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ABSTRACT: 

Background: Influenza is a respiratory infection that commonly occurs in humans. According to the 

World Health Organization, the estimation of influenza-related morbidity rate was 5 - 10% in adults and 

20 - 30% in children worldwide, causing 3 - 5 million people to have serious influenza-related illnesses. 

Climatic factors might affect both the survival and transition of influenza viruses. This study aimed to find 

the association between distribution of Influenza-like Illness (ILI) and climate in each zone of Thailand. 

Methods: Secondary data of ILI cases and climatic factors were extracted from infectious disease 

surveillance report of the Bureau of Epidemiology, Thai Ministry of Public Health and from 

meteorological data of the Thai Meteorological Department from January 2011 to December 2015. An 

ecological study and generalized estimation equation was used to explore the association between 

Influenza-like Illness and climate in each zone of Thailand. 

Results: Weekly ILI rates associated with climate and air temperature was found to have a negative 

association and played a major role in all zones except for Northeastern and Southwestern zones. 

Relative humidity was found to have a positive association with the ILI rate in Central, Bangkok, Eastern 

and Southwestern zones. Rainfall was found to have a positive association with ILI rates in Northern 

and Southwestern zones but was found to have a negative association in Southeastern zones due to its 

different climate. The association between rainfall and influenza outbreaks may be indirect, similar to 

the crowds and public spaces that contribute to increased contact time and influenza transmission.  

Conclusion: Using weather information may predict influenza outbreaks and be beneficial to 

prevention and early preparedness for climate change. 
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INTRODUCTION 

Influenza is one of the most common seasonal 

diseases in humans caused by influenza viruses and 

transmitted by inhalation or contact. According to 

the World Health Organization, the estimated 

morbidity rate was 5 -10% in adults and 20 – 30% 

in children worldwide, causing 3 – 5 million people 

to have serious illnesses and 2.5 - 5 million deaths 

annually. Moreover, the morbidity rate was 

increased in vulnerable groups [1].  Between 2009  
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and 2013, the Bureau of Epidemiology, Department 

of Disease Control in Thailand reported that 

estimated numbers of influenza-infected patients 

were approximately 44,000 - 120,000 and deaths 

were up to 230, annually [2].  

The pattern of influenza outbreaks in the 

equatorial regions is mostly the cyclical pattern. The 

period of outbreaks is between September and 

December. However, the longer period of outbreaks 

may occur in some high rainfall countries [3]. 

Factors affecting influenza epidemics are viral 

virulence, environmental and personal factors [4]. 

Studies in animals have shown environmental  
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factors, such as air temperature [5-7], humidity [5, 

8-11] and ultraviolet radiation dose [12-14], affect 

influenza virus survival and the transmission rate in 

proper conditions and epidemiological studies have 

found an association between influenza epidemics 

and climate. In addition, the current global warming 

influences climate change; for example, researchers 

in the United States have found that changing 

weather results in the influenza epidemic [15].  

Although the mortality rate of Influenza is low, 

its high morbidity rate and the burden of this disease 

affect economy in aspects of sick leave and health 

care resources [16]. In addition, influenza that 

infects an individual can spread to other people and 

increase severity of illness and mortality in 

vulnerable groups such as children, elderly people, 

pregnant women, chronic illness patients and 

immunocompromised patients [1, 17]. Therefore, 

this study aimed to explore the association between 

distribution of Influenza-like Illness (ILI) and 

climate in each zone of Thailand. This study will be 

useful to prepare and prevent the outbreak of disease 

which because distribution of ILI may alter due to 

climate change. 

 

MATERIALS AND METHODS 

Data sources 

The data of ILI cases was extracted from 

infectious disease surveillance report of the Bureau 

of Epidemiology at Department of Disease Control 

in Thailand from 2011 to 2014 which absence any 

outbreaks of a new strain of influenza virus [18]. 

Totally, 359,766 ILI cases were diagnosed based on 

the clinical criteria including fever, cough, sore 

throat, headache, and myalgia. Annual population 

density data were obtained from Department of 

Provincial Administration. 

The meteorological data were obtained from 

Information Center of Thai Meteorological 

Department. The geographical zones were classified 

into six similar climatic zones (Northern, 

Northeastern, Central, Eastern, Southeastern and 

Southwestern). There are three seasons in Thailand: 

the summer season (8th to 25th week), the rainy 

season (26th to 43rd week), and the winter season 

(44th to 58th week), except that the Southeastern and 

Southwestern zones, there is only two seasons: the 

summer season (8th to 25th week) and the rainy 

season (26th to 43rd week). The meteorological data 

were daily data and did not come from a normal 

distribution, so we transformed daily data into 

median weekly data. 

Methods 

This is an ecological study. The dependent 

variable is weekly ILI rate and the independent 

variables that we interested are average of air 

temperature, relative humidity, and rainfall. 

Meanwhile, population density may influence on ILI 

epidemics [19, 20], so annual population density 

data were include in this study in order to control for 

the effects. All data were transformed as weekly 

format which starts from Sundays to Saturdays. 

Bangkok was separated from the central zone 

because it is the capital city and its population 

density is very high. 

Data analysis 

The association between weekly ILI rate and 

climate were explored by the Generalized 

Estimation Equation (GEE) Model which estimated 

the population-averaged effects, may have within-

subject covariance structure and repeated 

measurement, and can be used in any distribution of 

data [21]. We examined on ILI data and found that 

the data were negative binomial distribution. We use 

log link function with exchangeable correlation 

structure to write a linear function as follows [22]: 

𝐿𝑜𝑔(𝜆) =  α + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 +  𝛽4𝑋4  

λ = weekly ILI rate (per 100,000 population) 

𝑋1 = median weekly average air temperature (°C) 

𝑋2 = median weekly relative humidity (%) 

𝑋3 = median weekly rainfall (mm) 

𝑋4 = annual population density (people/km2) 

 

RESULTS 

During the 5-year study period, 359,766 cases 

of ILI were reported. Classified into vulnerable 

aged-group, the age group under 5 year-old group 

was the highest ILI rate, followed by the age group 

between 5 - 64 years old and the age group from 65 

years old (Table 1). Considering each zone, the ILI 

rate was highest in Bangkok, median was 5.73 (Q1 

2.14, Q3 7.30) cases per 100,000 population, 

followed by Northern, Southeastern, Eastern, 

Central, Southeastern and Northeastern zones. 

Trends of ILI rates in Northern, Northeastern, 

Central, Bangkok and Eastern zones were similar 

(Figure 1). There were two peaks of outbreaks in a 

year: first peak was between 2nd and 12th week (the 

winter season) and second peak was between 28th 

and 42nd week (the rainy season). The magnitude of 

the first peak was higher than the second peak in 

2011 and 2012 but the magnitude of the second peak  
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Table 1  Descriptive statistics for climate and influenza-like illness cases data in 2011 – 2015 
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Weekly ILI* rate, per 100,000 population 

     (Q1, Q3) 

2.49 

(0.58, 3.04) 

0.94 

(0.15, 1.08) 

1.64 

(0.39, 1.92) 

5.73 

(2.14, 7.30) 

1.94 

(0.21, 1.95) 

1.10 

(0.22, 1.40) 

2.07 

(0.33, 2.68) 

Age group under 5 year-old 

     (Q1, Q3) 

14.26 

(0.01, 16.87) 

4.17 

(0.01, 4.84) 

6.29 

(0.01, 7.99) 

21.10 

(7.78, 26.73) 

5.53 

(0.01, 6.98) 

2.98 

(0.01, 4.05) 

5.36 

(0.01, 6.93) 

Age group between 5 -64 year-old 

     (Q1, Q3) 

2.06 

(0.47, 2.36) 

0.69 

(0.10, 0.84) 

1.26 

(0.37, 1.67) 

5.17 

(1.89,  6.75) 

1.70 

(0.22, 1.66) 

0.94 

(0.24, 1.27) 

1.72 

(0.29, 2.31) 

Age group from 65 year-old 

     (Q1, Q3) 

1.02 

(0.01, 1.66) 

0.78 

(0.01, 0.92) 

0.67 

(0.01, 1.13) 

2.50 

(0.63, 3.35) 

0.84 

(0.01, 1.05) 

0.65 

(0.01, 1.08) 

1.00 

(0.01, 1.04) 

Average climate data        

Median of  air temperature, °C 

     (Q1, Q3) 

27.50 

(25.84, 28.63) 

27.60 

(26.18, 28.79) 

28.54 

(27.69, 29.46) 

29.39 

(28.40, 30.40) 

28.11 

(27.21, 29.03) 

27.50 

(26.73, 28.26) 

27.60 

(26.86, 28.28) 

Median of relative humidity,% 

     (Q1, Q3) 

76.57 

(69.43, 81.57) 

72.43 

(66.296, 79.29) 

75.14 

(70.49, 78.80) 

72.43 

(66.43, 77.00) 

78.57 

(73.31, 83.29) 

80.57 

(77.43, 83.86) 

81.86 

(77.14, 85.29) 

Median of rainfall, mm 

     (Q1, Q3) 

1.21 

(0.01, 5.54) 

1.22 

(0.01, 5.83) 

1.27 

(0.01 4.29) 

2.17 

(0.01 6.86) 

2.60 

(0.13, 8.67) 

2.47 

(0.31, 6.75) 

5.33 

(0.97, 13.6) 

Population density, people/km2 66 128 170 3,516 129 124 108 

Age group under 5 year-old, % 5.12 5.68 5.44 4.61 6.26 7.03 7.17 

Age group between 5 - 64 year-old, % 83.90 84.94 83.95 84.55 84.48 83.20 84.64 

Age group from 65 year-old , % 10.98 9.38 10.61 10.83 9.27 9.76 8.19 

*ILI - Influenza-like illness 

 
was high in 2013 to 2015. In 2015, there was the  

 different pattern in the Central zone, Bangkok and 

the Eastern zone, high ILI rate without peak 

throughout the year. The trends of the ILI rate in 

Southeastern and Southwestern zones was different 

from others, there was only one peak of ILI rate 

between 32nd and 62th in the Southeastern zone and 

between 27th and 62th in the Southwestern zone. The 

lowest magnitude of the ILI rates occurred between 

14th and 24th (the summer season) in all zones of 

Thailand. 

There were two familiar weather patterns. The 

first weather pattern was in Northern, Northeastern, 

Central, Bangkok and Eastern zones, which the peak 

of air temperature in these zones occurred between 

12th and 25th week and the bottom of temperature 

occurred between 49th and 57th week. Ranges of air 

temperature in Northern and Northeastern zones 

were higher than the other zones, which ranges were 

greater than 14 °C. These zones have higher relative 

humidity and rainfall between 31st and 41st week. 

From 2010 to 2011, there was lower air temperature 

in all zones and longer period of high rainfall only 

in Central, Bangkok, and Eastern zones. The second 

weather pattern was in Southeastern and 

Southwestern zones, which the peaks of air  

temperature were in the same period but there were 

higher rainfall and relative humidity. The peak of 

higher rainfall occurred between 42nd and 53rd week 

in the Southeastern zone and between 20th and 42nd 

week in the Southwestern zone. 

The GEE method is used to measure the 

correlation in longitudinal studies and interpreted as 

beta coefficients, so we converted beta coefficients 

to incidence rate ratios (IRRs) and the results 

showed that there was a significant association 

between the ILI rate and climate in each zone (Table 

2). Air temperature also played a major role, in 

combination with relative humidity or rainfall in 

most zones. After controlling other variables, air 

temperature was negatively associated with the ILI 

rate in all areas except for Northeastern and 

Southwestern zones. Relative humidity was 

positively associated with the ILI rate in Central, 

Bangkok, Eastern and Southwestern zone. Rainfall 

was positively associated with the ILI rate in 

Northern and Southwestern zones but there was 

negatively associated in the Southeastern zone. 

Population density was positively associated with 

the ILI rate in Southwestern zone but there was 

negatively associated in Bangkok and Southeastern 

zone. The Relative risk of the ILI rate was increased 

when air or relative humidity was increased (Figure 

2), the highest effect was in Bangkok. The 

association between the ILI rate and climate in 

Bangkok and the central zone was accordant but the 

magnitude of the association in Bangkok was higher 

than that of the central zone. 
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Figure 1  Weekly influenza-like illness rate and climate parameters in each zone 

 
DISCUSSION 

Although the ILI data from the surveillance system 

is not real data of influenza cases, studies in 

Thailand from 2004 to 2010 found the patients who 

had ILI symptoms were proportionally correlated 

with influenza cases by the Hemagglutination 

inhibition method [18]. Variable groups were 

classified by age into 2 groups: age group under 5 

years old and age group from 65 years old [23].This 

study found the ILI rate of age group under 5 years 

old was highest as expected. However, the ILI rate 

of age group over 65 years old was lowest. The 

elderly may have more comorbidity illnesses that 

were reported as other diseases as a result of 

complications of influenza including pneumonia or 

often associated with other diseases, such as asthma 

or heart failure that might be triggered by influenza 

virus infection [17]. These may brought the ILI rate 

in the elderly lower than actual rates [24] and the ILI 

rate in this study was not affected by vaccination. To 

exemplify, Thai Ministry of Public Health had 

provided Influenza vaccines for variable groups 

including the elderly since 2009 but the ILI rate was 

still lowest in the elderly since 2013, when the 

infectious diseases surveillance system was 

established. 
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Table 2  Multivariable analysis of climate factors associated with influenza-like illness 

 
Incidence rate ratios (IRRs)a 

Unadjusted (95% CI) Adjusted (95% CI) 

Northern     

Air temperature 0.9245 (0.8979, 0.9520)*** 0.9218 (0.8892, 0.9557)*** 

Relative humidity 1.0033 (0.9901, 1.0167) 0.999 (0.9839, 1.0149) 

Rainfall 1.0037 (0.9989, 1.0166) 1.0109 (1.0012, 1.0206)* 

Population density 0.9983 (0.9855, 1.0113) 1.0014 (0.9877, 1.0153) 

Northeastern     

Air temperature 1.0321 (1.0136, 1.0510)** 1.0128 (0.9971, 1.0287) 

Relative humidity 1.0147 (1.0028, 1.0268)* 1.0115 (0.9980, 1.0252) 

Rainfall 1.0160 (1.0067, 1.025)** 1.0048 (0.9954, 1.0142) 

Population density 0.9990 (0.9879, 1.0103) 1.0018 (0.9900, 1.0138) 

Central     

Air temperature 0.9802 (0.9728, 0.9876)*** 0.9734 (0.9596, 0.9872)*** 

Relative humidity 1.2080 (1.0187, 1.0373)*** 1.0263 (1.0167, 1.0359)*** 

Rainfall 1.0281 (1.0190, 1.0373)*** 1.0082 (0.9946, 1.2019) 

Population density 0.9997 (0.9991, 1.0005) 0.9997 (0.9988, 1.0006) 

Bangkok     

Air temperature 0.8949 (0.8807, 0.9093)*** 0.8815 (0.8673, 0.8959)*** 

Relative humidity 1.0341 (1.0256, 1.0426)*** 1.0367 (1.0240, 1.0495)*** 

Rainfall 1.0221 (1.0164, 1.0279)*** 1.0004 (0.9908, 1.0101) 

Population density 1.0005 (1.0005, 1.0005)*** 0.9468 (0.9411, 0.9527)*** 

Eastern     

Air temperature 0.9615 (0.9351, 0.9885)** 0.9444 (0.9022, 0.9885)** 

Relative humidity 1.0376 (1.0327, 1.0425)*** 1.0364 (1.0258, 1.0473)*** 

Rainfall 1.0192 (1.0129, 1.0255)*** 1.0051 (0.9985, 1.0117) 

Population density 1.0004 (0.9895, 1.0112) 1.0060 (0.9954, 1.0168) 

Southeastern     

Air temperature 0.8973 (0.8386, 0.9599)** 0.9144 (0.8610, 0.9712)** 

Relative humidity 1.0270 (1.0079, 1.0464)** 1.0272 (0.9991, 1.0499) 

Rainfall 1.0035 (1.0013, 1.0057)** 0.9931 (0.9873, 0.9990)* 

Population density 0.9969 (0.9964, 0.9974)*** 0.9971 (0.9965, 0.9977)*** 

Southwestern     

Air temperature 0.9447 (0.8831, 1.0105) 1.0097 (0.9534, 1.0692) 

Relative humidity 1.0275 (1.0183, 1.0368)*** 1.0264 (1.0162, 1.0367)*** 

Rainfall 1.0075 (1.0060, 1.0090)*** 1.0043 (1.0017, 1.0068)** 

Population density 1.0021 (1.0012, 1.0031)*** 1.0024 (1.0014, 1.0033)*** 

a Generalized Estimating Equation (GEE), family negative binomial 

*** p-value <0.001, ** p-value < 0.01, * p-value < 0.001 

 
Our finding on the association between the ILI 

rate and climate, all zones except for Northeastern 

and Southwestern zones were showed that the ILI 

rate was high in lower air temperature period, 

occurring from 49th to 56th week. The highest peak 

of ILI cases occurred between 1st and 5th of week in 

2014 which there was the lowest air temperature in 

this 5-year study and the ILI rate was low when air 

temperature was increased. These associations 

supported results from experimental studies, 

demonstrating that lower air temperature was 

efficient airborne transmission and good virus 

survival in such environment [5, 6], and from 

epidemiology studies in subtropical countries [25] 

and tropical countries [4]. In contrast, we found that 

relative humidity was positively associated with the 

ILI rate in all zones except for the Northern zone 

which contrary to other studies, the experimental 

studies demonstrated airborne transmission was 

decreased when relative humidity over 80% [5, 10].  

However, epidemiological studies in Hong Kong 

found that high relative humidity in summer while 

Vancouver has high relative humidity in winter has 

increased outbreaks of influenza infection [4]. 

People who spend a longer time indoors, causing 

increased contact rates via inhalation or contact, are 

important in influenza virus transmission [26]. This 

study found correlation between relative humidity 



378 

J Health Res  vol.31 no.5 October 2017 http://www.jhealthres.org 

 

 
 

 

Figure 2  Incident rate ratio with 95% confidential interval of ILI rate when climate was changed 

 
and rainfall (Pearson correlation = 0.4719). The 

rainy season in Thailand is between 25th and 42nd 

week and the peak of ILI occurred between 33rd and 

42nd in all zones while statistic found positive 

association between rainfall and the ILI rate only in 

Northern and Southwestern zones but negative 

association in the Southeastern zone. A recent study 

indicated that in locations with high specific 

humidity and temperature, influenza epidemics were 

characterized by months with humidity and rainfall 

[4]. As previously mentioned, the association 

between rainfall and the ILI rate is likely to be 

indirect. Rainfall may lead to indoor crowding, 

which consequently increase contact rates.  

In addition, Thailand was impacted by La Niña 

phenomenon in 2015 causing longer period of 

rainfall and decreased air temperature especially in 

Central, Bangkok, and Eastern zones. This 

phenomenon may explain the changing pattern of 

ILI rates. Other important phenomenon was the 

biggest forest fire in the last 15 years in Indonesia. 

Impact of smoke in the Southeastern zone, occurred 

between 26th and 50th week in 2015, made people 

need to spend more time indoors. The outdoor air 
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quality was better, if there was more rainfall that 

may explain the paradoxical association in the 

Southeastern zone. 

Population density was positively associated 

with the ILI rate in Southeastern according to studies 

in America [19] and India [20]. In contrast to 

Bangkok and the Southeastern zone, population 

density was negatively associated with the ILI rate. 

The population density data extracted from the civil 

registration database did not reflect true population 

density. The non-registered citizens, individuals 

moved to other residences without changing their 

civil registration, were highest in Bangkok (2.49 

million people or 43.83% of Bangkok citizens) 

which immigrated in order to get jobs or study while 

the lowest non-registered citizen occurred in the 

Northeastern zone (0.45 million people or 2.18% of 

Northeastern citizens). Despite population increased 

from the civil registration in the Northeastern zone, 

but the ILI rates was decrease. And vice versa, the 

highest rate of ILI in Bangkok may be influenced by 

non-registered citizens from the Northeastern zone 

which increase population density higher than the 

civil registration database. 

Human behaviors may increase the outbreak of 

influenza. The longer time in crowded area 

massively increased influenza transition [27, 28], 

studies in the US found that raining days resulting in 

cold weather influenced people to spend average  

1- 2 more hours indoors which potentially increases 

contact rates [26, 29]. Another study found influenza 

can be transmitted to passengers in long-haul flights 

[30]. 

Additionally, influenza transmission frequently 

occurred among children in school due to increasing 

change of exposure with sick children [31, 32]. 

Behaviors that reduce influenza transmission are 

good hand hygiene after contact infected person 

[33], while influenza vaccination is the best way to 

prevent the influenza infection [34].  

The limitation of study was that this study was 

an ecological study using population data to reflect 

the association between distribution of ILI and 

climate only. These can’t be implied as individual 

causation of influenza infection due to lacking other 

factors which affect transmission, such as contact 

time, personal hygiene, indoor air quality, and 

personal immunity. Although ILI cases from 

surveillance system reflected data of influenza 

outbreaks, these data are not the true number of 

cases because the surveillance system does not cover 

other health providers outside the Ministry of Public 

Health sector. 

Human behaviors may increase the outbreak of 

influenza. The longer time in crowded area 

massively increased influenza transition [27, 28]. 

Studies in the US found that raining days resulting 

in cold weather influenced people to spend average  

1- 2 more hours indoors which potentially increases 

contact rates [26, 29]. Another study found influenza 

can be transmitted to passengers in long-haul flights 

[30].  

Additionally, influenza transmission frequently 

occurred among children in school due to increasing 

change of exposure with sick children [31, 32]. 

Behaviors that reduce influenza transmission are 

good hand hygiene after contact infected person 

[30], while influenza vaccination is the best way to 

prevent the influenza infection [34].  

The limitation of study was that this study was 

an ecological study using population data to reflect 

the association between distribution of ILI and 

climate only. These can’t be implied as individual 

causation of influenza infection due to lacking other 

factors which affect transmission, such as contact 

time, personal hygiene, indoor air quality, and 

personal immunity. Although ILI cases from 

surveillance system reflected data of influenza 

outbreaks, these data are not the true number of 

cases because the surveillance system does not cover 

other health providers outside the Ministry of Public 

Health sector. 

 

CONCLUSION 

Although there are limitations of other factors 

affecting influenza transmission, the study showed 

that weekly ILI rates associated with climate, air 

temperature was found the negative association and 

played a major role in most zones. Central, 

Bangkok, Eastern and Southwestern zone were 

found the positive association between ILI rate and 

relative humidity. Rainfall was found the positive 

association with ILI rate in Northern and 

Southwestern zones but was found the negative 

association in Southeastern zone due to different 

climate. The association between rainfall and 

influenza outbreaks may be indirect, similar to the 

crowding effect that contributes to increased contact 

time and influenza transmission. Using weather 

information may predict the influenza outbreaks and 

be beneficial to prevention and early preparedness 

for climate change. 
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