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In contrast to air travel, there are no recommendations
on tracing ground transport passengers exposed to
infectious pathogens. We analysed European statistics
on passenger transport in different conveyances and
conducted expert workshops to discuss environmental
conditions in ground transport, indications and minimal datasets required for contact tracing. Transport
performance in the 27 countries of the European Union
increased from 5.3x1012 passenger kilometres (pkm)
in 1995 to 6.5x1012 pkm in 2007. Each resident generated on average 13,092 pkm in 2007, of which 2,062
pkm were public ground transport and 1,155 pkm in air
transport. In the same year in Germany the total passenger volume in all different conveyances was 67,937
million. Public ground transport accounted for a passenger volume of 11,387 million (16.8%) and air transport for 129 million (0.2%). High efficiency particulate
air (HEPA) filtration is frequently used in airplanes but
not in ground transport vehicles. Therefore opportunities for disease transmission in public ground
transport are not necessarily lower than in air travel.
However, contact tracing is rarely conducted in these
settings because of immense logistic challenges.
Indication for contact tracing should be revisited,
including all kinds of passenger transport.

Introduction

A variety of infectious diseases have the potential
to spread from one person to the other without the
need for direct or intimate contact. In stationary settings such as workplace, school or hospital, persons
potentially exposed to a patient shedding an infectious
pathogen usually remain within the reach of one local
health authority which can trace these contacts to initiate early diagnosis, preventive treatment or hygienic
measures to prevent further spread. Travelling in public transport, often in confined spaces, provides opportunities for exposure to and transmission of infectious
diseases. It is an established procedure in infectious
disease control to trace passengers, with the aim of
preventing further spread of a pathogen or providing
post exposure prophylaxis or treatment to passengers who had contact on board a vehicle to a fellow
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passenger or personnel shedding an infectious agent,
in the following referred to as contact tracing (CT). CT
in public transport settings poses special challenges:
exposed passengers usually have a one-time exposure;
they do not necessarily live within one health department’s jurisdiction and are unlikely to receive information on the exposure other than by direct contact from
either the travel company or the health authority since
most passenger ground transport vehicles do not use
passenger name lists. Announcements via media or
other information channels (e.g. social networks) are
only rarely used to trace contacts. In public transport
conveyances such as airplanes, risk assessment based
on documentation of a seating position can facilitate a
more focused contact tracing approach.
CT is explicitly addressed in Article 23 of the
International Health Regulations from 2005 [1] and has
recently led to an amendment of the Decision 2000/57/
EC of the European Commission addressing the information exchange between Member States during CT
and providing and indicative list of personal data for
CT [2]. In both regulations, CT is treated as a control
measure which justifies and requires the maintenance
of international surveillance and information exchange
systems when there is a risk for international disease
spread. So far official recommendations from public
health institutions and the World Health Organization
(WHO) do address CT in air transport, but not explicitly
in public ground transport [3-13].
In our work we describe factors that may indicate the
need for recommendations in the ground transport setting and try to identify to what extent these might differ from the factors known for air travel. We analysed
European statistics on passenger transport in different
types of conveyances. Furthermore we report results
from an expert workshop that assessed indicators for
CT in ground transport conveyances.

Methods

Public ground transport is defined as travelling by the
following means of transport: bus/coach, railway or
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tram/metro. Public transport in general furthermore
includes air and sea transport. Within the framework of
the European project ‘Response to Emerging infectious
diseases: Assessment and development of Core capacities and Tools’ (REACT) we conducted two meetings
with international experts to identify relevant criteria
and indications for CT in public ground transport and a
generic minimal dataset for CT [14]. A survey and round
table discussions determined infectious diseases pertinent to CT. Moreover, relevant environmental conditions and results of the passenger transport data
analysis were discussed. Participants of the meetings
were experts working in or for local and national public
health departments, the International Association of
Public Transport (UITP), and the WHO.

European passenger transport

Eurostat and the European Commission Directorate
General for Energy and Transport provided the latest
summarised European passenger transport statistics
from 1995 to 2007 [1,15]. Each EU Member State reports
statistical data on passenger transport in the form of
passenger transport performance (TP), which is defined
as the number of passengers multiplied by travelled
distance and measured in passenger-kilometres (pkm).
TP is reported based on the territoriality principle, i.e.
only the TP within the territory of the reporting country is considered. We analysed TP for different types of
transport within the 27 European Union Member States
(EU-27) specifically for transport by passenger car,
powered two-wheeler, bus/coach, railway, tram/metro,
air, and sea transport.

German passenger transport

As the core research group was located in Germany, we
used the data from Germany for the detailed analysis
and comparison. We received statistical data on total
number of passengers, TP, short- and long-distance
travel by bus/coach and railway, and information on
the average travel distance in the period 2004 to 2007
from the German federal statistical office (DESTATIS)
and from the German Institute for Economic Research
(DIW) [16-19].
In Germany, passenger transport by bus/coach and
tram/metro is reported as public road transport. Short
distance traffic by bus is defined as travel on public
suburban and metropolitan commuter transport with
the majority of passengers travelling less than 50 km
or for less than one hour. Accordingly, in long-distance
bus travel, the majority of passengers is travelling
more than 50 km, or for more than one hour.
Regarding transport by railway, the definition of shortversus long-distance travelling depends not only on
the distance travelled (limited up to 50 km or more
than 50 km), but in some cases also on the type of conveyance. For instance, travel by high speed trains is
always reported as long-distance transport, even when
the travelled distance might be less than 50 km [18].
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Environmental conditions in
ground transport conveyances

In order to gather information on environmental conditions that may influence the risk of disease transmission in public ground transport, we conducted a
literature research on technical systems such as air
conditioning and ventilation used in buses/coaches
and trains.
In January and February 2009, we conducted a scientific literature search on technical systems in relation to
airborne transmission of infectious diseases in public
ground transport using the SCOPUS database (the largest scientific database currently available). The search
was conducted using a combination of keywords from
three groups that were connected by ‘AND‘. The first
group contained the following keywords: air condition,
air filter, seating distance, and ventilation. The second
group contained: transmission, infectious, airborne,
droplet, disease, and the third group contained: means
of transport, conveyance, bus, coach, railway and
train. In July 2011, the literature search was updated.
The search results were screened for relevance with
regard to transmission of airborne infectious disease
in public ground transport by two REACT researchers.
Furthermore, we contacted by email and telephone
(national and Europe-wide) coach and railway transport
companies and organisations as well as two internationally operating rail equipment manufacturing companies and a university research group focusing on
airflows in confined spaces, in order to gather information on technical systems used in different means of
transport in Europe. In addition, environmental conditions potentially relevant for CT were discussed in the
REACT expert meetings.

Indications for CT in public ground transport

In the REACT expert meetings we discussed pathogens
and indications that could be relevant for risk assessment and decision making for CT in public ground
transport, as well as the logistical challenges of conducting CT in various means of transport.

Minimal dataset for CT

The passenger locator card is a paper form available
on board of aircrafts. It provides a method to rapidly
collect passenger contact information and is recommended to be used when public health authorities suspect the potential for disease transmission on board
of an aircraft and a subsequent need for contact tracing. It was developed by an informal transport working
group convened by WHO [12]. The group consisted of
representatives from national public health authorities
and international transport organisations.
Annex III of Decision 2000/57/EC includes an indicative list of personal data to be collected and shared
between EU Member State authorities for the purpose
of CT. This list mirrors to a large extent the information
to be filled in the 2009 WHO passenger locator form
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[12] and includes the passenger’s name, sex, date of
birth, telephone numbers, email and home addresses
as well as temporary addresses (called contact information in Annex III) and emergency contact details. In
addition to the passenger locator form, Annex III also
contains questions on nationality, type of identity document (ID), ID number and issuing authority.
We compared the 2009 draft version of the passenger
locator card [12] with the ‘indicative list of personal
data for the purpose of contact tracing’ in Annex III of
the 2009 amendment of the 2000/57/EC Decision of the
European Commission [2]. A minimal dataset required
for CT was also part of the discussion at the REACT
expert meetings.

Results
European passenger transport

Within the EU-27, passenger transport performance (TP)
increased from 5.3x1012 pkm in 1995 to 6.5x1012 pkm)
in 2007. On average each habitant of the EU-27 generated about 13,092 pkm in 2007. Public ground transport (bus/coach, railway, and tram/metro) accounted
for an average TP per EU-27 habitant of 2,062 pkm and
air transport for 1,155 pkm. TP by air transport had a

growth rate of 4.5% from 1995 to 2007 while TP for all
other passenger transport types had a growth rate of
less than 2% (Figure).
In 2007, the share of total TP was 74.8% (4,842x109
pkm) by private transport (passenger car and powered two-wheeler), 8.8% (571x109 pkm) by air, 8.3%
(539x109 pkm) by bus/coach, 6.1% (395x109 pkm) by
railway, 1.3% (85x109 pkm) by tram/metro and 0.6%
(41x109 pkm) by sea transport. Hence, all public ground
transport (bus/coach, railway, tram/metro) generated
a share of 15.7% of the total TP of 6,473x109 pkm in the
EU in 2007.

German passenger transport

In Germany public ground transport generated a share
of 14.6% (161.5x109 pkm) and air transport a share of
5.3% (59x109 pkm) of the total German TP in 2007. In
the same year the number of passengers (passenger
volume) transported by public ground transport generated a share of 16.8% (11,387 million passengers) and
air transport a share of 0.2% (129 million passengers).
Compared to 2004, railway and air transport generated
a higher TP in 2007. However, the share of passengers
travelling by air remained at a low level of 0.2% (see
details in Table 1).

Figure
Passenger transport performance by mode of transport in passenger kilometres, EU-27, 1995–2007
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Table 1
Passenger volume and passenger transport performance of different means of transport, Germany, 2004 and 2007

Year

Private transport

Public ground transport

Passenger car and
Powered two-wheeler

Public road transport
(Bus/coach and Tram/metro

Air

Railway

Total

Passenger transport
performance
(in billion pkm)a

2004

887 (81.3%)

83 (7.6%)

73 (6.7%)

48 (4.4%)

1,091

2007

885 (80.1%)

82 (7.4%)

79 (7.2%)

59 (5.3%)

1,106

Passenger
volume
(in million)a

2004

57,275 (83.6%)

9,057 (13.2%)

2,091 (3.1%)

106 (0.2%)

68,529

2007

56,420 (83.0%)

9,146 (13.5%)

2,241 (3.3%)

129 (0.2%)

67,936

a

Passenger transport performance is given in billions (x109); Passenger volume is given in millions (x106).

Table 2
Passenger transport performance, passenger volume and average travelled distance in short- and long-distance transport by
bus/coach and railway, Germany, 2004 and 2007
Short-distance transportb
Year

Passenger
TPa (in
billion pkm)

2004
2007

Long-distance transportc

Passenger
volumea
(in million)

Average
trip distance
(in km)

75 (68.8%)

7,213 (98.4%)

81 (69.6%)

7,374 (98.4%)

Average
trip distance
(in km)

Total passenger
TPa
(in billion pkm)

Total passenger
volumea (in
million)

Passenger
TPa (in
billion pkm)

Passenger
volumea
(in million)

13.6

34 (31.2%)

121 (1.6%)

290.5

109

7,334

14.1

35 (30.4%)

121 (1.6%)

393.6

116

7,495

TP: transport performance.
TP is given in billions (x109); Passenger volume is given in millions (x106).
b
Short-distance transport: travel distance <50 km.
c
Long-distance transport: travel distance > 50 km or transport in predefined conveyances such as high speed trains.
a

About two thirds (69.6%) of the TP and 98% of passenger volume in ground transport were generated by
short-distance travel in Germany in 2007 (Table 2). In
comparison with the data from 2004, the average trip
distance for long-distance transport by bus/coach and
railway increased by 26%.

Environmental conditions in
ground transport conveyances

The scientific literature search resulted in around 1,600
hits. After screening of title and abstract, 11 potentially
relevant publications were identified and the full text
article read. Finally, six articles addressing environmental conditions and possible airborne infectious disease transmission in public ground transport in busses
and trains were selected [20-25]. Four of the six articles
were published in 2010 or later, the other two in 2000
and 2007. Five identified articles described results of
Computational Fluid Dynamics (CFD) models simulating
the risk of airborne infection in public ground transport by investigating the microenvironmental conditions or characteristics of the dispersion of expiratory
4

droplets and droplet nuclei in public busses or trains.
Two articles assessed the pathogen-specific transmission risk for influenza [22,25], one article the risk
for Mycobacterium tuberculosis [20]. Another study
validated the results of its CFD model by monitoring
the quality of the indoor environment on the Harvard
University shuttle bus [21].
According to the models, air distribution method, ventilation rate, exposure time and seat arrangement/seating position (in terms of proximity) affected the risk of
transmission of airborne infectious diseases on buses
and trains [22,25]. Air circulation mode with displacement ventilation method or high efficiency filtration
was found to reduce the infection risk [22]. The study
published by Furuya in 2007 assessed the influence of
environmental parameters by varying the duration of
exposure and the number of passengers [25]. A mathematical model based on the Wells-Riley model was
used including the reproduction number R A for influenza infection on a train. According to the results the
exposure time was found to increase the risk linearly.
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In addition, the number of passengers also increased
the risk, whereas doubling the rate of ventilation limited the transmission risk by reducing the estimated
reproduction number for influenza in the vehicle [25].
The sixth article describes two surveys of commercial
transportation including aircrafts, interstate busses,
short-distance commuter trains and subways, which
were conducted in 1994 and 1996 [24]. Beside other
environmental measurements such as carbon dioxide
(CO2), surface dust was collected using handheld vacuum cleaners, sifted, and fine particles analysed for
bacteria. Although the total concentration (in colonyforming unit/m3) of airborne bacteria was not statistically different across the various travel modes (except
for samples taken inside the aircraft cabin during
deboarding); the highest geometric mean concentration of bacteria in ground travel was found in subways,
followed by trains. However, the authors point out
that identification of bacteria and detection of viruses
important for evaluating the respiratory infectious risk
were not performed [24].
Of six contacted transport organisations and companies, one internationally operating transport organisation agreed to share information on the technical
properties of air conditioning systems in public ground
conveyances. According to this information, HEPAfilters are not used at all in ground conveyances. In
addition, due to the technical diversity within the
vehicle fleet, technical equipment such as ventilation
systems and seating arrangements in ground conveyances may differ significantly even within one transport company. Based on information of one company
high-speed trains used for long-distance travel in most
EU-countries often use coarse dust filters (G4-filter/EU
4-filter) [26] to remove particles above 10 µm.
The REACT experts concluded that environmental
parameters do have an effect in the risk of transmission
of infectious disease from one passenger to another in
public ground transport. While the duration of exposure and proximity to other passengers are seen as
important parameters in assessing the risk of disease
transmission, little is known about the influence of
technical parameters such as ventilation systems in
ground conveyances on transmission. Even though
simulation models demonstrate the potential influence
of different environmental conditions on the risk of
airborne disease transmission in public ground transport, evidence from experimental and microbial investigations in real events is still insufficient. Furthermore
the experts agreed that access to information on environmental conditions and the wide range of technical
features is limited. In addition, the assessment of such
technical information with regard to risk of infectious
disease transmission in public transport is challenging
for health professionals.
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Indications for CT in public ground transport

The REACT experts agreed that consideration for CT
in ground transport should follow the same principles as in air travel. Overall, the judgement was that
even though scientific evidence is lacking, the chance
for transmission of infectious disease from one passenger to another in public ground transport might be
the same as on airplanes. It was acknowledged that
in public ground transport there is often no documentation in place to identify passengers with the exact
seating position which makes it impossible to trace
passengers individually. Furthermore, public ground
transport often works without passenger attendants,
making it more difficult to implement the system of
passenger locator cards.
During two expert meetings and two round table discussions the REACT experts agreed to exclude foodborne and vector-borne pathogens as indications for
CT. They concluded that CT should generally be considered in situations with the following diseases: pulmonary tuberculosis, meningococcal disease, viral
hemorrhagic fever, Lassa fever and measles [14].
Important factors influencing their decision were their
personal experience concerning the feasibility of CT in
various settings, the severity of an infectious disease,
its infectiousness, and the possibility of providing an
effective therapy after tracing contact persons.

Minimal dataset for contact tracing

The experts of the REACT project suggested that, in
order to work towards integrated surveillance systems,
a minimal data set for CT in public ground transport
should require similar data as recommended for CT in
air transport. It was agreed that the items requested
in the locator form in its updated version cover all and
even more than the essential information necessary to
potentially initiate CT.

Discussion

Public ground transport in the EU covers more travel
than air transport. In Germany TP is nearly threefold,
and passenger volume nearly 90-fold higher for ground
transport as for air transport. Although the data do not
allow the computation of person travel time, these figures indicate the importance of exposure during travel
in public ground transport compared to air travel.
However, we cannot exclude that short-time exposure
may not be important in the transmission of infectious
diseases in public ground transport. Furthermore
there is evidence that cumulative exposure in repetitive short trips can lead to disease transmission, e.g.
reports on cases of TB transmission on school busses
[27-29].
Duration of exposure, however, is only one suspected
influence on the risk of person to person transmission
[30]. For pathogens transmitted by droplets the proximity and the interaction between two passengers plays
a role [30-33] and may not differ between ground and
air travel as long as individual seating is available for
5

all passengers. For airborne pathogens the type of air
ventilation system may have a relevant impact on how
long infectious particles will persist in the air [23,3436]. As documented for tuberculosis, droplet nuclei
particles may be transported through ventilation systems [37] and remain suspended and viable in the air
over a period of time [38-41].
Some air filter systems with a cut-off of 0.3 μm
are capable of removing airborne bacteria such as
Mycobacterium tuberculosis. These HEPA filters are
used in most aircrafts on flights within the EU [42,43]
but not in busses/coaches, trains or tram/metro. Some
modern high-speed trains are reported to use coarse
dust filters which would not limit the spread of certain
airborne pathogens, such as Mycobacterium tuberculosis. Ground transport therefore provides a more favourable environment for airborne transmission.
Given that the frequency of potential exposure and the
environmental conditions are comparable, the reason
why CT is less regularly conducted in public ground
transport is likely to be the result of logistic challenges
rather than lower risk for transmission. Indeed, even
when passengers have assigned seating positions,
ground transport companies have more difficulties in
making passenger contact information available for CT
as no passenger-related data is stored.
However, various airlines have abandoned passengerspecific seat assignments and thus cannot provide
seat-specific passenger data at all. This lead to the
concept of passenger locator forms, filled in by the
passengers themselves [12]. These forms have been
used in situations where a potential disease transmission has already been identified during the flight, and
passenger attendants were able to hand the passenger
locator forms as they leave the plane [12]. In ground
transport this approach seems not feasible for practical reasons, e.g. because of higher flexibility and less
documentation regarding itinerary and seating.
In comparison to the 2009 passenger locator form [12],
Annex III of the amended Decision 2000/57/EC also
contains questions on nationality, ID type, ID number,
and issuing authority [2]. We believe these data are
unnecessary and possibly problematic from the point
of view of data confidentiality. At least in Germany
the legal framework does not authorise health departments to use passports for patient identification, nor
does it allow involving police authorities to use these
data to identify or find a contact person. While legislation in other countries may not be so restrictive, it
seems unnecessary to request ID numbers in such a
context. Whatever strategy is chosen to identify and
locate exposed passengers, the information collected
in the WHO passenger locator form appears sufficient
to the REACT experts with respect to possibilities to
contact passengers, and the additional suggestions in
Annex III of the amended Decision 2000/57/EC [2,12]
may cause more legal concerns than additional benefit.
6

All relevant issues considered, individual CT of passengers in ground transport seems only feasible in cases
where contacts are known by other circumstances, e.g.
a school outing by bus or train [44]. One way of identifying possible contacts of an ill passenger is to involve
the mass media. However, a public call for contacts
may cause unnecessary anxiety among passengers
who are not at risk and might at the same time miss the
attention of co-travellers who are at risk. Nevertheless,
in case of exposure to a very severe disease, this
approach may be considered.
Modern Internet-based technologies offer an option of
posting announcements related to possible transmission of infectious diseases during travel. Coded secure
access to the passengers who travelled on a particular
occasion might stimulate a better response as many
data confidentiality concerns would be resolved. The
acceptance of these alternative systems can be further
investigated with participation of relevant stakeholders and in view of the data presented here.
The presented EU data refer to figures published in
2009. These were the most recent data we were able
to use. Due to the delay in data collection, the data
always seem to be outdated by two years. However,
the trends described seem to be stable over time.
The transport statistics presented here give only a
limited view on the likelihood of infectious disease
transmission on board of public transport conveyances
partly because of the territorial principle of data collection. More importantly, the duration of the trip as a
commonly described proxy for risk of infection [4,4549] is not measured. Furthermore, data on passenger
volume for the different means of transport are not
available for the 27 EU Member States.
Within the scope of this study, we could analyse in
detail the data from one EU country only, Germany.
However, the transport data is well comparable to
the most populous EU countries (France, Italy and the
United Kingdom) and the conclusions might also be
applicable for the other EU countries.
Even taking into account the limitations of our assessment we showed that the risk for infectious disease
transmission is comparable between ground and air
transport. Logistical difficulties in implementing CT in
ground transport raise the question of whether more
efforts are needed to reinforce ground transport CT or
rather whether the established way of conducting CT
in air transport should be reviewed. We therefore suggest that the indications for CT should be revisited in
general terms.
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