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Introduction 
 
Hand- foot-and-mouth disease (HFMD) is a 
common infectious disease, it was first identified 

in New Zealand in 1957 (1) and has been fre-
quently reported worldwide(2-5). Since the late 

Abstract 
Background: This study reports a systematic review of association between meteorological parameters and 
hand, foot and mouth disease (HFMD) in mainland China. 
Methods: Using predefined study eligibility criteria, three electronic databases (PubMed, Web of Science, and 
Embase) were searched for relevant articles. Using a combination of search terms, including “Hand foot and 
mouth disease,” “HFMD,” “Meteorological,” “Climate,” and “China,” After removal of duplicates, our initial 
search generated 2435 studies published from 1990 to December 31, 2019. From this cohort 51 full-text arti-
cles were reviewed for eligibility assessment. The meta-analysis was devised in accordance with the published 
guidelines of the Cochrane Collaboration and Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA). Effect sizes, heterogeneity estimates and publication bias were computed using R software 
and Review Manager Software. 
Results: The meta-analysis of 18 eligible studies showed that the meteorological parameters played an im-
portant role in the prevalence of HFMD. Lower air pressure may be the main risk factor for the incidence of 
HFMD in Chinese mainland, and three meteorological parameters (mean temperature, rainfall and relative 
humidity) have a significant association with the incidence of HFMD in subtropical regions.  
Conclusion: Lower air pressure might be the main risk factor for the incidence of HFMD in Chinese main-
land. The influence of meteorological parameters on the prevalence of HFMD is mainly through changing vi-
rus viability in aerosols, which may be different in different climate regions. In an environment with low air 
pressure, wearing a mask that filters the aerosol outdoors may help prevent HFMD infection. 
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1990s, the increasing reports of outbreaks 
HFMD confirm that it has become a serious 
public health concern in the Asia-Pacific region. 
In Chinese mainland, the first HFMD case was 
reported in Shanghai in the 1980s (6), and since 
2010 HFMD has ranked first among the notifia-
ble infectious diseases China accounted for 87% 
(9.8 million/11.3 million) of all hand, foot, and 
mouth disease (HFMD) cases reported to WHO 
by 2014 (7). 
Significant seasonality in the incidence of HFMD 
has been observed in a number of countries (3, 8, 
9), which indicates that meteorological parame-
ters may play an important role on HFMD epi-
demiology. In the United States, a study of the 
seasonal pattern of enterovirus cases found that it 
exhibited a well-defined geographical structure 
very similar to that of historical poliomyelitis, and 
humidity such as the dew point temperature is a 
strong predictor of the intensity of enterovirus 
transmission (10). In Chinese mainland, a large 
number of studies have focused on the effects of 
meteorological parameters on the incidence of 
HFMD within the last decade (11-27).In previous 
studies, inconsistent correlations between mete-
orological parameters and HFMD have been 
found. The scope of this study was set as the 
HFMD outbreak in Chinese mainland. This dis-
ease was largely influenced by school terms and 
public holidays (e.g., Chinese New Year) in past 
studies, and this effect can be normalized (28).  
The purpose of this meta-analysis was to evaluate 
the relationship between meteorological parame-
ters and HFMD to help identify meteorological 
parameters critical for epidemics. 
 

Methods 
 
The meta-analysis was devised in accordance with 
the published guidelines of the Cochrane Collab-
oration and Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) 
(28). 

 
Literature search 
Literature searches were conducted using Pub-
Med, Web of Science, and Embase by three in-
dependent reviewers. Medical Subject Heading 
terms included “hand foot and mouth disease 
(HFMD),” “meteorological,” “climate,” and 
“China,” and references from the retrieved doc-
uments were also checked to include any addi-
tional relevant articles. Reference lists of trials 
and reviews were also examined. No restrictions 
on language or publication year were applied. The 
last date of the search was December 31, 2019. 
 
Selection criteria 
Inclusion criteria for the studies were as follows: 
[1]studies written in English; [2]studies with a 
reported case size; and [3]studies provided clear 
correlation coefficient (COR), risk ratio (RR), 
odds ratio (OR) andincidence rate ratio (IRR) 
between meteorological parameters and the inci-
dence of HFMD.  
Exclusion criteria: [1] Review articles; [2] repub-
lished papers, [3] studies that cannot extract data 
for statistical analysis and [4] articles lacking the 
required information 
 
Data collection and extraction 
Each complete study report was thoroughly re-
viewed independently by two researchers to en-
sure that all data were collected entirely and accu-
rately. In case of discrepancies a third author was 
consulted for consensus. Data abstraction was 
done on a modified Cochrane abstraction form. 
The following variables were extracted from the 
studies: [1] demographic characteristics, including 
first author’s name, year of publication, location, 
study period, case sample size [2]correlation coef-
ficient (COR), risk ratio(RR), odds ratio (OR) 
and incidence rate ratio (IRR) between meteoro-
logical parameters and the incidence ofHFMD. 
These articles were evaluated using bias risk as-
sessment tools developed specifically for epide-
miological studies. The tool included ten items 
assessing reporting quality, external validity and 
bias. 
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Statistical methods and analysis 
R software (R Foundation for Statistical Compu-
ting, Vienna, Austria) and Review Manager Soft-
ware (RevMan 5.3; Cochrane Collaboration) were 
used for meta-analysis. Prior to beginning meta-
analyses, the sample COR (summary r value) of 
each study was converted to Fisher’s Z to avoid 
excessive dependence of COR's variance on cor-
relation (29). The formulas are as follows. 
The standard error of Z is n is the case sample 
size. 
Between-study heterogeneity will be explored 
using the Q and I 2 statistic. The hypothesis test 
was used to judge whether the correlation was 
statistically significant. The data were calculated 
and transformed using R software. The meta-

analysis was performed using Review Manager 
Software to construct forest plots used to indi-
cate the effect size. The significance test of publi-
cation bias was interpreted by funnel plot. 
 

Results 
 
Description of studies 
After removal of duplicates, our initial search 
generated 2435 studies. From this cohort 51 full-
text articles were reviewed for eligibility assess-
ment and 18 studies between 2008 and 2017 were 
included for synthesis in this review finally. The 
screening process for study selection was listed in 
the flow diagram (Fig. 1). 

 

 
Fig. 1: Flowchart of study selection 

 
Detailed information regarding the meta-analysis 
is provided in Table 1. Collectively, the articles 
provided the data on the association between me-
teorological parameters and the incidence of 

HFMD in a total of 3,939,023 cases between 
2008 and 2017 in Chinese mainland; the time unit 
was month, week and day.The number of includ-
ed studies were as follows: average relative hu-
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midity (16 studies), mean temperature (15 stud-
ies), rainfall (14 studies), hours of sunshine (9 
studies) and mean wind speed (9 studies), mean 
air pressure (7 studies). The quality of included 
studies were reviewed and judged according to 

the STROBE guidelines (30). All included studies 
in this paper were related to "research design", 
"research area", "research period", "research vari-
ables", "data source", "statistical method", "con-
flict of interest" etc. 

 
Table 1: Characteristics of the 18 publications included 

 

Reference Location Study 
peri-
od 

Case Resolu-
tion 

Tian, Liang et al. 2018(11) Beijing 2010-
2012 

114777 Monthly 

Chen, Sun et al. 2015(12) Suzhou 2012–
2013 

1730 Monthly 

Feng, Duan et al. 2014(13) Zhengzhou 2008–
2012 

2932 Monthly 

Gou, Liu et al. 2017(14) Gansu 2010 12428 Monthly 
Huang, Deng et al. 
2013(15) 

Guangzhou 2008-
2011 

100875 Weekly 

Jiang, Yang et al. 2016 (17) Qingdao 2007–
2014 

78641 Weekly 

Li, Qiu et al. 2018(19) Shandong 2008 6439 Weekly 
Wu, Hu et al. 2017(22) Hunan 2009–

2015 
895429 Monthly 

Xu, Yu et al. 2015(26) Beijing 2010–
2012 

14152 Daily 

Zhao, Wang et al. 
2017(39) 

Huainan 2009–
2014 

113475 Weekly 

Zheng, Cao et al. 2014(25) Shenzhen 2008–
2010 

39046 Monthly 

Li, Zhang et al. 2019(18) Ningxia 2009-
2013 

917285 Monthly 

Liu, Bao et al. 2019(21) Jiangsu 2009-
2016 

13 928 Monthly 

Hong, Hao et al. 2018(40) Inner Mongolia Autono-
mous Region 

2016 114777 Monthly 

Liu, Chen et al. 2018(20) Nanjing 2010-
2015 

110511
7 

Weekly 

Xu, Hu et al. 2019(27) Guangdong 2010-
2013 

357238 Daily 

Yan, Wei et al. 2019(23) Shenzhen 2009-
2017 

4873 Daily 

Huang, Ning et al. 
2019(16) 

Ningbo 2012-
2016 

59809 Daily 
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Correlation between meteorological parame-
ters and HFMD 
The heterogeneity test results demonstrated that 
there was significant statistical heterogeneity in all 
the six meteorological parameters included in this 
study, and the random effect model was used to 
merge effect values (Table 2). The relatively high 
positive correlation with mean temperature 

(COR: 0.21, 95% CI: 0.26-0.55) and negative cor-
relation with air pressure (COR:-0.27, 95% CI: -
0.51- -0.03) were found. The correlation coeffi-
cients of the other four meteorological parame-

ters (Average relative humidity ， rainfall ，
sunshine and mean wind speed) and the inci-
dence of HFMD very close (0.07-0.1). 

 
Table 2: Meta-analysis of the correlation between meteorological factors and HFMD 

 

Meteorological parameter Studies COR 95% CI P I2 

Average relative humidity 16 0.08 [0.05,0.12] <0.00001 100% 

Mean temperature 15 0.21 [0.15,0.25] <0.00001 100% 

Rainfall  14 0.10 [0.07,0.13] <0.00001 100% 

Sunshine 9 0.07 [0.04,0.08] <0.00001 100% 

Meanwind speed  9 0.07 [0.02,0.11] <0.00001 100% 

Mean air pressure 7 -0.26 [-0.65,-0.02] <0.00001 100% 

 
Subgroup analysis 
The geographical distribution of the studies in-
cluded were divided into subtropical and temper-
ate climate zones as shown in Fig.2. In subgroup 
analysis by regional climate, no significant change 
was observed in the heterogeneity after stratifica-
tion, as shown in Table 3. The correlation be-

tween the three meteorological parameters (aver-
age temperature, average rainfall and relative hu-
midity) and HFMD was significantly stronger in 
subtropical zone than temperate zone. The effect 
of rainfall on the incidence of HFMD was very 
small (COR=0.007) in temperate zones. 

 

 
 

Fig. 2: Locations of studies included 
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Table 3: Subgroup analysis of the correlation between meteorological factors and HFMD (regional climate) 
 

 Variable Temperate  

  Studies COR 95% CI I2% P 
Mean temperature 4 0.035 [-0.01,0.12] 100 <0.00001 
Rainfall  3 0.007 [-0.00,0.03] 97 <0.00001 
Relative humidity  4 0.014 [0.00,0.04] 97 <0.00001 
 Subtropical  
  Studies COR 95% CI I2% P 
Mean temperature 5 0.221 [0.32,0.60] 100 <0.00001 
Rainfall  4 0.166 [0.14,0.47] 100 <0.00001 
Relative humidity  4 0.073 [0.02,0.20] 99 <0.00001 

 
Sensitivity analysis and publication bias 
Sensitivity analyses were performed to evaluate 
the effect of each study on the pooled results by 
excluding single studies sequentially. The results 
showed that there was no significant difference in 

the stability of the results after excluding individ-
ual studies. The funnel plots of all meteorological 
parameters are shown in Fig .3. No publication 
bias existed in the meta-analysis.  

 

 
Fig. 3: The funnel plots of all meteorological parameters 
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Discussion 
 
The current study found that the meteorological 
parameters played an important role in the preva-
lence of HFMD. Past studies have suggested that 
the mechanism of its effects is unclear, but we 
believe that among the common transmission 
routes of infectious diseases, only aerosols are 
considered to be affected by meteorological fac-
tors. Among the six meteorological parameters 
included in the analysis, only mean air pressure is 
negatively correlated with the incidence of 
HFMD, while the other five meteorological pa-
rameters (including mean temperature, average 
relative humidity, rainfall, sunshine and mean 
wind speed) are positively correlated with it, and 
the correlation coefficient with average tempera-
ture is the largest.  
In this meta-analysis, the effect of mean wind 
speed on the incidence of HFMD was relatively 
weak, so transmission dynamics may not play an 
important role in HFMD outbreaks.  
The aerosol transmission of influenza virus is 
affected by relative humidity and temperature in 
the environment. Aerosol spread of influenza 
virus is dependent upon both ambient relative 
humidity and temperature (31). Laboratory stud-
ies have shown the stability of enteric viruses are 
influenced by environmental factors such as tem-
perature and relative humidity (32-34). In past 
studies, ambient humidity has been a concern. 
The relationship between relative humidity (RH) 
and viability has been thoroughly reviewed in a 
WHO report by Sobsey and Meschke 
(35).However, there are many exceptions that 
remain unexplained. But in this meta-analysis, the 
negative correlation between air pressure and the 
incidence of HFMD is prominent. As a nonen-
veloped virus, the survival of HFMD in aerosol is 
more susceptible to environmental factors. The 
lower pressure may accelerate aerosol evapora-
tion by making water more diffused. But for the 
water activity of the aerosol, the effect of humidi-
ty should be greater than the average pressure. 
The main reason is probably lower air pressure 

reduce the damage of viruses dispersed on aero-
sol surfaces due to conformational rearrangement 
caused by surface tension shear stress and hydro-
phobicity, and eventually leads to relatively high 
concentration of viruses in the aerosol and in-
creases the risk of infection among the popula-
tion. Because this study is a systematic review and 
meta-analysis, the effect of air pressure on the 
transmission of virus in aerosol is only a hypoth-
esis, which has not been verified experimentally. 
We also conducted subgroup analysis by regional 
climate. Three meteorological parameters (mean 
temperature, rainfall and relative humidity) have 
significant association with the incidence of 
HFMD in subtropical regions. Subtropical cli-
mate is more suitable for the survival of enterovi-
ruses (36) and outdoor activities of humans (37), 
while increasing the chance of exposure to path-
ogens. In temperate regions, the weak effect of 
the three meteorological parameters (mean tem-
perature, rainfall and relative humidity) on the 
incidence of HFMD were found. In particular, 
the correlation between rainfall and the incidence 
of HFMD was not statistically significant.This 
may be because the temperate zone has less an-
nual rainfall, making the impact on disease harder 
to show. 
 

Conclusion 
 
The results of the meta-analysis provided an epi-
demiological evidence that lower air pressure may 
be the main risk factor for the incidence of 
HFMD in Chinese mainland. The influence of 
meteorological parameters on the prevalence of 
HFMD is mainly through changing virus viability 
in aerosols, which may be different in different 
climate regions. Monitoring of meteorological 
parameters can be used to provide early warning 
of the occurrence and prevalence of HFMD and 
provide useful information for the development 
of preventive and control measures. In an envi-
ronment with low air pressure, wearing a mask 
that filters the aerosol outdoors may help prevent 
HFMD infection. 
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