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Notes from the Field

Aircraft Wastewater Surveillance for Early
Detection of SARS-CoV-2 Variants —

John F. Kennedy International Airport, New York
City, August-September 2022
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As SARS-CoV-2 testing declines worldwide, surveillance of
international travelers for SARS-CoV-2 enables detection of
emerging variants and fills gaps in global genomic surveillance
(7). Because SARS-CoV-2 can be detected in feces and urine of
some infected persons (2), wastewater surveillance in airports
and on aircraft has been proposed by the global public health
community as a low-cost mechanism to monitor SARS-CoV-2
variants entering the United States. Sampling wastewater directly
from aircraft can be used to link SARS-CoV-2 lineage data with
flight origin countries without active engagement of travelers (3).

During August 1-September 9, 2022, the biotech company
Ginkgo Bioworks, in collaboration with CDC, evaluated the
feasibility of SARS-CoV-2 variant detection in aircraft waste-
water from incoming international flights. Aircraft wastewater
samples were collected from selected flights from the United
Kingdom, Netherlands, and France arriving at John E Kennedy
International Airport in New York City. Wastewater (approxi-
mately 0.25 gal [1 L]) was collected from each plane during
normal maintenance using a device that attaches to the lavatory
service panel port and the lavatory service truck hose.

After concentration with affinity-capture magnetic nanopar-
ticles (4), wastewater samples were tested for SARS-CoV-2 by
reverse transcription—polymerase chain reaction (RT-PCR).®
Samples with cycle thresholds <40 underwent whole genome
sequencing using ARTIC (version 4.1; ARTIC Network)
primers.9 Multiple lineages within samples were identified
using Freyja, a tool for deconvolution of complex samples.**
Sequences meeting quality control criteria (e.g., >70%
genome coverage) T were assigned to sublineages using

* These authors contributed equally to this report.
T hteps://wastewater-observatory.jrc.ec.europa.eu/static/ pdf/ Sampling%20
Aircrafts_ FINAL_Version%209%20Jan%202023.pdf
$ Preliminary studies indicated no inhibition of RT-PCR reagents by lavatory fluid.
9 heeps://github.com/artic-network/artic-ncov2019/tree/master/primer_
schemes/nCoV-2019
** hteps://github.com/andersen-lab/Freyja
T Coverage determines whether variant assignment can be made with a certain
degree of confidence. The coverage percentage is the proportion of the reference
genome aligning with the consensus genome generated during sequencing.
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Pangolin (version 4.1.3)%S and reported to the airline, pub-
lic SARS-CoV-2 genomic data repositories, and the CDC
National Wastewater Surveillance System. This activity was
reviewed by CDC and was conducted consistent with appli-
cable federal law and CDC policy.99

During August 1-September 9, 2022, one sample was
collected from each of 88 flights (Figure). Sample collection
added approximately 3 minutes to normal aircraft mainte-
nance times. Eighty samples were tested for SARS-CoV-2.#**
Overall, 65 samples (81%) were positive; the percentage that
were positive was similar among the three flight origin coun-
tries sampled (Netherlands: 81% [22 of 27]; France: 81%
[22 of 27]; and United Kingdom: 81% [21 of 26]). Twenty-
seven SARS-CoV-2 genomes were detected in 25 wastewater
samples; sequencing quality control criteria were not met for
the remaining 40 positive samples. All identified genomes
were Omicron sublineages (United Kingdom: 12 BA.5 and
one BA.4.6; France: eight BA.5; and Netherlands: five BA.5
and one BA.2.75). In each of 23 samples, single SARS-CoV-2
genomes were identified and assigned to the BA.5 (21),
BA.4.6 (one), and BA.2.75 (one) sublineages. In each of two
additional samples, two distinct SARS-CoV-2 genomes were
identified and assigned to different BA.5 sublineages (Figure).
The SARS-CoV-2 genomes identified in aircraft lavatory
wastewater were consistent with Western European sequences
uploaded to the Global Initiative on Sharing Avian Influenza
Data (GISAID) at the time (approximately 90% BA.5).1T7

This investigation demonstrated the feasibility of aircraft
wastewater surveillance as a low-resource approach compared
with individual testing to monitor SARS-CoV-2 variants
without direct traveler involvement or disruption to airport
operations. Limitations include dependence on lavatory
use during the flight, which correlates with flight duration
(5); inability to distinguish travelers with connecting flight
itineraries, which lessens precision when ascertaining variant
origin; and potential carryover of residual SARS-CoV-2 RNA
between flights yielding viral detections unrelated to travelers
on the flight. Stringent genome coverage thresholds might
reduce the likelihood of carryover variant identification on
subsequent flights.

In addition to routinely monitoring variants entering the
United States, this modality can be surged based on global

SS https://cov-lineages.org/resources/pangolin.heml
9945 C.ER. part 46.102(1)(2), 21 C.ER. part 56; 42 U.S.C. Sect. 241(d);
5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
*** Eight samples were not tested because of transport delays.
1 heeps://covariants.org/
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public health needs (e.g., outbreaks or mass gatherings in
settings with limited SARS-CoV-2 variant surveillance). In
combination with traveler-based surveillance (1), aircraft
wastewater monitoring can provide a complementary early
warning system for the detection of SARS-CoV-2 variants and
other pathogens of public health concern.

FIGURE. Collection, testing for SARS-CoV-2, and genomic sequencing
of aircraft wastewater samples from selected flights from the United
Kingdom, Netherlands, and France — John F. Kennedy International
Airport, New York City, August-September 2022
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Abbreviation: RT-PCR = reverse transcription—polymerase chain reaction.

US Department of Health and Human Services/Centers for Disease Control and Prevention

Acknowledgments

James Kissmer, participating airline staff members, John E Kennedy
International Airport; Andrew Deagon, Aakash Desai, Alix Hamilton,
Cassandra Philipson, Lauren Reining, Birgitte Simen, Sativa Turner,
Ginkgo Bioworks; Trevor Lamb, Rob Stein, Henry Streich, Josephine
Thorn, Miguel Yapor, XpresCheck; Ben Lepene, Ceres Nanosciences;
Martin Cetron, Nicole Cohen, Sarah Guagliardo, Sarah Mechan,
Matthew Palo, Ian Ruskey, Teresa Smith, Allison Taylor Walker,
Quarantine and Border Health Services Branch, CDC.

Corresponding author: Robert C. Morfino, rmorfino@ginkgobioworks.com.

1Ginkgo Bioworks, Boston, Massachusetts; 2Division of Global Migration and
Quarantine, National Center for Emerging and Zoonotic Infectious Diseases, CDC;
3Department of Civil & Environmental Engineering, Louisiana State University,
Baton Rouge, Louisiana; “XpressCheck, XWELL, New York, New York.

All authors have completed and submitted the International
Committee of Medical Journal Editors form for disclosure of
potential conflicts of interest. Robert C. Morfino, Benjamin H.
Rome, Andrew P. Rothstein, Siyao Lisa Li, and Thomas W. S.
Aichele report Ginkgo Bioworks employee stocks or restricted
stock units (RSU) grants. Aaron Bivins reports grants from the
U.S. Environmental Protection Agency, Louisiana Water Resources
Research Institute, and Louisiana State University, payments from
BioRad Laboratories, and equipment or materials from Ceres
Nanosciences. Ezra T. Ernst reports XWELL employee stocks or
RSU grants. No other potential conflicts of interest were disclosed.

References

. Wegrzyn RD, Appiah GD, Morfino R, et al. Early detection of
SARS-CoV-2 variants using traveler-based genomic surveillance at four
US airports, September 2021-January 2022. Clin Infect Dis
2022;76:¢540-3. PMID:35686436 https://doi.org/10.1093/cid/ciac461
2. Jones DL, Baluja MQ, Graham DW, et al. Shedding of SARS-CoV-2 in
feces and urine and its potential role in person-to-person transmission
and the environment-based spread of COVID-19. Sci Total Environ
2020;749:141364. PMID:32836117 https://doi.org/10.1016/j.
scitotenv.2020.141364
3. Ahmed W, Bivins A, Simpson SL, et al. Wastewater surveillance
demonstrates high predictive value for COVID-19 infection on board
repatriation flights to Australia. Environ Int 2022;158:106938.
PMID:34735954 https://doi.org/10.1016/j.envint.2021.106938

4. Karthikeyan S, Ronquillo N, Belda-Ferre P, et al. High-throughput
wastewater SARS-CoV-2 detection enables forecasting of community
infection dynamics in San Diego County. mSystems 2021;6:¢00045-21.
PMID:33653938 https://doi.org/10.1128/mSystems.00045-21

5. Jones DL, Rhymes JM, Wade MJ, et al. Suitability of aircraft wastewater

for pathogen detection and public health surveillance. Sci Total Environ

2023;856:159162. PMID:36202356 https://doi.org/10.1016/j.

scitotenv.2022.159162

—

MMWR / February 24,2023 / Vol.72 / No.8 211


mailto:rmorfino@ginkgobioworks.com
https://pubmed.ncbi.nlm.nih.gov/35686436
https://doi.org/10.1093/cid/ciac461
https://pubmed.ncbi.nlm.nih.gov/32836117
https://doi.org/10.1016/j.scitotenv.2020.141364
https://doi.org/10.1016/j.scitotenv.2020.141364
https://pubmed.ncbi.nlm.nih.gov/34735954
https://pubmed.ncbi.nlm.nih.gov/34735954
https://doi.org/10.1016/j.envint.2021.106938
https://pubmed.ncbi.nlm.nih.gov/33653938
https://pubmed.ncbi.nlm.nih.gov/33653938
https://doi.org/10.1128/mSystems.00045-21
https://pubmed.ncbi.nlm.nih.gov/36202356
https://doi.org/10.1016/j.scitotenv.2022.159162
https://doi.org/10.1016/j.scitotenv.2022.159162

