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Infectious Disease Transmission during Air Travel 
Part II - Common Vehicle and Vector-Borne Transmission of 
Infectious Diseases during Air Travel 
J H Diaz 
 
Abstract 
The combination of a mobile global population with the speed of air travel has made 
international air travel a competent vector of infectious disease dis-semination. Mathematical 
modeling has provided new insights into the mechanisms of in-flight disease transmission. 
The traditionally held tuberculosis or close-proximity model of in-flight disease transmis-sion 
that side-to-side laminar airflow in air-cabins would restrict the spread of airborne pathogens 
to within 2 seat-rows has been disproven by the trans-mission of sudden acute respiratory 
syndrome and norovirus to passengers at greater distances from index cases. The cooperation 
of the global aviation industry and the public health community in the health education of the 
air-traveling public will be necessary to reduce risks of infectious disease transmission during 
air travel. 
 
Introduction 
The combination of a growing and globally mobile population with the convenience, 
popularity, and speed of air travel has now made international air travel a competent vector of 
infectious disease trans-mission and dissemination.1-8 This review will describe the 
epidemiology and outcomes of common vehicle (food or water) and vector-borne infectious 
diseases transmitted during air travel and recommend strategies for their control and 
prevention. 
 
Methods 
In order to describe the physical features of the aircraft-cabin environment that support 
infectious disease transmission, the burden and outcomes of infectious diseases transmitted 
during commercial air travel, and the recommended strategies for infectious disease control 
and prevention, National Library of Medicine search engines were queried with several key 
words and subject headings including commercial aircraft, commercial airlines, air travel, 
infectious diseases, infectious disease transmission during air travel, and food-borne, 
waterborne, and vector-borne disease transmission. 
 
Results 
Common Vehicle Transmission of Infectious Diseases during Air Travel 
Salmonellosis: Between 1947 and 1999, 41 in-flight food-borne infectious disease outbreaks 
were documented and resulted in 11 deaths.7,9-12 

Salmonellosis was the most commonly reported food-borne pathogen with 15 documented 
outbreaks, 4,000 cases, and 7 deaths.7,9 

 
Staphylococcal food poisoning: Between 1947 and 1999, 8 in-flight staphylococcal food 
poisoning out-breaks were documented with one death.7,9 One of the largest outbreaks of 
staphylococcal food poisoning affected 57% of passengers on an international com-mercial 
flight served a contaminated ham omelet in 
1975.9 

 



Cholera: The first documented in-flight outbreak of cholera occurred in 1972 on an 
international com-mercial flight from London to Sydney via Singapore.11 There was one 
death among the 47 people who con-tracted cholera, which was associated with eating a cold 
appetizer.11 During a cholera epidemic in South America in 1992, 75 passengers contracted 
cholera, which resulted in 10 hospitalizations and one death, during a flight from Buenos 
Aires to Los Angeles via Lima, Peru.12 A food trace back investigation implicated a cold 
seafood dish prepared in a cholera-endemic South American country as the source of Vibrio 
cholerae transmission.12 Fewer meals served in-flight, the use of prepackaged frozen meals 
in-flight, improved hygienic food handling by airline caterers, and frequent food inspection 
by sanitarians have resulted in fewer food-borne bacterial infectious dis-ease outbreaks 
aboard commercial aircraft in recent years.7 

 
Noroviruses: Today, noroviruses are recognized as the most common causes of acute 
gastroenteritis with diarrhea in adults, the second most common cause of diarrhea in children, 
and the most common cause of foodborne acute gastroenteritis outbreaks aboard cruise 
ships.13,14 Noroviruses are small, round, single-stranded RNA viruses (Caliciviridae) that are 
classi-fied by their gene sequences into 3 genogroups (GI, GII, GIV), 25 genotypes, and 
many subgroups.15 In recent outbreaks, norovirus strains from genogroup II, genotype 4 (II.4) 
have been responsible for the major-ity of outbreaks in schools, hospitals, nursing homes, and 
on cruise ships.15 Humans are the only reservoir for noroviruses, which are highly infectious 
(infec-tious dose = 18-1,000 virions) and most commonly transmitted by the fecal-oral route 
via contaminated food or water.15 Noroviruses are also transmitted by close personal contact, 
aerosolized vomit droplets, and contact with fomites or environmentally contaminated 
surfaces, especially in lavatories.15 Viral shedding in feces precedes illness onset in 30% of 
cases, peaks by day 1-3 of illness, and may be prolonged in both healthy and, especially, in 
immuno-compromised persons.15 After an incubation period of 10-51 hours, acute 
gastroenteritis begins with vomiting followed by fever, abdominal cramps, watery diarrhea, 
and constitutional symptoms includ-ing headache, chills, and myalgias.61 The illness resolves 
in 1-3 days, and fatalities are rare, but have been occurred among the elderly in nursing home 
outbreaks.15 

 
Since 1991, there have been 5 reports of in-flight transmission of acute norovirus 
gastroenteritis aboard commercial airline flights.10,16-18 In a 1991 outbreak of acute 
gastroenteritis following commercial air travel, 30 case passengers had a Norwalk-like virus 
(now designated as norovirus genogroup I, genotype 1, [GI.1]) isolated from fecal samples.10 
In 2005, Widdowson and co-investigators reported a probable acute norovirus gastroenteritis 
outbreak transmitted by 8 symptomatic flight attendants to passengers on an international 
flight.17 

 
On November 2, 2006, a group of passengers with acute norovirus gastroenteritis contracted 
on an earlier riverboat cruise boarded a short (2.5 hours) commercial flight from St. Louis to 
Atlanta.16,18 Two (5%) of 42 possible secondary cases of norovirus gastroenteritis were 
confirmed by positive fecal serol-ogy.16 These 2 passengers were not seated in close 
proximity to the index case-patient and did not use the lavatory in-flight.16 

 
On October 8, 2008, a California-based tour group boarded a commercial airline flight from 
Boston to Los Angeles that included several travellers already ill with acute gastroenteritis, 
later confirmed as norovirus genogroup II.19 Within 3 hours of departure, 6 tour group 
travelers experienced severe nausea and vomiting, resulting in an emergency diversion of the 
commercial flight to Chicago, Illinois.19 Of the 106 non-tour group passengers on the flight, 7 



met the case definition for probable secondary cases, and, of these, one submitted a positive 
fecal sample for norovirus genogroup II, confirming in-flight transmission.19 

 
The noroviruses have now replaced bacterial infections and enterotoxins as the most common 
causative agents of acute gastroenteritis transmitted during commercial air travel. 
Noroviruses are highly infec-tious and may be transmitted not only by the fecal-oral route 
during food preparation by virus shedders, but also by aerosolization of vomitus (and 
possibly feces), by close personal contact, and by indirect con-tact with contaminated fomites 
and lavatory surfaces. Secondary cases of norovirus have been transmitted in flight at 
significant distances from symptomatic index case patients and to passengers not using on- 
board lavatories.16 

 
Prevention and control strategies for norovirus transmission during aircraft outbreaks include 
excluding ill air crew workers from any food handling or service; avoiding the lavatory in 
flight; frequent hand washing and alcohol-based (> 62%) sanitizer use; avoiding close contact 
with and shaking hands with index cases; and promptly disinfecting lavatories 
and surfaces soiled by any secretions from index cases with dilute bleach solutions (1:50 to 
1:10 dilutions of household 5.25% bleach) or other approved disinfec-tants; and hot cycle 
washing or disposal of any soiled linens or clothing. 
 
Vector-borne Transmission of Infectious Diseases during Air Travel 
Malaria: In 1983, random searches of airplanes arriving from tropical countries at London's 
Gatwick Airport found that 12 of 67 airplanes contained mos-quitoes.20 After an female 
mosquito leaves the aircraft, she may survive long enough, especially during the temperate 
periods, to take a blood meal and transmit pathogens, usually in the vicinity of an 
international airport (airport malaria). As international air travel between malaria-endemic 
nations and malaria non-endemic nations increases, cases of airport malaria have increased. 
In 1983, two cases of P. falciparum malaria were diagnosed in persons without histories of 
travel to malaria-endemic regions living 10 km and 15 km from Gatwick Airport.20 Hot, 
humid weather in Britain may have facilitated the survival of imported, infected anopheline 
mosquitoes.20 During the summer of 1994, six cases of airport malaria were diagnosed in the 
vicinity of Charles de Gaulle Airport near Paris.21 Four of the patients were airport workers, 
infected at work, and the others were residents of Villeparisis, a suburb 7.5 km away from the 
airport.21 

 
In addition to airport malaria transmitted by infected mosquitoes, many developed countries 
are reporting an increasing number of cases of imported malaria due to an increase in long-
distance air travel by infected passengers. Annual malaria cases import-ed from Africa and 
Asia to the United Kingdom (UK) rose from 803 in 1987 to 1,165 in 1993.22,23 By 2006, 
1,758 imported malaria cases were reported in the UK.22,23 From 1990 to 1998, the annual 
number of imported malaria cases in Italy increased by 100% due to the rising rates of 
immigration and international travel, with immigrants accounting for most of the cases cur- 
rently.24 In the US in 2005, a total of 1,528 cases of 
imported malaria were diagnosed, an increase of 15% over the prior year.25 Today, imported 
malaria is the most common type of malaria in developed nations with over 30,000 cases 
reported annually.25 Imported malaria remains the most common cause of fever in travelers 
returning from high-risk, malaria-endemic regions.26 

 
In a retrospective analysis of 380 imported malaria cases in Verona, Italy, over the 5-year 
period 2000-2004, 2008, Mascarello and coauthors reported that most cases occurred in 



adults (337 adults vs. 43 chil-dren), in immigrants (n = 181, 48% of adults), in patients 
returning from Africa (n = 359, 94.5%), and in travelers returning from visiting friends and 
relatives (VFRs) in malaria-endemic regions (n = 154, 40.5%).27 

 
Most cases were caused by single P. falciparum infections (n = 292, 76.8%) with few mixed 
infections (n = 23, 6%).27 The authors concluded that malaria in travelers returning to Verona 
from Africa was not uncommon and targeted certain high-risk travelers including adult 
expatriate immigrants visiting friends and relatives (VFRs), semi-immune children (recent 
immigrants), and non-immune children (expatriate or born in Italy).27 

 
In a similar retrospective analysis of 109 travellers with malaria returning to Basel, 
Switzerland, over the period 1994-2004, Thierfelder and co-investigators reported that P. 
falciparum was the most common causative parasite (84%); most infections were acquired in 
Africa in immigrants visiting friends and relatives (82%); and the mean incubation period 
was 4 days (range 0.5-31 days).28 Following their descriptive analysis, the investigators 
conducted 3 comparative analyses with 2 prior studies of malaria in travelers returning to 
Basel during the periods 1970-1986 and 1987-1992. 28 The results of their comparative 
analyses included significant increases in the proportions of P. falciparum infections over 3 
study periods (1970-1986, 49%; 1987-1992, 75%; 1994-2004, 88%) and significant 
increases (p < 0.001) in hospitalizations for P. falci-parum malaria over the three decades 
studied.28 The authors concluded that there was a significant trend towards more serious 
malaria infections with P. falci-parum in immigrants returning to Basel after visiting friends 
and relatives in their malaria-endemic native homelands.28 

 
In 2008, Rodger and coauthors reported a cluster of six cases of P. falciparum malaria at a 
British airport among 30 students returning to the US after spending 2 months in East Africa 
in 2005.23 Of the 6 patients, all were young (range = 19-22 years of age) and in prior 
excellent health; and 5 of the 6 exhibited features of acute cerebral malaria (disorientation, 
prostration) requiring urgent intensive care and therapy with intravenous quinine.23 The 
authors commended alert UK-airport staff for recognizing the seriously ill trav-ellers 
preparing to board a 9-hour second-leg flight to the US, and for rapidly evacuating the 
patients to the nearest healthcare facility for intensive care, without which the 5 cerebral 
malaria cases would likely have been fatal.23 

 
Although many developed nations do not have P. falciparum mosquito vectors as competent 
as A. gambi-ae in sub-Saharan Africa, southern Europe, the south-ern US, the Middle East, 
and Asia do have capable anopheline vectors for P. falciparum malaria; and most also have 
competent vectors for P. vivax malaria. The most disturbing recent trends in imported malaria 
today include the following: (1) an increasing propor-tion of P. falciparum infections capable 
of causing cere-bral malaria and renal failure with the highest case fatality rates (CFRs); and 
(2) increasing immigration from malaria-endemic regions to malaria-free regions in 
developed nations creating a unique set of high-risk travellers, especially expatriates and their 
children returning from visiting friends and relatives in their malaria-endemic, native 
homelands. 
 
Imported malaria cases are now increasing world-wide due to the ease and relatively low 
costs of inter-national air travel to-and-from malaria-endemic regions. The world's malaria-
endemic regions now have expanded distribution ranges for malaria trans-mission and longer 
mosquito vector breeding and feeding seasons due to global warming and increasing drought-
monsoon cycles.25, 26 



 
Dengue: One third of the world's population lives in dengue-epidemic areas in over 100 
countries.29,30 In 2002, Guzman and Kouri estimated that 100 million cases of dengue fever 
and 250,000 cases of dengue hemorrhagic fever (DHF) occurred annually.30 Today, dengue 
prevalence has been increased by a greater fre-quency of dengue epidemics in Africa, Asia, 
Latin America, and the Caribbean.31,32 Imported dengue has now surpassed imported malaria 
as the most com-monly reported cause of acute febrile illness in travel-ers returning from all 
of the world's tropical regions except Africa.33,34 

 
In 2008, Schwartz and co-authors retrospectively examined the annual trends and seasonality 
of dengue cases in returning travelers reported to the International GeoSentinel Surveillance 
Network.35 The authors reported that the incidence of dengue in returning travellers increased 
from 50 cases per 1,000 returned travellers with acute febrile illnesses in non-epidemic years 
to 159 cases per 1,000 ill travelers in epidemic years.35 The incidence of dengue in returning 
travelers also demonstrated seasonality with region-specific peaks for Southeast Asia (June, 
September), South Central Asia (October), South America (March), and the Caribbean 
(August, October).35 In a similar investigation in returning travelers with acute febrile 
illnesses reported to the CDC's Passive Dengue Surveillance System during the 10-year 
period, 1996-2005, Mohammed and co-investigators reported 1,196 suspected imported 
dengue cases, with 334 (28%) con-firmed as laboratory-positive by both serologic and 
virologic techniques.36 The authors also reported an overall increase in dengue incidence in 
returning travelers over the 10-year study period with the Caribbean, Mexico, Central 
America, and Asia as the most commonly visited regions.36 There is now sub-stantial 
epidemiologic evidence that imported dengue infections are increasing in travelers returning 
to the US and other temperate nations from travel experi-ences in popular vacation 
destinations in tropical, dengue-endemic regions of the Americas, the Caribbean, and Asia, 
where dengue epidemics are occurring with greater frequencies.6,35,36 

 
The spectrum of clinical illness in dengue infec-tions may range from asymptomatic initial 
infections after a 5-day incubation period to subsequent infections complicated by DHF and 
dengue shock syn-drome (DSS) with high CFRs. Viremias last 4-5 days throughout the acute 
febrile illness and recovery dur-ing which time the dengue virus may be transmitted by Aedes 
species mosquito bites or blood transfusions. Although the traditional mosquito vector of 
dengue (and yellow fever) is Aedes aegypti, the Asian tiger mosquito, Aedes albopictus, has 
recently emerged as a competent secondary vector of dengue (Figure 1). Aedes albopictus has 
now been distributed worldwide by the international tire trade, and has now been identified as 
the primary mosquito vector in recent dengue and chikungunya epidemics in India and the 
Indian Ocean islands.37 

 
Although most cases of dengue in developed nations are imported and rarely autochthonous, 
dengue could be transmitted by infected Aedes species mosquitoes either on aircraft or in 
airports.37 In 1998, dengue fever virus infections were reported in a German couple returning 
to Germany from a vacation in Hawaii; and airport transmission by an Aedes species 
mosquito was suspected, rather than in-flight mosquito transmission.38 

Air-imported dengue will pose a much greater threat to the US and other developed nations 
than imported malaria for several reasons including: (1) There is a new secondary vector, 
Aedes albopictus that is now dispersed throughout the US (26 states) and worldwide.37 (2) 
Although initial cases of dengue are often mild or subclinical, they are infectious and may be 
transmitted by mosquitoes and blood transfusions; and subsequent infections can be fatal.37 
(3) Unlike malaria, there are no chemoprophylactic or therapeu-tic treatment options for 



dengue.37 (4) Lastly, there is no vaccine for dengue prevention, and vaccine devel-opment has 
been hampered by multiple serotypes and inherent risks of vaccine-induced autologous 
cytokines responsible for DHF and DSS.37 

 
Chikungunya virus: Chikungunya, a viral disease characterized by fever and painful 
arthralgias, was first described in Tanganyika (now Tanzania) in 1952-53.39,40 The causative 
virus was later isolated and classified as a positive strand RNA alphavirus (Togaviridae).39 In 
the Makonde language of East Africa, "chikungunya" means "that which bends up", a vivid 
description of the stooped and painful posture that may develop after the persisting arthritic 
symp-toms that follow the acute febrile illness.40 Chikungunya fever shares many of the same 
clinical and epidemiological characteristics as dengue fever including: (1) an acute febrile 
illness with high viremias, often complicated by coagulopathies and liver dysfunction; (2) 
arthropod-borne transmission by Aedes species mosquitoes, originally limited to Aedes 
aegypti in Africa and Asia, and now supported by a widely distributed new vector, Aedes 
albopictus; (3) a reservoir in humans with high viremias that sup-ports both human-
mosquito-human transmission and nosocomial human-to-human transmission; (4) a capacity 
for recurrent infections by multiple geno-types; (5) no specific chemoprophylactic or 
therapeu-tic treatment options, and no vaccine for primary pre-vention; and (6) increasing air 
importation by infected travelers returning from vacations in popular disease-endemic 
locations to developed countries with tem-perate climates, competent Aedes vectors, and no 
herd immunity—all of which will support autochthonous transmission.40 

 
Beginning in 2004, there have been recurrent epi-demic outbreaks of chikungunya in Africa 
and Asia, starting in Kenya (2004), spreading rapidly to the islands of the Indian Ocean 
(2005-2006), and to India (2005-2007).40,41 The initial mosquito vector of chikun- 
gunya in Africa (Kenya) and the Indian Ocean islands (Comoros) was Aedes aegypti, later 
replaced by Aedes albopictus as a primary vector in subsequent Indian Ocean island 
(Mauritius, Madagascar, Mayotte, Seychelles, Reunion) and Indian epidemics.40,41 By early 
2005, air imported cases of chikungunya were being increasingly reported in Europe in 
travelers returning from vacations in Indian Ocean island resorts.40 From April 1, 2005, to 
February 28, 2006, 307 imported cases of chikungunya, were confirmed in France.42 By 
2006, imported cases were also confirmed in Germany, UK, Belgium, Switzerland, Norway, 
China, and the Czech Republic.43 In March 2006, human-to-human transmission first 
occurred in France in a nurse caring for a patient with chikungun- ya and high viremia.40,41 
During 2005-2006, the US CDC reported 12 cases of air imported chikungunya confirmed 
both serologically and virologically in trav-elers who returned to the US from regions know 
to be epidemic or endemic for chikungunya.44 In recent chikungunya outbreaks in West 
Africa (Gabon, 2007) and India (Delhi, 2006), co-infections with chikungun-ya and dengue 
viruses were initially reported with A. albopictus identified as the principal vector for both 
viruses in the African outbreak.45,46 In 2008, Bonilauri and co-investigators isolated 
chikungunya viruses from Aedes albopictus mosquitoes collected in Italy and concluded that 
the virus was in active circulation in competent mosquito vectors in Italy and ready for 
autochthonous transmission.47 Like the West Nile virus, the chikungunya virus has now been 
distrib-uted by global air travel from its origins in Africa to developed nations in Europe with 
a competent mos-quito vector, A. albopictus, another recent import; a welcoming temperate 
climate, and an absence of herd immunity.37,41,47 

 
The origin of the terms "airport malaria" and "disinsection" have been attributed to Dr. 
Norman G. Gratz (1925-1985), a medical entomologist and long-term Director of Vector 
Biology and Control at the World Health Organization (WHO), who wrote in 1999: "The 



number of cases of 'airport malaria', plus cases of airport things we do not know about, 
demonstrate that aircraft disinfection (later 'disinsection') is often very necessary indeed."48 

The WHO issues International Health Regulations (IHR) periodically with recommendations 
for air-craft disinfection and disinsection (available at http://www.who.int/csr/ihr/en - last 
accessed Dec-ember 2010), which some vector-borne disease endemic nations enforce. The 
most commonly used insecticides which are sprayed, with or without prior announcement, on 
passengers and their belongings in the aircraft cabin are the synthetic pyrethroids, usually d-
phenothrin or permethrin. The synthetic pyrethroids are considered the safest pesticides for 
human use; are found in most insect spray and aerosol repellants; are used to impregnate 
clothes, curtains, and fabrics; and may precipitate bronchospasm if sprayed in the face, 
especially in chemically sensitive or atopic persons. 
 
Prevention and control strategies for the in flight transmission of vector-borne infectious 
diseases by infected arthropod vectors include combinations of the following: (1) personal 
protection of passengers and air crews on the ground with topically applied 
insect repellants containing 20-40% DEET (N, N-diethyl-3-methylbenzamide) or 7-20% 
picardin; (2) the use of pyrethroid-impregnated seat cushions or upholstered fabrics, 
pyrethroid-impregnated air cur-tains on cabin outer doors, between cabin compart-ments, and 
on outer exits of airport jet-ways and boarding ramps; and (3) the disinsection of aircraft with 
aerosolized pyrethroids as required by nations enforcing the WHO IHR.49 

 
Conclusions 
Prepackaged frozen meals requiring less food handling in flight may have indeed reduced the 
fecal-oral transmitted outbreaks of enteric bacterial and entero-toxic acute gastroenteritis, but 
have not restricted out-breaks of noroviruses, which are highly pathogenic, environmentally 
stable, and can be aerosolized as droplet nuclei and spread by fomites and contact with 
contaminated surfaces. Despite the early warnings by Dr. Norman Gratz and others, vector-
borne infectious diseases, such as West Nile virus and chikungunya, have now been 
effectively disseminated by air travel and have led to autochthonous transmission and clus-ter 
outbreaks in developed nations with competent local mosquito vectors.37,41-44,48 Lastly, human 
behavior can neither be predicted nor controlled, rendering mass pre-flight health screening 
for communicable diseases inefficient and impractical. Only the cooper-ation of the global 
aviation industry and the medical and public health communities in the health educa-tion of 
the air-traveling public will ameliorate, but never eliminate, the risks of infectious disease 
trans-mission during air travel. 
 
J H Diaz, M.D., MPH&TM, Dr. P.H. 
Received from the School of Medicine, Departments of Anesthesiology and Family 
Medicine, and the School of Public Health, Program in Environmental and Occupational 
Health Sciences, Louisiana State University Health Sciences Center (LSUHSC-NO) in New 
Orleans, Louisiana, 1615 Poydras Street, 
Suite 1400, New Orleans, Louisiana 70112 USA. 
TEL: 504-568-5700. FAX: 504-568-5701. Email: jdiaz@lsuhsc.edu. 
 
Support for Dr. Diaz was provided by departmental and institutional sources. 
The author has no acknowledgements or financial or other interests to disclose. 
 
References 
1 Steffen R, Tornieporth N, Lemans SA, et al. Epidemiology of traveler's diarrhea: Details of 
a global survey. J Travel Med 2004; 11: 231-7. 

http://www.who.int/csr/ihr/en
mailto:jdiaz@lsuhsc.edu


2 Tatum AJ, Rogers DJ, Hay SI. Global transport networks and infectious disease spread. 
Adv Parasitol 2006; 62: 293-4. 
3 Arguin PM, Marano N, Freedman DO. Globally mobile populations and the spread of 
emerging pathogens. Emerg Infect Dis 2009; 15: 1713-4. 
4 Hollingsworth TD, Ferguson NM, Anderson RM. Frequent travellers and the rate of spread 
of epidemics. Emerg InfectDis 2007; 13: 1288-9. 
5 Ryan E, Wilson M, Kain K. Illness after international travel. N Engl J Med 2002; 347: 505-
16. 
6 Yanni EA, Marano N, Stauffer WM, et al. Health status of visitors and temporary residents, 
United States. Emerg Infect Dis 2009; 15: 1715-20. 
7 Mangili A, Gendreau MA. Transmission of infectious diseases during commercial air 
travel. Lancet 2005; 365: 989-96. 
8 Ozonoff D, Pepper L. Ticket to ride: spreading germs a mile high. Lancet 2005; 365: 917-9. 
9 Eisenberg M, Gaarslev K, Brown W, Horwitz M, Hill D. Staphylococcal food poisoning 
aboard a commercial aircraft. Lancet 1975; 5: 595-9. 
10 Lester R, Stewart T, Carnie J, et al. Air travel-associated gastroenteritis outbreak, August 
1991. Commun Dis Invest 1991; 15: 292-3. 
11 Sutton R. An outbreak of cholera in Australia due to food served in flight on an 
international aircraft. J Hyg (Lond) 1974; 72: 441-51. 
12 Eberhart-Phillips J, Besser RE, Tormey RP, et al. An outbreak of cholera from food 
served on an international aircraft. Epidemiol Infect 1996; 116: 9-13. 
13 Patel MM, Widdowson M-A, Glass RI, et al. Systematic literature review of role of 
noroviruses in sporadic gastroenteritis. Emerg Infect Dis 2008; 14: 1224-31. 
14 Isakbaeva ET, Widdowson M-A, Beard RS, et al. Norovirus transmission on cruise ship. 
Emerg Infect Dis 2005; 11: 154-7. 
15 Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis. N Engl J Med 2009; 361: 
1776-85. 
16 Kornylo K, Kim DK, Widdowson M-A, Turabelidze G, Averhoff FM. Risk of norovirus 
transmission during air travel. J Travel Med 2009; 16: 349-51. 
17 Widdowson M-A, Glass R, Monroe S, et al. Probable transmission of norovirus on an 
airplane. JAMA 2005; 293: 1859-60. 
18 Sheth AN, Ewald G, Fleming K, et al. Persistent outbreak of norovirus gastroenteritis 
spanning multiple cruises of a domestic riverboat - October 2006; Epi-Aid 2007-010 Trip 
Report. 
19 Cortes JE, Kirking H, Burrer S, et al. Probable transmission of norovirus among 
passengers during air travel - United States, 2008. 58th Annual EIS Conference, epidemic 
Intelligence Service, US Centers for Disease Control and prevention, April 20-24, 2009, 
Crowne Plaza Hotel, Atlanta, Georgia USA. 
20 Whitfield D, Curtis CF, White CB, et al. Two cases of falciparum malaria acquired in 
Britain. Brit Med J 1984; 289: 1607-9. 
21 Giacomini T, Mouchet J, Mathieu P, Petithory JC. Study of 6 cases of malaria acquired 
near Roissy-Charles-de-Gaulle in 1994. Bulletin de l'Academie Nationale de Medecine 1995; 
179: 335-51. 
22 Health Protection Agency, United Kingdom. Malaria is a continuing danger to UK 
travelers. Available at http://www.hpa.org.uk. 
23 Rodger AJ, Cooke GS, Ord R, Sutherand CJ, Pasvol G. Cluster of falciparum malaria 
cases in UK airport. Emerg Infect Dis 2008; 8: 1284-6. 
24 Romi R, Sabatinelli G, Majori G. Malaria epidemiological situation in Italy and evaluation 
of malaria incidence in Italian travellers. J Travel Med 2001; 8: 6-11. 

http://www.hpa.org.uk/


25 Thwing J, Skarbinski J, Newman RD, et al. Malaria surveillance - United States, 2005. 
MMWR Morb Mort Wkly Rep Surveillance Summary 2007; 56: 23-40. 
26 Muentner P, Schlagenhauf P, Steffer R. Imported malaria (1985-95): Trends and 
perspectives. Bull World Health Organ 1999; 77: 560-6. 
27 Mascarello M, Allegranzi B, Angheben A, et al. Imported malaria in adults and children: 
Epidemiological and clinical characteristics of 380 consecutive cases observed in Verona, 
Italy. J Travel Med 2008; 15: 226-36. 
28 Thierfelder C, Schill C, Hatz C, Nuesch R. Trends in imported malaria to Basel, 
Switzerland. J Travel Med 2008; 15: 4326. 
29 Jelinek T, Dobler G, Nothdurft H. Evidence of dengue fever virus in a German couple 
returning from Hawaii. J Travel Med 1998; 5: 44-5. 
30 World Health organization. Dengue haemorrhagic fever: diagnosis, treatment, prevention, 
and control. Geneva, Switzerland: World Health organization, 1997. 
31 Guzman Mg, Kouri G. Dengue: an update. Lancet Infect Dis 2002; 2: 33-42. 
32 Gubler DJ, Trent DW. Emergence of epidemic dengue/dengue hemorrhagic fever as a 
public health problem in the Americas. Infect Agents Dis 1993; 2: 383-93. 
33 Gibbons RV, Vaughn DW. Dengue: an escalating problem. Br Med J 2002; 324: 1563-6. 
34 Freedman DO, Kozarsky PE, Weld LH, et al. GeoSentinel: The Global Emerging 
Infections Surveillance Network of the International Society of Travel Medicine. J Travel 
Med 1999; 6: 94-8. 
35 Travel-associated dengue—United States, 2005. MMWR Morb Mort Wkly Rep 2006; 55: 
700-2. 
36 Schwartz E, Weld LH, Wilder-Smith A, et al. Seasonality, annual trends, and 
characteristics of dengue among ill returned travelers, 1997-2006. Emerg Infect Dis 2008; 14: 
1081-8. 
37 Mohammed HP, Ramos MM, Rivera A, et al. Travel-associated dengue infections in the 
United States, 1996-2005. J Travel Med 2009; 17: 8-14. 
38 Morens DM, Fauci AS. Dengue and hemorrhagic fever: A potential threat to public health 
in the United States. JAMA 2008; 299: 214-6. 
39 Ross RW. The Newala epidemic. III. The virus: isolation, pathogenic properties and 
relationship to the epidemic. J Hyg 1956; 54: 177-91. 
40 Seneviratne SL, Gurugama P, Perera J. Chikungunya viral infections: An emerging 
problem. J Travel Med 2007; 14: 320-5. 
41 Charrel RN, de Lamballerie X, Raoult D. Chikungunya outbreaks - The globalization of 
vectorborne diseases. N Engl J Med 2007; 356: 769-71. 
42 Cordel H, Quatresous I, Paquet C, et al. Imported cases of chikungunya in metropolitan 
France, April 2005-February 2006. Euro Surveill 2006; 11: E060420.3. 
43 Pfeffer M, Locher T. Cases of chikungunya imported into Europe. Euro Surveill 2006; 11: 
E060316.2. 
44 Chikungunya fever diagnosed among international travelers - United States, 2005-2006. 
MMWR Morb Mort Wkly Rep 2006; 55:1040-2. 
45 Leroy EM, Nkoghe D, Ollomo B, et al. Concurrent chikungunya and dengue virus 
infections during simultaneous outbreaks, Gabon, 2007. Emerg Infect Dis 2009; 15: 591-3. 
46 Chahar HS, Bharaj P, Dar L, et al. Co-infections with chikungunya virus and dengue in 
Dehli, India. Emerg Infect Dis 2009; 15: 1077-80. 
47 Bonilauri P, Bellini R, Calzolari M, et al. Chikunguya virus in Aedes albopictus, Italy. 
Emerg Infect Dis 2008; 14: 852-4. 
48 Oransky I. Obituary: Norman G. Gratz. Lancet 2006; 367: 296. 
49 Picardin - A new insect repellant. The Med Letter 2005; 47: 45-8. 
 



Figure 1. 
An Aedes albopictus female is shown taking a human blood meal. A. albopictus is a new 

competent mosquito vector for both the chikungunya and dengue viruses that has now been 
disseminated globally by international trade and is poised for local transmission. Source: 
United States Centers for Disease Control and Prevention (CDC), Atlanta, Georgia USA. 

CDC Public Health Image Library (PHIL). PHIL Identification number 4489. 
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