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Abstract

Background: A large cluster of 59 cases were linked to a single flight with 146 passengers from New Delhi to Hong

Kong in April 2021. This outbreak coincided with early reports of exponential pandemic growth in New Delhi, which

reached a peak of > 400 000 newly confirmed cases on 7 May 2021.

Methods: Epidemiological information including date of symptom onset, date of positive-sample detection and

travel and contact history for individual cases from this flight were collected. Whole genome sequencing was

performed, and sequences were classified based on the dynamic Pango nomenclature system. Maximum-likelihood

phylogenetic analysis compared sequences from this flight alongside other cases imported from India to Hong Kong

on 26 flights between June 2020 and April 2021, as well as sequences from India or associated with India-related

travel from February to April 2021 and 1217 reference sequences.

Results: Sequence analysis identified six lineages of SARS-CoV-2 belonging to two variants of concern (Alpha

and Delta) and one variant of public health interest (Kappa) involved in this outbreak. Phylogenetic analysis

confirmed at least three independent sub-lineages of Alpha with limited onward transmission, a superspreading

event comprising 37 cases of Kappa and transmission of Delta to only one passenger. Additional analysis of another

26 flights from India to Hong Kong confirmed widespread circulation of all three variants in India since early March

2021.

Conclusions: The broad spectrum of disease severity and long incubation period of SARS-CoV-2 pose a challenge for

surveillance and control. As illustrated by this particular outbreak, opportunistic infections of SARS-CoV-2 can occur

irrespective of variant lineage, and requiring a nucleic acid test within 72 hours of departure may be insufficient to

prevent importation or in-flight transmission.
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Introduction

Since March 2020, increasingly stringent travel measures were
implemented in Hong Kong to reduce the risk of SARS-CoV-
2 importation,1 ,2 including pre-departure, on-arrival and post-
arrival testing and quarantine of all passenger arrivals outside the
home in designated quarantine facilities.3 On arrival, passengers
undergo nucleic acid tests in the airport before transfer by shuttle
bus to designated hotels for quarantine, with strict isolation of
cases in a designated public hospital. Under penalties of fine and
prosecution, hotel residents are not allowed to exit their rooms
throughout quarantine, and no hotel staff may enter. Detection of
cases on arrival or during quarantine initiates contact tracing and
additional testing of contacts. In recognition of the emergence of
SARS-CoV-2 variants of concern (VOC) and variants of interest
(VOI) with public health significance,4 on-arrival quarantine was
extended from 14 to 21 days on 25 December 2020.5 Travellers
departing from high-risk countries are required to complete a
health declaration and produce a negative nucleic acid test from
an accredited laboratory within 72 hours of departure, and pas-
senger flights from countries with widespread VOC circulation
are classified as extremely high risk and temporarily banned.5

Multiple cases of SARS-CoV-2 were detected upon arrival of
a direct flight from New Delhi to Hong Kong (DEL–HKG). The
arrival of this flight in early April 2021 coincided with early
reports of exponential growth of a catastrophic second wave
of SARS-CoV-2 in India and immediately prior to widespread
reports of healthcare infrastructure failure.5 Because India was at
that time classified by the Hong Kong government as high risk,
passengers were required to show documentation of a 21-day
quarantine hotel reservation and proof of a negative nucleic acid
test taken within 72 hours of departure. After six passengers were
denied boarding, the Airbus A321neo was at 85% capacity with
146 passengers for a 6-hour flight. According to airline policy,6

World Health Organization (WHO) and local government sani-
tation guidelines were observed. The airline used thermal screen-
ing and social distancing during check-in and boarding, and
airline staff members were equipped with gowns, gloves, masks
and face shields. Upon arrival, passengers were again tested
by RT-PCR, at which point five positive cases were detected.
Cases among passengers continued to be detected throughout
the duration of the 21-day quarantine period. For passengers
sharing accommodations with positive cases, quarantine periods
were extended to 30 days of post-arrival. Representing the largest
known air travel-related outbreak of SARS-CoV-2,7 a total of 59
confirmed cases were detected from the 146 passengers onboard
(an attack rate of 40%), though only 20% (12/59) of cases were
reportedly symptomatic. Through whole genome sequencing
and phylogenetic analysis, we aimed to infer the dynamics of
SARS-CoV-2 transmission associated with this air travel-related
outbreak.

Methods

Epidemiological information including date of symptom onset,
date of positive-sample detection and travel and contact
history for individual cases are summarized in Figure 2. Of
the 59 RT-PCR confirmed SARS-CoV-2 cases, samples from
48 individuals contained adequate viral load for sequencing
using previously described methods.8 ,9 Of those, 46 sequences

were of sufficient coverage to be classified based on the
dynamic Pango nomenclature system (https://pangolin.cog-u
k.io/, accessed 10 May 2021)10; however, those with < 70%
genome coverage were excluded from subsequent phylogenetic
analysis, resulting in 43 complete or nearly complete SARS-CoV-
2 genomes. We performed phylogenetic analysis to compare
sequences from this outbreak alongside cases imported on
26 additional flights from India to Hong Kong between July
2020 and May 2021 (n = 51) (Table 1) as well as GISAID
sequences from India or associated with India-related travel from
February to April 2021 (n = 2660) and global reference sequences
(n = 1217) including Wuhan-Hu-1 (MN908947.3) (accessed 20
May 2021) (Supplementary Table S1). After removing outliers
based on a root-to-tip regression analysis in TempEst v.1.5.3,11

a maximum likelihood (ML) tree was generated for the final
dataset (n = 3971) in IQ-TREE v.212 ,13 and dated using the least
square dating (LSD2) method.14

Results

Whole genome sequencing verified the presence of three dis-
tinct variants onboard the DEL–HKG flight, Alpha, Kappa and
Delta,4 covering three Pango lineages10 B.1.1.7, B.1.617.1 and
B.1.617.2, respectively. Kappa (B.1.617.1) was detected in the
majority of passenger sequences (n = 39/46, 84.8%), followed by
Alpha (B.1.1.7) in five passengers including a crew member who
tested positive on arrival (n = 5/46, 10.9%) and Delta (B.1.617.2)
in two passengers (n = 2/46, 4.3%). In an ML phylogeny, 37
of the Kappa sequences clustered together with zero or near-
zero branch lengths suggesting a single transmission cluster in
transit (inset in Figure 1A). However, one Kappa sequence was
genetically distinct enough to infer pre-flight infection without
further onboard transmission, despite the individual (Case 3)
being symptomatic on arrival (Figures 1A and 2). High genome
coverage (>98%) of three of the five Alpha variant sequences
are consistent with three separate introductions by (i) an infected
crew member, (ii) an infected infant and (iii) an infected but
asymptomatic adult in economy seating. Any of these three could
represent the index case for onward transmission of the Alpha
variant to two individuals from which only partial sequence
could be obtained (identified as travel group O in Figure 2),
testing positive on Days 14 and 15 post-arrival. The two Delta
variant cases have nearly identical genomes (with >95% cover-
age), and the two individuals sat in close proximity but tested
positive 12-day apart, suggestive of at least one onboard trans-
mission of the Delta variant (Figures 1B and 2). However, there
were two additional nearby cases that could not be sequenced
due to insufficient viral load, both travelling alone and testing
positive on Days 14 and 30 post-arrival, and those cases may
represent additional links in the inferred transmission chains.

Using the temporal window from arrival-to-detection as a
proxy for SARS-CoV-2 incubation, we estimate that at least
seven individual cases were likely infected prior to travel
(Figures 1A and 2). Forty-one cases were detected between Days
5 and 14 post-arrival, suggesting they were likely infected in
transit. Of the cases infected in transit that were sequenced,
94.1% (n = 32/34) were related to a single Kappa variant
transmission cluster, demonstrating potential for superspreading
of SARS-CoV-2 on congested flights and reinforcing the
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Table 1. Sequenced SARS-CoV-2 genomes from cases imported to Hong Kong on 26 flights from July 2020 to May 2021

Month of arrival Location of origin Pango lineage Genome coverage

(%)

Symptomatic/Asymptomatic

June 2020 Mumbai B.1 96.04 Asymptomatic
B.1 99.3 Symptomatic
B.1 99.3 Symptomatic

July 2020 Mumbai via Kuala Lumpur B.1.210 99.3 Symptomatic
B.1.210 99.3 Symptomatic

July 2020 New Delhi B.1.36 98.49 Asymptomatic
July 2020 India (undetermined location) via

Kuala Lumpur
B.1.1 99.3 Symptomatic

July 2020 Doha via India (undetermined
location)

B.1.36.8 95.53 Asymptomatic

August 2020 New Delhi via Kolkata B.1.36.36 99.3 Asymptomatic
September 2020 India (undetermined location) B.1.36.18 99.3 Asymptomatic
September 2020 Delhi B.1.369 99.3 Asymptomatic

B.1.36 99.3 Asymptomatic
September 2020 Delhi B.1.1 99.3 Asymptomatic
October 2020 Delhi B.1.36.29 99.3 Asymptomatic

B.1.36 99.29 Asymptomatic
October 2020 Chennai B.1.1 97.18 Asymptomatic

B.1.1 99.3 Asymptomatic
October 2020 Chandigarh via Mumbai B.1.36 99.3 Asymptomatic

B.1.36 99.3 Asymptomatic
November 2020 Mumbai B.1.210 90.45 Symptomatic
November 2020 New Delhi B.1.36 91.73 Asymptomatic
December 2020 Delhi B.1.36 98.99 Asymptomatic

B.1.36 97.86 Symptomatic
B.1.36 97.85 Asymptomatic
B.1.36 93.06 Asymptomatic

December 2020 Sri Lanka via Mumbai B.1.1 83.21 Asymptomatic
January 2021 Mumbai B.1 73.89 Symptomatic

B.1.1.306 99.3 Symptomatic
February 2021 Dubai via Bangkok and India

(undetermined location)
B.1.562 99.02 Asymptomatic

March 2021 Kolkata B.1.1.7 99.25 Asymptomatic
March 2021 New Delhi B.1.36.29 99.29 Symptomatic
March 2021 Kolkata B.1.1.7 99.25 Symptomatic

B.1.1.7 79.79 Asymptomatic
B.1.1.7 91.63 Asymptomatic
B.1.1.7 99.25 Asymptomatic

March 2021 Mumbai B.1.617.2 99.28 Symptomatic
B.1.617.1 99.3 Symptomatic

April 2021 New Delhi via Dubai B.1.1.7 92.85 Symptomatic
April 2021 New Delhi via Kolkata B.1.617.2 99.26 Asymptomatic

B.1.617.2 99.26 Symptomatic
B.1.617.2 99.26 Asymptomatic
B.1.617.2 97.92 Asymptomatic
B.1.1.7 99.2 Symptomatic
B.1.1.7 99.26 Symptomatic
B.1.617.2 99.21 Symptomatic
B.1.617.2 99.26 Asymptomatic

April 2021 Doha via India (undetermined
location)

B.1.617.2 99.26 Asymptomatic

April 2021 Mumbai B.1.617.2 88.18 Asymptomatic
B.1.617.2 99.26 Asymptomatic
B.1.617.1 92.9 Asymptomatic
B.1.617.2 92.85 Asymptomatic
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Figure 1. SARS-CoV-2 transmission associated with a flight from New Delhi to Hong Kong in April 2021. Colours represent WHO VOC/VOI and Pango

lineage designations.10 (A) ML phylogeny of 43 genomes sequenced from 59 cases. Wuhan-Hu-1 (MN908947.3, black tip) was used to root the tree.

Diamond tip shapes indicate index cases and circles represent secondary-transmission cases; tips are labelled with case numbers and travel groups.

Asterisk denotes sequences with lower coverage (∼73%). Nodes are labelled with observed amino acid mutations. The Kappa (B.1.617.1) transmission

cluster is magnified to show nucleotide substitutions among samples. (B) Seat assignments of passengers testing positive. Seats with two positive

cases indicate adults seated with children under the age of two.

importance of stringent travel-related testing. Another 11 cases
were detected after the 14th day post-arrival, of which only
five could be sequenced. At least two of these Kappa variant
cases were likely infected by co-quarantined family members
(Cases 51 and 53, detected on Days 16 and 19, respectively,
Figures 1A and 2). Case 59, detected 30 days of post-arrival,
may be an example of an unusually long incubation period as
this person travelled alone and was the only known case from
this flight in their quarantine hotel (Figure 2). However, this was
one of 13 cases not sequenced, and quarantine hotel information
was missing for 15 cases in total (n = 15/59, 25.4%). Given that
instances of SARS-CoV-2 transmission among epidemiologically

unlinked cases during quarantine have been documented,15 we
cannot rule out this possibility.

The age distribution of positive cases ranged from 4 months
to 63 years (median age = 33 years), and notably, eight of the
positive cases were detected in children under the age of two, who
are generally exempt from masking requirements. Interestingly,
members of at least two families were infected with independent
transmission lineages, and sequencing revealed two instances
of children infected with different variants than their family
members (Travel groups A and B in Figures 1A and 2). In a
family of three individuals (Travel group A), one parent tested
positive for Alpha, and the infant tested positive for Kappa (the
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Figure 2. Timeline from exposure to detection for each of 59 SARS-CoV-2 cases associated with a flight from New Delhi to Hong Kong in April

2021. Colours represent WHO VOC/VOI and Pango lineage designations.10 Individuals travelling together are grouped and shaded in grey. Asterisk

indicates cases from which samples were unavailable or unable to be sequenced.

other parent tested positive, but no sequence was recovered from
this patient). As before, using arrival-to-detection as a proxy
for incubation, it is likely that Travel group A was infected
several days prior to departure. In a second family group (n = 6,
Travel group B), one child was infected with Alpha, whereas the
other five family members, two children and three adults, were
infected with Kappa. The child (Case 9) who tested positive for

the divergent Alpha variant at 5 days of post-arrival was likely
infected prior to departure (Figures 1A and 2), whereas the other
five family members tested positive on Days 7–8 post-arrival,
suggesting they were most likely infected in-transit.

As a major travel hub, Hong Kong’s practice of testing
inbound passengers has proved a valuable source for sentinel
SARS-CoV-2 surveillance and containment. Between June 2020
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and April 2021, 51 cases of SARS-CoV-2 were detected on 26
other passenger flights from India to Hong Kong (Table 1).16

Among those flights, the second largest air travel-related SARS-
CoV-2 cluster (n = 8 cases) was detected just 5 days after the
DEL–HKG outbreak on another flight arriving from New
Delhi (Table 1 and Supplementary Figure S1). All imported
cases detected since mid-March 2021 belonged to Alpha (n = 8),
Delta (n = 13) or Kappa (n = 2) lineages and originated from
Kolkata, New Delhi and Mumbai, reflecting the predominant
circulation of these variants across major Indian cities during the
2021 resurgence. Similar to the DEL–HKG outbreak, a majority
(n = 33/51, 64.7%) of imported cases sequenced from the other
26 flights were asymptomatic (Table 1).

Discussion

The broad spectrum of disease severity and potentially long
incubation period of SARS-CoV-2 pose a challenge for surveil-
lance and control. Based on the mean incubation period of
5.7 days for SARS-CoV-217 and that infectiousness peaks prior
to symptom onset,18 requiring a nucleic acid test within 72 hours
of departure is clearly insufficient to eliminate the risk of SARS-
CoV-2 importation or in-flight transmission. Other studies have
described and modelled in-flight transmission of SARS-CoV-2,19

despite the use of precautionary measures such as pre-departure
testing,20 symptom screening21 and health declarations.22 Thus,
these results highlight the value of quarantine and testing on
arrival to prevent virus introduction into the community. A
recent review of in-flight transmission of SARS-CoV-2 shows
secondary attack rates are highly variable,7 though admittedly
so are adherence to and enforcement of mask mandates and
distancing policies.23

Furthermore, as illustrated by this particular outbreak, oppor-
tunistic infections of SARS-CoV-2 can occur irrespective of vari-
ant lineage. Detection of multiple lineages within the same famil-
ial groups suggests that individuals in the same household likely
exhibit similar behaviour and attitudes towards mask wearing,
hand hygiene and other COVID-19 safety precautions. The high
rate of transmission on this flight, particularly among children,
suggests masking may not have been heavily enforced. It is
also unclear whether individuals were required to stay seated
during flight or allowed to unmask while eating and drinking.
Further, it is difficult to control the hygienic behaviour of small
children. Particularly on long flights, parents with small children
may allow their children to move about the cabin or walk
the aisles. Individuals travelling with children and infants may
therefore pose a greater risk of transmission. This highlights the
need to improve situational awareness by educating travellers on
precautionary measures to minimize in-flight transmission.

As an epidemiological investigation, this study has several
limitations. Our transmission chain inferences are ultimately
somewhat confounded by (i) cases that could not be sequenced,
(ii) the highly variable incubation period of SARS-CoV-2 and (iii)
the low-level genetic diversity between the samples. Furthermore,
precise determination of the timing of exposure is confounded by
a lack of detailed information on passenger movements during
airport check-in, pre-flight boarding, the flight itself and during
ground transportation to designated quarantine hotels. We can-
not exclude the possibility that exposures may have happened

before or after the flight. Conversely, it is also plausible that
individuals testing positive in the 48 hours of post-arrival (Cases
6 and 7) could have been infected in flight. However, based on
the clustering of cases in economy seating and insufficient spatial
distancing between passengers onboard, it is highly likely that the
majority of these transmission events occurred onboard.

The majority of air-travel associated SARS-CoV-2 outbreak
investigations conducted early in the pandemic involved rel-
atively few primary cases,24 often with traceable origins and
discernible transmission patterns.25–27 Notably, there have also
been reports of high-risk flights with no evidence of trans-
mission,28 which suggest that the risk is highly variable and
circumstantial. Just over a year into the COVID-19 pandemic,
we describe transmission of three VOI/VOC lineages from at
least seven index cases on a single flight. Other studies have
applied similar methods (i.e. the comparison of viral sequences
and epidemiological data) to infer probable transmission chains
on long-haul flights,15 ,20 illustrating the potential risk for SARS-
CoV-2 transmission during air travel. In agreement with our
findings, studies using clinical and epidemiological data have
similarly reported detection around 14 days of post-arrival in
both symptomatic21 and asymptomatic secondary cases.29

Thus, as commercial flight volumes slowly rebound, travel-
related surveillance remains essential. A spike in imported cases
can serve as an indication of prevalence in places where testing
is limited.16 The number of imported cases per flight increased
considerably in April 2021 (Table 1), which reflects the high
levels of community transmission in India at the time.

Following India’s strict initial lockdown,30 ,31 reported cases
had steadily declined from September 2020 to February 2021,
and control measures were gradually being relaxed; interstate
travel had resumed and mass gatherings were allowed for elec-
tions, religious festivals and cricket matches.32 Under the belief
they were flattening the curve, attitudes towards precautionary
measures became lax at the individual and enforcement level.
Then came a delayed and devastating second wave. Amid reports
of under-testing and under-counting of cases,33 relatively few
sequences were made available.34

Further attention to travel-related cases is warranted to elu-
cidate risk factors and minimize air travel-related infection risk.
Rapid tests could also be employed at departure airports as part
of the check-in process to prevent individuals who are currently
infectious from boarding an aircraft. This study highlights the
value of physical distance and strict adherence to masking as
well as the insufficiency of symptom-based surveillance to limit
transmission of SARS-CoV-2.

Supplementary data

Supplementary data are available at JTM online.
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