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Abstract 	 	 Meteorological factors have an impact on the incidence and spread of diseases in Thailand, including 

Hand, Foot, and Mouth Disease (HFMD), Leptospirosis, Melioidosis, and mushroom poisoning. This correla-

tional study aimed to quantify the relationship between meteorological factors and the number of infectious 

disease cases in Chiang Mai province. Meteorological data were obtained from the Northern Meteorological 

Center, while reported cases of HFMD, Melioidosis, Leptospirosis, and mushroom poisoning were sourced 

from the Bureau of Epidemiology, Department of Disease Control. There were 90 months covering the period 

from January 2017 to June 2024. The statistical analysis was the descriptive statistics, the Shapiro-Wilk test, 

Pearson’s correlation, and the generalized linear model, analyzed by the jamovi statistical analysis software 

with the GAMLj - General Analyses Linear Models. The results showed that the best-fit models were the 

Quasi-Poisson model for HFMD (R² = 0.198, sunshine hours: IRR = 0.786, p<0.05), leptospirosis (R² = 

0.198, relative humidity: IRR = 1.060, p<0.05), and the negative binomial model for mushroom poisoning 

(R² = 0.438, relative humidity: IRR = 1.073, p<0.05; atmospheric pressure: IRR = 0.780, p<0.05).  

Meteorological factors were associated with HFMD, leptospirosis, and mushroom poisoning in Chiang Mai, 

but no model was identified for melioidosis. The primary limitation is the use of monthly data, which may not 

capture time-lagged or daily dynamics.
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Introduction
Meteorological factors significantly influence dis-

ease incidence in Thailand, including hand, foot, and 

mouth disease (HFMD), leptospirosis, melioidosis, 

and mushroom poisoning. HFMD, a viral illness com-

mon in children, can affect individuals of any age. 

Key preventive measures include handwashing, surface 

disinfection, and avoiding contact with infected per-

sons(1). Studies across Asia reveal consistent associ-

ations between meteorological conditions, air pollution, 

and HFMD risk. In Zhejiang Province (2013–2021), 

temperature, humidity, and precipitation positively 

interacted with air pollutants, while wind speed showed 

a negative effect. Heavy rainfall increased HFMD risk 

linked to PM10, SO2, and CO(2). Similar patterns 

were observed in Malaysia(3) and Yangzhou, China 

(2017–2022), where temperature, pressure, humid-

ity, rainfall, and sunshine duration significantly influ-

enced HFMD risk(4). In Chengdu (2014–2020), high 

humidity, heavy rain, and extreme pollutant levels 

(PM10, O3, SO2, CO) were associated with increased 

HFMD cases(5). A meta-analysis of 11 studies con-

firmed that a 1°C rise in temperature and a 1% increase 

in humidity correlated with higher HFMD incidence 

(temperature: IRR 1.05; 95%CI 1.02–1.08;  

humidity: IRR 1.01; 95%CI 1.00–1.02)(6). HFMD 

remains widespread in Asia, notably in Singapore, 

where its growing burden affects both economy and 

society(7).

Melioidosis is a life-threatening infectious disease 

caused by Burkholderia pseudomallei, commonly found 

in soil and water in tropical and subtropical regions. 

Transmission occurs via contact with contaminated soil 

or water, inhalation of dust, or ingestion of tainted 

water(8). A retrospective study of 90 patients in north-

ern Hainan (2010–2020) found a strong positive 

correlation between monthly precipitation and meli-

oidosis incidence, with most cases occurring during 

the rainy season(9). Another 10-year analysis (2009–

2018) showed that while rainfall and case numbers 

peaked between July and September, their correlation 

was not statistically significant. However, both max-

imum and minimum temperatures were significantly 

associated with disease incidence(10).

Leptospirosis is a bacterial infection with symptoms 

ranging from mild to life-threatening. It spreads 

through contact with water, soil, or bodily fluids con-

taminated by infected animals, posing higher risks to 

those in poor sanitation are as or with animal expo-

sure(11). Meteorological factors play a complex role in 

leptospirosis dynamics. In Salvador, Brazil (1996–

2010), a dynamic model revealed increased cases 

during periods of excessive rainfall, cooler tempera-

tures, and high humidity(12). Environmental moisture 

also enhances leptospira growth and survival(13,14). In 

Fiji (2006–2017), a Bayesian time series analysis 

found that cumulative rainfall over six weeks (lagged 

by one week) was strongly associated with increased 

cases. Additionally, La Niña conditions (negative Niño 

3.4 index lagged by four weeks) were linked to a 

reduced risk(15).

Mushroom poisoning ranges from mild gastroin-

testinal symptoms to severe, potentially fatal organ 

failure, depending on the species and toxins involved. 

Notably, Amanita phalloides (death cap) produces 

amatoxins that can cause lethal liver damage. Symp-

tom onset varies—some toxins act within hours, while 

others take days, with delayed symptoms often indi-

cating greater danger(16). A 2023 study in Guizhou 

Province analyzed mushroom poisoning cases and their 
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relationship with meteorological factors using descrip-

tive statistics, Spearman correlation, and a generalized 

additive model. Most cases occurred among individ-

uals aged 20–59, primarily presenting with gastro-

intestinal symptoms. Incidence peaked between June 

and October, especially in the northeast region. All 

meteorological factors showed statistically significant 

positive correlations with poisoning cases (p< 0.05)
(17).

The climate of Chiang Mai Province is distinctly 

divided into three seasons: summer, (from mid-Feb-

ruary to mid-May), rainy season (from mid-May to 

mid-October), and winter (from mid-October to 

mid-February). The average annual temperature is 

26.2°C, with an average minimum temperature of 

21.3°C and an average maximum temperature of 

32.25°C. The province receives an average annual 

rainfall of 1,100.0 mm, spread over 116 rainy days. 

August is the wettest month, with an average month-

ly rainfall of 223.2 mm and 21 rainy days(18). The 

climate of Chiang Mai is conducive to the occurrence 

of Hand, Foot, and Mouth Disease (HFMD), lepto-

spirosis, melioidosis, and mushroom poisoning. There-

fore, it is essential to study the relationship between 

climatic factors and the incidence of these diseases.

Studies on meteorological factors and HFMD have 

been conducted in China (2,4), Malaysia(3), and Sin-

gapore(7). Melioidosis has been studied in China(9) and 

Thailand(10). Leptospirosis research has been carried 

out in Brazil(12), Fiji(15), and India(14). Mushroom 

poisoning has been examined in China(17). However, 

no previous study has quantified these associations 

specifically for Chiang Mai Province. Understanding 

the relationship between climatic factors and infectious 

diseases is vital for effective public health planning 

and response in Thailand. By closely monitoring 

weather patterns and implementing preventive mea-

sures, the impact of these diseases can be significant-

ly mitigated(17). A comprehensive analysis of HFMD, 

melioidosis, leptospirosis, and mushroom poisoning 

requires accurate climate and disease data. In 2024, 

the Northern Meteorological Center provided month-

ly data on rainfall, temperature, humidity, and air 

pressure for Mueang District, Chiang Mai. Addition-

ally, the Bureau of Epidemiology maintains provincial 

records of monthly disease incidence, including these 

four diseases(18).

This study aimed to (1) analyze the correlation 

between meteorological factors and the incidence of 

hand, foot, and mouth disease (HFMD), melioidosis, 

leptospirosis, and mushroom poisoning, and (2) de-

termine the incidence rate ratio for each disease in 

relation to climatic factors in Chiang Mai province.

Methods
This quantitative research was a correlational study 

conducted in Chiang Mai province.

Data Collection

The monthly data for Chiang Mai province from 

January 2017 to June 2024, a total of 90 months are 

as follows; The Monthly average daily value of the 6 

meteorological factors were presented as follows; 

pressure (hPa), temperature (°C), relative humidity 

(%), rainfall (mm), sunshine (h), and Evaporation 

(mm) collected from the Northern Meteorological 

Center, the Mueang district, Chiang Mai province(18). 

The reported cases of HFMD, melioidosis, leptospi-

rosis, and mushroom poisoning were sourced from the 

database of the Digital Disease Surveillance, R506, 

the Bureau of Epidemiology, Department of Disease 
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Control, Ministry of Public Health(19).

Descriptive Statistics and Correlation Analysis

Descriptive statistics included mean, median, 

standard deviation (SD), variance, minimum, and 

maximum values. Normality was assessed using the 

Shapiro-Wilk test(20). Pearson’s correlation measured 

the strength and direction of relationships between 

variables: values near 1 indicate perfect correlation; 

0.50–1 strong, 0.30–0.49 moderate, ≤0.29 weak, 

and values near 0 suggest no correlation. Since the 

variables were not normally distributed, Spearman’s 

rho, a non-parametric correlation test, was employed 

as an alternative to Pearson’s correlation(21).

Generalized Linear Model

Poisson regression is suitable for count-based time 

series data with equidispersion. For overdispersed data, 

quasi-Poisson or negative binomial regression is pre-

ferred; the latter also accommodates underdisper-

sion(22,23,24). These generalized linear models use a 

log-link function, with the response variable repre-

senting counts over time or space.

For the random component, we assume that the 

response y has a Poisson distribution. That is, y
i
 ~ 

poisson (µ
i
) for i=1,2,…,n where the expected count 

of y
i
 is E[Y

i
]=µ

i
. The link function is usually the 

(natural) log, but sometimes the identity function may 

be employed. The systematic component consists of a 

linear combination of explanatory variables x.This is 

analogous to that of logistic regression. Thus, in the 

case of a single explanatory, the model is written

Ln(y)=α+βx

This is equivalent to: 

Y = eα+βx = eαeβx

Interpretations of these parameters are similar to 

those for logistic regression. eα is the effect on the 

mean of y when x=0., and eβ is the incidence rate 

ratio (IRR), representing the multiplicative effect on 

the mean number of events for each 1-unit increase 

in x. 

If β=0, then eβ=1, and the expected count, 

µ=E[y]=eα, and y and x are not related. 

If β>0, then eβ>1 and µ=E[y] the expected count 

is eβ times larger than when x=0.

If β<0, then eβ<1 and µ=E[y] the expected count 

is eβ times smaller than when x=0.

For multiple variables, the model is

Ln y = a+b
1
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when y	  is the dependent variable,

 x
1
,x

2
….,x

n
 are the independent variables,

 eais the average of y, when x1,x2….,xn are equal 

to 0.

 b
1
,b

2
,….,b

n
	 are the coefficients of the independent 

variables xi for i=1,2,…,n 

The jamovi statistical analysis software was used 

together with the GAMLj - General Analyses Linear 

Models in jamovi module for data analysis(25,26). The 

significant p-value <0.05.

Ethical Consideration

The reported cases of the four communicable dis-

eases were obtained as secondary data from a govern-

ment agency and made publicly accessible in the form 

of monthly totals, with no identifiable links to indi-

vidual case reports(27). This study was classified as 

“non-human research” and, therefore, exempt from 

requiring ethical approval for research involving human 

subjects, in accordance with Mahidol University’s 

official announcement(28).
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The Pathumthani University Institutional Review 

Board (IRB) has issued a certificate letter for non- 

human Subject Research Reference No.: PTU-EC/

NHS/2567-001. Dated: 18 April 2025.

Results
Descriptive statistics and normality test

The 90-month data period had descriptive statis-

tics presented in Table 1. For the reported cases of the 

4 diseases, the variances were greater than their means 

(indicating overdispersion). Additionally, the distri-

bution of variables was found to be non-normal. The 

6 meteorological factors analyzed included pressure, 

temperature, relative humidity, rainfall, sunshine hours, 

and evaporation.

The descriptive statistics and normality test results 

for the monthly reported cases of four diseases in 

Chiang Mai Province from January 2017 to June 2024 

(n=90). Hand, Foot, and Mouth Disease (HFMD) 

had the highest mean (115.00 cases) and the great-

est variability (SD=154.00, Variance=23,813.00), 

with cases ranging from 1 to 666 per month. In con-

trast, melioidosis had a very low mean (0.72 cases) 

and a median of 0, indicating that most months  

reported no cases, with a maximum of only 8 cases. 

leptospirosis (mean=2.90, SD=3.38) and mushroom 

poisoning (mean=2.48, SD=3.92) showed moderate 

case numbers. For all four diseases, the mean was 

substantially larger than the median, and the variance 

exceeded the mean, indicating positive skewness and 

overdispersion in the data. Furthermore, the Shap-

iro-Wilk test yielded p<0.001 for all diseases, con-

firming that none of the disease datasets followed a 

normal distribution. These findings justified the au-

thors’ use of non-parametric correlation tests (Spear-

man’s rho) and overdispersion-tolerant models  

(Quasi-Poisson and negative binomial) rather than 

standard Poisson or Pearson’s correlation.

The descriptive statistics and normality test results 

for six meteorological factors in Chiang Mai Province 

from January 2017 to June 2024 (n=90) were shown 

in Table 2. The Shapiro-Wilk test yielded p-values 

below 0.05 for all variables—pressure (p<0.001), 

temperature (p=0.025), relative humidity (p<0.001), 

rainfall (p<0.001), sunshine (p<0.001), and  

evaporation (p<0.001) — indicating that none of the 

Table 1 	Descriptive statistics and Shapiro-Wilk test of monthly incidents of the four infectious diseases (n=90) 

           Statistics		                                                The reported cases

                                                  HFMD	   Melioidosis	 Leptospirosis	 Mushroom Poisoning

Mean	 115.00	 0.72	 2.90	 2.48

Median	 54.50	 0.00	 2.00	 1.00

Standard deviation	 154.00	 1.40	 3.38	 3.92

Variance	 23813.00	 1.96	 11.40	 15.40

Minimum	 1.00	 0.00	 0.00	 0.00

Maximum	 666.00	 8.00	 15.00	 18.00

Shapiro-Wilk W	 0.727	 0.544	 0.800	 0.686

Shapiro-Wilk p-value	 < 0.001*	 < 0.001*	 < 0.001*	 < 0.001*
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meteorological factors followed a normal distribution, 

which justified the authors’ use of Spearman’s rho (a 

non-parametric correlation test) for the initial analy-

sis. Regarding variability, rainfall showed a high 

standard deviation (3.54) relative to its mean (3.22), 

with values ranging from 0.00 to 15.10 mm, demon-

strating that rainfall in Chiang Mai is highly incon-

sistent from month to month, characterized by many 

dry months interspersed with a few very wet months—a 

pattern often associated with disease transmission, 

particularly for leptospirosis. Additionally, when con-

sidering Table 1 in conjunction, the enormous range 

of HFMD cases (1 to 666 per month) compared to 

its mean (115) confirms that HFMD is a significant 

and episodic public health concern in Chiang Mai, 

with occasional large outbreaks that are important to 

predict.

The Spearman’s rho correlation coefficients

The Spearman’s rho correlation coefficients be-

tween the two of the six meteorological factors were 

shown in Table 3. The strongest correlations were 

observed between relative humidity and sunshine 

(p<0.001), indicating that months with higher hu-

midity tended to have significantly fewer sunshine 

hours, and between temperature and evaporation 

(p<0.001), showing that higher temperatures were 

strongly associated with increased evaporation. Rain-

fall was moderately to strongly correlated with sev-

eral factors, including a negative correlation with 

sunshine (p<0.001) and a positive correlation with 

relative humidity (p<0.001). Pressure showed mod-

erate negative correlations with temperature (p<0.001) 

and rainfall (p<0.001). Most correlations were sta-

tistically significant at p<0.05, except for the rela-

tionships between temperature and relative humidity 

(p=0.087), temperature and sunshine (p=0.442), 

and rainfall and evaporation (p=0.674). These strong 

inter-correlations among meteorological factors high-

light the complexity of isolating individual weather 

effects on disease transmission.

The Spearman’s rho correlation coefficients be-

tween the four infectious diseases and the meteoro-

logical factors were shown in Table 4. Mushroom 

poisoning showed the strongest and most consistent 

Table 2 Descriptive statistics and Shapiro-Wilk test of meteorological factors (n=90)

         Statistics	                     Pressure      Temperature     Relative humidity      Rainfall      Sunshine     Evaporation

                                             (hPa)	       (๐ C)                   (%)	      (mm)         (hour)	       (mm)

Mean	 1009.00	 27.30	 68.30	 3.22	 7.32	 4.02

Median	 1009.00	 27.70	 70.80	 2.14	 8.08	 3.80

Standard deviation 	 3.45	 2.32	 9.34	 3.54	 2.14	 0.98

Variance	 11.90	 5.38	 87.30	 12.50	 4.57	 0.96

Minimum	 1004.00	 22.30	 44.60	 0.00	 2.73	 2.49

Maximum	 1016.00	 32.50	 81.80	 15.10	 10.20	 6.26

Shapiro-Wilk W	 0.932	 0.968	 0.928	 0.837	 0.919	 0.937

Shapiro-Wilk p-value	 <0.001*	 0.025*	 <0.001*	 <0.001*	 <0.001*	 <0.001*

Remarks: * p<0.05 
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associations, with significant correlations for pressure 

(p<0.001), sunshine (p<0.001), relative humidity 

(p<0.001), and rainfall (p<0.001), indicating that 

cases increased with higher humidity and rainfall but 

decreased with higher pressure and more sunshine. 

Leptospirosis was significantly correlated with relative 

humidity (p<0.001), rainfall (p=0.012), and sun-

shine (p=0.014), suggesting that moist, rainy con-

ditions were associated with more cases. HFMD 

showed weak but significant negative correlations with 

pressure (p=0.004) and sunshine (p=0.041), as well 

as a weak positive correlation with mushroom poison-

ing (p=0.005). 

In contrast, melioidosis showed no statistically 

significant correlations with any meteorological factor 

(all p > 0.05), which aligns with the authors’ later 

finding that no fitted model could be identified for this 

disease. These correlation patterns provided the foun-

dation for building the generalized linear models 

presented in the results section.

The Generalized Linear Model 

The best-fitted generalized linear model, the 

backward stepwise regression, was applied to each of 

the four diseases using the selected meteorological 

factors. The analysis revealed that only HFMD, Lep-

tospirosis, and mushroom poisoning cases showed 

significant associations with relative humidity as shown 

in Table 5.

Table 3 Spearman’s rho correlations of the meteorological factors

 	                         Pressure               Temperature          Relative humidity         Rainfall             Sunshine
                                       r         p-value              r         p-value             r        p-value           r        p-value         r      p-value

Temperature	 -0.754  	 <0.001* 	 —			 

Relative humidity	 -0.287  	 0.006*	 -0.181 	 0.087	 —		

Rainfall	 -0.584  	 <0.001*	 0.321 	 0.002*	 0.726 	 <0.001*	 —	

Sunshine	 0.539  	 <0.001*	 -0.083 	 0.442	 -0.862 	 <0.001*	 -0.747 	 <0.001*	 —

Evaporation	 -0.462  	 <0.001*	 0.836 	 <0.001*	 -0.545 	 <0.001*	 0.045 	 0.674	 0.316 	 0.003*

Table 4 Spearman’s rho correlations of the four diseases and the meteorological factors

 	                                     HFMD	               Melioidosis	      Leptospirosis	       Mushroom poisoning

                                            r         p-value           r         p-value          r          p-value           r         p-value

Melioidosis	 -0.050	 0.637	 —		

Leptospirosis	 -0.184	 0.082	 0.188	 0.075	 —	

Mushroom poisoning	 0.291	 0.005*	 0.176	 0.097	 0.080	 0.456	 —

Pressure	 -0.303	 0.004*	 -0.016	 0.879	 -0.145	 0.173	 -0.559	 <0.001*

Temperature	 0.123	 0.247	 -0.001	 0.990	 -0.016	 0.884	 0.272	 0.010*

Relative humidity	 0.820 	 0.024*	 0.123	 0.247	 0.345	 <0.001*	 0.442	 <0.001*

Rainfall	 0.051	 0.630	 0.141	 0.184	 0.263	 0.012* 	 0.491	 <0.001*

Sunshine	 -0.219	 0.041*	 -0.108	 0.316	 -0.260	 0.014*	 -0.576	 <0.001*

Evaporation	 0.111	 0.296	 -0.054	 0.616	 -0.114	 0.286 	 0.037	 0.729
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The number of monthly HFMD cases

The number of monthly HFMD cases – HFMD  

= ea+bSun 

The Quasi-Poisson model with R2 0.198

Sunshine (h) - Loglikelihood ratio test χ2=18.90 

p-value<.001

The predicted equation for the monthly HFMD 

reported cases (using the parameters in Table 5) is: 

HFMD cases = 99.184xe(-0.241Sun). A 1% increase in 

the daily average monthly sunshine (hours) is pro-

jected to reduce the number of reported HFMD cases 

to 0.786 times the baseline of 99.184 cases for that 

month as shown in Figure 1.

The number of monthly melioidosis cases

There was no fitted model. 

The number of monthly leptospirosis cases

The number of monthly HFMD cases – leptospi-

rosis = e(a+bRh) 

The Quasi-Poisson model with R2 0.198

Relative Humidity (Rh) - Loglikelihood ratio test 

χ2 =22.10 p-value< 0.001

The monthly leptospirosis reported cases (using 

the parameters in Table 5) . A 1% increase in average 

monthly relative humidity is expected to raise the 

number of reported leptospirosis cases to 1.06 times 

the baseline of 2.52 cases for that month as shown in 

Figure 2.

The number of monthly mushroom poisoning 

cases

The number of monthly mushroom poisoning 

cases, Mushroom Poisoning=e(a+b1Rh+b2Pressure)

The negative binomial model with R2 0.438

An increase of 1% in the average monthly relative 

humidity is projected to raise the number of reported 

mushroom poisoning cases to 1.073 times the base-

line of 1.357 cases. Conversely, an increase of 1 hPa 

in air pressure is expected to reduce the reported cas-

es to 0.780 times the baseline of 1.357 cases.

Discussion
Association between meteorological factors and 

HFMD

This study found that Hand, Foot, and Mouth 

Disease (HFMD) in Chiang Mai Province was asso-

Table 5 The Generalized Linear Model of the monthly HFMS, leptospirosis and mushroom poisoning cases

          Names 	           Coefficient         Estimate            exp(B)          Lower         Upper	            z               p

The Quasi-Poisson model of monthly HFMD cases

(Intercept)	 a	  4.597	 99.184	 74.263	 128.735	 32.85	 <0 .001*

Sunshine	 b	 -0.241	 0.786	 0.705	 0.876	 -4.36	 <0.001*

The Quasi-Poisson model of monthly Leptospirosis cases

(Intercept)	 a 	 0.9249	 2.52	 1.97	 3.15	 7.75	 <0 .001*

Rh	  b	 0.0616	 1.06	 1.04	 1.1	 4.26	 <0 .001*

The negative binomial model of monthly mushroom poisoning cases

(Intercept)	  a  	 0.3052	 1.357	 0.998	 1.831	 1.970	 0.049*

Rh	 b1 	 0.0707	 1.073	 1.034	 1.117	 4.070	 <0.001*

Pressure	 b2	 -0.2482	 0.780	 0.710	 0.853	 -5.410	 <0.001*

* p<0.05 
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143 cities in China (2009–2014) identified a 

non-linear relationship between rainfall and HFMD 

incidence, with significant regional variations(29), 

emphasizing that the impact of meteorological factors 

on HFMD cannot be generalized across different lo-

cations. The use of daily data combined with consid-

eration of local geographic and climatic characteristics 

would improve the accuracy of disease prediction 

models.

Association between meteorological factors and 

melioidosis

For melioidosis, this study could not generate a 

ciated with sunshine duration as the sole factor (Qua-

si-Poisson model, R² = 0.198, IRR = 0.786, p< 

0.001). This finding differs from a study in Yangzhou, 

China (2017–2022), which reported that multiple 

meteorological factors—including temperature, sun-

shine duration, relative humidity, and atmospheric 

pressure—affected HFMD incidence(4). This discrep-

ancy may be partially attributed to the difference in 

data resolution; the Yangzhou study used daily data, 

whereas the present study used monthly aggregated 

data, which may not capture short-term variations in 

disease transmission. Furthermore, a meta-analysis of 

Figure 1 The Quasi-Poisson model of the number of monthly HFMD cases and sunshine

Figure 2 The Quasi-Poisson model of the number of monthly Leptospirosis cases and relative humidity
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For example, the Fiji study found that cumulative 

rainfall over six weeks (lagged by one week) was 

strongly associated with increased cases (15). This 

discrepancy may be explained by the use of monthly 

data in the present study, which may not be sufficient-

ly detailed to capture time-lagged relationships. Lep-

tospirosis typically has a specific incubation period 

and is often associated with flooding events or expo-

sure to stagnant water over a defined timeframe. The 

use of weekly or daily data would likely improve the 

detection of associations with rainfall.

Association between meteorological factors and 

mushroom poisoning

Mushroom poisoning showed the strongest asso-

ciation with meteorological factors in this study. The 

negative binomial model explained 43.8% of the 

variance in monthly cases (R² = 0.438). A 1% in-

crease in average monthly relative humidity was as-

sociated with a 1.073-fold increase in cases (IRR = 

1.073, 95%CI: 1.034-1.117, p< 0.001), while a 

1 hPa increase in atmospheric pressure was associat-

ed with a 0.780-fold decrease (IRR = 0.780, 95%CI: 

0.710-0.853, p< 0.001). A study in Guizhou Prov-

ince, China (2023), using a generalized additive 

model, found significant non-linear relationships be-

tween mushroom poisoning cases and daily average 

ground temperature at 15 cm depth, daily average 

precipitation, daily average relative humidity, and 

daily average sunshine duration(17). The present study 

partially aligns with that study regarding relative hu-

midity. However, differences in other factors—such as 

ground temperature and precipitation—may be due to 

variations in mushroom species, vegetation, and cli-

matic conditions between the two regions. Chiang Mai 

Province has extensive forest cover and high biodi-

suitable fitted model. The primary reason was the low 

monthly case count (mean=0.72 cases per month) 

and a high proportion of months with zero cases 

(54.4%), consistent with the Shapiro-Wilk test in-

dicating non-normal distribution (p< 0.05). In con-

trast, a study in northern Hainan, China (2010–2020) 

found that the highest number of cases occurred in 

summer and autumn and were positively associated 

with abundant rainfall(9). Another study in Ubon Rat-

chathani Province, Thailand (2009–2018) reported 

that while monthly average rainfall and melioidosis 

incidence both peaked from July to September, they 

were not significantly associated (p=0.576). How-

ever, monthly maximum and minimum temperatures 

were significantly associated with melioidosis incidence 

in that study(10). These contrasting findings suggest 

that geographic and local climatic factors play import-

ant roles in melioidosis epidemiology. The high pro-

portion of zero counts and low case numbers in Chi-

ang Mai are major limitations that prevent the 

development of a precise statistical model. Future 

studies in areas with higher incidence rates may yield 

clearer results.

Association between meteorological factors and 

leptospirosis

This study found that monthly leptospirosis cases 

were significantly associated with relative humidity 

(Quasi-Poisson model, R² = 0.198, IRR = 1.060, 

p< 0.001). This finding aligns with the biological 

principle that environmental moisture enhances the 

survival and growth of Leptospira bacteria(13,14). How-

ever, most international studies, such as those in 

Salvador, Brazil (1996–2010) and Fiji (2006–

2017), have demonstrated a clear association between 

cumulative rainfall and leptospirosis incidence(12,15). 
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versity, which may influence the types and quantities 

of toxic mushrooms present in different seasons.

Summary across diseases and study limitations

When comparing the results across all four dis-

eases, it is evident that the effects of meteorological 

factors vary by disease type, geographic location, and 

time period. Specifically: (1) HFMD was associated 

only with sunshine duration; (2) melioidosis could 

not be modeled due to low case counts and excessive 

zeros; (3) leptospirosis was associated with relative 

humidity; and (4) mushroom poisoning was associ-

ated with both relative humidity and atmospheric 

pressure. These differences confirm that the impact of 

meteorological factors cannot be generalized across all 

settings, and location-specific studies are essential.

The main limitation of this study is the use of 

monthly aggregated data, which may not capture time-

lagged effects or daily variations. Many infectious 

diseases have short incubation periods—for example, 

HFMD has an incubation period of 3–7 days—and 

monthly data may dilute or obscure true associations. 

Future studies should use weekly or daily data and 

incorporate additional factors such as land use, pop-

ulation density, and preventive health behaviors to 

improve model accuracy and comprehensiveness. 

Additionally, extending the study period would increase 

case counts and statistical power, particularly for 

low-incidence diseases such as melioidosis.

Comparing study results across regions with dif-

ferent geographic, meteorological, and public health 

characteristics can only provide a broad perspective 

and should not be used for direct generalization. Lo-

cal-level studies remain essential for effective disease 

surveillance and control planning.

Conclusion

This study demonstrated that meteorological fac-

tors are significantly associated with the incidence of 

hand, foot, and mouth disease (HFMD), leptospirosis, 

and mushroom poisoning in Chiang Mai Province, 

Thailand. Specifically, sunshine duration was nega-

tively associated with HFMD cases, while relative 

humidity was positively associated with leptospirosis 

cases. For mushroom poisoning, both relative humid-

ity (positive association) and air pressure (negative 

association) were significant predictors. However, no 

suitable model could be fitted for melioidosis cases. 

The use of monthly aggregated data limits the ability 

to capture time-lagged effects and daily variations. 

These findings provide useful predictive models for 

local health authorities to monitor disease outbreaks 

and implement appropriate public health measures 

based on meteorological forecasts.

Limitations of the study

Only historical data was utilized, with no addi-

tional supplementary information.
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