
ar
X

iv
:1

60
1.

07
21

2v
1 

 [
q-

bi
o.

PE
] 

 2
6 

Ja
n 

20
16

The dengue fever in four municipalities of the Colima

state, Mexico, from 2008 to 2015 and its relation with

some climatological normals
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Abstract

Although dengue fever is an ancient disease that should have been eradicated since

time ago, in Mexico as well as in other regions worldwide the cases of classic and hem-

orrhagic dengue continue to be reported presently. Since 2002 (and before), a worrying
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outbreak of dengue was observed in several states of Mexico, notably the case of Col-

ima for which a “descacharrización” campaign was implemented in 2009 to encourage the

population to get rid of old objects accumulated in their backyards and outdoors so as to

prevent proliferation of mosquitoes Aedes Aegypti. To understand the effect of such cam-

paign, we studied the incidence of dengue in four municipalities of the mentioned state,

namely Manzanillo, Armeŕıa, Tecomán and Ixtlahuacán. In particular, we observed that

the incidence of dengue in these four municipalities had a strong relationship with cli-

matological normals, specifically precipitation and minimum temperature. Furthermore,

the results showed that the mentioned campaign helped prevent mosquito eggs incubation

and their development, thus leading to reduction of the incidence of dengue in the human

population.

1 Introduction

Dengue is a vector-borne disease that is transferred by the female mosquito Aedes Aegypti, who

by simply taking blood from a sick person is capable of passing the virus throughout their

live including their descendants (Halstead, 2008). These mosquitoes live worldwide between

the latitudes 35°N and 35°S, reproduce at temperatures between 25℃-30℃ and are still able

to survive at temperatures over 10 ℃ (Delatte et al., 2009; Eisen et al., 2014). In addition,

mosquitoes are attracted by CO2 (Murlis et al., 1992; Cummins et al., 2012) and their average

lifespan of two weeks may increase in warm or moist environments (Maricopa, 2015).

Dengue fever is commonly known as a tropical disease, however very recent reports empha-

size the effect of climate change in dengue spreading while Carrington (2013) also stressing its

incidence in new geographic locations noteworthy the case of Portugal (Madeira), France, Croa-

tia, United States of America (Florida) and China (Yuan) (Fan et al., 2014; Franco et al., 2015;

Marchand et al., 2013; La Ruche et al., 2010; Semenza et al., 2014; ECDPC, 2014; Carrington,

2013; Radke et al., 2012; Kule & Harris, 2008). In fact, dengue incidence has dramatically in-

creased over the last 50 years according to reports in 128 countries (Brady et al., 2012). Thus,

understanding and finding ways to eradicate dengue fever remains a critical task for local and

global public health organizations.
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Today the only method to cope with dengue fever is by controlling the spread of mosquitoes

Aedes Aegypti as there is currently no effective vaccine. For this purpose, the World Health

Organization (WHO) recommends actions such as environmental management of mosquito pop-

ulations by proper disposal of solid waste and removal of artificial water containers, covering

domestic water storage containers, window screens, long-sleeved clothes, coils and vaporizers

(WHO, 2014); chemical control of dengue mosquitoes by application of appropriate insecticides

to outdoor water storage containers, insecticide-treated materials, repellents (WHO, 2009).

Novel control approaches envision the use of biological control agents for instance predatory

crustaceans aimed at prompt elimination of colonization foci and the release of genetically en-

gineered mosquito populations with reduced lifespan (McMenima, 2009).

In Mexico the Aedes Aegypti mosquito has been found in states like Nuevo León, Coahuila,

Tamaulipas, Veracruz, Colima and Chiapas (Salomón-Grajales et al., 2012; López et al., 2012;

CENAPRECE, 2015). In these states numerous cases of classic and hemorrhagic dengue con-

tinue to be reported. Notably, the case of Colima which was the state with the highest number

of dengue cases reported in 2002 (Dantés et al., 2014; Chowell & Sánchez, 2012).

The state of Colima in Mexico possesses physical and geographical characteristics leading

to an average temperature between 18℃ and 28℃, which facilitates the development of Aedes

Aegypti mosquitoes. Under such climatological conditions, the state of Colima had a historical

maximum of 9630 cases in 2002. This phenomenon not only led to population’s suffering but

also economic burden for the government and society. To cope with this, the state government

emphasized research investment and at first stage several prevention actions involving commu-

nity participation as well as larval and chemical control that was supported by epidemiological

and entomological surveillance. Further successful efforts included the “descharrización” cam-

paign that attained very positive results as shown in the present report.

In this paper, we aim at establishing a simple qualitative relationship between the period-

icity of temperature and precipitation in relation to dengue incidence in four municipalities of

the state of Colima (Manzanillo, Armeŕıa, Tecomán and Ixtlahuacán). To this end, we tar-
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geted the analysis of data concerning precipitation, minimum temperature and dengue cases

reported between the years 2008 and 2015. It is concluded that the reported relationship and

methodology may be useful to define predictive patterns of dengue occurrence that support

public health decision-making in the case of coastal and isolated municipalities.

2 Background

Colima is a state possessing physical and geographical characteristics that are optimal for

dengue mosquito development, namely a temperature between 18℃ and 28℃. It is located in a

geographical position between the coordinates of 19°05’48” north latitude and 103°57’39” west

longitude. A map of Colima depicting the location of its municipalities is shown in Fig. 1.

Since many years the population of Colima has suffered from the presence of the mosquito

Aedes aegypti and consequently dengue fever. Noteworthy, a historical maximum of 9630 cases

was reported in 2002, which translated into population’s suffering and considerable economic

loss for the state due to high costs of hospitalization. For this reason the state government

decided to implement actions at the heart of public policy, firstly by investing in research and

prevention through community participation, larval control and chemical control, supported by

epidemiological and entomological surveillance; secondly by launching in 2009 the descachar-

rización campaign whose slogan was: “Everyone was together at the same time, the same task:

removing pots” (Anguiano et al., 2011).

The Prevention and Control Diseases National Center [CENAPRECE, Mexican National

Organization for Control of Disasters, (CENAPRECE, 2015)] promoted strategies that included

early action to reduce the risks of transmission, hold back dengue outbreaks and prevent their

spread as a quick response for the occurrence of infections. CENAPRECE further requested

their strategies to support social programs and community participation involving all three

levels of government, namely federal, state and municipal levels.

Preventive measures in the Colima state to cope with dengue began in 2010, just af-
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Figure 1: Municipalities most vulnerable to the impact of dengue in the period 2008-2014. Modified

from Mapa (2013, 2015).

ter Colima was reported as the state with the highest incidence of dengue at the national

level in 2009. The program was conducted under the auspices of the University of Colima

(Universidad de Colima, 2009), which was granted funds by CONACYT (Mexican Science

Foundation). On the other hand, SEDESOL (2014) allocated the Government of Colima three

million Mexican pesos to fight the disease, while the state government earmarked 14 million

pesos for insecticides and programs to prevent and combat dengue (in Diario de Colima, Octo-

ber 2009).
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The aim of the program was to reduce the infection risks, keep an epidemiological con-

trol and minimize the number of deaths caused by dengue in the state. To achieve this, the

implemented strategies included spray insecticide on schools and public spaces, allocation of

one ovitrap for each group of 30 houses, etc. (Anguiano et al., 2011). As reported, outbreaks

occurred when the temperature increased and due to precipitations (Diario de Colima, 2013).

3 Materials and methods

Helmersson (2012) studied a relationship between dengue incidence and temperature in order to

predict disease hot spots. The methodology that we utilize in the present report is inspired by

this previous study. In particular, we realized that dengue incidence occurs when local maxima

of the minimal temperature curve coincide with precipitation.

The maximum and minimum temperature curves and pluvial data were obtained from the

Water National Commission (CNA, 2014). The periodicity of such data is daily. The clas-

sical dengue incidence data were taken from the bulletin of Epidemiology General Direction

(Bolet́ın Epidemiológico, 2014). The periodicity of incidence data is weekly.

3.1 Data treatment

The CNA provides weather data with daily periodicity from 1949 to 2014. These data show

a periodic behavior (see Fig. 2). In order to verify such statement, the fast Fourier transform

(FFT) was calculated on the obtained time series. Unfortunately, data provided by the CNA

are incomplete, so it was necessary to perform cubic interpolations to fill the gaps of missing

data.

In Fig. 2 three meteorological variables are shown, namely minimum temperature, max-

imum temperature and precipitation for the Armeŕıa municipality. First day is October 1st,
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Figure 2: Three meteorological varables for Armeŕıa, Colima.

1977. As noticeable, the minimum temperature variable and the precipitation have a periodic

behavior. The same does not occur for the maximum temperature variable. We can see that

precipitation occurred during maxima of the minimum temperature’s curve. In the same figure

a zoom of the four cycles is displayed.

As epidemiological data available have weekly periodicity, it was necessary to obtain me-

tereological data also with the same periodicity by calculating the mean of daily data. Epidemi-

ological data were taken from January 2008 until June 2013. This time interval includes the

descacharrización campaign conducted between 2009 and 2010. We exploited the fact about

the periodicity of the meteorological data to extrapolate data for the weeks that were not avail-

able, i. e. from June 2013 until June 2015, that is to say data from week 364 until week 440.

It is important to note that the meteorological variables had a similar behavior in all mu-
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Year Week Year Week

2007 1 to 52 2012 261 to 312

2008 53 to 104 2013 313 to 364

2009 105 to 156 2014 365 to 416

2010 157 to 208 2015 417 to 468

2011 209 to 260 2016 469 to 520

Table 1: Distribution of the weeks by year.

nicipalities that we addressed, so we only show data for the Armeŕıa municipality to avoid

redundancy. The first week was defined from January 1, 2007. See table 1 for details.

The CNA temperature and precipitation data are periodic [we test them by aplying the

Fast Fourier Transform on the corresponding time series (Scilab, 2014)]. We use the variable

minimum temperature because it is more stable than the variable maximum temperature.

4 Results

The red flag terminology that the Directorate General of Epidemiology (DGE) of the Ministry

of health in Mexico assigns to a municipality, does not necessarily indicate occurrence of a big

number of dengue incidences, but rather a sudden occurrence that demands immediate atten-

tion and monitoring. In particular, we focused on those four municipalities because they were

listed as red flag in the period 2008-2013 by the DGE.

Weekly precipitation (mm), minimum temperature (℃) and number of infected persons

(dengue incidence) are drawn for the four municipalities: Armeŕıa, Ixtlahuacán, Manzanillo

and Tecomán.
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4.1 Armeŕıa

Armeŕıa was one of the municipalities cataloged as red flag in 2009-2010, that is during the

descacharrizacion campaign years. In Fig. 3, it is noticeable that the last weeks of 2008

(around week 100) dengue incidence suddenly increased from 0 to 34 cases. This behavior

caused Armeŕıa to be cataloged as red flag state and therefore it was continuously monitored

to avoid a future epidemic. In the year 2009 (week 105-156), the cases of dengue decreased

until no more cases were reported for a period of about 30 weeks (week 125 to 155).
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Figure 3: Minimum temperature, precipitation and dengue incidence at Armeŕıa in de 2008-2015.

Nevertheless, new outbreaks occurred in the years 2010 and 2011, although the number of

occurrences was lower than in 2008 (less or equal than 5 cases). Interestingly, the campaign

of descacharrización was taking place in other places at this time but not in Armeŕıa. Shortly
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after, a program consisting of prevention measures and fumigation was developed for this mu-

nicipality.

Unfortunately, the year 2012 when the program was in its final stage, and in 2013 when

the government decided not to allocate resources to control the disease, outbreaks of dengue

emerged again, as seen in the period week 295-340 of Fig. 3. Finally, the campaign of descachar-

rización started in Armeŕıa in 2013 (Ayuntamiento de Armeŕıa, 2013). This year new dengue

incidences occurred as observed in Fig. 3 and as can be observed, dengue incidence commonly

followed a pattern of occurrence dictated by rainy seasons followed by temperature changes.

However, in the last year (2014) outbreaks occurred without following such pattern, e.g. dengue

cases were reported during a low value of the minimum temperature variable, before the next

rainy season1.

4.2 Ixtlahuacán

Ixtlahuacán is one of the municipalities with the lowest population in the state of Colima, 5,300

people in 2010 [0.814689% of the state population (SEDESOL, 2014)]. However in 2009 it was

listed as red flag (Bolet́ın Epidemiológico, 2014).

In Fig. 4, the number of dengue cases reported and the weekly meteorological normals

(minimum temperature and precipitation) between the years 2009 and 2015 are displayed. Un-

like the municipality of Armeŕıa, dengue incidence appears to follows a pattern characterized

by rainy seasons and high values of the minimum temperature variable. The descacharrización

campaign started in 2009 in this municipality (Colima noticias, 2014), and had a positive effect

as it can be seen in Fig. 4, namely between 2010 and half of 2014 there was not an important

number of dengue cases reported by the epidemiological bulletin.

Nevertheless, an important number of dengue cases were reported in the middle of 2014.

1Rains represented after week 450 in Fig. 3 have not occurred, they are only a prediction generated from

the periodicity of the precipitation.
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Figure 4: Minimum temperature, precipitation and dengue incidence at Ixtahuacan in de 2008-2015.

By October 2014, the descacharrizacion campaign was implemented (Ecos de la Costa, 2014).

As observed in Fig. 4, dengue incidences following the pattern of high values of minimum

temperature and precipitation were observed again.

4.3 Manzanillo

Manzanillo is one of the most important ports of Mexico. It is also one of the largest cities in

the Colima state and all kind of visitors and goods arrive there by boat, plane, train, bus, etc.

Importantly, the biggest number of dengue cases took place in Manzanillo during 2008 (see Fig.

5). It is observed that most of the cases occurred in the years 2008 and 2009.

Dengue incidences ceased for a relatively long time (between the weeks 115 and 156) in
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Figure 5: Minimum temperature, precipitation and dengue incidence at Manzanillo in de 2008-2015.

2009. However, dengue cases reappeared in 2010. As a result, the government implemented

a new descacharrización campaign. These campaigns helped to avoid new dengue outbreaks

between 2011 and 2013. In those years there were only few dengue incidences reported, that is

in the weeks 213 and 214 (two cases each), in the week 225 (eight cases) and in the week 314

(two cases). These few cases were not significant to consider Manzanillo as red flag state.

Dengue outbreaks started again when the descacharrizacion campaign finished in 2013.

More than 151 confirmed dengue cases in Manzanillo (0.001% of the total municipality popula-

tion) were reported. As in Ixtlahuacán, the dengue incidences followed a pattern of occurrence

guided by rains and with high values of the minimum temperature variable. As can be seen in

Fig. 5, only at the beginning of 2009 dengue cases occurred during low values of the minimum
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temperature variable and without precipitation.

4.4 Tecomán
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Figure 6: Minimum temperature, precipitation and dengue incidence at Tecomán in de 2008–2015.

Another coastal municipality of Colima is Tecomán. This municipality was cataloged as

red flag between 2008 and 2009 because of the high incidence of dengue cases reported. In

particular, Fig. 6 shows the incidence of dengue in Tecomán since 2008. It is noticeable that

2008 was not the year with more infected people with dengue, but rather 2009 with 220 cases

approximately (0.02% of the total municipality population). Throughout that year dengue was

controlled and its occurrence decreased. Nevertheless during the last period of that year more
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than 130 confirmed cases had occurred.

There were not reported cases of dengue in 2010, but in 2011 and 2012 the DGE assigned

Tecomán red flag status, because of the occurrence of sudden outbreaks. Again, such outbreaks

followed an occurrence pattern characterized by high values of the minimum temperature and

precipitations.

The descacharrizacion campaign and other preventive measures helped mitigate the occur-

rence of dengue cases and in 2014 no dengue cases were reported. Nonetheless in 2015 there

were new reports. Contrary to the occurrence pattern presented so far, in 2015 cases were

reported during low values of the minimum temperature and without precipitation.

5 Dengue fever in the 4 municipalities

In Fig. 7, dengue incidence corresponding to the four municipalities addressed: Armeŕıa, Ixt-

lahuacán, Manzanillo and Tecomán between the years 2008 and 2015 is displayed.

The higher incidence began in Manzanillo, and it was propagated towards Armeŕıa, Tecomán

and finally Ixtlahuacán. It is interesting to note that the main highways connecting Colima

(the state capital) and Manzanillo, are traced in such a way that they necessarily pass through

Ixtlahuacán, Tecomán, Armeŕıa to reach Manzanillo. We can see in Fig. 8 the roads distribu-

tion in the region comprising the four municipalities of the state of Colima that we address. As

it is apparent, there is not direct access from Colima to Manzanillo through Coquimatlan.

6 Conclusions

Two demographically large municipalities (Manzanillo and Tecomán) and two small municipal-

ities (Armeŕıa and Ixtlahuacán) were chosen. The former because they possess coastal regions

and are economically and socially important. The latter because it emphasizes the fact that

small municipalities with low population are also susceptible to high dengue incidence to the
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point of being considered red flag, in spite of being relatively isolated (Ixtlahuacán). This

aspect certainly highlights the impact of the communication highways and human transit on

dengue incidence for isolated areas.

The graphs show a quasi-generalized pattern of dengue occurrence characterized by high

values of the minimum temperature variable and precipitations. In fact, we observed that a

high number of dengue cases reported in a particular municipality, which resulted in a red flag

status was most commonly dictated by the temperature change. We can corroborate these as

reported by Diario de Colima (2013) if we look at the graphs of figures 3 to 6 in which all cases

of dengue outbreaks occurred when the minimum temperature variable increased and during

the presence of precipitation.
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Figure 8: Main highways in the Colima state. Picture taken from Google-Earth 2015.

In Fig. 7 we can see that there is a wave of dengue incidence that is spatially spread

throughout the four municipalities, starting in Manzanillo and ending towards Ixtlahuacán. Of

course such spatial pattern does not finish there, but the study excluded municipalities that

are located at the north of Ixtlahuacán. The data indicates that dengue propagates as an ori-

ented wave, following the human transit (see Fig. 8) (Murlis et al., 1992; Cummins et al., 2012).

Although the number of dengue cases reported is low when compared to the size of the

population in the municipalities, it is suggested to assign red flag status to a municipality with

dengue incidence greater than ten cases to give track and prevent the spread, according with

the DGE criterion (Bolet́ın Epidemiológico, 2014).

After DGE reported that Colima was the state with more dengue cases in 2009, the

descacharrización campaign was implemented. In the years in which such campaign was car-
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ried out, the dengue incidence decreased considerably, until no cases were reported for some

periods of time. Unfortunately, this campaign was not continued and dengue incidences oc-

curred again. This strongly indicates that the descacharrization campaign should have been

performed periodically in each municipality to sensitize people in acquiring habits of order and

cleanliness, especially with objects that are not thrown away and that represent an optimal

place for mosquito’s eggs incubation.

Weather data from official sites in Mexico are unfortunately not properly updated, which

represents a drawback for studies targeting the effects of campaigns and public policies aiming

at controlling dengue. However, by exploiting the relatively stable periodic behavior observed

in climatological normals and the patterns found by applying the methodology of the present

study for different municipalities, one could provide a prediction about the periodicity of dengue

occurrence, and thus take appropriate measures to prevent it.

The methodology introduced in this report can be applied to other municipalities in the

state of Colima and/or other states of Mexico that are considered regions with high prevalence

of dengue, such as Yucatan, Jalisco, etc. In fact, determining not only temporal but also spatial

predictive patterns of dengue occurrence in a specific region will be useful in designing public

health policies that optimize economic resources while achieving better control strategies of

dengue.

Few cases of hemorrhagic dengue were reported in the municipalities that we addressed.

Indeed, this number was considerable smaller than number of occurrences for classic dengue

(dengue fever). By considering that hemorrhagic dengue has have a similar behavior than

dengue fever [see Bolet́ın Epidemiológico (2014)], we only focused on presenting results for

dengue fever as being the most prevalent.
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Villahermosa, Tabasco, México, 2010; Rev. Chil. Infect. 29 (1) 32–36.

T. K. Joy, A. J. Arik, V. Corby-Harris, A. A. Johnson, M. A. Riehle. (2010) The impact of

larval and adult dietary restriction on lifespan, reproduction and growth in the mosquito

Aedes aegypti. Exp. Gerontol. 45 (9):685–690.

J. Kyle & E. Harris. Global Spread and Persistence of Dengue. Annual Review of Microbiology.

62: 71–92

20

http://ecdc.europa.eu/en/publications/_layouts/forms/


G. La Ruche, Y. Souarès, Armengaud A et al. First two autochthonous dengue virus infections

in metropolitan France, September 2010. Euro Surveill. 15 (39):pii=19676. [Online article]:

cited on Aug 5, 2015,

http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=

19676
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