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Summary: Geographical information systems (GIS) use for development of epidemi-
ological maps in dengue has been extensively used, however not in other emerging
arboviral diseases, nor in Central America. Surveillance cases data (2015) were used
to estimate annual incidence rates of dengue and chikungunya (cases/100,000 pop)
to develop the first maps in the departments and municipalities of Honduras. The
GIS software used was Kosmo Desktop 3.0RC1®. Four thematic maps were developed
according departments, municipalities, diseases incidence rates. A total of 19,289
cases of dengue and 85,386 of chikungunya were reported (median, 726 cases/week
for dengue and 1460 for chikungunya). Highest peaks were observed at weeks 25th and
27th, respectively. There was association between progression by weeks (p <0.0001).
The cumulated crude national rate was estimated in 224.9 cases/100,000 pop for
dengue and 995.6 for chikungunya. The incidence rates ratio between chikungunya
and dengue is 4.42 (ranging in municipalities from 0.0 up to 893.0 [San Vicente Cen-
tenario]). Burden of both arboviral diseases is concentrated in capital Central District
(>37%, both). Use of GIS-based epidemiological maps allow to guide decisions-taking
for prevention and control of diseases that still represents significant issues in the
region and the country, but also in emerging conditions.

© 2016 King Saud Bin Abdu-

laziz University for Health Sciences. Published by Elsevier Limited. All rights reserved.

Introduction

Arboviral diseases, such as dengue and chikungunya
[1,2], and now Zika [3], represent a public health
problem especially in tropical countries, includ-
ing those in Latin America, such as Honduras [4].
However, due to tourism and migration, also in non-
endemic areas, as has been reported [5,6]. Whilst
the epidemiology of dengue and chikungunya is well
known in many countries, including its social and
climatic factors associated, few data and reports
are available from Central American countries, par-
ticularly from Honduras [1,4,7,8]. Previous studies
in this country have addressed basic analyses of the
epidemiological characteristics of epidemics since
1978 [9], up to the assessment of the impact of cli-
mate variability and change on dengue in 2010 [4].
Nevertheless, since ending 2014, but particularly
2015, dengue is not the only arboviral disease of
epidemiological importance in Honduras and Cen-
tral America, chikungunya arrived to the country
and become endemic quickly as in other countries
of Latin America [2,10]. In 2016, also Zika epi-
demics begun to be of concern [11].

In the case of chikungunya, there are not yet
studies from Honduras, and there are very few from

Central America [10,12], indicating its importance
as well analyzing in detail its epidemiological impli-
cations. A disease, different to dengue, that would
progress to a chronic phase [13], producing par-
ticularly the chronic inflammatory rheumatism in
around half of patients, according to recent esti-
mates and measurements in Latin America [14—16].
This is leading to a significant burden of disease
(in disability and costs) [17], has been estimated in
the region and in detail in some countries such as
Colombia, in addition to the well-known burden of
dengue [17—20]. Even more, coinfections between
dengue and chikungunya can occur and have been
reported [21—-24].

As part of enhanced efforts in control and risk
assessment for dengue and chikungunya in Latin
America (as well for other arboviral and tropical
diseases), the Regional Information System of the
Coffee-Triangle Region, together with the Univer-
sidad Tecnologica de Pereira (through the Public
Health and Infection Research Group), the Ministry
of Health of Honduras and the Universidad Nacional
Autonoma de Honduras, among other international
institutions, are working together in the academic
analysis of epidemiological information of infec-
tious diseases in regional and national scales [16],
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including diseases such as dengue and chikungunya
[4,17,19,25—27]. In this setting, this study was
aimed to estimate incidence rates of dengue and
chikungunya in 2015 for Honduras and its depart-
ments and to develop GIS-based epidemiological
maps for these arboviral diseases in the country.

Methods

Honduras is a Central American country constituted
by 18 departments (main administrative level)
(Fig. 2) and 298 municipalities (second administra-
tive level) (Figs. 3 and 4). The Honduran territory
presents climatic, geographic and epidemiologi-
cal conditions suitable for transmission of multiple
infectious diseases, particularly vector-borne dis-
eases. Aedes aegypti, vector of both, dengue and
chikungunya, is widely distributed all over the terri-
tories [28]. As other tropical countries, compromise
large areas where environmental factors such as
temperature, humidity, precipitation, latitude and
altitude, as well as social, cultural, economic and
political factors are suitable for sustained trans-
mission. Whilst this disease is under surveillance;
prevention and control programs are still ineffec-
tive, even more in the case of chikungunya that still
deserves more research and study in this country as
well in Latin America. In this setting, is of utmost
importance to assess surveillance health informa-
tion systems that would allow estimations of its
morbidity in the whole country.

For this observational, retrospective and cross-
sectional study, the epidemiological data were col-
lected from national surveillance system, obtaining
the number of cases for each department and each
municipality of the country by year 2015 (detailed
by weeks). Data used for this study are constituted
from confirmed cases, which have been revised in
terms of data quality. Data proceed for this study
from 298 primary municipal notification units, col-
lected at the 18 department notification units, later
consolidated and centralized in Tegucigalpa (Capi-
tal District, CD). Cases of dengue and chikungunya
have been clinically and laboratory confirmed (by
serology and RT-PCR).

Using official reference population data
(National Institute of Statistics, INE), estimates of
the annual incidence rates for all the departments
and municipalities of the country during the study
period were calculated (cases/100,000 pop) to
provide estimates of the dengue and chikungunya
incidence in the country and by department and
municipalities. Main incidence rates were esti-
mated including their 95% confidence intervals

(95%Cl). Linear regression models between dengue
and chikungunya cases per week in order to explore
associations were also performed, with a 95% of
confidence, p significant <0.05. Statistical analyses
were performed with Excel 365® for Windows 8%,
InfoStat® and PSPP®.

In addition, national GIS-based maps, by depart-
ments and municipalities with the distribution of
dengue and chikungunya, were generated. The
software Microsoft Access® was the platform to
design the spatial databases used, to import inci-
dence rates by departments, municipalities and
disease, to the GIS software. The Client GIS soft-
ware Open source used was Kosmo Desktop 3.0
RC1®. The shapefiles of departments (.shp) were
linked to data table database through spatial join
operation, in order to produce digital maps of
annual incidence rates by departments and munic-
ipalities.

Results

During the study period, a total of 19,289 cases of
dengue and 85,386 of chikungunya were reported
in Honduras, with a median of 726 cases/week for
dengue (ranging from 291 to 1789) and of 1460 for
chikungunya (ranging 387—4175) (Figs. 1-5). High-
est peak of cases of dengue was reached during
epidemiological week 25th, whilst for chikungunya
was at the 27th (Fig. 1). There was an associa-
tion between the increase and decrease by weeks
across the year between both diseases, which was
evidenced at a linear regression model for dengue
and chikungunya (r2=0.6741; F=103.4; p<0.0001)
(Fig. 1).

The cumulated crude national rate was esti-
mated in 224.9 cases/100,000 pop for dengue
(95%Cl 222.0—228.0) and 995.6 for chikungunya
(95%Cl1 989.0—1002.0). The national incidence rates
ratio between chikungunya and dengue was 4.42
(ranging in departments from 0.032 [Gracias a Dios]
up to 78.44 [Francisco Morazan]; and in municipali-
ties from 0.0 up to 893.0 [San Vicente Centenario])
(Fig. 3).

From the total of dengue, 12.35% of cases
were from Choluteca, the southernmost depart-
ment of the country (531.9 cases/100,000 pop)
(Fig. 2), followed by Comayagua with 11.84%
(445.9), the capital department (Fig. 2). Never-
theless, Valle presented the highest incidence rate
(634.5 cases/ 100,000 pop) (Fig. 2). From the total
of chikungunya, 38.4% of cases were from Fran-
cisco Morazan (2110.8 cases/ 100,000 pop) (Fig. 2),
followed by Cortes with 23.2% (1221.6), Yoro with
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Figure 1 Temporal distribution by epidemiological weeks of number of cases of dengue and chikungunya in Honduras,

2015, and its relation in a linear regression model.

7.15% (1039.4) and Olancho with 6.74% (1070.3),
these four departments concentrated more than
75% of the cases of the country (Fig. 2).

Cases of both diseases were reported in all the
departments of the country (even insular areas,
such as Islas de la Bahia, Bay Islands) (Fig. 2).
There were departments with simultaneous high
incidence of both diseases, such as Olancho and
Yoro (>250 cases/ 100,000 pop of dengue and >1000
of chikungunya) (Fig. 1); departments with high
incidence of dengue (>250) but low of chikungunya
(<1000) such as Valle, Choluteca, Comayagua,
among others (Fig. 2); departments with high inci-
dence of chikungunya (>1000) but low of dengue
(<250) such as Francisco Morazan and Cortés
(Fig. 2); and those with relative low incidence of
both diseases when compared with the other groups
of departments (<250 for dengue and <1000 for
chikungunya), such as Colon, Ocotepeque, Lempira,
Intibuca and Gracias a Dios (Fig. 2).

GIS-based maps show that dengue incidence is
higher in southern departments whilst in the case

of chikungunya is more north-central departments.
In any case, all the departments of Honduras are
affected by both diseases (Fig. 2).

At municipalities level, Valle the department
with highest incidence of dengue has the munici-
pality with highest dengue incidence in the whole
country, 1951.6 cases/100,000 pop (1.95%, ~2 cases
per 100 persons) (Fig. 3), followed by the Central
District (Capital) in Francisco Morazan department
(1922 cases/100,000 pop) (the District reported
51.02% of the cases of the country), La Paz
municipalitiy (La Paz department) (1482.8), Juti-
calpa (Olancho) (1393.6), Comayagua (Comayagua)
(1136.5), Amapala (Valle) (1114.3), Santa Rosa de
Copan (Copan) (1112.3) and San José de Colinas
(Santa Barbara) (1109.1) (Fig. 3). These 8 depart-
ments concentrated 64.69% of the dengue cases of
Honduras. From the total number of municipalities,
there were only 60 (out of 298, 20.1%) that did not
report any cases of dengue during 2015.

In the case of chikungunya, at Santa Bar-
bara department were located the municipalities
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Figure 2 Geographic distribution by GIS-based map of the estimated incidence rates for dengue and chikungunya
in Honduras, 2015 by departments. These maps were made with the support in a Geographic information system

(Kosmo—GlS).

with highest incidence rates, San Vicente Cente-
nario with 24,312.6 cases/ 100,000 pop (24.31%, ~1
case per 4 persons) and Santa Rita with 5,218.5
cases/100,000 pop (5.22%, ~5 cases per 100 per-
sons) (Fig. 4). These were followed by Caridad
(4822.5) and Aramecina (4050.4) in Valle depart-
ment, San Juan (La Paz) (3787.9), San Francisco
de Ojuera (Santa Barbara) (3197.0), Santa Rosa
Copan (3117.7), Juticalpa (3017.5), San Antonio de
Flores (Choluteca) (2896.4) and the Central Dis-
trict (2676.4) (this report 37.31% of the country

chikungunya cases) (Fig. 4). These 10 municipal-
ities concentrated 46.64% of the cases. From the
total number of municipalities, there were only 36
(out of 298, 12.1%) that did not report any cases of
chikungunya during 2015.

Central District, Santa Rosa de Copan and Juti-
calpa reported a high number of cases and a
high incidence rate of both arboviral diseases
(Figs. 3 and 4). Highest peak of cases of dengue at
the Central District was reached during epidemio-
logical week 21th, whilst for chikungunya was at
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the 25th (Fig. 5), as occurred at national level, between the increase and decrease of cases by
there was also a clear relationship or association = weeks across the year in the Central District, which
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was evidenced at a linear regression model between
dengue and chikungunya (r2=0.6130; F=79.21;
p<0.0001).

Discussion

During last decade, but particularly in the last
two years, arboviral diseases (such as dengue,
chikungunya and Zika) have increased globally its
importance, especially in Latin America [10,17,29].
This region has recently observed the arrival of
chikungunya and Zika [3], diseases with multiple
epidemiological and clinical implications still to be
fully assessed and described [30].

Up to February 19, 2016, a cumulate of 7,328,012
cases (2013—2016) have been reported of dengue in
the Americas according the Pan American Health
Organization, 131,302 in Honduras. For chikun-
gunya, 1,890,772 cases (2013—2016) have been
reported, 94,074 in Honduras. For Zika these fig-
ures are up to the same date, 130,689 cases for
the Americas and 4592 for Honduras. That means
that up to 9,349,473 people have been notified
with one of these arboviral diseases in the Amer-
icas [31], 229,968 in Honduras. Previous studies
have estimated not just the acute impact of chikun-
gunya in the region and in Honduras, but also the
number of possible chronic cases (post-chikungunya
chronic inflammatory rheumatism, pCHIK-CIR), in a
range between 385,835 and 429,058 cases just for
2014 (between 1842 and 2048 in Honduras) [13],
nevertheless no specific studies have directly mea-
sured this complication in a cohort of patients in
the country, nor is under surveillance. Although
this, also estimations of the burden in terms of

disability have been also estimated for the region
and the country, in a range of 25.45—28.31 DALYS
(disability-adjusted life years) per 100,000 pop in
the Americas and between 8.9 and 9.9 in Honduras
[18].

In this changing setting, public health tools
for detailed analyses, such as the use of GIS-
epidemiological maps [32], are of high relevance
for any affected country. In the case of Central
American territories, there is a clear lack of studies
developing such maps for infectious diseases, even
more for dengue and chikungunya. None previously
study about it was published in Honduras, which
has been particularly affected from dengue since
many decades ago, and would be in the future also
as part of the climate change and variability and
socioeconomical conditions as has been previously
evidenced [4,9]. Now affected by chikungunya and
also beginning to be affected by Zika.

In this study, we estimated the incidence rates
of both diseases, dengue and chikungunya, and
generated epidemiological maps for them in two
geographical levels (departments and municipali-
ties). Although chikungunya incidence was higher
than dengue (as much as 800x in one municipal-
ity), the last one is still important in the country,
also more associated fatal outcomes. Chikungunya
appears to followed the patterns of dengue in
the country (existing there for decades), then,
as we did, integral epidemiological study of both
arboviral diseases is essential from now and go on.
Although, as has been stated, this may not pro-
vide all the answers, particularly from the clinical
point of view is particularly useful for public health
evidenced-based decisions [33]. Developed maps,
would provide a baseline epidemiological informa-
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tion for multiple assessment of the differentiated
risk related of acquire such diseases in certain areas
(departments and municipalities) of Honduras, as
has been proposed particularly for dengue [34—36].
In the case of chikungunya, there have been a
lack GIS-based publications during the ongoing epi-
demics in Latin America, with the exception of
Colombia [17,19,26,27].

Use of GIS-based epidemiological maps allow
to integrate preventive and control strategies,
as well public health policies, for joint control
of these vector-borne diseases in Honduras [27],
which also should be followed by other countries
in Central America. Even more with the recent
arrival of Zika (up to July 14, 2016, there have
been 26,276 suspected cases reported in Honduras
[46 confirmed by laboratory]), these tools are
also important to be developed. GIS-based maps
for Zika, integrated to the current dengue and
chikungunya maps, will be nearly developed in
Honduras. In the meantime, if Zika follow the path
of dengue and chikungunya, those areas with high
incidence rates of these, would be also of high risk
for this new arboviral disease.

As dengue, chikungunya and Zika are transmitted
primarily by Aedes aegypti, maps of these infec-
tions as well for coinfections will be also needed
[23,24,26,27]. In areas where these arboviruses
are simultaneously cocirculating, combined infec-
tions can occur and deserve more study [21,31]
In addition to the public health implications, use
of these maps would also provide relevant infor-
mation in order to assess the risk of travelers
with specific destinations in highly transmission
areas with the idea of giving prevention advice
[26,27,37], even more because they play also
an important role in the virus spread, as occurs
with the arrival of chikungunya and Zika from
other countries (imported cases) to Honduras and
other countries in Latin America. For example,
the department of Islas de la Bahia (Bay Islands),
including Roatan, is a highly visible and visited des-
tination among tourists during all seasons, with
a considerable occurrence of dengue and chikun-
gunya, as showed herein, 655.2 cases/100,000 pop
for the first and 277.6 for the second, but being
higher in Utila islands (1009.6 and 48.1, respec-
tively), followed by Roatan islands (799.4 and
329.2, respectively), then highlighting the need
for increased prevention of national and interna-
tional travelers visiting this touristic areas. Roatan
is constantly receiving international cruise ships,
with the consequent epidemiological implications,
as above described. Now, in the department of
Colon (with 506.3 cases/100,000 pop of chikun-
gunya and 219.8 of dengue), which includes Trujillo

(201.4 cases/100,000 pop of chikungunya and
107.1 of dengue) with its port Puerto Castilla,
there is large industrial development with an
international hub for cruise ships. This last, is
also for consideration regard travel medicine and
public health for these arboviral diseases in Hon-
duras.

In the near future, maps for other clinical
variables of these arboviral diseases should be
developed in the country, including its incidence
in children, women in childbearing age, preghant
women, patients with pCHIK-CIR, pCHIK-CIR associ-
ated DALYs, related costs, among others variables,
that in fact have been mapped in other countries
on Latin America, such as Colombia [17—19,26,27],
with their consequent impacts on health informa-
tion and potential implications in public health
policy making. Detailed maps for Zika are now
emerging from Colombia [38—40], among other
countries and this should be followed by Honduras
and other territories in Central and South Amer-
ica for a better understanding of these arboviral
diseases.

Finally, preparedness on these arboviruses for
healthcare workers and students in the Honduras
and the region should go under intense continu-
ing education activities [41,42], but more research
interventions [43—45], including community par-
ticipation on vector control will be necessary to
control and mitigate the effects of Aedes trans-
mission. Also, these first GIS-based epidemiological
maps for dengue and chikungunya would be also
useful in the future when planning for the devel-
opment of trials with vaccine candidates, ongoing
and now available in some countries for dengue
[46—49], as well in the future for chikungunya and
Zika [50,51].
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