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Dengue and chikungunya: long-distance
spread and outbreaks in naı̈ve areas
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Mosquito-borne virus infections, such as dengue and chikungunya, are continuously expanding their
geographical range. The dengue virus, which is known to be a common cause of febrile illness in tropical
areas of the Old World, is now widespread in the Americas. In most affected areas, all the four dengue virus
serotypes have circulated. Recently, small clusters of dengue have been identified also in Southern Europe
during the hot season. The chikungunya virus, initially restricted to Central Africa, where is a common cause
of sporadic cases or small outbreaks, and Asia, where it is used to cause large epidemics, has recently
invaded new territories. After ravaging Indian Ocean Islands and the Indian subcontinent, CHIKV caused
an outbreak in north-eastern Italy. Recently, chikungunya has reached the Caribbean, causing for the first
time a large epidemic on the American continent. Although Aedes aegypti is the main vector of both
viruses, Aedes albopictus, the Asian ‘Tiger’ mosquito, is now playing an increasingly important role,
contributing to their spread in temperate climate areas. Hereby, we focus the attention on outbreaks of
dengue and chikungunya occurring in previously disease-free areas and discuss factors associated with
the long-distance spread of the vector-borne infections, such as mutations increasing viral fitness, climate
change, urbanization, and globalization of humans and vectors.
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Introduction
Arthropod-borne viruses (Arboviruses), in particular

mosquito-borne viruses, such as the dengue virus

(DENV), chikungunya virus (CHIKV), and West

Nile virus (WNV), are becoming an increasingly im-

portant global health threats, spreading from their

original niche in sub-Saharan Africa to most areas of

the world. Differently from the WNV, which has a bird

reservoir, DENV and CHIKV are maintained through

a primate–mosquito–primate cycle; thus, their spread

does not depend on bird migration routes. In this review

article, we analyze recent changes in the geographical

distribution and describe the main determinants of

the global spread of these two viruses, focusing the

attention on new territorial ‘conquests’ through long-

distance spread, and on outbreaks occurring in tem-

perate climate zones. In fact, although the increased

spread of infections in, and around, endemic areas is

likely to be the most important modality of disease-

burden increase (at least for dengue), long-distance

spread, with consequent occurrence of unexpected

outbreaks, is not a negligible aspect of current epi-

demic dynamics of dengue and chikungunya.

Dengue
Dengue is caused by an arbovirus belonging to the

Flavivirus genus of the Flaviviridae family. There are

four DENV strains, referred to as DENV1–4 sero-

types. Clinical manifestations range from mild cases of

dengue fever to severe cases of dengue hemorrhagic

fever and/or dengue shock syndrome. The main vector

of DENV is Aedes aegypti, but the infection may be

transmitted also by Aedes albopictus. In the past

50 years, the incidence of dengue increased 30-fold,

and nowadays it is the most rapidly spreading

mosquito-borne viral disease worldwide, accounting

for an estimated 50–100 million infections occurring

every year.3 The global distribution of Aedes spp and

DENV serotypes is shown in Fig. 1; all the four

DENV serotypes have been circulating at some point

in time in virtually all the affected continents.1–3

In the following paragraphs, some case descrip-

tions of the re-introduction of dengue in temperate or

subtropical climate zones which are not contiguous to

known endemic areas are presented.

The threat of dengue to Europe
The last European outbreak of dengue: Athens,

1927–1928

Dengue outbreaks were not uncommon in the

Mediterranean area between the end of the IXX

and the beginning of the XX century. The disease was
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reported in Athens in 1889, 1895–1897, and in 1910.

Then, in 1927–1928, Athens and neighboring areas of

Greece were the site of the last major epidemic on the

European continent, causing an unusual large num-

ber of severe cases.

The outbreak began in Athens in the summer or

early fall of 1927.4 The first wave was mild, affecting

a minority of the population, and terminated with the

arrival of cold weather. However, sporadic cases

continued to be observed through the winter and

springtime.5 Then, in August 1928, the number of

cases increased dramatically, possibly as a conse-

quence mosquito vectors inside heated houses. The

1928 epidemic was severe and characterized by a high

number of cases (approximately 650 000); hemor-

rhagic manifestations and deaths were common:

about 1% of those .60 years old died.6 The findings

of several serosurveys suggested that clinical severity

was attributable to the sequential circulation of

different DENV serotypes (DENV-1 and DENV-2),

with the occurrence of secondary infections, which

are known to be more severe than primary infec-

tions.6–8 The hypothesis was criticized by a study

showing that almost one-third of those born between

1914 and 1928 had antibodies against DENV-1, while

DENV-2 had occurred in Greece only after 1928.9

Whatever the cause of the severe 1928 Athens out-

break, dengue apparently abandoned the European

continent for a long time. Aedes aegypti, which was the

vector of dengue in Athens and Piraeus,10 almost

disappeared from Eastern Mediterranean after 1935.11

The return of dengue: small clusters in Southern

France and Croatia

In the late summer of 2010, two autochthonous cases

of dengue fever were identified in Nice. The first case

had friends from the West French Indies staying with

him, whereas the second one lived 70 meters from the

first autochthonous case.12 Three years later, in

October 2013, another autochthonous case of dengue

was diagnosed in Bouches-du-Rhône, southern France.

The probable source of infection was a man from

Guadaloupe who had visited the immediate vicinity of

the autochthonous case’s workplace. Aedes albopictus

eggs were found in the ovitraps.13 The identification of

autochthonous cases clustered in time and space, and

the presence of a competent vector, were strongly

suggestive of ongoing local transmission of DENV.

On mid-August of the year 2010, after returning

from a holiday on the Peljesac peninsula and on the

isle of Korĉula, approximately 100 km north-west of

the city of Dubrovnik, Croatia, a man from Germany

developed a febrile illness which was diagnosed as

dengue.14 Following this report, active case-finding

and seroepidemiological surveys were conducted,

showing DENV-specific antibodies in 5.4% of the

serum samples collected in October 2010. The

modalities of introduction of DENV remain unde-

fined. Aedes albopictus, for the first time identified in

Croatia in 2004, was found to be the dominant

species in the area. Mosquito control activities were

successfully implemented to reduce the risk of DENV

reemergence.15

Figure 1 Distribution of Aedes aegypti (orange area), Aedes albopictus (yellow area), or both (green area), and areas where

dengue activity has been detected (dotted area). Circulation of all the four dengue virus serotypes has been identified in all

affected continents. No details are given on small outbreaks occurred on the Hawaii and sporadic cases of dengue reported in

France and Croatia are not reported in the map.
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The Madeira outbreak

In 2012, Madeira reported its first major outbreak

of dengue. The outbreak, caused by the DENV-1

serotype, started on 3 October 2012, and resulted in

over 2100 cases by March 2013. The autonomous

region of Madeira belongs to Portugal; thus, it is

considered European territory, but it is an archipe-

lago located in the Atlantic Ocean, on the same

latitude as the north coast of Africa. Thanks to its

subtropical climate, Aedes aegypti, which was intro-

duced in 2005, has established on the island.16 The

origin of the outbreak was investigated applying the

importation index (which depends on the incidence

rate of dengue in the country of origin and on

travelers volume from the country of origin to the

outbreak area) and phylogenetic analysis; the findings

suggested that DENV was likely to be imported

from South America, with a higher probability for

Venezuela compared to Brazil.17

The continued menace of dengue in the USA
Since 2001, several autochthonous outbreaks of

dengue fever occurred in several areas of the USA:

Hawaii (2001), Brownsville, Texas (2005), and south-

ern Florida (2009–2011).18

In the Hawaii, where autochthonous transmission

had last been reported in 1944, 122 laboratory-

confirmed cases were identified during 2001–2002.19

The outbreak was caused by a DENV-1 strain

imported by travelers from French Polinesia, and it

was transmitted by Aedes albopictus mosquitoes.

In Brownsville, Texas, limited outbreaks of locally

acquired dengue had occurred sporadically since 1980

in areas that border Mexico. In 2005, 25 cases were

detected, but only 3 were considered autochthonous

cases, while 22 persons had traveled to Mexico, where a

large epidemic was ongoing. DENV-2 was the most

commonly detected serotype, which was likely trans-

mitted by Aedes aegypti. A high proportion of residents

in Brownsville (38%) were positive for IgG against

DENV, suggesting past circulation of the infection.20

Finally, in Key West, Florida, where dengue was not

reported since 1934, 90 cases were identified since 2009

and a recent DENV infection was detected in 5.4% of

residents. DENV-1 was detected both in human cases

and in pools of Aedes aegypti mosquitoes.18,21 The

repeated episodes of locally transmitted dengue and the

fact that both the major dengue vectors, and the wide

distribution of Aedes aegypti and Ae. albopictus in the

USA urge public health awareness about vector-borne

infection control.22

Dengue reemergence in Queensland, Australia
Queensland is a state located in the tropical and

subtropical northeastern Australia, where dengue was

present in the late nineteenth century to disappear for

most of the twentieth century; then, in the last

20 years, virus importation and transmission has been

increasingly observed.23 The main vector of DENV in

this area is Aedes aegypti mosquitoes, which was

previously established in other Australian states, but it

is now almost exclusively found in Queensland.

Despite repeated transmission events, dengue is not

endemic, and outbreaks occur when the virus is

imported by a viremic traveler.24 An analysis of

imported cases shows that most index cases reported

traveling to Asia, Papua New Guinea, and Pacific

Islands, and the outbreaks were due to different

DENV serotypes.25

Chikungunya
Chikungunya fever is caused by an arbovirus belong-

ing to the Alphavirus genus of the Togaviridae family,

first isolated in the Newala district of Tanzania in

1952–1953.26 CHIKV is transmitted to humans by

the bite of Aedes spp. (i.e. Aedes aegypti and Aedes

albopictus) mosquitoes. In western and central Africa,

CHIKV is maintained in a sylvatic cycle involving

non-human primates and forest-dwelling Aedes spp.

mosquitoes. In Asia, the predominant vector is the

urban, peri-domestic, anthropophilic, Aedes aegypti

mosquito, which is responsible for large-scale out-

breaks characterized by long inter-epidemic periods

which may last several decades.27

Three different genotypes of CHIKV have been

identified: the western African, the east-central-south

African (ECSA), and the Asian genotype;28,29 evolu-

tionary studies have suggested an African origin for

CHIKV.30 Since its identification, sporadic cases and

outbreaks have been reported in several African

countries, on the Indian subcontinent, and in southeast

Asia.26 Whether there is sustainability of the human–

mosquito cycle at a local scale in the absence of continu-

ed importation in Asia remains undefined.27,28,30 In the

last decade, CHIKV has re-emerged, causing a series of

large outbreaks, which started in Kenya in 2004, and

ravaged the Comoros Islands, the island of La Réunion,

and other islands in the southwest Indian Ocean in early

2005, followed by an epidemic in the Indian subconti-

nent in 2005/2006.31,32 Last year, autochthonous

transmission of CHIKV was reported for the first time

in the Americas. The geographical spread of CHIKV

and the distribution of the different genotypes are

presented in Fig. 2.3,33,34

The following case presentations are paradigmatic

of the combined effect of human mobility, vector

globalization, and virus adaptation on the long-

distance spread of CHIKV.

Chikungunya Outbreaks in the Indian Ocean:
The Changing Relationship between Virus and
Vector
CHIKV strains which caused the large outbreaks in the

Indian Ocean area belong to the ECSA genotype.28,35,36
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During the epidemic, two different lineages were

identified, suggesting independent introductions of

CHIKV strains from Kenya into Indian Ocean islands

and India.28 A viral variant, presenting a substitution

of the amino-acid alanine with valine in the position

226 of the E1 protein (one of the two major envelope

surface glycoproteins) of CHIKV (A226V), selected

during the course of the epidemic, originated in the

Indian Ocean and became predominant in affected

areas where Ae. albopictus was largely predominant

compared to Ae. Aegypti, such as La Reunion and the

Kerala district in India, allowing an efficient replica-

tion and dissemination of the A226V variant,37

While the 226A strain was the only genotype

observed during the first period of the outbreak

(March to June 2005), the E1 A226V genotype started

to be observed from September 2005. On la Reunion,

the identification of A226V variant circulation pre-

ceded by at least 3 months the explosive epidemic

peak of mid-December, suggesting an increase in viral

transmission.38 In the Indian region of Kerala, CHIKV

strains isolated in 2007 presented the A226V muta-

tion, which had not been found in strains isolated in

Kerala and in other Indian regions in 2006.39,40 Thus, a

single amino-acid substitution may have influenced

vector specificity, increasing the fitness of CHIKV

for specific vector species and consequently, CHIKV

transmission.41 The same variant caused the outbreak

propagated by Aedes albopictus in north-eastern Italy.42

Chikungunya in Europe: the Italian outbreak and
other small clusters in southern France
At the end of August 2007, a fever outbreak was

reported in two small villages in north-eastern Italy.42

The epidemiological investigation revealed that the

outbreak started about ten days after a few hours visit

of a viremic person from Kerala, India, to his relatives

living in one of the affected villages, which resulted

heavily infested by Aedes albopictus mosquitoes.

Overall, more than 200 cases were identified. During

the course of the epidemic, small clusters of cases

occurred in neighbouring towns, and even in Bologna,

which is about 75 km away from the epicentre of the

epidemic. As mentioned above, CHIKV strains pre-

sented the A226V mutation detected in other areas

where the Tiger mosquito was the predominant vector.

The implementation of vector control measures and

the decline of mosquito activity at the beginning of the

cold season ended the outbreak.33,42

In September 2010, autochthonous transmission of

CHIKV was identified in south-eastern France, where

the Aedes albopictus mosquito vector is present. Two

girls living nearby the house of another girl who

developed a febrile illness after returning from

Rajasthan, India, developed dengue fever due to viral

strains closely related to strains from India within the

ECSA lineage.43

Another event occurred in southern France in

2014, at the end of the summer season, when four

autochthonous cases of chikungunya, living in Mont-

pellier, in the vicinity of a case imported from central

Africa, were identified, confirming the persistent threat

posed by this tropical virus to temperate climate

countries (ECDC, unpublished data).

Chikungunya reaches America
On 5 December 2013, autochthonous chikungunya

cases were confirmed on Saint Martin island, French

Figure 2 Distribution of Aedes aegypti (orange area), Aedes albopictus (yellow area), or both (green area), and areas where

chikungunya activity has been detected. Chikungunya virus genotype (As5Asian, ECSA5East/Centre/South African,

WAf5West-African) distribution and dates of recent outbreaks due to the ECSA (Indian Ocean) and Asian genotype

(America) are also shown in the map. Sporadic cases of chikungunya reported in France are not reported in the map.
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West Indies; then, about 50 cases were reported on

Martinique island, and in January 2014, other cases

due to local transmission were reported from

Guadeloupe, Saint Barthelemy, Dominica, and the

British Virgin Islands.34,44 In February 2014, chikun-

gunya cases were reported also in French Guiana.45

The virus causing the outbreak in the Caribbeans

does not belong to the ECSA genotype but to the

Asian genotype, which was identified in late 1950s in

southeast Asia., and it is phylogenetically related to

strains recently identified in several Asian countries

(i.e. in Indonesia in 2007, in China in 2012, and in the

Philippines in 2013). The only competent vector in

this area is Ae. aegypti. The spread of chikungunya in

the Caribbean area represents a public health menace

for all Latin America. Moreover, since the Caribbean

islands are a popular travel destination for European

and North American tourists, the emergence of

chikungunya in this area opens new channels for

intercontinental transmission of the infection.46

Human Mobility and Other Drivers of the Global
Spread of Dengue and Chikungunya
The case presentations reported above are paradig-

matic of the capacity of long-distance spread of

vector-borne infections, such as DENV and CHIKV

infection. The unprecedented frequency and the

large size of outbreaks which occurred in previously

disease-free areas of the world, with no contiguity

with known affected areas, are impressive and needs

to be investigated in depth.

Increased human mobility is a key factor for the

long-distance spread of infectious diseases. In most

outbreaks, DENV and/or CHIKV were introduced

by infected persons coming from endemic or epidemic

areas, playing the role of a Trojan horse for these

germs. Then, local mosquitoes (either native or

relatively newly invaders) acted as competent vectors

for viral infections. Once the virus has been imported

in a new area, other factors, such as climate change,

virus evolution, deteriorating vector control, and

socio-demographic and environmental changes, in

particular population growth with rapid uncontrolled

urbanization, play an important role for the geo-

graphic spread of mosquito-borne infections, with

special regard to dengue.1 All these drivers have been

examined in detail in the international literature.

However, there is still uncertainty about the role

played by some of these factors and to what extent

they may influence future epidemic dynamics. In

particular, three main questions need to be answered:

(1) what is the impact of climatic changes on the

occurrence of mosquito-borne diseases?; (2) to what

extent Aedes albopictus-vectored infections may repre-

sent a permanent threat for temperate zones?; and (3)

are we prepare to deal with new challenges posed by

the globalization of humans, vectors, and disease

agents? Hereby, we discuss shortly these issues taking

into account our case presentations.

Is climate change a major driver of the spread of
vector-borne infections?
Climate change, which may consist in changes not

only in temperature but also in the pattern of

humidity and precipitation, may influence the activity

of some vector-borne infections. In general, increased

temperatures and humidity favor the growth of

mosquito populations, but paradoxical effects, such

as the association between drought and the emer-

gence of chikungunya along coastal East Africa, have

been also reported.47 Sometimes, the effect of global

climatic changes on vector-borne diseases spread has

been overemphasized: for example, the scientific

debate following the chikungunya outbreak in Italy

tended to attribute a role to climate change,48 without

considering that the Italian climate has always been

suitable for Ae. Albopictus to flourish during the

warm season.49 Moreover, it should be mentioned

that the urban ‘heat island effect’ due to land-use

changes from rapid urbanization may have played a

major role compared to global climate change in

favoring dengue outbreaks after the introduction of

an exotic strain.

Thus, the real question is ‘can climate change, at

the global or the local level, influence epidemic

dynamics and favor the establishment of vector-borne

infections in temperate zones?’. This question is

difficult to respond. Increased temperatures and

humidity might favor the establishment of Ae. aegypti,

which does not survive in areas where the mean

temperature during the coldest month is below 10uC,

or the geographical spread of Ae. albopictus in Europe

beyond the Mediterranean area, but long periods of

high temperatures are required for virus replication.50

Moreover, even in areas where Ae. Albopictus is

established, milder winters are needed to maintained

a low level of human–mosquito–human transmission,

otherwise outbreaks tend to dye out and do not recur

in the absence of continues virus importation. Unless

major changes in the climate will occur, sporadic cases

or relatively small outbreaks of dengue or chikungu-

nya may be expected during the hot season, without

endemic persistence of the infection, due to low

mosquito activity during the cold season.

Global vector spread and viral adaptability: what
is the role of the ‘Tiger’ mosquito in the
reemergence of dengue and chikungunya?
Ae. albopictus, the Asian ‘Tiger’ mosquito, is con-

sidered a less efficient vector, since it is not as well

adapted to urban domestic environment and is less

anthropophilic than Aedes aegypti.51 However, Ae

albopictus represents an alternative vector, whose

importance is constantly growing as a consequence
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of rapid changes in its overall distribution.52 For

example, the ‘Tiger’ mosquito was involved in several

dengue outbreaks, such as those occurred in Japan

from 1942 to 1945,53 Hawaii from 2001 to 2002,19 La

Reunion in 2004,54 and Donnguan, China.55

The ‘Tiger’ mosquito originally lived at the edges

of the forests of East and Southeast Asia. In recent

decades, it spread to all continents, as a result of

increased global air travel and seaborne trade.

Shipment of used tires infested with mosquito’s eggs

is the main modality of spread of Ae. albopictus,56 but

other ways of introduction have been reported.57

As mentioned before, the ‘globalization’ of Ae.

albopictus is fueling vector-borne infections spread in

areas which were previously unaffected by dengue

and/or chikungunya. Since Ae. albopictus adapts

better than Ae aegypti to temperate climates, it may

cause outbreaks in areas where Ae. aegypti is not

established. However, dengue and chikungunya out-

breaks caused by Ae. albopictus tend to be milder for

several reasons: (1) Ae. albopictus feeds both on

humans and on animals; thus, the probability that it

feeds on humans is decreased and usually restricted to

a single individual, while Ae. aegypti is more

anthropophilic and tends to feed on more humans;

(2) since the ‘Tiger’ mosquito tends to be present also

outside the tropics, in temperate climate areas, the

outbreaks are usually mitigated by the arrival of

cooler winter temperature; (3) Ae. aegypti is more

likely to rest/bite inside houses, and its daily flight

times better match human activity patterns; (4)

vertical transmission of DENV and CHIKV from

‘Tiger’ mosquitoes to their offspring does not seems

to be very efficient: in La Reunion Island, CHIKV

was isolated only in two out of 500 pools of larvae of

Ae. Albopictus, demonstrating a low level of vertical

transmission.58 Since mosquito activity heavily

declines during the cold season, the low efficiency of

transovarial transmission may explain the self-limit-

ing nature of outbreaks occurring in temperate climate

areas; and (5) DENV fitness for Ae. albopictus is not

negligible, but it is lower than that of CHIKV

(especially when compared to the A226V CHIKV

variant).59 For the reasons reported above, long-term

sustained transmission of DENV in areas where Ae.

albopictus is the predominant vector is unlikely.

Prevention and control of vector-borne infections
in the globalization era: are we adequately
prepared?
Since human mobility cannot be reduced, in order to

contrast the long-distance spread of dengue and

chikungunya, a series of prevention and control

activities should be plan in areas at risk of vector-

borne transmission. Such plans should include (1)

prevention activities (from vector control to public

awareness and education); (2) outbreak control

activities (from vector control to personal protec-

tion); and (3) information and training for medical

professionals in order to favor early detection of

exotic diseases. Recent experience of epidemic events

has contributed to the adoption of surveillance and

preparedness activities; however, it remains unknown

whether the knowledge of vector-borne infections due

to exotic viruses is adequate. To this regard, it should

be kept in mind that early intervention is key in order

to end an outbreak in areas with relatively cold and

dry winter.

Conclusions
Dengue and chikungunya are two paradigmatic

examples of emerging infections, showing similar

epidemic dynamics. Because of higher human mobility

and the increasingly wider geographical distribution of

the Aedes spp. mosquito vectors, these arboviruses

are expanding their area of activity, conquering new

continents and starting to affect areas that were pre-

viously considered disease-free. In this context, the role

played by long-distance spread through human and

vector mobility is not negligible in the globalization

era. Owing to the global threat posed by these arboviral

infections, it is mandatory to explore the feasibility

of innovative mosquito control strategies and the

adoption of measures addressed to epidemic impact

mitigation in critical geographical areas.
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59 Moutailler S, Barré H, Vazeille M, Failloux AB. Recently
introduced Aedes albopictus in Corsica is competent to
chikungunya virus and in a lesser extent to dengue virus.
Trop Med Int Health. 2009;14:1105–9.

Rezza Dengue and chikungunya

Pathogens and Global Health 2014 VOL. 108 NO. 8 355


