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Infectious Disease Transmission during Air Travel Part I.
Airborne and Contact 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 dissemination.
Mathematical modelling has provided new insights into the mechanisms of in-flight disease
transmission. The traditionally held tuberculosis, or close-proximity model of in-flight
disease transmission 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 transmission 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. Today, more than one billion persons travel
by air annually; and of these, more than 80 million persons will travel by air from
industrialized countries to developing regions, where emerging and re-emerging infectious
diseases are endemic.1-3 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 transmission and dissemination. 3-8 This review will
describe the epidemiology and outcomes of infectious diseases transmitted by respiratory
secretions and close contact during air travel and recommend strategies for their control and
prevention.
Materials and Methods
In order to describe the epidemiology and outcomes of infectious diseases transmitted by
respiratory secretions and close contact during commercial air travel, and to recommend
strategies for their 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, airborne disease transmission, contact disease transmission, respiratory droplet and
droplet nuclei disease transmission.
Results
Airborne Transmission of Infectious Diseases during Air Travel
Tuberculosis: Tuberculosis (TB) remains among the most serious of the world health threats
for many reasons including: (1) its prevalence in approximately one third of the world’s
population; (2) its simplicity of transmission by respiratory droplets; (3) the pathogenicity of
its causative organism, Mycobacterium tuberculosis, which causes more annual deaths than
any other infectious disease except malaria; and (4) the ability of M. tuberculosis to mutate
into multidrug resistant TB (MDR-TB) and now extensively drug-resistant strains (XDRTB).9-11 The in-flight transmission of TB has been the most widely studied model of the
airborne transmission of infectious diseases aboard aircraft.12-14

Immigration and air travel have greatly affected the epidemiology of TB in developed
countries, especially in the US.10 In 2001, foreign-borne persons accounted for 57.8% of
new cases of TB in the US with an annual incidence rate of 20.6 cases per 100,000 persons
compared with an annual incidence rate of 2.1 cases per 100,000 persons for US citizens.10
Furthermore, 27.5% of TB cases among foreign born persons were diagnosed within 2 years
of the person’s arrival in the US.11 With nearly 0.5 million immigrants and refugees arriving
in the US annually from TB-endemic developing nations, foreign born persons with TB will
continue to contribute to the potential for TB transmission aboard aircraft and to the burden
of TB in the US.12
The transmission of TB aboard aircraft has been well documented in 2 instances.7,12,15 In the
first case, a flight attendant was the index case-patient and 2 TB skin test conversions
occurred during the ensuing 5 months in 1992 among 212 fellow flight crew members
and 59 passengers.7,12 In the second instance, a passenger with active MDR-TB traveled on
commercial airline flights from Honolulu to Chicago and from Chicago to Baltimore and
returned one month later.15 Four of 15 fellow passengers without risk factors for TB seated
within 2 rows of the index case had positive skin test conversions.15 In 2007, a US citizen
with active XDR-TB traveled from the US to Europe on a commercial airliner, returned to
Canada 11 days later, re-entered the US by automobile, and was quarantined for treatment.13
In summary, air travelers may be exposed to drug-resistant strains of TB by symptomatic
index cases; and the risks of becoming infected are increased by being seated within 2 rows
of the index case, and being exposed for long durations.13,15 An overall probability of TB
infection aboard aircraft of one in a hundred has been estimated when a symptomatic source
of M. tuberculosis is nearby.14
Criteria and procedures for notifying passengers and flight crews after exposure to TB on
aircraft have been developed by the US Centers for Disease Control and Prevention (CDC)
and may be summarized as follows. 15 (1) If a local health authority determines that a
passenger with TB was infectious in flight, it will consult the airline to determine if the casepatient with TB was indeed on the flight and what the duration of the flight was. (2) Health
authorities may then consider limiting notification of TB exposures to passengers and crews
on flights of 8 hours or longer, unless index cases are considered particularly infectious, as in
cases of laryngeal TB. (3) Depending on the design of the cabin, notification only of
passengers and air crew seated or working in close proximity to (i.e., within the same cabin)
the index case may be adequate. (4) When notification of potentially exposed passengers and
air crews is indicated, airlines and health authorities should inform passengers and crews in
writing of their potential TB exposures and the need for tuberculin skin testing by local health
providers.
Severe acute respiratory syndrome: The severe acute respiratory syndrome (SARS), an
atypical pneumonia caused by a zoonotic coronavirus (SARS-CoV), was circulated
worldwide by a frequent flyer in 2003.16 In this case, infection in a single passenger on
one flight from Hong Kong to Beijing on March 15, 2003, resulted in the transmission of
SARS to 22 of 119 passengers.16 Forty airline flights have now been investigated for carrying
SARS-infected passengers, and five of these have been associated with probable
on-board SARS transmission.16,17 With the exception of the March 15, 2003, super-spreading
SARS event, most passengers who contracted SARS following air travel were seated within 5
rows of the index case-patient.16, 17

SARS may be transmitted by mucosal contact with large respiratory droplets like TB, and
may also be transmitted by direct and indirect personal contact and by the aerosolization of
droplet nuclei.7,16 The transmission of SARS by aerosolized infected droplet nuclei best
explained the mechanism of transmission of SARS well beyond 2 rows on the commercial
airline flight between Hong Kong and Beijing in March 2003 and its spread throughout the
separate buildings of the Amoy Gardens apartment complex in Hong Kong in 2003.16
Prevention and control strategies to prevent the in flight transmission of SARS aboard aircraft
should include spatial separation of the index case-patient by 7 or more rows if possible and
the use of face masks for both the index case (N95 respirator mask) and attending crew with
isolation and proper disposal of any tableware, blankets, pillows, or other items in contact
with the patient or the patient’s secretions.16 The airline should notify local health authorities
immediately and inform in writing all exposed passengers and air crews of potential SARS
exposure in consultation with local health authorities.16
Influenza: Influenza is transmitted directly by mucosal contact with large respiratory
droplets and indirectly by contact with fomites.17 Prior to the novel influenza A (H1N1)
pandemic in 2009, three investigations of the in-flight transmission of influenza were
reported.18-20 In 1979, an outbreak of influenza A/Texas occurred aboard a commercial
airliner that resulted in 72% of all passengers aboard contracting influenza A within 72
hours.18 The high transmission rate on this flight was attributed to a prolonged ground
maintenance stay with passengers kept aboard the aircraft for 3 hours to repair an inoperable
ventilation system. 18 In 1989, an outbreak of influenza A/Taiwan occurred at a US naval air
station in military personnel returning to Florida from temporary duty in Puerto Rico aboard
2 DC-9 aircraft.19 The third outbreak investigation of the transmission of influenza A
occurred in 1999 in mine workers on a 75-seat commercial aircraft.20 In this outbreak, 15
passengers seated within 5 rows of the index case-patient developed influenza symptoms
within 4 days; and 9 of the 15 secondary cases were seated within 2 rows of the index casepatient.20 No further influenza outbreaks aboard commercial aircraft were eported until the
novel influenza A (H1N1) pandemic of 2009.21
The emergence of a novel influenza A(H1N1) strain in Mexico in early spring 2009 triggered
a pandemic that by the summer of 2009 had spread to over 150 nations worldwide. The rapid
spread of the pandemic (H1N1) virus was facilitated by air travel, and the increasing volume
of regional cases matched international air passenger movements.21
During June 2009, an outbreak of novel influenza A (H1N1) occurred among 31 members of
a US tour group to China.22 Han and co-investigators conducted a retrospective cohort
investigation of this outbreak in order to document the mode of transmission of influenza and
the risk factors for infection.22 The index case-patient was a 40-year-old female US citizen
who traveled with a tour group from the US to southwestern China, changed flights twice in
China, and made several bus tours with her tour group.22 Secondary cases developed in 9
(30%) tour group members who
had spoken with the index case-patient and in 1 airline passenger, not a tour group member,
who sat within 2 rows of the index case.22 All airplanes boarded by the index case and the
tour group were equipped with HEPA filters, and re-circulated less than 50% of cabin air
every 3 minutes.22 All tour buses boarded by the index case and the tour group mixed
70% re-circulated and filtered air with 30% outside air. 22 For the 16 tourists who had spoken
with the index case-patient at close range (< 2 m) for 2 minutes or longer, the attack rate for
influenza was 56%.22 None of the other 14 tour group members who had not spoken directly

with the patient developed influenza symptoms.22 The investigators concluded that this
outbreak of influenza A (H1N1) 2009 virus was caused by large respiratory droplet
transmission when the index case-patient was talking with fellow tourists and not by
aerosolization of respiratory droplet nuclei.22 A lack of secondary cases among fellow
air and bus passengers also supported respiratory droplet transmission of influenza in this
outbreak.22 The single secondary case in a fellow airline passenger who sat within 2 rows of
the index case and was not a tour group member was consistent with either respiratory
droplet transmission or fomite contact.22
Unlike SARS, influenza A is most commonly transmitted by large respiratory droplets and
fomites aboard aircraft, and risk factors for infection include talking with infected casepatients at close range for 2 or more minutes or being seated within 2 rows of an infected
patient.22 Commercial air travel played a significant role in the 2009 influenza A (H1N1)
pandemic by disseminating infected case-patients and secondary cases worldwide.21 The
secondary attack rates in the close contacts of secondary cases were unknown, but a
secondary attack rate of 20% within 2 weeks occurred in family contacts of cases in the 1979
outbreak of influenza A/Texas on a commercial air flight. 18
The best methods to prevent influenza are by seasonal influenza vaccinations, monovalent
pandemic strain-specific vaccinations during pandemics, and frequent and proper hand
hygiene. When in flight aboard commercial aircraft, case-patients with suspected influenza
should be isolated from other passengers and air crews and provided with a face mask,
preferably an N95 respirator mask. New evidence, however, has suggested that health
providers and probably attending air crews may be adequately protected from respiratory
droplet transmission by surgical masks alone. 23 In 2009, Loeb and co-investigators reported
the results of their prospective randomized trial to compare surgical masks versus N95
respirators in preventing influenza transmission among nurses in Ontario hospitals.23 Among
446 nurses caring for patients during influenza season, 225 were randomly assigned to wear
surgical masks and 221 were assigned to wear N95 respirators.23 There was no significant
difference (P = 0.86) in influenza infections in the surgical mask group (n = 5-, 23.6%)
compared to the N95 respirator group (n = 48, 22.9%).23
Measles: Measles is a highly contagious viral infection with an attack rate of 80% in the
unvaccinated.24 Measles is transmitted by respiratory droplets among close contacts of an
infected case, often during its prolonged (2 weeks) prodromal phase.24 Measles is often
imported into the US and other developed nations.25-27 During the period 1996-2000, 30% of
imported measles cases were estimated to have occurred in case-patients who flew on
commercial air flights while symptomatic with measles.25 During the summer of 2007, 2
cluster outbreaks of measles occurred in the Netherlands and were epidemiologically
associated with air travel by index cases.27 Three case studies have documented in-flight
measles transmission during air travel. In 1982, 7 secondary measles cases occurred after
exposures to an index case, either on board a commercial flight or at the airport departure
gate.28 An index case infected 2 fellow airline passengers on a flight from Venezuela to
Miami in a second measles cluster in 1982.7,28 In 1994, 8 cases of in-flight measles
transmission were reported during a 10-hour flight from New York to Tel Aviv.29 More
recently, the CDC investigated a multistate outbreak of measles among children adopted from
an orphanage in China in 2004 in which 9 out of 10 confirmed cases were probably infectious
during air travel.30 Today, most cases of measles are imported into the US by foreign born
persons who often travel by air and pose significant risks of cluster outbreaks in unvaccinated

or insufficiently vaccinated close contacts, even in countries with high measles vaccination
coverage (> 95%), such as the Netherlands and the US.27
Lassa fever and Marburg hemorrhagic fever: The Lassa and Marburg RNA viruses are
both potential bioterrorism agents transmitted by respiratory droplets or close (direct or
indirect-fomite) contacts that can cause viral hemorrhagic fevers (VHF) with high case
fatality rates. Two single human cases of VHF caused by Lassa virus (Arenaviridae) have
been air-imported into the US. The first case of imported Lassa fever occurred in Chicago in
1989, and the second case was reported in Trenton, New Jersey in 2004.31,32 Like measles,
Lassa fever has a prolonged asymptomatic prodromal phase of up to 3 weeks that makes air
travelers unaware of their infectious status when exposing fellow air travelers in close
proximity to respiratory droplet and contact transmission.33 However, in a German
retrospective cohort investigation of airline passengers exposed to a confirmed index case of
Lassa fever, Hass and co-authors found no evidence of increased in-flight transmission, even
in the 19 passengers seated within 2 rows of the index case-patient.34 Although there are no
vaccines for the VHFs, Lassa fever can be treated effectively with ribavirin if administered
within the first 6 days of illness. 33,34
The first air-imported case of Marburg hemorrhagic fever (MHF) caused by the Marburg
virus (Filoviridae) in the US occurred in January 2008, in a 44-year-old woman who had
recently returned from travel in Uganda, and was hospitalized for unexplained febrile
illness.35 In July 2008, the patient requested repeat serological testing for VHFs after
learning of the death of a fellow Dutch tourist who had visited the same bat-roosting cave in
Uganda at the same time as the US case patient, and who tested positive for Marburg virus
(MARV) antibodies.35 A subsequent CDC contact investigation did not identify illness
consistent with any secondary cases of MHF transmission in the case-patient’s husband or in
6 of her 8 US Ugandan tour companions.35 CDC investigators concluded that travelers should
be aware of the increased risks of acquiring MARV infections through direct or indirect
exposures to bat excretions or secretions in caves or mines inhabited by bats in the
MARV-endemic areas of sub-Saharan Africa.35 Due to its prolonged, asymptomatic phase,
MHF could be transmitted during air travel through direct contact with infectious body fluids,
such as respiratory droplets, or contaminated fomites, infecting close contacts and health care
providers.35
Isolation of suspected patients and droplet and contact precautions are recommended to
prevent person to person spread of VHFs.35 The CDC has developed
interim guidance recommendations about potential in flight exposures to both Marburg
(available at http://www.cdc.gov/ncidod/dvrd/spb/mnpages/ dispages/marburg.htm) and
Ebola (available at http://www.cdc.gov/ncidod/dvrd/spb/mnpages/ dispages/ebola.htm) virus
infections for airline flight crews, cargo and cleaning personnel, and personnel interacting
with arriving passengers.
Close Contact Transmission of Infectious Diseases during Air Travel
Smallpox: Smallpox is a highly contagious, acute viral disease caused by a Poxviridae virus,
Variola major, with a long incubation period, like measles and Lassa fever (2-3 weeks)that is
transmitted by direct close contact or indirect fomite contact. 36 Smallpox has now been
eradicated worldwide as an infectious disease, although the possibility that it may be used as
an agent in biological warfare is still a possibility. It is of historical interest to note that inflight transmission of smallpox has been well documented. In a 1963 smallpox outbreak in

Sweden, the index case-patient transmitted smallpox to 24 secondary cases, four of which
were fatal, either in-flight, or at the airport.36 The best measure of prevention for smallpox is
by pre-event vaccination for persons without contraindications to vaccination, such as atopic
dermatitis, eczema, acute or chronic exfoliative skin or immunosuppressive conditions, and
pregnancy.36,37 There are no contraindications to smallpox vaccination for persons who have
been exposed to smallpox.36,37
Meningococcal disease: Meningococcal disease is transmitted by direct contact with
respiratory secretions and usually presents after a 2-week incubation period as febrile
bacterial meningitis with positive blood and cerebrospinal fluid cultures for Neisseria
meningitidis.38 Commercial aircraft offer suitable, closed environments for the transmission
of meningococcal disease which the CDC specifically defines as the development of
meningitis within 14 days of a flight of at least 8 hours duration.38 From 1999 to 2001,
the CDC received 21 reports of suspected air travel associated meningococcal disease.38
Investigations of these reports demonstrated that the index case-patient was contagious inflight, but no secondary cases occurred.38 In such cases, passengers seated next to the infected
case should be quickly contacted and given chemoprophylaxis within 24 hours as
chemoprophylaxis administered more than 14 days after onset of illness in the index case is
ineffective.38 Smallpox and meningococcal disease transmission may be prevented by
vaccination or by isolation of index cases and vaccination of exposed contacts for smallpox
and chemoprophylaxis for airline passengers exposed in close proximity to meningococcal
disease (Table 1).36-38 The CDC Guidelines for the management of airline passengers exposed
to meningococcal disease are available at http://www.cdc.gov.travel.menin_guidelines. htm.
Conclusions
The traditionally held beliefs that, the artificially controlled environment of the aircraft cabin
would restrict the spread of airborne pathogens to a few rows and that the perceived risks of
contracting infectious diseases during air travel far surpassed actual risks, have now been
disproven by the in-flight transmission of SARS and norovirus to passengers at great
distance from index sources of infection.17,39 The TB model of disease transmission within
the close proximity of 2 rows or less still works for large respiratory droplet transmission as
in TB and in some influenza cases. However, the close proximity model does not explain the
spread of pathogens which can be aerosolised as droplet nuclei (SARS, norovirus) or the
spread of pathogens by direct contact and fomites (influenza, norovirus). Recently,
mathematical modelling has helped to identify high-risk infectious disease-spreading
travelers, such as frequent flyers and returning expatriates, and will continue to provide new
insights into the mechanisms of disease transmission during air travel.4 Lastly, human
behaviour can neither be predicted nor controlled, rendering mass pre-flight health screening
for communicable diseases transmitted by respiratory secretions or close contact inefficient
and impractical. Only the cooperation of the global aviation industry and the medical and
public health communities in the health education of the air-traveling public will ameliorate,
but never eliminate, the risks of infectious disease transmission during air travel.
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Table 1
Schedule for administering chemoprophylaxis against meningococcal disease
Source:
United States Centers for Disease Control and Prevention, Atlanta, Georgia USA (CDC)38
Drug

Rifampin*

Ciprofloxacin**
Ceftriaxone
Ceftriaxone

Age group
(oral administration
unless specified
otherwise)
Children <
1 month of age
Children >
1 month of age
Adults
Adults
Children <
15 years of age
Adults

Dosage

Duration and
route of
administration

5 mg/kg po q
12 hours
10 mg/kg po q
12 hours
500 mg po q
12 hours
500 mg po
125 mg im

2 days

250 mg im

2 days
2 days
Single oral dose
Single intramuscular
dose
Single intramuscular
dose

*Rifampin is not recommended during pregnancy because of its teratogenic effects in animals. Rifampin
reduces the reliability of oral contraceptives, and alternative means of contraception should be considered
during rifampin therapy.
**Ciprofloxacin causes cartilage damage in immature laboratory animals and is not recommended
during pregnancy or for persons under age 18 years, unless there are no acceptable alternatives.
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