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Influenza Transmission on Aircraft
A Systematic Literature Review

Katrin Leitmeyer and Cornelia Adlhoch

Background: Air travel is associated with the spread of influenza
through infected passengers and potentially through in-flight trans-
mission. Contact tracing after exposure to influenza is not performed
systematically. We performed a systematic literature review to evalu-
ate the evidence for influenza transmission aboard aircraft.
Methods: Using PubMed and EMBASE databases, we identified and
critically appraised identified records to assess the evidence of such
transmission to passengers seated in close proximity to the index
cases. We also developed a bias assessment tool to evaluate the qual-
ity of evidence provided in the retrieved studies.

Results: We identified 14 peer-reviewed publications describing
contact tracing of passengers after possible exposure to influenza
virus aboard an aircraft. Contact tracing during the initial phase of
the influenza A(HIN1)pdm09 pandemic was described in 11 publi-
cations. The studies describe the follow-up of 2,165 (51%) of 4,252
traceable passengers. Altogether, 163 secondary cases were identi-
fied resulting in an overall secondary attack rate among traced pas-
sengers of 7.5%. Of these secondary cases, 68 (42%) were seated
within two rows of the index case.

Conclusion: We found an overall moderate quality of evidence for
transmission of influenza virus aboard an aircraft. The major limiting
factor was the comparability of the studies. A majority of second-
ary cases was identified at a greater distance than two rows from the
index case. A standardized approach for initiating, conducting, and
reporting contact tracing could help to increase the evidence base for
better assessing influenza transmission aboard aircraft.
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n the past decades, air travel has increased worldwide.'?

The higher number of people traveling, frequently in close
proximity to others, enhances the likelihood for transmission
of infectious diseases, in particular of airborne pathogens. In
addition, the better connection between distant regions poses
an increasing risk for rapid global spread of infectious dis-
eases, causing pandemics.>* Air travel has been shown to be
associated with the intercontinental spread of new emerging
viruses, both via importation of cases and through in-flight
transmission.>® Airplanes have been predicted to act as a
major vector when the next pandemic occurs.”!!

As in other closed/semiclosed settings, on board trans-
mission of influenza virus is facilitated by direct person-to-
person contact or contact with contaminated surfaces.!>'4
Contact tracing after possible exposure to an infectious dis-
ease is a common means of trying to limit subsequent trans-
mission.'> The current World Health Organization (WHO)
guidance recommends contact tracing of passengers seated
within two rows of a case of A(HIN1) influenza.'®

The European Centre for Disease Prevention and Con-
trol has published disease-specific guidance assessing the
risk of aboard transmission of several pathogens.'”'? As
part of the risk assessment for the guidance on infectious
diseases transmitted on aircraft (RAGIDA) project,'” a first
literature review of transmission aboard aircraft was under-
taken in 2009 for 10 prioritized infectious diseases, includ-
ing influenza.?’

As basis for the expert consultation, we conducted a sys-
tematic literature review to critically appraise the published
literature and assess the evidence for influenza transmission
aboard aircraft. Weaknesses and gaps of all the contact trac-
ing investigations included in the review were systematically
evaluated using a self-developed bias assessment tool and the
quality of evidence was assessed. A secondary objective was to
investigate the association between influenza transmission and
proximity to an index case.

METHODS

Literature Search Strategy and Selection
Criteria

We systematically searched PubMed (1960-2015) and
EMBASE (1974-2015) for articles containing information
on the transmission of influenza virus or influenza-like illness
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aboard aircraft. The date of search was July 18, 2013 with reg-
ular updates until October 2015. In addition, bibliographies of
relevant articles, including reviews, were screened for other
related studies, and to validate the electronic database search.
No language restriction was applied in the first steps, but pub-
lications in other than European languages were excluded for
the final analysis. For details of the search strategies devel-
oped for each database, see eAppendix 1 (http://links.lww.
com/EDE/B6). First, titles and abstracts of all articles were
independently screened by the two authors for potential inclu-
sion in this review. Discrepancies were resolved through dis-
cussion between the authors. For all references that passed as
potentially relevant for investigating influenza or influenza-
like illness transmission during flight, a full-text copy of the
article was obtained and reviewed by both authors. Studies
investigating on board transmission of influenza virus or
influenza-like illness, from passengers and/or crew to
passengers and/or crew, were included. Studies estimat-
ing transmission with modeling techniques or experimental
studies in mock-up settings were excluded.

Data Extraction and Quality Assessment of
Relevant Literature

Relevant data from each publication were extracted
independently by both the authors and cross-checked. Dis-
crepancies were resolved by further study evaluation by the
two authors. Data were extracted in a summary table (see
eAppendices 2 and 3; http://links.Iww.com/EDE/B6) which
included publication details (year, authors, location); flight
characteristics (flight origin and destination, flight duration,
aircraft type, ground delays, information on ventilation sys-
tem); details on the index case(s) (number, age, gender, coun-
try of residence or nationality, seating, symptoms during the
flight, pathogen/strain found, laboratory confirmation of diag-
nosis); study type and details on contact tracing (definition
of contact, contact tracing strategy, methods used to identify
contacts, methods used for contacting contacts, total number
of contacts identified, total number of successfully traced con-
tacts, seating of contacts in relation to index case); exposure
of primary and secondary cases (before, during, and after
flight); conclusion on disease transmission (number of cases/
number of contacted passengers, and/or crew excluding index
cases), and intervention.

The quality and the strength of evidence for each
investigation described within one study was assessed with a
self-developed bias assessment tool which used elements of
the PRISMA statement?! and the Newcastle-Ottawa scale.?
Using the tool (Table 1), the quality of the case classification
(definition of index and secondary case/s); quality of contact
tracing (tracing strategy, timeliness of contact tracing, com-
pleteness of follow-up), the possibility of alternative expo-
sures/means of infection (before, during, and after the flight),
as well as other limitations (e.g., circulation of the virus at the
place of origin/destination of the passengers) were reviewed in
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TABLE 1. Bias Assessment Tool for Evaluating the Evidence
of Influenza Transmission Aboard Aircraft
Points Awarded

Criteria or Withdrawn
Index case classification

Laboratory confirmation 1

Unspecific clinical presentation or data not provided 0
Secondary case ascertainment

Laboratory confirmation of all cases 2

Syndromic (e.g., influenza-like illness) or no
comprehensive confirmation of all secondary cases
Not provided 0
Contact tracing strategy
Comprehensive 2
Other (two rows, compartment, class, area, retrospective 0
identification)
Timeliness of contact tracing

Within 1 week 2
Within 3 weeks 1
After 3 weeks or more 0

Completeness of contact tracing: proportion of passengers followed up

More than 80% were followed up 2
Between 80% and 50% were followed up 1
Less than 50% were followed up or retrospective 0
identification
Limitations
Alternative exposure before flight possible/ -1

alternative exposure not addressed

Resulting evidence levels: 0-3 low, 4-6 medium, 7-9 high.

a structured manner. Based on the bias assessment, we made a
determination on the evidence level for influenza transmission
aboard the aircraft for each of the individual flights described
in a study. Each flight could earn a maximum number of nine
points. The three evidence categories were defined as low
(0-3 points), medium (4-6 points), and high (7-9 points).
We graded favorably if the case definition included a labora-
tory confirmation of the diagnosis to reduce misclassification.
Points were also awarded to studies with high quality of index
and secondary case ascertainment, comprehensiveness, time-
liness, and completeness of the contact tracing limiting the
potential for selection and recall bias. We deducted one point
if studies failed to control for confounders like other possible
exposure before and/or after the flight.

Data Analysis

We estimated the proportion of secondary cases seated
within two rows of the index case out of all traced passengers.
This estimate was based on the numbers of all passengers on
board, the numbers of passengers followed up, and the num-
bers of secondary cases as well as their seating distance from
the index case. In the first analysis, we used all data irrespec-
tive of limitations/case definitions/contact tracing strategies,
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and so on. We restricted a subsequent analysis to secondary
laboratory-confirmed influenza A(HIN1)pdmO9 cases only.

For an estimate of the completeness of the contact trac-
ing, the percentage of successfully traced passengers among
all passengers on board was used. The attack rate among all
passengers followed up was calculated by the number of sec-
ondary cases by all successfully traced passengers (overall
number of secondary cases/overall number of successfully
traced passengers). The percentage of secondary cases seated
within two rows of the index was calculated as the number
of secondary cases seated within two rows by the number of
secondary cases identified in the contact tracing.

RESULTS

Literature Search/Study Selection

After deleting duplicates, the search criteria yielded 402
potentially relevant articles, 371 of which were excluded due
to nonrelevant title, and/or after abstract review (Fig.). Of the
remaining 31 articles, one (in Chinese) was excluded due to
lack of translation capacity. Of the remaining 30 potentially
relevant articles, 14 articles included sufficient data for inclu-
sion in the final systematic review. Two investigations (one
historical cohort study and one retrospective investigation)
apparently reported about the same flight.>?* However, both
studies were included in our analysis, as different contact trac-
ing strategies were applied and resulting data differed (e.g.,
the number of index cases, secondary cases, passengers traced,
and passengers aboard). The other 16 articles were excluded
as they reported findings using modeling techniques and

IDENTIFICATION

TITLE/ABSTRACT SCREENING >

FULL PAPER/REPORT SCREENING >

FIGURE. Flow diagram of the literature review
process and results of article selection.
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experimental approaches rather than analyzing actual trans-
mission events aboard aircraft. Among them the study of Perz
et al.,?® although repeatedly cited as relevant, solely describes
the transmission of a respiratory illness among members of a
tour group returning from Ireland to the US on three differ-
ent flights without following up with any of the passengers.
As contact tracing was limited to the tour group members for
which intensive exposure was described before the flight, this
study was excluded from further analysis.

Study Characteristics

The 14 articles included in the analysis were published
between July 1979 and January 2014 and reported events tak-
ing place between March 1977 and April 2009.%11:2335 An
overview of the extracted data and a summary of the main
characteristics and limitations of each study are presented in
eAppendices 2 and 3 (http://links.lww.com/EDE/B6).

Flights Details

The total number of flights investigated (n =23) exceeded
the number of articles reviewed, because five studies referred
to multiple or stop-over flights (eAppendix 2; http://links.lww.
com/EDE/B6).!126-27:29:33 The flight duration ranged from 45
minutes to 20 hours 20 minutes (long-distance flight with
stop-over during which all passengers remained seated). The
majority of flights (n = 11) were short-haul, ranging between
45 minutes and 3 hours 20 minutes. Eight single long-haul
flights were described lasting between 5 hours 50 minutes and
14 hours (the legs of the 20 hours 20 minutes stop-over flight
were calculated separately). Flight duration was not provided

RECORDS RETRIEVED
636 records retrieved prior to deduplication
Medline (Pubmed): 280
Embase (embase.com): 354
Additional records identified through search alerts: 2
402 records after deduplication

EXCLUDED RECORDS
NO relevant title/abstract:
371

Y

FULL PAPERS/REPORTS ORDERED:
31

EXCLUDED RECORD
non-EU language:
1

Y
FULL PAPERS/REPORTS ASSESSED:
30

EXCLUDED RECORDS
> NOT relevant:
16

Y
INCLUDED STUDIES:
14
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for three flights. One study reported a ground delay of more
than 3 hours due to an engine failure with an inoperative ven-
tilation system.’ No other study reported any ground delay,
and in some the ventilation system was described as fully
operational.

Study Types and Contact Tracing

All investigations described retrospective follow-up
of passengers after identifying one or more index cases with
influenza or symptoms of influenza-like illness aboard aircraft
(eAppendices 2 and 3; http://links.lww.com/EDE/B6). Follow-
up strategies either focused on passengers seated within two
rows of the index case, passengers in the same section or class
(economy), or used a comprehensive approach. Seven articles
reported the assessment of multiple incidents,®26-27:29:33:35
Among the few studies that provided details on the contact
tracing method, the most frequently used method was active
case finding through telephone interviews. The time span
for initiating follow-up ranged between 1 day and 106 days

after the flight.>**5 In four studies, contact tracing was initi-
ated within the first 3 days after the flight.?®31:323° The start of
contact tracing activities was described in most of the studies,
however without specifying its overall duration. In four stud-
ies, additional retrospective data from the national disease noti-
fication system were retrieved and included several weeks after
the flight.>?4?%82° Five studies analyzed travel groups sharing
flights and tour activities before or after the flights.!!:242833.34 [n
two studies, all passengers were staff of the same company.!%!!

The proportion of contacts identified and traced
ranged from 4 to 100 percent of all the passengers of the
flight. One study described the follow-up of contacts as bet-
ter for passengers remaining in the country than for transit
passengers.?! For eight of the flights described, a complete or
near-complete follow-up of contacts in a comprehensive con-
tact tracing,?'!32:3335 or in an approach restricted to two rows
from the index cases?® was achieved. In total, 2,165 (51%)
of 4,252 passengers were followed up (Table 2). Restricting

TABLE 2. Number and Percentage of Successfully Traced Passengers After In-flight Exposure to Influenza, Number of Index,
and Secondary Cases, and Percentage of Secondary Cases Seated Within Two Rows of an Index Case, With and Without
Restriction to Laboratory-confirmed Secondary Cases Infected with influenza A(HTN1)pdm09, by Study/Flight

Restriction to Laboratory-confirmed
Secondary Influenza A(HIN1)pdm09

Data from All Studies Cases
Secondary Secondary

Secondary Attack Cases % Sec. Secondary Cases % Sec.
First Author, Passengers Passengers Index Cases Rate Within Casesin  Index Cases Within Cases in
Flight Aboard Traced %  Cases Identified % 2 Rows 2 Rows Cases Identified 2 Rows 2 Rows
Shankar?* 277 43 16 1 5 12 1 20 1 5 1 20
Young?* 278 239 86 6 10 4 5 50
Zhang?, flight 1 274 82 30 1 9 11 8 89 1 8 89
Zhang?, flight 2 144 140 97 1 0 0 0 na 1 0 na
Neatherlin?? 265 159 60 1 8 5
Neatherlin?? 167 133 80 1 7 5 3 43
Catala®® 165 74 45 6 4 5 4 100 6 4 4 100
Foxwell?, flight 1 445 188 42 10 24 13 9 38 4 2 2 100
Foxwell?, flight 2 293 131 45 3 6 5 4 67 0 1 1 100
Ooi 596 26 4 1 5 19 2 40 1 5 2 40
Kim?'! 338 199 59 1 1 1 0 0 1 1 0 0
Baker?? 379 121 32 11 2 2 2 100 9 2 2 100
Han?, flight 1 91 91 100 1 0 0 0 na 1 0 0 na
Han*, flight 2 87 87 100 1 0 0 0 na 1 0 0 na
Han*, flight 3 87 87 100 2 1 1 1 100 2 1 1 100
Bin® 141 141 100 1 0 0 0 na 1 0 0 na
Marsden'? 75 75 100 1 20 27 9 45
Klontz!'!, flight 1 44 44 100 8 18 41 18 100
Klontz!!, flight 2 46 46 100 3 5 11 2 40
Moser’ 60 59 98 1 38 64
Total 4,252 2,165 51 61 163 8 68 42 27 30 21 70

For details, see eAppendix 2 (http://links.lww.com/EDE/B6).
aAppears to be the same flight but slightly different numbers/denominator.
na indicates not applicable.
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this calculation to confirmed influenza A(HIN1)pdm09 cases
during the pandemic, the percentage of followed up passen-
gers decreased to 43% with 1,410 of 3,317 passengers traced.

Pathogens, Case Definitions, and Index Cases
The majority (11/14) of studies described potential
transmission of influenza A(H1N1)pdm09 virus during the ini-
tial phase of the pandemic in 2009 (eAppendix 2; http://links.
Iww.com/EDE/B6).233335 One study investigated the transmis-
sion of influenza A/Taiwan/1/86 (HINT1) [5], one the transmis-
sion of influenza A/Alaska/1-8/77 (H3N2) [3], and one the
transmission of an undetermined influenza-like illness-causing
pathogen.'? Different index case definitions were applied in the
studies based on (1) influenza-like illness or respiratory symp-
toms; (2) clinical (respiratory) symptoms and PCR confirma-
tion; (3) clinical (respiratory) symptoms and positive culture;
or (4) symptoms and positive serology (eAppendix 3; http://
links.lww.com/EDE/B6). The case definitions for secondary
cases also differed across the studies and were based on clini-
cal (respiratory) symptoms only and/or additional laboratory
confirmation (PCR or serology). Two studies did not provide
any specific case definition for secondary cases. Five studies
described incidents with more than one index case.!!-2428.29.32

On Board Transmission, Seating Proximity, and
Attack Rate

Four studies did not clearly describe the number of
infected passengers and attack rates, mixing symptomatic
and confirmed secondary cases.'%**?72% Two studies reported
evidence that transmission of influenza did not occur during
flight (eAppendix 2; http:/links.lww.com/EDE/B6).3*% Stud-
ies identifying secondary cases reported attack rates between
0% and 64%. The flight time was not obviously associated with
the attack rate: there were high number of secondary cases
reported for short-distance flights'®32 and a lower number of
secondary cases for long-haul flights.3!3? In total, investiga-
tors traced 2,165 (51%) of 4,252 passengers and identified
163 secondary cases for an estimated overall attack rate of the
successfully traced passengers of 8%. Sixty-eight (42%) of these
163 secondary cases had been seated within two rows of
an index case, whereas this proportion ranged between 0%
and 100% in the respective studies (Table 2). In 13 events,
each index case was associated with one or more than one
secondary case.

Restricting the analysis to laboratory-confirmed sec-
ondary cases of influenza A(HIN1)pdm09 (nine studies),
1,410 (43%) of 3,317 passengers were traced and 30 second-
ary cases were identified resulting in an attack rate among the
traced passengers of 2%. Of these secondary cases, 21 (70%)
passengers that could be followed up were seated within two
rows of an index case (Table 2).

Intervention After Contact Tracing
Nine of the 14 studies described an intervention following
contact tracing (eAppendix 3; http://links.lww.com/EDE/B6):

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

antiviral treatment and isolation (n = 5), only isolation of symp-
tomatic cases or all passengers (n = 3), and assessment of the
need for antiviral medication (n = 1). The remaining studies did
not report any public health intervention after contact tracing.

Results of the Bias Assessment/Evaluation of
the Evidence Level

In nine (64%) of the 14 studies, the evidence level
for influenza transmission aboard aircraft was low to
medium (Table 3). The highest score of nine points was
only reached by the study of Bin et al.,* which describes a
timely, comprehensive contact tracing with a high number
of follow-ups, assuring high quality of case ascertainment
by laboratory confirmation and ruling out alternative expo-
sures. The average score of all studies was five, indicating
an overall moderate quality of the evidence. In nine studies,
alternative exposure was described or considered to be pos-
sible for example due to extensive circulation of the virus in
the country/region of departure or travelling in a group with
contact to the index case(s) before and/or after the flight.
The lower scores also reflect the missing description of
index and secondary case identification and delayed contact
tracing with a low number of passengers being followed up.
Overall, due to the major limitations discussed below, the
evidence for transmission of influenza during air travel was
of moderate quality.

The analysis also allowed us to identify challenges, risk
of biases, and limiting factors of contact tracing of influenza
transmission events. Major issues identified during the analy-
sis of the studies retrieved limiting the comparability and the
evidence of influenza transmission were related to the:

» Contact tracing strategy: selection bias, limitation of the rep-
resentativeness of the cases due to the exclusion of passen-
gers beyond two rows distance/section/compartment/class

* Timeliness of contact tracing: recall bias due to delayed
investigation and passenger identification

» The proportion of passengers successfully traced: selection
bias, low number of follow-ups underestimating the true
number of secondary cases due to the unknown status of
the nonresponders

* Exclusion of crew from the investigation: selection bias,
underestimating the true number of secondary cases and
potential role of the crew as source of transmission

» Using influenza-like illness as clinical case definition might
lead to misclassification of index and secondary cases with
a potential under/overestimation of the secondary attack
rate among traced passengers

» Use of different case definitions: selection/measurement
bias: specificity and sensitivity are different using clinical
and/or laboratory-confirmed (PCR or serology) cases

 Testing strategy and case ascertainment might introduce selec-
tion bias, as only clinical cases or a subset of passengers were
tested with more specific methods (e.g., PCR or serology)
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TABLE 3. Summary of the Bias Assessment Concluding on the Level of Evidence for Influenza Transmission on Aircraft
Secondary Contact Timeliness

Index Case Case Tracing of Contact  Completeness  Alternative Evidence
Study Classification ~ Ascertainment  Strategy Tracing of Follow-up Exposures Score Level
Shankar et al.>3, 2 rows 1 2 0 1 2 -1 5 Low-medium
Shankar et al.Z, nat. database 1 2 0 1 0 -1 3
Young et al.?, 2 rows 0 1 0 1 2 -1 3 Low-medium
Young et al.?*, cohort 0 1 2 0 2 -1 4
Zhang et al.?, flight 1 0 2 2 0 0 0 4 Medium
Zhang et al.?, flight 2 0 2 2 0 2 0 6
Neatherlin et al.?’, flight 1 1 1 2 0 1 -1 4 Medium
Neatherlin et al.”’, flight 2 1 1 2 0 2 -1 5
Catala et al.?8, student group 1 2 0 2 2 -1 6 Low-medium
Catala et al.?%, other 1 2 0 0 0 -1 2
Foxwell et al.?? 1 1 0 0 0 -1 1 Low
Ooi et al.* 0 1 2 0 0 -1 2 Low
Kim et al.?! 1 2 2 2 1 0 8 High
Baker et al.*? 1 2 0 2 0 0 5 Medium
Han et al.*? 1 2 2 2 2 -1 8 High
Bin® 1 2 2 2 2 0 9 High
Marsden'? 0 0 2 2 2 -1 5 Medium
Klontz et al.!! 0 1 2 1 2 -1 5 Medium
Moser et al.” 0 1 2 2 2 0 7 High
Average Medium

* Alternative exposure: misclassification, overestimating
the number of secondary cases, and secondary attack rate
among traced passengers due to transmission event before
or after flight.

DISCUSSION

To our knowledge, no comprehensive review of the
literature has been undertaken assessing the evidence for
transmission of influenza aboard aircraft. Although influenza
transmission is very common, only a very small number of
articles describe contact tracing of influenza cases aboard air-
craft; we found only 14 articles in 35 years. This might be
due to the fact that contact tracing is not performed during a
“normal” influenza season, but is increasingly used early in a
pandemic, based on extraordinary objectives. The data extrac-
tion was challenging due to missing, incomplete, or unclear
description of the investigation. Thus, the conclusions that can
be reached regarding transmission aboard aircraft are limited.

Contact tracing of influenza is specifically challenging
due to the characteristics and natural history of the influenza
virus. Existing evidence supports the potential role of several
means for transmission of influenza: droplets, aerosols, and
contact. The differently sized particles in which the virus can
be transmitted and their relative importance is considered
to depend on the setting at a given time.’® Direct (airborne,
large droplet, direct contact) and indirect (indirect contact via
contaminated surfaces and fomites) modes of transmission
have been assumed for influenza.'33"3° Influenza virus can

748 | www.epidem.com

survive in air for periods long enough to allow transmission.!?
The complex transmission dynamic of influenza make a clear
identification of those at risk and a decision about consequent
contact tracing difficult.

Investigation of influenza transmission is challenging
as most influenza infections are asymptomatic, symptoms
of influenza-like illness are nonspecific with the majority of
respiratory diseases not being influenza, and the short incu-
bation period of 0.7-2.8 days makes timely intervention
difficult.*>*' Recent findings of the Flu Watch group showed
that, on average, influenza infected 18% of unvaccinated peo-
ple each winter with up to three-quarters of infections being
asymptomatic.*! Quick and accurate diagnosis of early stages
of influenza is limited and renders epidemiologic studies of
transmission dynamics challenging. Additionally taking into
account that transmission from asymptomatic or presymptom-
atic persons cannot be ruled out at all and natural immunity
as well as vaccination coverage might impact transmission
pattern.*>=* The possibility of asymptomatic index case trans-
mitting virus as well as asymptomatic secondary cases not
being tested due to lack of any or of specific symptoms is a
major limitation of all contact tracing investigations reducing
the quality of case ascertainment.

Given the short incubation time of influenza, the timeli-
ness of contact tracing is the key for preventing further spread.
Although the time point of initiation of contact tracing was
reported in most of the reviewed studies, its duration was not.
During the influenza pandemic it was already assessed that

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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contact tracing was not timely enough for public health mea-
sures and incomplete of follow-ups.*® Likewise, the identifi-
cation of secondary cases via the national database might be
too slow for any effective public health intervention. Delayed
investigations potentially bias the results toward an underesti-
mation of cases with milder symptoms and could also hinder
secondary case identification based on molecular detection
(e.g., PCR method).

The main limiting factors for the comparability of the
studies analyzed were different secondary case definitions,
contact-tracing strategy employed, and numbers of passen-
gers successfully followed-up. Broader unspecific case defini-
tions, e.g., based on influenza-like illness symptoms, might
lead to misclassification and overestimation of transmission.
Previous studies have shown that the incidence of confirmed
influenza A(HIN1)pdm09 among persons with respiratory
illness is low: in a study of 79 symptomatic travelers (90%
with ARI, 66% with fever) who flew on a commercial air-
plane from North America to Sweden, only 5% were con-
firmed to be infected with A(HIN1)pdm09 and 34% were
rhinovirus-positive.*’

The assumption that the risk of transmission increases
with the length of flight time due to a higher exposure, as
shown for tuberculosis*®*’ and modeled for influenza,’® was
not corroborated in the studies analyzed here: there were short
and long flights with high and low numbers of secondary
cases. In a modeling attempt, the risk of infection posed by
a single case of influenza A(HIN1)pdm09 was estimated at
5-10 new infections over an 11-hour flight.*® The same study
estimated that the risk for transmission is lower in first com-
pared with economy class which is in line with some but not
all studies, as transmission occurred in small aircraft with one
compartment as well. Furthermore, the number of infected
passengers on board seemed not to be directly associated with
the number of secondary cases. In-flight influenza transmis-
sion therefore seems to be rather a multifactorial event includ-
ing the number of index cases, infectivity, and proximity to the
index case as well as other factors not investigated so far, e.g.,
immune status, age, contaminated surfaces, etc.

The ventilation system on board of aircraft might also
play a crucial role. A functional ventilation system, high-
efficiency particulate air filters, and a high air exchange rate
(15 times per hour) is assumed to be even more preventive
than negative-pressure isolation rooms for multidrug-resistant
tuberculosis cases.’! A study comparing the risk for an upper
respiratory infection during air travel in 50% recirculated
versus 100% fresh air found no difference between the two
groups.” The currently used environmental control system
managing the air flow should minimize risks for passengers
other than sitting within close proximity to an index patient.>
While the in-flight risk for airborne transmission seems to
be minimal, ground delays without adequate ventilation do
pose a risk. This is also reflected in a statement by the US
Department of Transportation: “If the ventilation system is
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not operating, passengers should not stay aboard the plane
for long time (i.e., more than 30 minutes).”>* The study of
Moser described potential transmission influenza via aero-
sol with a high attack rate associated with a ground delay of
3 hours without operational ventilation system.” Another study
showed that the concentration of microorganisms in the cabin
air is much lower than in shopping malls and the air terminal.>

According to WHO and others, the risk of acquiring
influenza infections in aircraft appears to be similar to the risk
in other situations when people are in close proximity to one
another over a certain period of time, such as on a train or bus,
in office buildings, theatres, etc.’®%” For example, the tracing
of contacts of a woman with influenza A(HIN1)pdm09 dur-
ing a long-distance bus trip revealed a low attack rate of 2%
among the 72% of passengers that could be followed up.'*

It is assumed that the likelihood of influenza transmis-
sion increases in close proximity to the index case, and WHO
recommends contact tracing of passengers seated within two
rows of a case of influenza.!'® The studies included in this review
indicate that 42% of secondary cases were seated within two
rows of an index case, increasing to 70% when restricting the
analysis to confirmed influenza A(HIN1)pdmO09 cases. These
findings suggest a higher risk in close proximity. The identi-
fication of secondary cases greater distance to the index case,
however, limits the evidence for restricting contact tracing to
those in close proximity especially when aiming for contain-
ment of the disease. In the analysis restricted to confirmed influ-
enza A(HIN1)pdm09, the secondary attack rate among traced
passengers was 2% and thus lower than the overall estimate of
8%. The completeness of contact tracing investigation is key
for the reliability of the attack rate estimation. This is important
in particular when analyzing the association between influenza
transmission to passengers and the proximity to an index case.
Furthermore, this association is biased by a possible common
exposure before (e.g., waiting hall), within (lavatory rooms), or
after the flight (e.g., queuing to exit the aircraft, lining at border
entry, security checkpoints). Many studies also failed to include
the flight crew in the contact tracing, although a previous study
showed that many crew members were flying while sick.*®

Possibilities to become infected before or after the flight
are manifold, especially if influenza activity is high in the
country of origin. In some of the studies reviewed, prior and
posthoc exposure cannot be clearly separated from in-flight
exposure. Systematic studies on the transmission of influenza
on aircraft (e.g., the mode and extent/effectiveness includ-
ing also seroepidemiologic and environmental analyses) are
limited.>*% To determine the real extent of influenza transmis-
sion, serologic testing to identify seroconversion of asymp-
tomatic cases would be required.

In many studies, the purpose of contact tracing and
the intervention measure were not clear. With all the limita-
tions described, the decision on the initiation of contact trac-
ing should be based on clear objectives. Contact tracing is of
limited value if an appropriate public health intervention after
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identification of infected individuals cannot be offered (i.e.,
vaccine, antivirals, and isolation).

The expert group for the RAGIDA influenza chapter
considered that the decision on contact tracing has to be
based on a situational risk assessment, taking into account
specific limitations for influenza (i.e., the time period dur-
ing which it is possible to intervene with public health
measures).'® The experts made recommendations for con-
tact tracing, taking the index case’s classification (labora-
tory confirmation), infectivity during flight, the time factor
(between flight and identification of index case less than
10 days) and the epidemiologic situation in the country of
destination (no evidence of transmission) as well as country
of departure (no evidence of transmission) into consider-
ation: three specific scenarios were identified, differentiated
on the bases of the type of influenza virus, for which the
recommendations were

(1) Seasonal influenza: no contact tracing

(2) Novel influenza virus with pandemic potential OR sea-
sonal influenza virus with increased virulence (emer-
gence of a novel influenza virus in humans with known or
suspected sustained human-to-human transmission OR a
seasonal virus with increased virulence): comprehensive
contact tracing of all passengers

Influenza virus with zoonotic potential (e.g., avian, swine
influenza): contact tracing of close contacts and passen-
gers seated two seats away in all directions from the index

(€)

CONCLUSIONS

Overall, the quality of evidence in the published litera-
ture of transmission of influenza virus during flight is mod-
erate. There is evidence that influenza transmission aboard
aircraft occurs, but the published data do not permit any con-
clusive assessment of the likelihood and extent. The studies
were often biased by other potential exposures before or after
the flight. There might be an association between seating and
transmission to passengers in proximity to an index case, but
the evidence is not robust enough to propose a single standard
approach for contact tracing of passengers following potential
transmission of influenza on board aircraft. The decision on
the initiation of contact tracing needs to be taken case-by-case
and based on clear objectives. Our findings and those of others
underline the need for a standardized approach to investiga-
tion and reporting once the decision on initiation of contact
tracing has been taken.*®
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