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Highlight: In-fight transmission of SARS-CoV-2 Delta variant could occur on airplane,
and close contact is the main mode of transmission. Vaccination still protects against

the Delta variant transmission.
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An emerging variant of SARS-CoV-2, Delta (Pango lineage B.1.617.2) was labelled as
one of the Variants of Concern (VOCs) on June, 2021 due to the increased
transmissibility.! Other unaffected countries face increased risk of importation of the
Delta-related cases. A local outbreak was resulted from the Delta variant imported cases
from abroad in the cities of South China in May, of which the transmissibility was
estimated to be increased by 100%.? International flights are undeniably a_high-risk
route for case importation.® It is essential to estimate the risk of the Delta. variant
associated transmission in flight.* We conducted a cohort study‘on the) international
airplane in order to understand the full course of transmission-in flight.

An International airplane Flight CA868 with 203 passengers took off from South Africa
on June 9 and arrived at Shenzhen, China on June 10.-All passengers were required to
have their negative PCR and IgM assays'done at’any two designated testing institutions
(Pathcare, AMPATH, Lancet) _within 48 hours before boarding (Supplementary
Methods). Inbound passengets are mandatory to wear masks throughout the entire flight
and on the way to the,quarantine hotel. An online questionnaire survey was conducted
among all passengers after the verbal consent (approved by the Medical Ethics
Committee of Shenzhen Center for Disease Control and Prevention).

From'the-arrival of Flight CA868 on June 10 to the full 14 days of passenger quarantine,
39 passengers were tested positive for SARS-CoV-2 by RT-PCR. We successfully
sequenced the viral RNA of 30 PCR-positive cases, and the rest 9 cases were
undetectable due to low viral load. In terms of the phylogenetic analysis of genome

sequence (Supplementary Methods), 27 cases were classified to the B.1.617.2 variant,
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and the other 3 cases respectively belonged to B.1.1.7 variant (Seat No.52E), B.1.351
variant (Seat N0.49E), and C.1.2 variant (Seat No.57C) based on the PANGO lineage
(Supplementary Figurel).” Of the 27 Delta variant positive cases, three were tested
positive on the day of entry (51C, 39A and 49H) and the other 24 were between 13 and
24 June. Thus, 6 PCR-positive cases (52E, 49E, 57C, 51C, 39A, 49H) were identified
to be the primary cases (G1), who were likely to be infected in South Africa. The'three
B.1.617.2 variant G1 cases (51C, 39A and 49H) had the significant difference of
mutation sites of viral sequence, while the 51C case had the highly’hemologous genome
sequences of the other 24 cases with the B.1.617.2 variant (Supplementary Figure 2).
Therefore we identified the 51C case to be the index‘ease,\and transmitted to 20 cases
of the secondary generation (G2) during the fight and 4 cases of the third generation
(G3) due to sharing rooms in the quarantine hotel (Figure 1). On June 14, when the
number of PCR positive cases peaked at'22, a local custom officer in the airport of
China  was  detected '\ positive for PCR on the same day
(http://wjw.sz.gov.cnfygxx/content/post 8864099.html). He reported to have an
investigation-on the S1C case on June 10 upon entry. As the virus genome sequences of
the custom officer and the 51C index case were same, it further justified the in-fight
transmission from the index case in pre-symptomatic phase.

In-the cohort study, 197 passengers were on risk of the 51C index case, and 33 fight-
associated cases were reported during the quarantine. The multivariate logistic
regression model (Supplementary Methods) suggested that, passengers sitting within

three rows of the index case had a higher attack rate (30.9%,17/55), compared with that
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of those located three rows away from the index case (11.3%,16/142) (risk ratio 4.22,
95% CI 1.55-11.50). The risk of contracting the virus was 9.41 (95% CI 2.87-30.79)
times higher for passengers who shared rooms with others in quarantine hotels than
those who were isolated alone. Use of hand sanitizer showed the significant protection
in the multivariate regression model (risk ratio 0.24, 95% CI 0.09-0.66). Vaccinatign
was suggested to have a protective effect (risk ratio 0.33, 95% CI 0.08-1.43), but nhot
statistically significant in the multivariate analysis (Table 1).

Our study was one of the earliest to provide significant evidenceythat the B.1.617.2
variant led to an in-fight transmission. Our investigation found no clusters of cases in
workplaces, tour groups or confined environments in the airport of South Africa, thus
suggesting the limited likelihood of infection in South Africa. There were no cases
reported in business class and among créw of flight, and 25 (64.1%) cases were located
in Economy Class 3. A cluster of‘cases who were seated close to the index case (51C)
on the Economy Class 3 were found, and this could be explained by the droplets or
contact transmissionpyrather than the air conditioning filtration system (Figure 1). ® It
was considered /that long-haul flights may increase the likelihood of passengers

occasionally taking off their masks for reasons such as eating, drinking and

uncomfortable breathing due to the long period of masking.” Our data showed that 87.3%

(172/197) of travelers had ever taken off their masks during the flight. Occasional
contact on flight or during the process of deplaning to transfer to the quarantine hotel
possibly explained the cases seated in the Economy Class 1 and 2 cabins, t. We strongly

recommend that passengers proceed in order on the plane as well as during the process
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of deplaning to transfer to the quarantine hotel.

We are pleased to find that the vaccine is still effective against the Delta variant. In our
study, vaccinated passengers were 74% less likely to be infected compared with those
without vaccination. In general, 24.1% (49 /203) of the passengers reported a history
of COVID-19 vaccination, while only a 10.2% (4/39) of the cases had the vaccinatien
history. For those high-risk countries, increased risks of transmission might be
associated with low vaccination rates in. Two United Kingdom studieswreported
vaccination could reduce symptomatic disease and hospitalizationof the Delta variant.®
With the gradual recovery of the global aviation industry, promotion of the vaccination

would be beneficial to block the in-flight transmission.
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Table 1 Risks for SARS-CoV-2 transmission among 197 exposed passengers on
Flight CA868

Exposed factors PCR- PCR- Crude Risk Adjusted Risk
Positive, Negative, ratio (95% CI) ratio (95% CI)
no. (%)t no. (%o)

33(16.8) 164(80.8)

Age (MeanzSD) 41.76+14.91 36.82+14.06 1.03 1.03
(1.00-1.06) (1:00-1.07)

Gender

Male 24(72.7) 110(82.1)  1.31 2:81
(0.57-3001) (0.93-8.42)

Female 9(27.3) 54(32.9)

Vaccination

Vaccinated 3(9.1) 45(27.4) 0:26 0.33
(0.08-0.91) (0.08-1.43)

Non-vaccinated 30(90.9) 119(72.6)

Seating location

Within three rows 17(51'5) 38(23.2) 3.52 4.22
(1.63-7.63) (1.55-11.50)

Three rows away 16 (48.5) 126 (76.8)

Sharing room in quarantine hotel

Yes 13(39.4) 31(18.9) 2.79 9.41
(1.25-6.21) (2.87-30.79)

No 20(60.6) 133(81.1)

Use.of hand sanitizer*

Yes 14(51.9) 119 (74.4)  0.37 0.24
(0.16-0.85) (0.08-0.66)

No 13(48.1) 41(25.6)

T Six primary cases were excluded from the cohort.
* 187 participants were available for the analyses of “Hand sanitizer”, 10 have
missing data.
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Figure Legends:
Table 1 Risks for SARS-CoV-2 transmission among 197 exposed passengers on Flight

CAB868

Figure 1 Spatial distribution of primary and secondary cases of SARS-CoV-2 aboard
fight from Johannesburg, South Africa to Shenzhen, China, on June 10, 2021. The
color of the seat fill represents the four generation cases. Red-primary case (G1);
Yellow- the secondary case (G2), Purple- 3™ generation case (G3); Blue- th¢ 4"
generation case (G4). The shape of the seat filling represents the différent strains of
genetic sequencing. Solid box-the same Delta strains comparing the index case;
Diamond, Triangle, Circle: Other type of strains; Dotted box= Failed to sequence due
to low virus load; Blue Frame- Sinopharm VaccineyGreen Frame- Sinovac Vaccine;

Red Frame — Other vaccine; L: Toilet; G: Workshop.
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