connell NH, Callinan S, Brosnan E, et al. Mumps epidemiology in

the mid-west of Ireland 2004–2008: increasing disease burden in the university/college setting. Euro

Surveill. 2009; 14(16)

8. Aasheim ET, Inns T, Trindall A, Emmett L, Brown KE, Williams CJ, et al. Outbreak of mumps in a school

setting, United Kingdom, 2013. Hum Vaccin Immunother. 2014; 10(8):2446–9. https://doi.org/10.4161/

hv.29484 PMID: 25424953

9. May M, Rieder CA, Rowe RJ. Emergent lineages of mumps virus suggest the need for a polyvalent vac-

cine. International Journal of Infectious Diseases. 2018; 66:1–4. https://doi.org/https://doi.org/10.1016/j.

ijid.2017.09.024 PMID: 28987391

10. Fu C, Xu J, Cai Y, He Q, Zhang C, Chen J, et al. Effectiveness of one dose of mumps vaccine against

clinically diagnosed mumps in Guangzhou, China, 2006–2012. Hum Vaccin Immunother. 2013; 9

(12):2524–8. https://doi.org/10.4161/hv.26113 PMID: 23955378

11. Su QR, Liu J, Ma C, Fan CX, Wen N, Luo HM, et al. Epidemic profile of mumps in China during 2004–

2013. Zhonghua yu fang yi xue za zhi [Chinese journal of preventive medicine]. 2016; 50(7):611–4.

https://doi.org/10.3760/cma.j.issn.0253-9624.2016.07.009

12. Cui A, Zhu Z, Hu Y, Deng X, Sun Z, Zhang Y, et al. Mumps Epidemiology and Mumps Virus Genotypes

Circulating in Mainland China during 2013–2015. PLoS One. 2017; 12(1):e0169561. https://doi.org/10.

1371/journal.pone.0169561 PMID: 28085897

13. WHO. Mumps virus vaccines: WHO position paper. Wkly Epidemiol Rec. 2017; 82:51–60

14. Yu G, Li Y, Cai J, Yu D, Tang J, Zhai W, et al. Short-term effects of meteorological factors and air pollu-

tion on childhood hand-foot-mouth disease in Guilin, China. Sci Total Environ. 2019; 646:460–70.

https://doi.org/10.1016/j.scitotenv.2018.07.329 PMID: 30056233

15. Yang Y, Geng X, Liu X, Wang W, Zhang J. Association between the incidence of varicella and meteoro-

logical conditions in Jinan, Eastern China, 2012–2014. BMC Infect Dis. 2016; 16:179. https://doi.org/10.

1186/s12879-016-1507-1 PMID: 27102884

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 13 / 15

https://doi.org/10.1016/s0140-6736(08)60419-5
https://doi.org/10.1016/s0140-6736(08)60419-5
https://doi.org/10.1002/path.4445
https://doi.org/10.1002/path.4445
http://www.ncbi.nlm.nih.gov/pubmed/25229387
https://doi.org/10.1001/jama.2019.10982
http://www.ncbi.nlm.nih.gov/pubmed/31503310
https://doi.org/10.1097/00006454-200104000-00004
https://doi.org/10.1097/00006454-200104000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11332662
http://www.ncbi.nlm.nih.gov/pubmed/10063655
https://doi.org/10.2807/1560-7917.es.2016.21.10.30156
https://doi.org/10.2807/1560-7917.es.2016.21.10.30156
http://www.ncbi.nlm.nih.gov/pubmed/26987576
https://doi.org/10.4161/hv.29484
https://doi.org/10.4161/hv.29484
http://www.ncbi.nlm.nih.gov/pubmed/25424953
https://doi.org/https://doi.org/10.1016/j.ijid.2017.09.024
https://doi.org/https://doi.org/10.1016/j.ijid.2017.09.024
http://www.ncbi.nlm.nih.gov/pubmed/28987391
https://doi.org/10.4161/hv.26113
http://www.ncbi.nlm.nih.gov/pubmed/23955378
https://doi.org/10.3760/cma.j.issn.0253-9624.2016.07.009
https://doi.org/10.1371/journal.pone.0169561
https://doi.org/10.1371/journal.pone.0169561
http://www.ncbi.nlm.nih.gov/pubmed/28085897
https://doi.org/10.1016/j.scitotenv.2018.07.329
http://www.ncbi.nlm.nih.gov/pubmed/30056233
https://doi.org/10.1186/s12879-016-1507-1
https://doi.org/10.1186/s12879-016-1507-1
http://www.ncbi.nlm.nih.gov/pubmed/27102884
https://doi.org/10.1371/journal.pone.0232273


16. Pan M, Yang HP, Jian J, Kuang Y, Xu JN, Li TS, et al. Association of meteorological factors with sea-

sonal activity of influenza A subtypes and B lineages in subtropical western China. Epidemiol Infect.

2019; 147:e72. https://doi.org/10.1017/s0950268818003485 PMID: 30869001

17. Hao Y, Wang RR, Han L, Wang H, Zhang X, Tang QL, et al. Time series analysis of mumps and meteo-

rological factors in Beijing, China. BMC Infect Dis. 2019; 19(1):435. https://doi.org/10.1186/s12879-

019-4011-6 PMID: 31101079

18. Li R, Lin H, Liang Y, Zhang T, Luo C, Jiang Z, et al. The short-term association between meteorological

factors and mumps in Jining, China. Sci Total Environ. 2016; 568:1069–75. https://doi.org/10.1016/j.

scitotenv.2016.06.158 PMID: 27353959

19. Hubalek Z. North Atlantic weather oscillation and human infectious diseases in the Czech Republic,

1951–2003. European Journal of Epidemiology. 2005; 20(3):263–70. https://doi.org/10.1007/s10654-

004-6518-3 PMID: 15921044

20. Yu G, Yang R, Yu D, Cai J, Tang J, Zhai W, et al. Impact of meteorological factors on mumps and poten-

tial effect modifiers: An analysis of 10 cities in Guangxi, Southern China. Environmental research. 2018;

166:577–87. https://doi.org/10.1016/j.envres.2018.06.047 PMID: 29966878

21. Zhou Z, Mei S, Chen J, Li X, Yin L, Liang J, et al. Nonlinear effect of wind velocity on mumps in Shen-

zhen, China, 2013–2016. Public health. 2020; 179:178–85. https://doi.org/https://doi.org/10.1016/j.

puhe.2019.10.023 PMID: 31863968

22. Yang Q, Yang Z, Ding H, Zhang X, Dong Z, Hu W, et al. The relationship between meteorological fac-

tors and mumps incidence in Guangzhou, China, 2005–2012. Hum Vaccin Immunother. 2014; 10

(8):2421–32. https://doi.org/10.4161/hv.29286 PMID: 25424950

23. Hu W, Li Y, Han W, Xue L, Zhang W, Ma W, et al. Meteorological factors and the incidence of mumps in

Fujian Province, China, 2005–2013: Non-linear effects. Sci Total Environ. 2018;619–620:1286–98.

https://doi.org/10.1016/j.scitotenv.2017.11.108

24. Onozuka D, Hashizume M. Effect of weather variability on the incidence of mumps in children: a time-

series analysis. Epidemiol Infect. 2011; 139(11):1692–700. https://doi.org/10.1017/

s0950268810002967 PMID: 21211102

25. Gasparrini A. Distributed Lag Linear and Non-Linear Models in R: The Package dlnm. J Stat Softw.

2011; 43(8):1–20 PMID: 22003319

26. Sane J, Gouma S, Koopmans M, de Melker H, Swaan C, van Binnendijk R, et al. Epidemic of mumps

among vaccinated persons, The Netherlands, 2009–2012. Emerg Infect Dis. 2014; 20(4):643–8.

https://doi.org/10.3201/eid2004.131681 PMID: 24655811

27. Xu Q, Li R, Liu Y, Luo C, Xu A, Xue F, et al. Forecasting the Incidence of Mumps in Zibo City Based on

a SARIMA Model. Int J Environ Res Public Health. 2017;14(8).https://doi.org/10.3390/ijerph14080925

28. Zhu H, Zhao H, Ou R, Xiang H, Hu L, Jing D, et al. Epidemiological Characteristics and Spatiotemporal

Analysis of Mumps from 2004 to 2018 in Chongqing, China. Int J Environ Res Public Health. 2019; 16

(17).https://doi.org/10.3390/ijerph16173052

29. Kaffenberger BH, Shetlar D, Norton SA, Rosenbach M. The effect of climate change on skin disease in

North America. Journal of the American Academy of Dermatology. 2017; 76(1):140–7. https://doi.org/

10.1016/j.jaad.2016.08.014 PMID: 27742170

30. Cheng Q, Bai L, Zhang Y, Zhang H, Wang S, Xie M, et al. Ambient temperature, humidity and hand,

foot, and mouth disease: A systematic review and meta-analysis. Sci Total Environ. 2018; 625:828–36.

https://doi.org/10.1016/j.scitotenv.2018.01.006 PMID: 29306826

31. Peci A, Winter AL, Li Y, Gnaneshan S, Liu J, Mubareka S, et al. Effects of Absolute Humidity, Relative

Humidity, Temperature, and Wind Speed on Influenza Activity in Toronto, Ontario, Canada. Applied

and environmental microbiology. 2019; 85(6).https://doi.org/10.1128/aem.02426-18

32. Mahmud AS, Metcalf CJ, Grenfell BT. Comparative dynamics, seasonality in transmission, and predict-

ability of childhood infections in Mexico. (1469–4409 (Electronic))

33. Ho YC, Su BH, Su HJ, Chang HL, Lin CY, Chen H, et al. The association between the incidence of

mumps and meteorological parameters in Taiwan. Hum Vaccin Immunother. 2015; 11(6):1406–12.

https://doi.org/10.1080/21645515.2015.1029687 PMID: 25891825

34. Zhang D, Guo Y, Rutherford S, Qi C, Wang X, Wang P, et al. The relationship between meteorological

factors and mumps based on Boosted regression tree model. Sci Total Environ. 2019; 695:133758.

https://doi.org/10.1016/j.scitotenv.2019.133758 PMID: 31422317

35. Phung D, Nguyen HX, Nguyen HLT, Luong AM, Do CM, Tran QD, et al. The effects of socioecological

factors on variation of communicable diseases: A multiple-disease study at the national scale of Viet-

nam. PloS one. 2018; 13(3):e0193246–e. https://doi.org/10.1371/journal.pone.0193246 PMID:

29494623

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 14 / 15

https://doi.org/10.1017/s0950268818003485
http://www.ncbi.nlm.nih.gov/pubmed/30869001
https://doi.org/10.1186/s12879-019-4011-6
https://doi.org/10.1186/s12879-019-4011-6
http://www.ncbi.nlm.nih.gov/pubmed/31101079
https://doi.org/10.1016/j.scitotenv.2016.06.158
https://doi.org/10.1016/j.scitotenv.2016.06.158
http://www.ncbi.nlm.nih.gov/pubmed/27353959
https://doi.org/10.1007/s10654-004-6518-3
https://doi.org/10.1007/s10654-004-6518-3
http://www.ncbi.nlm.nih.gov/pubmed/15921044
https://doi.org/10.1016/j.envres.2018.06.047
http://www.ncbi.nlm.nih.gov/pubmed/29966878
https://doi.org/https://doi.org/10.1016/j.puhe.2019.10.023
https://doi.org/https://doi.org/10.1016/j.puhe.2019.10.023
http://www.ncbi.nlm.nih.gov/pubmed/31863968
https://doi.org/10.4161/hv.29286
http://www.ncbi.nlm.nih.gov/pubmed/25424950
https://doi.org/10.1016/j.scitotenv.2017.11.108
https://doi.org/10.1017/s0950268810002967
https://doi.org/10.1017/s0950268810002967
http://www.ncbi.nlm.nih.gov/pubmed/21211102
http://www.ncbi.nlm.nih.gov/pubmed/22003319
https://doi.org/10.3201/eid2004.131681
http://www.ncbi.nlm.nih.gov/pubmed/24655811
https://doi.org/10.3390/ijerph14080925
https://doi.org/10.3390/ijerph16173052
https://doi.org/10.1016/j.jaad.2016.08.014
https://doi.org/10.1016/j.jaad.2016.08.014
http://www.ncbi.nlm.nih.gov/pubmed/27742170
https://doi.org/10.1016/j.scitotenv.2018.01.006
http://www.ncbi.nlm.nih.gov/pubmed/29306826
https://doi.org/10.1128/aem.02426-18
https://doi.org/10.1080/21645515.2015.1029687
http://www.ncbi.nlm.nih.gov/pubmed/25891825
https://doi.org/10.1016/j.scitotenv.2019.133758
http://www.ncbi.nlm.nih.gov/pubmed/31422317
https://doi.org/10.1371/journal.pone.0193246
http://www.ncbi.nlm.nih.gov/pubmed/29494623
https://doi.org/10.1371/journal.pone.0232273


36. Belanger 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(3):180–6. https://doi.org/10.1016/j.

annepidem.2008.12.008 PMID: 19217000

37. Tang JW. The effect of environmental parameters on the survival of airborne infectious agents. J R Soc

Interface. 2009; 6 Suppl 6:S737–46. https://doi.org/10.1098/rsif.2009.0227.focus

38. Guo Q, Dong Z, Zeng W, Ma W, Zhao D, Sun X, et al. The effects of meteorological factors on influenza

among children in Guangzhou, China. Influenza and other respiratory viruses. 2019; 13(2):166–75.

https://doi.org/10.1111/irv.12617 PMID: 30407738

39. Zhong X, Qi J., Li H., Dong L., & Gao D. Seasonal distribution of microbial activity in bioaerosols in the

outdoor environment of the Qingdao coastal region. Atmospheric Environment. 2016; 140(06):506–13.

https://doi.org/doi.org/10.1016/j.atmosenv.2016.06.034

40. Jones AM, Harrison RM. The effects of meteorological factors on atmospheric bioaerosol concentra-

tions—a review. Sci Total Environ. 2004; 326(1–3):151–80. https://doi.org/10.1016/j.scitotenv.2003.11.

021 PMID: 15142773

41. Sabariego S, Diaz de la Guardia C, Alba F. The effect of meteorological factors on the daily variation of

airborne fungal spores in Granada (southern Spain). Int J Biometeorol. 2000; 44(1):1–5 https://doi.org/

10.1007/s004840050131 PMID: 10879421

42. Yu L, Winter S, Xie D. The child play behavior and activity questionnaire: a parent-report measure of

childhood gender-related behavior in China. Archives of sexual behavior. 2010; 39(3):807–15. https://

doi.org/10.1007/s10508-008-9403-4 PMID: 18719986

43. Hao J, Yang Z, Huang S, Yang W, Zhu Z, Tian L, et al. The association between short-term exposure to

ambient air pollution and the incidence of mumps in Wuhan, China: A time-series study. Environmental

research. 2019; 177:108660. https://doi.org/10.1016/j.envres.2019.108660 PMID: 31445438

PLOS ONE Role of meteorological factors on mumps incidence among children in Guangzhou

PLOS ONE | https://doi.org/10.1371/journal.pone.0232273 April 29, 2020 15 / 15

https://doi.org/10.1016/j.annepidem.2008.12.008
https://doi.org/10.1016/j.annepidem.2008.12.008
http://www.ncbi.nlm.nih.gov/pubmed/19217000
https://doi.org/10.1098/rsif.2009.0227.focus
https://doi.org/10.1111/irv.12617
http://www.ncbi.nlm.nih.gov/pubmed/30407738
https://doi.org/doi.org/10.1016/j.atmosenv.2016.06.034
https://doi.org/10.1016/j.scitotenv.2003.11.021
https://doi.org/10.1016/j.scitotenv.2003.11.021
http://www.ncbi.nlm.nih.gov/pubmed/15142773
https://doi.org/10.1007/s004840050131
https://doi.org/10.1007/s004840050131
http://www.ncbi.nlm.nih.gov/pubmed/10879421
https://doi.org/10.1007/s10508-008-9403-4
https://doi.org/10.1007/s10508-008-9403-4
http://www.ncbi.nlm.nih.gov/pubmed/18719986
https://doi.org/10.1016/j.envres.2019.108660
http://www.ncbi.nlm.nih.gov/pubmed/31445438
https://doi.org/10.1371/journal.pone.0232273

