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In order to assist national public health authorities 
in the European Union to assess the risks associated 
with the transmission of infectious agents on board 
aircrafts, the European Centre for Disease Prevention 
and Control initiated in 2007 the RAGIDA project (Risk 
Assessment Guidance for Infectious Diseases trans-
mitted on Aircraft). RAGIDA consists of two parts: 
the production of a systematic review and a series of 
disease-specific guidance documents. The system-
atic review covered over 3,700 peer-reviewed articles 
and grey literature for the following diseases: tuber-
culosis, influenza, severe acute respiratory syndrome 
(SARS), invasive meningococcal disease, measles, 
rubella, diphtheria, Ebola and Marburg haemorrhagic 
fevers, Lassa fever, smallpox and anthrax. In addition, 
general guidelines on risk assessment and manage-
ment from international aviation boards and national 
and international public health agencies were sys-
tematically searched. Experts were interviewed on 
case-based events by standardised questionnaires. 
Disease-specific guidance documents on tuberculosis, 
SARS, meningococcal infections, measles, rubella, 
Ebola and Marburg haemorrhagic fevers, Lassa fever, 
smallpox and anthrax were the result of consultations 
of disease-specific expert panels. Factors that influ-
ence the risk assessment of infectious disease trans-
mission on board aircrafts and decision making for 
contact tracing are outlined. 

Background
With increasing numbers of passengers travelling inter-
nationally by air the potential risk of introduction and 
spread of infectious diseases by travellers increases. 
In 2009, the global airport traffic reported 4.796 x 109 

passengers arriving and departing from 1,354 airports 
located in 171 countries worldwide, with passengers 
on international flights accounting for 42 percent [1]. 
Almost 800 million passengers are carried on national/
international flights annually within the European 
Union (EU) alone [2]. 

The outbreak of SARS in 2003 and pandemic influenza 
A(H1N1) in 2009 illustrated how infectious diseases 
can suddenly appear, spread, and threaten the health, 
economy and social lives of citizens even in countries 

that are not or not yet affected by the epidemic itself. 
When passengers and/or crew members become 
exposed to an infectious or potentially infectious per-
son during a flight, early recognition of disease and 
coordinated risk assessment among the affected coun-
tries is needed to initiate appropriate public health 
response without unnecessarily alarming the public 
and disrupting air traffic. 

There are legal obligations for the member states 
of the World Health Organization (WHO) to report 
events of public health concern in accordance with 
the International Health Regulations (IHR) [3] and for 
the Member States of the EU to provide information to 
the Community Network in accordance to the Decision 
No 2119/98/EC [4]. However, very limited international 
guidance exists for the public health management of 
infectious diseases related to air travel, both aboard 
aircrafts and at airports [5]. Existing international guid-
ance, e.g. the WHO international guidelines for the con-
trol of tuberculosis [6], does not necessarily reflect the 
epidemiologic situation in the individual EU Member 
States, while the national guidelines, e.g. for meningo-
coccal diseases [7], are frequently inconsistent.

In order to assist national public health authorities in 
EU Member States in the evaluation of risks related to 
the transmission of various infectious agents on board 
aircrafts and to help in the decision on the most appro-
priate, operationally possible public health measures 
for containment, e.g. on whether or not to contact-
trace air travellers and crew in case of exposure, the 
European Centre for Disease Prevention and Control 
(ECDC) initiated in 2007 the project Risk Assessment 
Guidance for Infectious Diseases transmitted on 
Aircraft (RAGIDA) [8]. 

The RAGIDA project consists of two parts: (i) a system-
atic review of the literature of documented past events 
of infectious disease transmission on aircrafts, guid-
ance documents and expert interviews assessing case-
based information on events (produced by the Robert 
Koch Institute, Germany in response to an ECDC open 
call for tender OJ/2007/06/20- PROC/2007/009) [8], and 
(ii) a series of disease-specific guidance documents 
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produced by external disease-specific expert panels 
[9] on which this article will mainly focus. This guid-
ance does not address contacts at the airport or occur-
ring during transit.  

Methods 
Part I: Systematic review and expert interviews
In the first part of the RAGIDA project a systematic 
review of over 3,700 peer-reviewed articles and grey 
literature was performed for the following 12 infec-
tious diseases: tuberculosis, influenza, SARS, invasive 
meningococcal disease, measles, rubella, diphtheria, 
Ebola and Marburg haemorrhagic fevers, Lassa fever, 
smallpox and anthrax. The aim was to evaluate the 
exact circumstances that led to the transmission of 
these infectious diseases on board aircrafts. For peer-
reviewed publications, PubMed and the database of 
the German Institute of Medical Documentation and 
Information (DIMDI) were searched, using the following 
two combinations of search terms: (aircraft OR airplane 
OR flight OR flight crew OR air travel OR airline OR air 
passenger) AND (epidemiology OR microbiology OR 
transmission), (aircraft OR airplane OR flight OR flight 
crew OR air travel OR airline OR air passenger) AND 
(infectious).

Grey literature was searched in ProMed using the search 
terms ‘airline OR air travel OR air passenger’. In addition, 
general guidelines on risk assessment and manage-
ment were systematically searched from international 
aviation boards, the Airport Council International (ACI), 
International Air Transport Association (IATA) and 
International Civil Aviation Organisation (ICAO) and 
several national and international public health agen-
cies such as the WHO, the United States Centers for 
Disease Control and Prevention, Health Canada, the 
Health Protection Agency in the United Kingdom and 
the Robert Koch Institute in Germany. Standardised 
questionnaires were used to interview an international 
group of experts to collect case-based information on 
events. 

Contacts were defined as persons with relevant expo-
sure to an infectious or potentially infectious index 
case. The credibility of an exposure was assessed 
by referring to event-specific factors such as patho-
gen, infectiousness of the index case, infectious 
period, availability of information on on-board expo-
sure, possible alternative exposures, and risk factors 
for infection. The evidence of on-board transmission 
was assessed for each event according to a set of 
established criteria. These criteria took into account 
the validity and relevance of diagnostic tests (index 
case(s)/contacts), the validity and relevance of infor-
mation for exposures or alternative exposures of con-
tacts, and the susceptibility of contacts. Evidence for 
transmission was graded into four categories: high, 
probable, possible and none. If no transmission was 
concluded, the level of evidence for non-transmission 
was assessed using the proportion of the success-
fully traced contacts among all susceptible contacts 

on board the flight. The evidence was assessed as low 
if the proportion was smaller than 35%; medium if the 
proportion was between 35% and 75%, and high if the 
proportion was larger than 75%.

Part II: Disease-specific guidance
Within the second part of the RAGIDA project, the pro-
duction of a series of operational guidance documents 
for assisting in the evaluation of risk for transmission 
of diseases was initiated. In June 2009, ECDC convened 
the first RAGIDA disease-specific expert meeting that 
focused on tuberculosis, SARS and invasive meningo-
coccal infections. In 2010 a second meeting followed 
that concentrated on measles, rubella, Ebola and 
Marburg haemorrhagic fevers, Lassa fever, smallpox 
and anthrax.

For both meetings, small, multidisciplinary disease-
specific expert panels were established. The par-
ticipants were selected to include representatives of 
national public health authorities, particularly those 
with experience in the investigation and follow-up of 
incidents involving infectious diseases in travellers, 
European and international experts for the disease(s) 
under investigation, experts in microbiology and math-
ematic modelling, and representatives of the ECDC, 
the European Commission and the WHO International 
Health Regulations Coordination Programme. No 
conflicts of interest were declared by any of the 
participants.

Evidence obtained included the review of the pub-
lished literature by disease related to air travel, the 
review of data on air travellers obtained from national 
public health authorities (from RAGIDA part I), and 
expert opinions from the members of the expert panel. 
Experts discussed basic elements of the Scottish 
Intercollegiate Guidelines Network (SIGN) approach 
for developing guidelines [10] and reviewed the evi-
dence base taking into account the available scientific 
evidence for disease transmission as well as other 
relevant aspects such as disease severity, the poten-
tial for public health intervention, and availability of 
treatment.

Each disease-specific chapter contains a short litera-
ture review, outlines an approach for contact tracing 
including an algorithm and a template for questions 
and answers. 

Results 
Part I: Systematic review and expert interviews
The available information published in peer-reviewed 
journals was very limited for most of the diseases for 
which only a few on-board transmission events were 
described, limiting the power for evidence-based deci-
sion making. With the exception of tuberculosis no 
international guidance for contact tracing was identi-
fied [7,11,12]. A detailed report of this first part of the 
project has been published [8]. 
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Part II: Disease-specific guidance 
Overall the expert panels agreed that for each of the 
diseases contact tracing should be recommended only 
after careful risk assessment. Contact tracing was con-
sidered as reasonable if the probability of an infectious 
disease causing a secondary infection and/or further 
spread in the population was high in conjunction with 
an assessment that the impact on human health in 
terms of an adverse outcome (the scale of harm caused 
by the infectious threat in terms of morbidity and mor-
tality) was also high. Several additional factors were 
identified that influence the decision making regarding 
contact tracing. 

Factors that affect the probability of 
disease transmission on board aircrafts
The probability that a certain infectious disease is 
transmitted on board an aircraft depends on charac-
teristics of the causative agent and the host, and on 
environmental factors. These include: 

•	  infectivity of the index case during the flight in the 
symptomatic or pre-symptomatic stage, taking into 
account epidemiological attributes such as R0, 
period of shedding, infectiousness period, mode 
of transmission, as well as signs and symptoms of 
disease; 

•	  susceptibility of the passengers, considering their 
level of natural immunity and vaccination status; 

•	  effectiveness of exposure, depending on proximity 
to the index case, duration of exposure as well as 
the technical specifications of the airplane and the 
quality of the cabin air. 

Factors that affect the impact on human health
The impact on human health, the scale of harm that a 
certain infectious disease causes in terms of morbidity 
and mortality, depends on characteristics of the patho-
gen and the host, and on the available means for detec-
tion and intervention. The relevant factors include:   

•	  pathogen-specific attributes for disease manifes-
tation such as virulence, resistance pattern and 
case fatality; 

•	  underlying condition associated with severity, con-
sidering compromised immune system, comorbid-
ity or pregnancy; 

•	  means for detection and possibilities for diagno-
sis, taking into account the availability and reli-
ability of diagnostic tests; 

•	  effectiveness of intervention, e.g. availability of 
prophylaxis and/or treatment. 

Factors that influence the decision on 
contact tracing
In addition to the probability of transmission and the 
impact on human health, there are several additional 
factors that influence the decision making regarding 
contact tracing, such as: 

•	  susceptibility of the passengers for the disease, 
taking into account the level of natural immunity 

and the vaccine coverage in the population of the 
countries of origin and  destination; 

•	  the maximum incubation period, i.e. the time 
period during which it is possible to intervene with 
public health measures; contact tracing at a later 
time could be initiated for scientific purposes; 

•	  ethical aspects, e.g. whether treatment is avail-
able or whether containment and/or mitigation 
measures are acceptable for the contacts; 

•	  means for response, i.e. the public health actions 
taken after identification of infected individuals, 
the options that can be offered to the infected indi-
viduals identified by contact tracing; 

•	  alternative actions instead of contact tracing such 
as risk communication including leaflets for pas-
sengers of the flight and information on airports; 

•	  media coverage and public attention; 
•	  political sensitivities in the involved countries; 
•	  available resources. 

Discussion 
In a globalised world, the risk for transmission and 
spread of infectious diseases through travel and trade 
needs to be addressed. In terms of passenger num-
bers, Europe has four of the eleven airports receiving 
the highest passenger numbers worldwide: London, 
Paris, Frankfurt and Madrid. Each of them receive more 
than 50 million passengers a year (with the larger pro-
portion of passengers on international flights) [1,2], 
some of whom are likely to have or incubate infectious 
diseases. Airline cabins, as confined spaces, may pro-
vide an environment for disease transmission. There is 
some evidence from studies examining microbial con-
taminants in cabin air, that suggest air quality in an air-
line cabin is better than in most buildings [13-15] and 
most other means of public transportation (e.g. buses, 
trains, subways). Most modern airplanes operate a 
ventilation system with laminar air flow with exchange 
rates of 20 air exchanges per hours during cruising. 
Before re-entering the cabin, the air is filtered through 
a set of high-efficiency particulate air (HEPA) filters, 
which remove at least 99.97% of airborne particles 
between 0.1 and 0.3 µm in diameter and 100% of par-
ticles larger than 0.3 µm in diameter. However, when 
an aircraft is parked at the gate with the engines off 
for more than 30 minutes with passengers on board, 
adequate cabin ventilation should be ensured [16]. 

According to the IHR which legally bind 194 States 
worldwide, events of disease transmission among pas-
sengers on international flights require notification 
to the WHO [3]. Member States of the EU must further 
provide information on such cases through the appro-
priate designated structures and/or authorities in a 
timely manner to allow an effective joint response of 
the affected countries [4]. 

Assessing the risk of transmission of infectious dis-
eases on board an aircraft is not always easy and often 
has to rely on individual expert opinion. The available 
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evidence is limited and assessing the publicly avail-
able evidence retrieved from the literature/grey litera-
ture is challenging. For most of the infectious diseases 
only a small number of studies are available on a lim-
ited number of events. The majority of the studies are 
observational, lack an appropriate control group and 
do not control for biases. In most of the reported stud-
ies the proportion of passengers (contacts) success-
fully traced and followed up is small, and for diseases 
with a long incubation period such as tuberculosis, 
asymptomatic passengers are often not followed up 
long enough to document seroconversion. For diseases 
with a high proportion of asymptomatic or mild cases 
or with an atypical presentation, cases are less likely 
to be detected because diagnostic tests are less likely 
to be performed. In addition, studies not showing 
transmission or disease outcome are less likely to be 
published (publication bias). 

The decision on public health action and contact trac-
ing has to be made fast and is influenced by several 
factors that differ between countries, such as the avail-
able resources, the purpose of contact tracing, its fea-
sibility and the perception of the risk of the disease 
when evidence is lacking or when media attention or 
political pressure is high. Contact tracing requires sig-
nificant resources in terms of manpower, money, and 
time. The amount of resources needed further depends 
on the objective of the tracing, e.g. whether it is done 
to initiate disease containment measures, disease mit-
igation measures, to delay the spread of the disease 
or to eradicate the disease. Only a limited number of 
studies are available on the cost-effectiveness of con-
tact tracing in this regard. In the case of tuberculosis 
several studies indicate that the costs are high and the 
outcome is poor [17,18]. It must also be considered that 
adequate contact tracing in resource-poor countries 
may come at the expense of other more effective health 
measures [18]. Contact tracing is often complicated 
when passenger information is lacking. Aircraft mani-
fests are not standardised across airlines and passen-
ger lists are rarely kept for more than 48 hours. Legal 
matters and data protection issues could hamper the 
exchange of information between countries and organ-
isations. Communication and coordination between the 
different national authorities can be complex and the 
proportion of contacts that can be successfully traced 
is often rather small [19,20].

Finally the perception of a risk plays a crucial role in 
its assessment and the decision for contact tracing. 
Assessments are influenced not only by the societal 
environment in which events occur and decisions are 
being made, but also by politics and the economic situ-
ation in a country. An infectious disease assessed at 
low risk, for instance, can have a significant economic 
and political impact in a certain context. 

Conclusions
Considering the lack of published data available on 
evaluating the risk of transmission of most infectious 

agents on board aircrafts, and taking into account the 
key factors that influence the decision making, the 
RAGIDA guidance provides a viable evidence-based 
tool for public health authorities determining triggers 
and making decisions on whether to undertake contact 
tracing in air travellers or crew. These guidance docu-
ments may be adapted to the local situation, national 
and international regulations or preparedness plans. 
To improve the evidence base for contact tracing and to 
conclude on the cost-effectiveness of this public health 
intervention, information on the outcome of disease 
events during air travel needs to be collected continu-
ously as initiated by this project.
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