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Abstract

B A C K G R O U N D With over two billion airline passengers annually, in-flight transmission of infectious

diseases is an important global health concern. Many instances of in-flight transmission have been

documented, but the relative influence of the many factors (see below) affecting in-flight transmission

has not been quantified. Long-standing guidance by public health agencies is that the primary trans-

mission risk associated with air travel for most respiratory infectious diseases is associated with sitting

within two rows of an infectious passenger. The effect of proximity may be one of these factors.

O B J E C T I V E The aim of this study was to determine the risk of infection within and beyond the 2-row

rule given by public health guidance.

M E T H O D S We searched the literature for reports of in-flight transmission of infection which included

seat maps indicating where the infectious and infected passengers were seated.

F I N D I N G S There is a w 6% risk to passengers seated within the 2-rows of infected individual(s) and

there is w 2% risk to passengers seated beyond 2-rows from the infectious individual.

D I S C U S S I O N Contact tracing limited to passengers within 2-rows of the infectious individual(s)

could fail to detect other cases of infections. This has important consequences for assessing the spread

of infectious diseases.

C O N C L U S I O N S Infection at a distance from the index case indicates other factors, such as airflow,

movement of passenger/crew members, fomites and contacts between passengers in the departure

gate before boarding, or after deplaning, are involved.
K E Y W O R D S Airplane cabin, infectious disease transmission, disease risk, SARS, influenza

© 2016 The Authors. Published by Elsevier Inc. on behalf of Icahn School of Medicine at Mount Sinai. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
BACKGROUND

With more than 2 billion airline passengers annually,
in-flight transmission of infectious diseases is an
important global health concern.1,2 Many instances
of in-flight transmission have been documented,
including cases of cholera,3 influenza,4-8 measles,9,10
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meningococcal infections,11 norovirus,12 severe acute
respiratory syndrome (SARS),13,14 shigellosis,15 and
tuberculosis.16-18 However, the risks of in-flight
transmission are largely unknown.14

Cabin transmission of infectious diseases can
occur through several routes. In this paper we con-
centrate on droplet transmission, which occurs via
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Figure 1. The 2-row transmission zone diagram provided in the Centers for Disease Control and Prevention guidelines to public
health officers. (From Protecting travelers’ health from airport to community: investigating contagious diseases on flights. Atlanta: Centers for
Disease Control and Prevention; 2014. Available at: http://www.cdc.gov/quarantine/contact-investigation.html. Accessed 25 July, 2014.)

Hertzberg and Weiss A n n a l s o f G l o b a l H e a l t h , V O L . 8 2 , N O . 5 , 2 0 1 6

Two-Row Rule for Infectious Disease Transmission
S e p t e m b e reO c t o b e r 2 0 1 6 : 8 1 9 – 8 2 3

820

http://www.cdc.gov/quarantine/contact-investigation.html


A n n a l s o f G l o b a l H e a l t h , V O L . 8 2 , N O . 5 , 2 0 1 6 Hertzberg and Weiss
S e p t e m b e reO c t o b e r 2 0 1 6 : 8 1 9 – 8 2 3

Two-Row Rule for Infectious Disease Transmission

821
respiratory droplets (�5 microns) propelled short dis-
tances (mostly� 1 meter) when an infectious traveler
sneezes, coughs, talks, or breathes.19-21 Droplets are
sufficiently large to be largely impervious to cabin air-
flow. Direct transmission occurs when pathogen-
containing droplets fall onto a susceptible traveler’s
conjunctiva or mucosa or are inhaled. Indirect trans-
mission occurs when droplets are deposited onto
fomites (surfaces such as tray tables, seat belts, or lav-
atory door handles) or an infected traveler’s hand. A
susceptible traveler who touches these surfaces and
then touches her or his conjunctiva or mucosa allows
the pathogen to enter the body.
The 2-Row Transmission Zone Guideline. Long-
standing guidance by public health agencies is that
the primary transmission risk associated with air
travel for most respiratory infectious diseases is asso-
ciated with sitting within 2 rows of an infectious
passenger. This transmission zone, which actually
comprises 5 rowsd2 in front of the index case, 2
behind the index case, and the row in which the
index case is seateddhas been based on investiga-
tions of in-flight transmission of tuberculosis but
is believed to have wide applicability.1 This rule is
Figure 2. SARS transmissions on a flight from Hong Kong to Beijin
empirical and does not directly take into account the
physical and biological bases for droplet trans-
missiondthat is, �1 meter of contact.

Figure 1 appears in Centers for Disease Control
and Prevention (CDC) guidelines to public health
officers needing to find and alert travelers who
may have been exposed to an ill passenger during
flight. Implicit in this guideline is that cabin airflow
and passenger and crew movements play negligible
roles in disease transmission. Thus there are serious
questions about this guideline.
Case Study: SARS. SARS is a viral respiratory illness
likely transmitted through both droplets and aero-
sols. SARS was first reported in the Guangdong
province of southern China in November 2002.
The illness quickly spread by air travel to 25 coun-
tries, infecting more than 8000 people, with a case
fatality rate of nearly 10%.

In March 2003, a 72-year-old passenger with
SARS infected 18 passengers and 2 flight attend-
ants on a 3-hour flight from Hong Kong to
Beijing.14 The infectious passenger died 3 days
later. Only 9 (50%) of the infected passengers
were seated within 2 rows of the index case
g.14
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(Fig. 2). Indeed, more transmissions occurred to
passengers sitting across the center aisle than on
the infectious passenger’s side of the plane.
Case Study: Novel H1N1 Influenza. The 2009 out-
break of novel swine-origin influenza A (H1N1)
pdm09 virus began in Veracruz, Mexico. Several
months later, Mexican health officials acknowl-
edged the severity of the epidemic after the first
cases began to appear in Mexico City in mid-
March. This was about the same time as the first
cases appeared in the United States. Within days
Mexico City was effectively shut down in an
attempt to contain the spread of the epidemic.
However, it continued to spread within Mexico and
globally. In June, the World Health Organization
and CDC declared the outbreak a pandemic.
Individuals in 214 countries were infected, with
14,000 confirmed deaths worldwide. The disease
was particularly severe in individuals younger than
50 years of age.

In April 2009, on a 9.5-hour flight from Mexico
to Birmingham, UK, a passenger contagious with
novel H1N1 virus infected 6 passengers.22 Only 2
of the infected passengers were seated within 2
rows of the infectious passenger.

In this paper we document reports of in-flight
transmission of respiratory infectious diseases by large
droplets for which seat plans are given. We summa-
rize these reports and estimate the risks for passen-
gers seated within and outside the 2-row risk zone.

METHODS

In addition to those described earlier, we identified
8 reports of respiratory infectious disease
Table 1. Reports of in-flight transmission of infection with seat ma

Disease Aircraft Origin Destination

SARS14 Boeing 737 Hong Kong Beijing

SARS13 * Hanoi� Paris

Influenza A/H1N1/p094 Boeing 747 Los Angeles Auckland

Influenza A/H1N1/p0922 Boeing 767 � Birmingham,

Influenza A/H1N1/p09 Boeing 767 Cancun Birmingham,

Influenza-like illness23 British

Aerospace 146

§ §

Measles9 k k k

SARS, severe acute respiratory syndrome.
* Aircraft was not given. The flight was Air France 171, so it presumably was on
� Flight was direct with 1 stop in Bangkok, where the passenger deplaned and th
� Flight was from Mexico to Birmingham, UK. Neither city nor airport of origin wa
§ Reported in a letter to the editor. Origin and destination airports were not give
k Authors reported data on 7 flights on which 9 passengers who were seated with

given. The average flight time was 6 hours, 5 minutes.
{ Conservatively assumed that all 7 flights were on large long-haul carriers with 3
transmission on airplanes for which enough infor-
mation was available to calculate post-flight attack
rates inside and outside the 2-row transmission
zone. Five reports concerned diseases transmitted
by droplets, specifically SARS, influenza, and
measles.

R E SU L T S

Table 1 summarizes the reported literature. There
are 39 cases of infection transmission within 2
rows of an index case. There were 37 cases of infec-
tion transmission to passengers seated outside of
this risk zone on these same flights. Thus, although
there is an elevated relative risk for passengers inside
the �2 row zone (Mantel-Haenszel relative risk
estimate [95% confidence interval ¼ 2.4 (1.6,
3.6)]), there is still a non-negligible chance of cross
infection beyond this zone.

CONC LU S I ON S

These inflight transmissions highlight (1) how air
travel serves as a conduit for rapid spread of newly
emerging infections with potential to start pandem-
ics,1 and (2) how there must be 1 or more other fac-
tors affecting transmission other than seating.
Contact tracing limited to passengers within 2
rows of the infectious individual may lead to failure
to determine other cases, which may have impor-
tant, potentially dire consequences for spread of
infectious diseases. We speculate that infection at
a distance from the index case is due to factors
such as cabin airflow and movements of passengers
and flight attendants. Public health officers
ps indicating infectious and infected passengers

Flight Time

(Hours:Minutes)

No. of Cases Within

�2 Rows/No. at Risk

No. of Cases Beyond

�2 Rows/No. at Risk

3:00 9/29 9/75

14:50 1/9 1/60

12:40 4/67 0/52

UK 9:30 2/39 4/242

UK 9:30 5/128 4/43

3:20 9/24 8/50

k 9/343{ 11/750{

an Airbus aircraft.
en reboarded.
s given. The plane had 282 seats.
n. The flight was to a remote mining community in northwestern Australia.
in �2 rows of an infectious passenger became infected. Aircraft types were not

00-passenger capacity and estimated 10 seats per row.
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investigating suspected disease transmission on an
airplane should prioritize passengers seated within
2 rows of the index case for surveillance but should
not neglect other passengers for follow-up.
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