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Background: Dengue fever (DF) is a vector-borne disease that is sensitive to weather and climate variability.

To date, however, this relationship in coastal northern Vietnam has not been well documented.

Objectives: This paper aims to examine the associations between meteorological variables and dengue

incidence in Haiphong, Vietnam, over the period 2008�2012.

Methods: Monthly data on dengue incidence from all commune health stations and hospitals of Haiphong

(with a total population of �1.8 million) were obtained in accordance with the WHO’s recommendations

over a 5-year period (2008�2012). Temperature, rainfall, and humidity were recorded as monthly averages by

local meteorological stations. The association between ecologic weather variables and dengue cases was

assessed using a Poisson regression model. The estimation of regression parameters was based on the method

of maximum likelihood using the R program package.

Results: From 2008 through 2012, 507 cases of dengue were reported. The risk of dengue was increased by

sevenfold during the September�December period compared with other months over the period 2008�2012. DF

cases in Haiphong were correlated with rainfall and humidity. In the multivariable Poisson regression model, an

increased riskof dengue was independently associated with months with a higher amount of rainfall (RR�1.06;

95% CI 1.00�1.13 per 50 mm increase) and higher humidity (RR�1.05; 95% CI 1.02�1.08 per 1% increase).

Conclusion: These data suggest that rainfall and relative humidity could be used as ecological indicators of

dengue risk in Haiphong. Intensified surveillance and disease control during periods with high rainfall and

humidity are recommended. This study may provide baseline information for identifying potential long-term

effects and adaptation needs of global climate change on dengue in the coming decades.
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D
engue fever (DF), a climate-sensitive mosquito-

transmitted viral infection, is a public health

problem on the rise in many tropical regions (1�6).

According to the World Health Organization (WHO),

DF has re-emerged globally and has increased over space

and time since the 1980s. The disease is currently endemic

to more than 100 countries with an estimated approxi-

mately 100 million people infected every year worldwide

(7). DF outbreaks were recorded as early as the late 1940s

in South East Asia (8), and the disease has become a

major public health burden in the region for several

decades (9, 10). If global climate continues to change,

it is estimated that about 50�60% of the projected global

population would be at risk of dengue transmission (11).

In addition to the health consequences, the disease also

creates an economic burden at family and societal levels

(12).

Some weather types and climate fluctuations have

been shown to contribute to increasing DF incidence

(7, 13�24). A few previous studies have indicated an

association between specific meteorological variables and

dengue incidence using time series analyses. They found
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that rainfall (3, 18, 22, 25, 26), high relative humidity

(3, 14, 26), and high temperature (7, 10, 16, 20, 23, 27�30)

correlated with DF through increased survival time and

shortening of the development cycle of mosquitoes that

subsequently increased the possibility of transmission

of DF among other mechanisms. The strongest weather�
dengue case correlation was associated with combining

the three variables: rainfall, humidity, and high tempera-

ture (22, 24, 31). Identification of the association between

DF and weather could, at present, serve as a basis for

early warning systems, surveillance, and prediction, and

in the longer run help adapt to the potential negative

impacts that climate change can have on dengue disease

proliferation (10, 22, 28, 30, 32). In addition, it will be

also useful for effective prevention and control strategies

in regions with limited resources, such as developing

countries (29, 30).

Vietnam’s climate is humid and tropical, with seasonal

and geographical variance (33, 34). Overall, the climate

is generally favorable for mosquitoes to transmit DF. DF

was first described in Vietnam in 1958 (35) and the first

reported outbreak occurred in southern Vietnam in 1963

(36). Dengue transmission occurs throughout the year in

Vietnam, with peak numbers of cases (72% of total cases)

reported between June and November. However, there

are regional differences in the climate in Vietnam and

therefore seasonal transmission patterns can vary. The

Northern and Central Highland regions have a cool,

dry winter from December to March each year, and

dengue notifications are low during this time, whereas in

southern Vietnam that has a warm stable climate through-

out the year, the peak transmission occurs between July

and September, coinciding with the rainy season (37).

Previous studies found that high temperature and rain-

fall were associated with the increase of dengue case in

Vietnam (1, 12, 37�42). However, the association between

weather and dengue and, subsequently, climate changes

and DF in a coastal city in northern Vietnam is currently

not well understood (42). The current paper aims to

examine the relationship between weather factors and

DF incidence among the population in Haiphong, a

coastal city in northern Vietnam, over the period 2008�
2012. The findings of this study could result in better

control planning, surveillance, and prevention strategies

to date in the region, and to the development of adapta-

tion strategies to minimize potential negative impacts of

climate change on dengue incidence.

Methods

Study settings

The study was conducted in Haiphong (Fig. 1), with the

total square of 152.300 ha. The administrative levels in

Vietnam are nation, province, district, and commune,

and there are five biggest provinces in Vietnam also

named city. Haiphong city has a population of about

1.837 million people in 2009 (43). Haiphong’s climate is

typically hot, humid, and rainy. The summer period from

May to September receives highest amount of rainfall in

the year (1,600�1,800 mm rainfall/year). The average

temperature during the year was 23�268C with the

highest figure in June and July. The annual average

humidity was about 80�85% with levels peaking in July,

August, and September and lowest in December and

January.

Data collection

In Haiphong, there is a network of health stations located

in each commune. Each commune health station is in

charge of dengue surveillance and reports the monthly

surveillance data with dengue case notifications to the dis-

trict level and later to Haiphong city’s Center for Preventive

Health. This surveillance system was mainly carried out by

government staff, not by private practitioners.

Meteorological data, including temperature (8C),

amount of rainfall (mm), and relative humidity (%), were

obtained from the local bureaus of meteorology across

Haiphong. Meteorological data in Haiphong comes from

nine meteorological stations and 23 rain gauge stations

distributed around this province. Data from these stations

were aggregated to district, then city. The data represent

monthly averages for each year during the study period

2008�2012.

Surveillance and data analysis

The main aim of data analysis was to describe the dengue

incidence and its association with weather variables. The

outcome considered in the analysis was the actual number

of dengue cases of the whole city, while the weather

variables were monthly local (city and district), tem-

perature, rainfall, and humidity. Because the number of

Fig. 1. Map of Vietnam showing Haiphong province (in dark

grey area).
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dengue cases was small relative to the provincial popula-

tion, it is reasonable to assume that the distribution of

dengue cases followed the Poisson distribution. Accord-

ingly, a zero-inflated Poisson regression model was used

to model the relationships between the potential risk

factors and dengue cases (44). Zero-inflated Poisson

regression is a model for count data (number of cases)

with excess zeros (districts had no cases in months),

it assumes that with probability p, the only possible

observation is 0, and with probability 1 � p, a Poisson

(l) random variable is observed. In this model, the log

incidence of dengue, log(Y), was assumed to be related

to a risk factor X by an additive linear function as

follows: Log(Y)�a�bX�e, where a and b are regres-

sion parameters to be estimated from the observed

data, and e represents the residual not explained by

the variable X. As temperature, rainfall and humidity

could be varied by month and locality, the relation-

ship between these variables and dengue disease counts

were adjusted for population, time (month, season, year),

and area (urban, rural or island districts). Population

was put in the model as an offset (log). The estimation

of regression parameters was based on the method of

maximum likelihood with the R program package (45).

The fitted data from an optimal model was evaluated

to the observed dengue disease counts by correlation

and mean square error. Non-linear relationships such as

polynomial regression analysis and square for satisfying

normal distribution and stabilizing variance were con-

sidered but finally a model was chosen based on Akaike

information criterion (AIC) (Table 3). Different types

of functions, including linear, non-linear relationship,

or data transformation, were used to examine factors

related to dengue disease counts, and the best fit model

was selected based on AIC; the model with the smaller

AIC has the better fit.

Results
During the follow-up period (2008�2012), there were

507 cases of dengue reported in Haiphong, making the

morbidity rate of 27.2 per 100,000 persons. The number

of cases strongly fluctuated from year to year (Fig. 2)

without any apparent systematic trend, and between

months within a year. There was an epidemic in 2009

that accounted for 51.7% of cases during the surveillance

period (Fig. 2).

Within a year, the number of dengue cases by month

during the 2008�2012 period is shown in Table 1 and

Fig. 3. The number of cases reported with a peak in

the September�December period; from 2008 to 2012,

the total number of dengue cases recorded during the

September�December period accounted for 78% of

total cases. On the other hand, the risk of dengue was

increased by sevenfold during the September�December

period compared with the other month.

Results of univariate analysis (Table 2) showed that

after adjusting for seasonality, the risk of dengue was

significantly associated with increased rainfall and in-

creased humidity. The risk ratio was from 1.02 to 1.03

(pB0.05).

There was a significant correlation between monthly

mean temperature and rainfall with r�0.68; pB0.00001

(Fig. 4); a multivariable Poisson regression model was

fitted to the data to search for independent factors.

In the multivariable Poisson regression model (Table

3), an increased risk of dengue was independently

associated with months with a higher amount of rainfall

(RR�1.06; 95% CI 1.00�1.13 per 50 mm increase) and

higher humidity (RR�1.05; 95% CI 1.02�1.08 per 1%

increase). The final Poisson regression model (Table 3)

Fig. 2. Total number of reported dengue fever cases in

Haiphong, 2008�2012.

Table 1. Meteorological factors and occurrence of dengue

cases stratified by month

Month

No. of

casesa

Temperatureb

(8C)9SD

Rainfallb

(mm)9SD

Humidityb

(%)9SD

Jan 8 15.091.5 38.5931.9 86.295.1

Feb 14 17.192.8 19.399.4 91.092.8

Mar 6 19.391.8 45.2929.8 91.091.3

Apr 36 23.190.8 95.1956.4 91.492.1

May 11 26.491.03 217.59117.1 89.291.2

Jun 3 28.690.8 202.1985.0 87.093.4

Jul 10 28.790.5 209.4951.3 87.491.5

Aug 25 27.990.6 358.49149.0 90.292.1

Sep 92 27.190.5 296.9980.5 88.892.5

Oct 135 25.391.1 83.1954.2 84.693.5

Nov 115 22.091.2 37.2922.1 80.495.4

Dec 52 18.591.0 21.6910.8 82.892.8

Total 507 23.294.8 1379133 87.594.5

aData are total number of cases tallied from 2008 to 2012.
bData are averages of 5 years (2008�2012).
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with two meteorological variables showed 11.7% climate

factors contributing to the occurrence of dengue cases.

Discussion
A previous study found that climate factors had positive

effects in increasing DF transmission in Vietnam (39�42).

Particularly, rainfall and relative humidity affected the

rates of biological development, feeding, reproduction,

population density, and survival of Aedes mosquitoes,

thus increasing the DF transmission. The present study

illustrated DF reported in a coastal city in northern

Vietnam with the highest number of cases from September

to December over the period 2008�2012. Rainfall and

relative humidity were correlated with an increased

occurrence of DF, while elevated temperature was not

associated in this study.

Seasonality in the incidence of DF has been seen in a

number of countries that can be explained by seasonal

variation of climate factors. A study in Singapore reported

that dengue incidence was generally higher during the

June�October period (30). A study in Trinidad in the

period 2002�2004 illustrated a dengue season between

June and November (25). In Vietnam, previous studies

also demonstrated that most cases were reported during

the rainy season, July�December (1, 39, 41). However, the

number of DF cases in the present study does not increase

at the beginning of the high-rainfall and relative humidity

in Haiphong. It was observed that the rainfall (358.4 mm)

and relative humidity (90.2%) reached the highest level

in August then started decreasing in September, when the

number of DF cases started increasing. Previous studies

have reported that dengue epidemics take several months

to reach a level where they can be recognized as the result

of previous climate conditions (46, 47). This finding

provides data for further investigation of ‘delay effects’

of rainfall and relative humidity for better prediction,

planning, and intervention.

Our result is consistent with previous studies, which

found that rainfall and humidity were associated with the

number of DF incidence in developing countries (3, 14,

Fig. 3. Number of reported dengue fever cases in Haiphong by month, 2008�2012.

Table 2. Risk factors RR (95%CI) for dengue incidence in

Haiphong: univariate analysis

Risk factors Unit of comparison RR (95%CI) p

Temperature Per 18C increase 1.02 (0.99�1.05) �0.05

Rainfall Per 50 mm increase 1.03 (1.00�1.07) B0.05

Humidity Per 1% increase 1.02 (1.00�1.05) B0.05
Fig. 4. Scatter plot of monthly mean temperature and rainfall.
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18, 22, 25, 26). Rainfall and relative humidity are found

to increase survival time and shorten the development

cycle of mosquitoes (3), resulting in an increased number

of breeding sites and adult female mosquitoes (7, 13�24).

However, heavy rainfall may also reduce the survival

rate of adult mosquitoes. An increase in the number of

mosquitoes increases the probability of DF transmission

(16). Our results implied that DF-control programs and

surveillance need to be intensified during the period with

high rainfall and high relative humidity, even when there

is no apparent increase in the cases of DF.

In this study, the correlation between temperature and

DF incidence was not significant. This result is similar to

a study in Trinidad 2007 (25) and Metro Manila 1996�
2005 (18) and in the Philippines (48). However, previous

studies found that temperature was associated with the

occurrence of DF (7, 10, 16, 20, 23, 27�30). Particularly,

the variable temperature (maximum and minimum) was

the best predictor for the increased number of dengue

cases in Singapore (23). However, in this study, the

maximum and minimum temperatures for data collection

were not available with recommendations for future

analysis. Previous studies in Vietnam also found the

temperature�dengue relationship in Hanoi (41) and

Central Highlands (39). The difference in our study

might be explained by the fact that the range of mean

temperature in Haiphong was lower than other areas. In

fact, being a coastal area, the temperature in Haiphong

is often 18C higher in winter and 18C lower in summer

compared to Hanoi capital (43). Furthermore, a study

has shown that dengue viruses may reduce incubation

time in mosquitoes from approximately 2 to 1 week at

temperatures of 328C and above (49), while the maximum

of monthly mean temperature in our study was 298C.

It suggested that daily temperature data is needed if we

want to measure the temperature�dengue relationship in

a coastal area.

This study should be interpreted within the context

of some strengths and potential limitations. The strength

of this study is that it could ascertain most (if not all)

dengue cases in Haiphong based on available public

surveillance system. The health workers at all levels in the

city are very familiar with DF identification and report-

ing systems. As a result, the low case-fatality rate and the

standard clinical case definition for dengue cases in the

whole city have been used for more than 10 years with-

out any substantial change (6). However, the study used

monthly data for DF cases, which might not be the ideal

compared to daily counts (29). In addition, data based

on surveillance systems might be underestimated. To

our knowledge, there were a number of dengue patients

treated in private health services that could not be

recorded. A study of the diagnosis of acute undifferen-

tiated fever in Vietnam showed that acute dengue was

found in �34% cases, which suggests the possibility

of underreporting of dengue in commune health stations

(50). WHO classification schemes in 1997 and 2009

had high sensitivity but lacked specificity (51). This

study has demonstrated the effects of climate factors on

the occurrence of DF but has not considered socio-

economic, immunological determinants that have con-

tributed to dengue (4, 52) and some other factors such

as degree of urbanization (53), El Niño (19, 22), and

mosquitoes index (31). The study to measure the asso-

ciation between DF and other social�economic variables

needs to be investigated further.

Conclusion
In summary, this study measured the correlation of

meteorological factors�DF in Haiphong. Rainfall and

relative humidity could be used as ecological indicators

of dengue risk in Haiphong. Intensified control programs

and surveillance during rainfall and high relative humid-

ity seasons are necessary preventive measures. This study

may provide baseline information for identifying the

potential long-term effects of global climate change on

dengue expected in the coming decades.
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