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Abstract
Background: For the first time, an outbreak of chikungunya has been reported in the Americas. Locally acquired 
infections have been confirmed in fourteen Caribbean countries and dependent territories, Guyana and French 
Guiana, in which a large number of North American travelers vacation. Should some travelers become infected 
with chikungunya virus, they could potentially introduce it into the United States, where there are competent 
Aedes mosquito vectors, with the possibility of local transmission.

Methods: We analyzed historical data on airline travelers departing areas of the Caribbean and South America, 
where locally acquired cases of chikungunya have been confirmed as of May 12th, 2014. The final destinations 
of travelers departing these areas between May and July 2012 were determined and overlaid on maps of the 
reported distribution of Aedes aeygpti and albopictus mosquitoes in the United States, to identify potential 
areas at risk of autochthonous transmission.

Results: The United States alone accounted for 52.1% of the final destinations of all international travelers 
departing chikungunya indigenous areas of the Caribbean between May and July 2012. Cities in the United 
States with the highest volume of air travelers were New York City, Miami and San Juan (Puerto Rico). Miami and 
San Juan were high travel-volume cities where Aedes aeygpti or albopictus are reported and where climatic 
conditions could be suitable for autochthonous transmission.

Conclusion: The rapidly evolving outbreak of chikungunya in the Caribbean poses a growing risk to countries 
and areas linked by air travel, including the United States where competent Aedes mosquitoes exist. The risk of 
chikungunya importation into the United States may be elevated following key travel periods in the spring, 
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INTRODUCTION
Chikungunya virus is a mosquito-transmitted alphavirus endemic to sub-Saharan Africa and South and East 
Asia. In recent years, chikungunya has been appearing outside of its endemic zone as a result of increasing 
international travel.1,2 Concurrently, the geographic ranges of Aedes aeygpti and albopictus – the primary 
vectors for chikungunya virus – have been expanding, a phenomenon thought to be a consequence of climate 
change and globalization.3 The combination of international travel by potentially infected persons and the 
increasing geographic availability of competent vectors has set the stage for the introduction and spread of 
Chikungunya to previously unaffected areas. In recent years, autochthonous transmission of chikungunya has 
occurred in non-endemic areas such as the 2007 outbreak in Italy and 2010 outbreak in France, and most 
recently, in multiple Caribbean Islands where competent Aedes mosquitoes exist.1

The geographic dispersion of chikungunya virus may occur in instances where susceptible travelers in endemic 
areas are bitten by infected female Aedes mosquitoes.4 After the typical incubation period of 3-7 days (range 2-
12 days), infected individuals become viremic.5,6 Among those who develop illness, common symptoms include 
fever, headache, rash, and severe symmetrical polyarthralgia,. The potential for an infected individual to then 
transmit chikungunya virus to a susceptible Aedes mosquito is greatest during the first 2-6 days of illness, 
during the viremic phase.7

For the first time in the Americas, chikungunya was reported among non-travelers on the Caribbean island of St. 
Martin in December 2013.8 Since then, locally acquired cases have been reported in multiple countries and 
territories in the region for a total count of over 4,000 probable or confirmed cases, raising concerns that this 
virus could spread into and within neighboring areas, including parts of the United States.9,10

Every year, large numbers of North American tourists vacation in the Caribbean during spring and summer 
months. After returning home, these individuals could potentially introduce chikungunya virus into areas where 
the conditions necessary for autochthonous transmission exist. We used a novel approach combining a number 
of datasets related to travel routes, volumes of travelers, historic temperature data and zoonotic distribution of 
Aedes mosquitoes in order to model the recent outbreak in the Caribbean and the risk of spread to other 
countries via international travel. Due to the large travel volume between the Caribbean and the U.S. we 
conducted an analysis to determine the vulnerability of U.S. cities and states to the importation of chikungunya 
virus and subsequent local transmission due to favorable environmental conditions.

METHODS
We accessed anonymized, worldwide, passenger-level flight itinerary data for 2012 from the International Air 
Transport Association (IATA). The IATA dataset represents an estimated 93% of the world’s commercial air 
traffic at the passenger level. Flight itinerary data includes information on the airport where the traveler 
initiated their trip, and where relevant, connecting flights leading up to their final destination.

Using this dataset, we first analyzed the origins of all air travelers departing chikungunya endemic areas of the 
world (as defined by the U.S. Centers for Disease Control and Prevention)11 that had final destinations in the 
Caribbean region (as defined by the United Nations)12 during the period from October to December 2012 (to 

when large numbers of North American travelers typically vacation in the Caribbean.

Funding Statement
This study was funded by the Canadian Institutes of Health Research. The funders did not influence the content 
of this manuscript nor the decision to submit it for publication.

INTRODUCTION
Chikungunya virus is a mosquito-transmitted alphavirus endemic to sub-Saharan Africa and South and East 
Asia. In recent years, chikungunya has been appearing outside of its endemic zone as a result of increasing 
international travel.1,2 Concurrently, the geographic ranges of Aedes aeygpti and albopictus – the primary 
vectors for chikungunya virus – have been expanding, a phenomenon thought to be a consequence of climate 
change and globalization.3 The combination of international travel by potentially infected persons and the 
increasing geographic availability of competent vectors has set the stage for the introduction and spread of 
Chikungunya to previously unaffected areas. In recent years, autochthonous transmission of chikungunya has 
occurred in non-endemic areas such as the 2007 outbreak in Italy and 2010 outbreak in France, and most 
recently, in multiple Caribbean Islands where competent Aedes mosquitoes exist.1

The geographic dispersion of chikungunya virus may occur in instances where susceptible travelers in endemic 
areas are bitten by infected female Aedes mosquitoes.4 After the typical incubation period of 3-7 days (range 2-
12 days), infected individuals become viremic.5,6 Among those who develop illness, common symptoms include 
fever, headache, rash, and severe symmetrical polyarthralgia,. The potential for an infected individual to then 
transmit chikungunya virus to a susceptible Aedes mosquito is greatest during the first 2-6 days of illness, 
during the viremic phase.7

For the first time in the Americas, chikungunya was reported among non-travelers on the Caribbean island of St. 
Martin in December 2013.8 Since then, locally acquired cases have been reported in multiple countries and 
territories in the region for a total count of over 4,000 probable or confirmed cases, raising concerns that this 
virus could spread into and within neighboring areas, including parts of the United States.9,10

Every year, large numbers of North American tourists vacation in the Caribbean during spring and summer 
months. After returning home, these individuals could potentially introduce chikungunya virus into areas where 
the conditions necessary for autochthonous transmission exist. We used a novel approach combining a number 
of datasets related to travel routes, volumes of travelers, historic temperature data and zoonotic distribution of 
Aedes mosquitoes in order to model the recent outbreak in the Caribbean and the risk of spread to other 
countries via international travel. Due to the large travel volume between the Caribbean and the U.S. we 
conducted an analysis to determine the vulnerability of U.S. cities and states to the importation of chikungunya 
virus and subsequent local transmission due to favorable environmental conditions.

METHODS
We accessed anonymized, worldwide, passenger-level flight itinerary data for 2012 from the International Air 
Transport Association (IATA). The IATA dataset represents an estimated 93% of the world’s commercial air 
traffic at the passenger level. Flight itinerary data includes information on the airport where the traveler 
initiated their trip, and where relevant, connecting flights leading up to their final destination.

Using this dataset, we first analyzed the origins of all air travelers departing chikungunya endemic areas of the 
world (as defined by the U.S. Centers for Disease Control and Prevention)11 that had final destinations in the 
Caribbean region (as defined by the United Nations)12 during the period from October to December 2012 (to 

when large numbers of North American travelers typically vacation in the Caribbean.

Funding Statement
This study was funded by the Canadian Institutes of Health Research. The funders did not influence the content 
of this manuscript nor the decision to submit it for publication.

INTRODUCTION
Chikungunya virus is a mosquito-transmitted alphavirus endemic to sub-Saharan Africa and South and East 
Asia. In recent years, chikungunya has been appearing outside of its endemic zone as a result of increasing 
international travel.1,2 Concurrently, the geographic ranges of Aedes aeygpti and albopictus – the primary 
vectors for chikungunya virus – have been expanding, a phenomenon thought to be a consequence of climate 
change and globalization.3 The combination of international travel by potentially infected persons and the 
increasing geographic availability of competent vectors has set the stage for the introduction and spread of 
Chikungunya to previously unaffected areas. In recent years, autochthonous transmission of chikungunya has 
occurred in non-endemic areas such as the 2007 outbreak in Italy and 2010 outbreak in France, and most 
recently, in multiple Caribbean Islands where competent Aedes mosquitoes exist.1

The geographic dispersion of chikungunya virus may occur in instances where susceptible travelers in endemic 
areas are bitten by infected female Aedes mosquitoes.4 After the typical incubation period of 3-7 days (range 2-
12 days), infected individuals become viremic.5,6 Among those who develop illness, common symptoms include 
fever, headache, rash, and severe symmetrical polyarthralgia,. The potential for an infected individual to then 
transmit chikungunya virus to a susceptible Aedes mosquito is greatest during the first 2-6 days of illness, 
during the viremic phase.7

For the first time in the Americas, chikungunya was reported among non-travelers on the Caribbean island of St. 
Martin in December 2013.8 Since then, locally acquired cases have been reported in multiple countries and 
territories in the region for a total count of over 4,000 probable or confirmed cases, raising concerns that this 
virus could spread into and within neighboring areas, including parts of the United States.9,10

Every year, large numbers of North American tourists vacation in the Caribbean during spring and summer 
months. After returning home, these individuals could potentially introduce chikungunya virus into areas where 
the conditions necessary for autochthonous transmission exist. We used a novel approach combining a number 
of datasets related to travel routes, volumes of travelers, historic temperature data and zoonotic distribution of 
Aedes mosquitoes in order to model the recent outbreak in the Caribbean and the risk of spread to other 
countries via international travel. Due to the large travel volume between the Caribbean and the U.S. we 
conducted an analysis to determine the vulnerability of U.S. cities and states to the importation of chikungunya 
virus and subsequent local transmission due to favorable environmental conditions.

METHODS
We accessed anonymized, worldwide, passenger-level flight itinerary data for 2012 from the International Air 
Transport Association (IATA). The IATA dataset represents an estimated 93% of the world’s commercial air 
traffic at the passenger level. Flight itinerary data includes information on the airport where the traveler 
initiated their trip, and where relevant, connecting flights leading up to their final destination.

Using this dataset, we first analyzed the origins of all air travelers departing chikungunya endemic areas of the 
world (as defined by the U.S. Centers for Disease Control and Prevention)11 that had final destinations in the 
Caribbean region (as defined by the United Nations)12 during the period from October to December 2012 (to 

2PLOS Currents Outbreaks



assess potential origins of chikungunya virus introduction into the Caribbean in December 2013).

Next, we analyzed the final international destinations of all travelers (between May and July 2012) departing 
areas of the Caribbean where locally acquired cases of chikungunya have been confirmed as of May 12th, 2014 
(i.e. Aruba, Anguilla, Antigua, British Virgin Islands, Dominica, Dominican Republic, French Guiana, Guadeloupe, 
Haiti, Martinique, St. Barthelemy, St. Kitts and Nevis, and St. Martin, Sint Maarten, St. Vincent and the 
Grenadines).

We then calculated the volume of travelers departing these indigenous areas of the Caribbean between May 
and July 2012 with and their countries of final destination. We also calculated city-level volumes of travelers 
with final destinations in North America. These monthly city-level travel data were mapped and overlaid with 
the geographic extents of Aedes aeygpti and Aedes albopictus mosquitoes across the United States.13 We then 
determined the average monthly temperature of each state between May and July using 60 years of historical 
data.14 While there are many unknowns regarding the climatic conditions necessary for Aedes aeygpti and 
albopictus mosquitoes to transmit chikungunya virus,15 an average temperature of 20° Celsius was identified 
as an important threshold in the 2007 chikungunya outbreak in Italy.16-18

RESULTS
While the specific origin of the Caribbean chikungunya epidemic is not precisely known, we found that five 
countries were the source of 84.4% of all international air travelers departing chikungunya endemic areas of the 
world with final destinations in the Caribbean region between the months of October and December 2012. 
These countries included South Africa (4,348 travelers; 23.4% of all travelers from chikungunya endemic areas 
of the world), India (4,012 travelers; 21.6%), China (2,561 travelers; 13.8%), Philippines (2,555 travelers; 
13.7%) and the French territory of Réunion (2,218 travelers; 11.9%).

With respect to the possibility of receiving an imported case via international air travel, the final destinations of 
travelers departing areas of the Caribbean where locally acquired cases of chikungunya have been confirmed 
(as of May 12th, 2014), over the three-month period from May to July 2012 are shown in Table 1. Three 
countries represented the final destinations of 70.0% of all travelers worldwide. The United States, including 
Puerto Rico, had the strongest links through international air travel (1,071,658 travelers; 52.1% of the global 
total), followed by France (298,921 travelers; 14.5%), and the Netherlands Antilles, not including Sint Maarten 
(68,604 travelers; 3.3%). By comparison, ten cities represented the final destinations of 49.0% of all travelers. 
These included New York (283,224 travelers; 13.8% of the global total), Paris (240,204 travelers; 11.7%), Miami 
(161,430 travelers; 7.8%), San Juan, Puerto Rico (80,571 travelers; 3.9%), Curacao (48,594 travelers; 2.4%), 
Fort Lauderdale (45,076 travelers; 2.2%), Madrid (41,286 travelers; 2.0%), Boston (40,829 travelers; 1.9%), 
Toronto (36,162 travelers; 1.7%), and Caracas (29,973 travelers; 1.4%).
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Table 1: Leading Destination Countries for Travelers Departing Chikungunya Indigenous Areas of the Caribbean

* Between May and July 2012

† Includes Puerto Rico

Country TravelerVolume* Global Total (%) Cumulative Total (%)
United States† 1,071,658 52.2 52.2
France 298,921 14.5 66.7
Netherland Antilles 68,604 3.3 70.0
Canada 64,736 3.2 73.2
Spain 55,329 2.7 75.9
Venezuela 42,774 2.1 78.0
Germany 36,984 1.8 79.8
United Kingdom 28,480 1.4 81.1
Italy 27,159 1.3 82.4
St. Lucia 24,102 1.2 83.6
Panama 23,576 1.2 84.8

For the United States, the final city-level destinations of travelers for May, June and July are shown in Figures 1-
3. The volume of travel to cities in the United States was generally greatest in July. Cities with the overall 
highest travel volumes included New York City, Miami and San Juan (Puerto Rico). Among the subset of cities 
where Aedes aeygpti or albopictus are present and where average temperatures are expected to approach or 
exceed 20° Celsius between May and July, the highest travel volumes were to San Juan, Miami, and Charlotte.
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Fig. 1: Volume of Travelers from Chikungunya Indigenous Areas of the Caribbean* to the United 
States and Canada in May†

* As of May 12th 2014 † Using historic air travel data from May 2012
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Fig. 2: Volume of Travelers from Chikungunya Indigenous Areas of the Caribbean* to the United 
States and Canada in June†

* As of May 12th 2014 † Using historic air travel data from June 2012
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Fig. 3: Volume of Travelers from Chikungunya Indigenous Areas of the Caribbean* to the United 
States and Canada in July†

* As of May 12th 2014 † Using historic air travel data from July 2012

DISCUSSION
Global forces from climate change to surging worldwide air travel are contributing to the globalization of vector-
borne diseases such as West Nile virus, dengue and chikungunya.18-21 In December 2013, chikungunya virus 
was identified for the first time in the Americas, where it has since caused over four thousand locally acquired 
cases across numerous Caribbean islands in addition to the South American nations of Guiana and French 
Guiana. While the origins of chikungunya introduction in the Caribbean are not precisely known, molecular 
diagnostics have determined that the strain currently circulating in the region belongs to the subtype CHIKV-
JC2012 and closely resembles a strain found in China, the Philippines and Micronesia.22 Our analysis suggests 
that five chikungunya endemic countries account for the vast majority of international air travel into the 
Caribbean region in the months leading up to the first reported cases, with China and the Philippines accounting 
for 27.5% of all such travelers. However, the probability of importation into the Caribbean is a function not only 
of travel volumes but also of chikungunya incidence in the origin countries.

Our analyses indicate that the United States is the final destination of over half of all travelers departing 
chikungunya indigenous areas of the Caribbean, followed by France, which accounts for almost 15% of all 
travelers. The United States has never reported local transmission of chikungunya virus, despite the presence of 
Aedes aeygpti and albopictus mosquitoes across the southeastern region of the country, while autochthonous 
transmission of chikungunya has previously been documented in southeastern France in 2010, where Aedes 
albopictus is known to exist.23 Furthermore, many North American travelers vacationing in the Caribbean will 
return to areas of the United States where the climate may be suitable for autochthonous transmission.

We found that New York City, Miami and San Juan are the leading U.S. destination cities of travelers from 
chikungunya indigenous areas of the Caribbean between May and July. Healthcare providers in these locations 
should familiarize themselves with the clinical presentation of chikungunya, which overlaps significantly with 
dengue fever. The early detection of chikungunya is particularly important in areas such as San Juan, Miami, 
and Charlotte where competent mosquito vectors could become infected through bites of viremic travelers.9
Symptomatic individuals with suspected or confirmed chikungunya infection should take special measures to 
avoid mosquito bites in the week following the onset of their illness (when viremia is greatest) to decrease the 
potential for autochthonous spread.
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Although there are many unknowns about the biology of Aedes mosquitoes and the specific climatic conditions 
that would support autochthonous transmission, warmer weather is thought to shorten the interval between the 
time when an Aedes mosquito is infected by a viremic patient and when that mosquito can transmit the virus to 
another susceptible human host (i.e. the extrinsic incubation period).24 Since the 2013-2014 winter season has 
been unseasonably cool across many parts of the United States, this could favor longer extrinsic periods, and 
consequently a lower probability of viral transmission from vector to human host. Although belonging to a 
different strain from the one currently circulating in the Caribbean, of potential concern is the chikungunya E1-
A226V mutation identified during the 2005-2006 Réunion epidemic, which facilitated more efficient 
transmission specifically in Aedes albopictus mosquitoes.25,26 This mutation was subsequently imported to 
Italy, and has since appeared in China and Papua New Guinea.25,27-29 However, this mutation does not appear 
to dominate in the major chikungunya outbreaks that occurred in India 2006-2010.30

Our analysis has several important limitations. First, we are relying on accurate identification of indigenous 
chikungunya cases in the Caribbean region to conduct our analyses of population movements through air 
travel. Some countries in the Caribbean may have limited infectious disease surveillance capacity, particularly 
for a newly emerging pathogen such as chikungunya. Our transportation analysis was also limited to 
commercial air travel despite the fact that many individuals vacationing in the Caribbean may travel on cruise 
ships or other means of transport. This limitation would presumably lead to an underestimate of travelers 
arriving in U.S. port cities that face the Caribbean islands, though the length of travel by sea may exclude them 
spreading disease further. Similarly, we analyzed commercial air travel data from 2012, which may not reflect 
forthcoming patterns of travel in 2014. While we found a highly consistent seasonal pattern of travel between 
the United States and chikungunya indigenous areas of the Caribbean in earlier years (analyses not shown), 
travel behaviors this year could be influenced by evolving news of chikungunya in the media. We also relied on 
accurate vector surveillance data for Aedes aeygpti and albopictusto identify areas at risk of potential 
autochthonous transmission. While such vector surveillance has limitations, we used contemporary data 
reported by the U.S. Centers for Disease Control and Prevention as of January 2014.13 Finally, the 
environmental factors necessary to support autochthonous transmission of chikungunya are complex and 
influenced not only by the type of vector, but also chikungunya virus characteristics. The climatic conditions 
required for efficient viral transmission are still under investigation; however, it is likely that warmer 
temperatures are more favorable. Therefore climatic conditions that evolve over the next several months will 
likely play a significant role in either hindering or supporting autochthonous transmission of chikungunya.

At a time when locally acquired cases of dengue (also transmitted by Aedes aeygpti and albopictus mosquitoes) 
have recently been reported in southern regions of the United States,31-35 our findings highlight the risk for 
introduction and potential autochthonous transmission of chikungunya virus in selected areas of the country. 
The effectiveness and efficiency of interventions to mitigate these risks could be optimized through a 
combination of public education, early detection by medical providers, and the strategic use of public health 
resources in areas of greatest risk.
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