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The third outbreak of coronavirus in the form of the COVID-19 infec-
tion started in Wuhan, China, in December 2019. The early and rapid
spread of this infection across borders can be largely attributed to
international air travel that has become a part of modern globaliza-
tion. In this article, we analyze the spread of the novel coronavirus

(SARS-CoV-2) along the routes of international travel, both by air and
by sea. Pitfalls of various screening methods used at the airports and
the importance of optimal aircraft ventilation are discussed. Also, we
suggest measures that can be taken to reduce the risk of transmission
associated with air travel.

INTRODUCTION

For the third time in the last 2 decades, the world is witnessing
an epidemic that has changed the way we live. The coronavirus,
which was considered a non-fatal virus till the year 2002, gave
rise to an outbreak of severe acute respiratory syndrome (SARS),
followed by the Middle East respiratory syndrome almost a
decade later.! Just 8 years after the last outbreak, another infection
emerged in December 2019 in Wuhan, China, called COVID-19,
which has spread much faster than the previous outbreaks. Rapid
urbanization, disruption of animal habitats, and increased animal—
human contact have created the conditions for increasing spillover
events where animal viruses have crossed the species barrier to

infect humans. Nowadays, humans are extensively connected due
to the size and reach of the current global travel network via land,
sea, and air. While this has worked in our favor in terms of global-
ization and growth, it has provided, at the same time, a route for
these emerging respiratory pathogens to disperse easily, widely,
and rapidly beyond control. In this article, we analyze how the
severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2)
spread from its epicenter in Wuhan, China, to other cities, and
ultimately to all continents due to the extensive travel network.
We also assess the various factors that affect spread of the virus
during these modes of travel, especially the air route that is used
widely.
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Our review was based on articles that have studied or analyzed the
impact of international travel by air or sea. This was done by car-
rying out a PubMed search with the terms “coronavirus, COVID-
19, international travel, transmission, screening, airports, aircrafts,
maritime, ship.” We studied the spread of the coronavirus SARS-
CoV-2 from China to other countries. We also analyzed various
factors that have caused the amplification of the pandemic due to
international travel, and various screening methods that have been
employed to deal with the same.

SPREAD FROM WUHAN TO OTHER STATES IN
CHINA

Wauhan is China’s 10th largest city and a major transportation hub
connecting other cities. It is known as the “Nine Provinces Thor-
oughfare” or “Chicago of China” due to its major role in domestic
transport.

Unfortunately, the timing of the COVID-19 outbreak in Wuhan,
located in the Hubei province of China, coincided with the onset of
the Spring Festival. This occasion celebrates the beginning of New
Year on the traditional Chinese calendar and marks the onset of the
spring season. The Spring Festival started on Saturday, January 25,
2020. With the sudden outbreak of SARS-CoV?2 infection and the
number of cases reaching a few hundreds, the central government
imposed a lockdown in Wuhan on January 23, 2020. However, it
is estimated that about 5 million people had already left the city
before the lockdown. The main destination of the travelers were
other cities within the Hubei province and neighboring provinces.
Recent analysis indicated a strong correlation between travelers’
departure from Wuhan just before the start of the Spring Festival,
and the extent of infection amplification in China.>* More than
two-thirds (69.34%) of these travelers visited other cities in Hubei
province and these areas thus accounted for 54.98% of the total
number of cases up to that point. Therefore, it can be deduced that
travelers departing from Wuhan were the main source of infection
to other cities in China.

SPREAD TO OTHER COUNTRIES EARLY
INTERNATIONAL SPREAD

On January 3, 2020, Thailand implemented measures for screen-
ing of all passengers traveling from Wuhan. The first 2 cases of
the COVID-19 infection in Thailand were identified on January 8§,
2020 and January 13, 2020 at the Bangkok Suvarnabhumi Airport.
These were independent introductions of the infection on separate
flights from Wuhan, identified with thermal scanner screening and
confirmed with reverse transcriptase polymerase chain reaction
(RT-PCR) testing. These 2 patients were not linked to the Huanan
seafood market, which indicates that community spread had pos-
sibly already occurred within Wuhan in the first week of January.*

A situation report published by the World Health Organization
(WHO) on January 24, 2020 reported 11 confirmed cases of
COVID-19 infection outside China in 6 countries namely Thai-
land, South Korea, Vietnam, Japan, Singapore and the United
States. Of these 11 cases, 10 had travel history to Wuhan, and
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1 patient in Vietnam was a family member of a confirmed
affected person who had visited Wuhan (WHO, 2020).> Analy-
sis of 2018 passenger data originating from Wuhan International
Airport between January and March found that Bangkok, Hong
Kong, Tokyo, and Taipei received the largest number of passen-
gers, explaining the fact that by January 28, 2020, Thailand, Hong
Kong, and Japan confirmed the largest number of cases outside
China.*

The initial cases in Europe were confirmed in France on Janu-
ary 24, 2020, and involved a group of Chinese who had traveled
to France from China around mid-January, starting the chain of
case spread in European countries.” The chronology of events in
the spread of SARS-CoV-2 infection have been highlighted in
Figure 1.

TRANSMISSION THROUGH MARINE TRAVEL

The shipping industry plays an important role in transportation
of goods and essential commodities. Also, commercial maritime
transport continues to be an important means of travel in spite of
the invention of new modes of travel. It is a low-cost and efficient
means of transport, especially for people in developing countries.

However, ships provide an excellent environment for transmis-
sion of infectious diseases owing to the high population density
within the confined space of a vessel. This fact is best exemplified
by the Cruise Ship Princess Diamond that saw the largest corona-
virus outbreak outside of mainland China in February 2020. The
route taken by the cruise ship—with key events—are depicted in
Figure 2.

The cruise ship departed from the Port of Yokohama in Japan on
January 20, 2020 and traveled to the ports of Hong Kong, Vietnam,
and Taiwan, and arrived back at the Port of Yokohama in Japan on
February 4, 2020 when the index case was confirmed to be positive
by RT-PCR testing for COVID-19.% The passenger had traveled
in the cruise from January 20, 2020 to January 24, 2020 and dis-
embarked in Hong Kong. All the passengers and crew were quar-
antined on the ship and their health status was checked through
questionnaires. They were instructed to stay in the cabin and only
allowed to go out for 1 hour per day. On February 19, 2020, when
the quarantine ended, 619 of the 3700 passengers (17%) were
found to be positive. All positive passengers were shifted to Japa-
nese hospitals.’

The Princess Diamond cruise ship provided a homogenously
mixed population for amplified transmission of infection. Model
analysis has shown that the population density on the ship was
4 times higher than in the urban city of Wuhan, and was the major
factor found to affect R, which was 4 times higher. This led to the
conclusion that R, and contact rate are dependent on the popula-
tion density and the latter should be taken into account in future
modeling analyses of COVID-19 outbreak in different settings.
Without the intervention by the Japanese officials, an additional
2307 people would have been infected due to the high R,. Another
study has shown that most of the infections on the ship occurred
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December 31, 2019: China alerted WHO to several cases of unusual pneumonia in Wuhan, Hubei, China
January 1, 2020: Huanan Seafold Wholesale Market was shut down
January 7, 2020: A new virus was identified, named 2019-nCoV
January 11, 2020: China announced first death

January 8 and 13, 2020: Two cases were reported in Thailand, the first outside of China

January 17-24,2020: South Korea, Vietnam, Japan, Thailand, Singapore and the US confirmed cases

January 23, 2020: The cities of Wuhan, Xiantao and Chibi in Hubei province were
placed under effective quarantine
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January 24, 2020: The first European case was confirmed in France

January 30, 2020: WHO declared
the coronavirus a global
emergency

February 11, 2020: The infection
was called COVID-19

March 11, 2020: WHO
declared COVID-19 a

pandemic

FIG. 1. Chronology of events in the spread of SARS-CoV-2 infection.

before or around the start of the 2-week quarantine period, which
highlights the importance of asymptomatic transmission among
the passengers.'”

TRANSMISSION THROUGH AIR TRAVEL

Air travel has become the fastest means of transportation in today’s
world. Simultaneously, it has allowed rapid spread of various infec-
tious disorders, especially those that are airborne. Risk of infection
varies with the type of exposure, which will be different on an air-
craft compared to the risk at the airport.

Yokohama, .
Japan Hongkong Vietnam

Index case Index case

embarked disembarked

Passeng
ship for

A laboratory confirmed case detected

Spread Within the Aircraft
Significant exposure can occur at the airport in waiting areas or
in the lines to board the flight, and after landing. However, these
can still be avoided by taking various precautions, but transmission
of infection during the flight is beyond control of the passenger. A
study done on transmission of SARS on aircraft showed that the
risk to passengers was greatest if they were seated on the same row
with an affected person or within 3 rows in front of them." How-
ever, people do not remain seated during flights, especially ones of
long duration. The risk of exposure increases due to contact with

Tai Naha, Yokohama,
aiwan
Japan Japan
Index case
confirmed

Ports closed

ers on board asked to stay on the
quarantine (5/2/2020-18/

20)

FIG. 2. Route taken by the Cruise Ship Princess Diamond, with important key events.
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contaminated fomites like tray tables, seatbelts, overhead cabins,
and washrooms, or due to movement of passengers closer together
during the flight. There are other factors that affect the transmis-
sion risk such as: duration of the flight, number of infected persons
(passengers) on board and their stage of illness, size of the aircraft,
and type of air-ventilation system used. Factors that determine the
transmission of novel coronavirus infection within an aircraft are
listed in Table 1.

It has been shown recently that airborne transmission is a signifi-
cant mode of infection in indoor environments and transmission
can be reduced by removal of the viral droplets from indoor air via
ventilation.'?

There is a laminar air circulation pattern inside commercial air-
crafts, with air entering the cabin from overhead, circulating across
the plane, and going out near the floor with longitudinal airflow.
This laminar air circulation limits the spread of airborne particles
within the cabin by dividing the airflow into sections within the
cabin. The cabin air system operates by delivering 50% outside
air and 50% filtered recirculated air. The recirculated air passes
through high efficiency particulate air (HEPA) filters, is mixed
with fresh air in the mixing unit and then passed into cabins and
circulated. The HEPA filters remove 99.97% of particles and
airborne contaminants including bacteria and viruses."* More-
over, a single air exchange removes 63% of airborne organisms
suspended in that space. The air-exchange rate inside a cabin is
around 15-20 changes per hour with a ventilation capacity of 10
(4.7 L/S) cubic feet per minute.'* This ventilation system, along
with a laminar flow pattern within the cabin with frequent air
exchanges, and the use of HEPA filters, limits the transmission of
infection. The transmission can be accelerated if there is a non-
operational ventilation system.

Nevertheless, transmission of SARS-CoV-2 is possible within air-
craft, though the risk of infection spread among passengers or crew
may be relatively low during short flights with a good ventilation
system.!5:16

TABLE 1. Factors that Determine the Spread of Coronavirus (SARS-CoV-2)
Within an Aircraft.

Seated in the Same Row or Within 3 Rows as Affected Patient

Contact with contaminated fomites (tray tables, seatbelts, overhead cabins,
and washrooms)

Movement of passengers closer together during the flight
Long duration of flight

High number of infected persons on board

Infected persons with high viral load

Size of aircraft

Type of air-ventilation system

Sitting with asymptomatic carriers

Antipyretic use by an infected patient, preventing detection with a thermal
scanner

Host related factors: general health and immune status
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EFFECT OF AIRPORT SCREENING AND INFECTION
CONTROL MEASURES

Use of Thermal Scanners

Thermal scanning or body temperature screening is the tool used
at airports for detecting symptomatic patients with infection.
However, there are major pitfalls. This is a type of symptomatic
surveillance; hence, it misses travelers incubating the disease or
asymptomatic carriers. Passengers can fly any time within the incu-
bation period of the disease and become a source of infection to
others, especially as the incubation period of COVID-19 is long
and variable. Based on the analysis of family transmission, 1 in
6 infections can be asymptomatic and still pose a risk for seeding
infection chains.!” Furthermore, the proportion of subclinical cases
varies among different age groups. Most data published worldwide
have shown that children and young adults, that is, those who are
less than 20 years old, are under-represented—raising the possibil-
ity of a large number of subclinical cases in this age group.'®

A model analysis carried out by Quilty et al.'” has shown that 46%
of infected travelers screened with thermal scanners will not be
detected, depending on the incubation period, proportion of cases,
and sensitivity of exit and entry screening. Some reports have
shown that few travelers passed the symptom-based screening at
the airport and tested positive for COVID-19 by RT-PCR.* More-
over, fever abates when the affected person takes antipyretics and
hence, cannot be detected via thermal scanning.

Though fever is the most common symptom of COVID-19, a small
percentage of patients do not develop fever. This is unlike SARS-
CoV-1 that generally caused fever before becoming transmissible,
thus enabling fever to be used as a marker to track it.>!:*?

Hence, it can be concluded that temperature screening alone at air-
ports is not an effective method to minimize international spread.

Health Declarations

Health declaration forms provide information about the health sta-
tus of travelers and their contact with infected people and identifies
symptoms that are not visible. However, criteria used in a declara-
tion form should be more inclusive and not restrictive, in order to
be effective in detecting infected patients. Health declaration forms
from passengers at arrival with contact details help in contact trac-
ing, if needed.

Questionnaire-based screening is effective only if risk factors with
high sensitivity and specificity for the disease are known, which
is currently not the case for this novel virus. Only a minority of
infected asymptomatic travelers would realize that they have
been exposed. Moreover, analysis has shown that only 25% of
travelers report truthfully the facts showing an elevated exposure
risk.?® Additionally, it can lead to false identification of travelers
who have symptoms due to other viral pathogens and this can lead
to unnecessary travel delays. Thus, declaration forms and question-
naires seem more useful for contact tracing rather than screening at
the airports. They also raise awareness among people about what
precautions should be taken, if symptoms develop later.
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SCREENING BY MEDICAL EXAMINATION AND
LABORATORY TESTING

After identification of infected travelers by screening measures,
medical examination and laboratory testing can be conducted
based on availability of resources. However, such a strategy has
its own limitations in the later stages of the pandemic as it needs
deployment of regular medical personnel, creating shortage in
other important areas in the country.*

Rapid antigen testing can be used to screen potentially infected
passengers who can then be quarantined at the destination in case
of a positive result. The result can be available in 20 minutes (com-
pared to RT-PCR that takes 8-12 hours) and avoid travel delays.
The limitations of rapid antigen testing include its lower sensitiv-
ity (possibility of false negative results) and the cost factor. These
should be considered while using this test as a screening tool.

Few airports have already adopted testing facilities within their
locations. Examples include Frankfurt, Munich, Vienna, and Istan-
bul international airports. Hongkong was the world’s first airport to
introduce mandatory COVID-19 testing for passengers from high-
risk areas.

Systematic, rapid testing of international travelers can help in
resuming travel and avoid mandatory quarantine and losses due to
slowdown of the global economy. Whether testing becomes “the
new norm” before flying is difficult to ascertain due to the high
economic burden and limitations of the currently available rapid
antigen test.

Advisories
Advisories regarding symptoms of disease, the risk factors associ-
ated with spread, and preventive measures can be issued by the
respective governments and the WHO, and are likely to affect
travel behavior. It is prudent to issue advisories to avoid traveling
to epidemic areas. This is especially important for the elderly and
patients with co-morbidities.?

However, the effectiveness of such measures cannot be ascer-
tained. Nevertheless, advisories form a low-cost strategy that nei-
ther inconveniences travelers nor burdens the health authorities.

Isolation and Quarantine
Potentially infected passengers can be identified and isolated to
prevent the spread of infection. This can be done during flights
too, using universal precaution kits and personal protective equip-
ment.?® On the other hand, quarantine of contacts of infected travel-
ers can delay the spread but at the same time cause inconvenience
and delays. It also requires resources and preparation.

Contact Tracing
According to the Centers for Disease Control and Prevention
(CDC), close contact is defined as “passengers on an aircraft sit-
ting within 2 seats (in any direction) of the case, travel compan-
ions, anyone providing care, crew members working in the same
section.””” Tracing of contacts requires considerable resources and
preparation and close cooperation between public health services.
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It also needs compliance on the part of contacts and might be
inconvenient for passengers.

Hygiene Measures

Hygiene measures include disinfection of airports and aircrafts,
frequent cleaning of public areas (toilets, gates, etc.), cleaning of
frequently touched surfaces, personal hygiene (respiratory and
hand hygiene), and use of facial masks. High-touch areas such as
stairs, tables, chairs in restaurants and terminals, check-in screens,
tray tables, bench armrests, and handles should be cleaned regu-
larly. Self-cleaning solutions can be used for disinfection of secu-
rity trays.

Using advanced and contactless technologies for disinfection can
effectively reduce spread of the virus. These include mandatory
online check-ins, replacing fingerprint biometric authentication
with other means (face recognition etc.), installation of self-sanitiz-
ing lavatory using ultraviolet light, robotic systems for dirt detec-
tion, and use of touch-free hand-washing systems.

A study evaluated the efficacy of hand hygiene as a mitigation
strategy against spread of COVID-19 using epidemiological mod-
eling and data-driven simulations.”® It was found that increasing
hand hygiene behavior of travelers at all airports can inhibit spread
of the pandemic by 24%-69%. Moreover, 10 influential locations/
airports were identified where increasing the hand-washing rate
could lead to a drop of up to 37%.

The effectiveness of hand hygiene measures depends on compli-
ance of the passengers. These require resources but are not incon-
venient to practice.

Travel Restrictions and Border Control Measures

Wells and colleagues have shown that the daily risk of exporting
at least one SARS-CoV-2 case from China via international travel
exceeded 95% on January 13, 2020.2 Without the travel restric-
tions enforced by the Chinese government, 779 cases would have
been exported by February 15, 2020. These measures averted the
export of 70.5% of these cases. Also, during the early stage of the
epidemic, these restrictions decreased the daily rate of export by
81% on an average. This proved beneficial in countries which were
unaffected by COVID-19, because delaying the import of cases
provided time to prepare for the infection.

One of the reasons for the exponential rise of cases in Europe was
the delay in measures taken by the respective governments to curb
air travel. Italy and Spain closed the airports only after cases had
exceeded thousands, compared to China that shut down flights
out of Hubei province when there were only 500 cases reported
worldwide. European travel appears to have facilitated the spread
of coronavirus to several other countries.

OTHER FACTORS AFFECTING SPREAD THROUGH
AIR TRAVEL

Characteristics of the Destination Country
Whether an infection will be halted or allowed to spread depends
also on the characteristics of the destination country. Relevant in
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this context is the Infectious Disease Vulnerability Index which
measures the country’s capacity to manage infectious disease
threats. It utilizes various indicators including demography, health
care system specifics, and political and economic metrics. Higher
scores indicate a greater capacity to deal with epidemic threats.
Many African countries (e.g., Nigeria, Ethiopia, Sudan) that have
moderate risk of import and high vulnerability need to step up their
preparedness and devise appropriate measures promptly to combat
the virus.*

The Way Forward

¢ Based on the analysis above, the following measures can be
suggested to reduce international spread of the novel corona-
virus. It is important to emphasize here that these measures
are dynamic and their implementation varies with the stage
of the pandemic in a particular country.’!

» Early ban of flights to and from severely affected countries
to reduce the import of infection into minimally affected
countries.

e Social distancing and thermal scanning measures should
begin before passengers enter the airport. Queues should be
strictly managed with appropriate distance between people.

e Arrival screening can delay the introduction of cases in
regions where infection is not reported, that is, in the early
stages of pandemic. This can be helpful for controlling resur-
gence in countries that have controlled the infection (e.g.,
New Zealand). In countries where local transmission has
begun, it can restrict the chains of transmission. In regions
with widespread ongoing transmission, departure screening
will help prevent export of cases to new areas.*

¢ Regular sanitization and fumigation of airport terminals
should include not only the arrival gates, counters, buses, and
other areas handling passengers but also food and beverage
outlets.

» Separate counters should be provided for flyers from affected
countries. Such passengers should be channeled from gate to
health screening zone. Apart from thermal screening, which
should be mandatory and strictly implemented, such travel-
ers should be asked to fill in a detailed self-declaration form
so that contact tracing can be done. Health alert cards can be
issued by the authorities.

e Aircrafts should be vigorously sanitized when passengers
are not on board. Head cover of seats should be changed
regularly. On in-transit flights, lavatories and galleys should
be fumigated. The availability of in-flight magazines and
duty-free services should be discontinued to reduce fomite
transmission.

* All staff working at airports, especially the crew, should be
given formal training on recommended guidelines and pre-
cautions. Gloves, mask, and protective eye gear should be
worn at all times by crew members.*
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e Sanitizers should be used by all passengers on the entry to the
aircraft. Masks should be made mandatory for all travelers.
It is advisable to leave middle row seats unoccupied. Though
this might mean an economic burden on the airlines, it could
significantly reduce the transmission within the aircraft.

e With the availability of rapid-PCR tests, cases can be identi-
fied based on questionnaire responses.”> However, this can
prove expensive as such measures should be implemented on
a large scale. Alternatively, smartphone-based surveillance
using various applications can be done. Various governments
have utilized surveillance tools that use location data via
smartphones and data from mobile networks.

Limitations

The current pandemic is a dynamic and evolving situation with
various factors like virus mutation, vaccination, seasonal variation,
and host immunity affecting the disease spread. The measures dis-
cussed in our review are based on the current evidence on patho-
genesis of the coronavirus and will need reappraisal depending on
the stage of the pandemic and based on data emerging from more
studies.

International travel has enabled rapid transmission of the novel
coronavirus across borders. Travel restrictions and sealing off
borders do work but only if implemented in the early stage of
epidemic transmission. These restrictions have to be paired with
various measures to decrease transmission, like public health inter-
ventions and behavioral changes. To control the outbreak, control
measures would need to block more than 60% of transmission. The
basic reproduction rate needs to be reduced to 1, to control the pan-
demic. This can happen only with behavioral changes and social
distancing. With the relaxation of lockdown measures and resump-
tion of international travel, individuals are faced with an important
decision on whether to resume traveling or remain confined. In the
absence of an effective vaccine, it is crucial for people to make
responsible choices, defer traveling when sick, as well as avoid all
non-essential traveling amidst a pandemic.
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