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We describe 188 patients in France who were succes-
sively infected with different SARS-CoV-2 Omicron sub-
variants, including BA.1, BA.2, and BA.5. Time between 2
infections was <90 days for 50 (26.6%) patients and <60
days for 28 (14.9%) patients. This finding suggests that
definitions for SARS-CoV-2 reinfection require revision.

n Belgium, 96 cases of early SARS-CoV-2 reinfection

were reported during December 1, 2021-March 10,
2022; the cases had a median of 47 days (range 17-65
days) between 2 positive samples (1). Five of those cases
indicated primary infections with Omicron subvariant
BA.1, followed by Omicron BA.2 reinfections. In addi-
tion, we previously reported that the reinfection risk
with Omicron was 6-fold higher than with other SARS-
CoV-2 variants (2). In this study, we describe cases of
COVID-19 reinfection with different Omicron subvari-
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ants after a primary infection with Omicron subvari-
ants BA.1 or BA.2 in Marseilles, France. We performed
real-time reverse transcription PCR and next-generation
genomic sequencing of nasopharyngeal swab samples
to identify subvariants as previously described (3). We
retrospectively retrieved patient age and gender infor-
mation from electronic medical files and anonymized
data before analysis. We identified reinfected patients
by using a computerized alert system that focused on
samples with primary Omicron BA.1 or BA.2 subvari-
ant infections followed by reinfection with any Omicron
subvariant. This study was approved by the ethics com-
mittee of the University Hospital Institute Méditerranée
Infection (approval no. 2022-029). Access to patient bio-
logic and registry data in the hospital information sys-
tem was approved by the data protection committee of
Assistance Publique-Hopitaux de Marseille and record-
ed in the European General Data Protection Regulation
registry (no. RGPD/ APHM 2019-73).

We identified 188 (0.7%) cases of reinfection out
of 27,972 patient samples that tested positive for the
SARS-CoV-2 Omicron variant during November 28,
2021-July 22, 2022. Of those 188 patients, 181 were
first infected with the Omicron BA.1 subvariant and
were reinfected as follows: 82 patients with Omicron
BA.2, 14 patients with Omicron BA 4, 84 patients with
Omicron BA.5, and 1 patient with a BA.1 and BA.2
recombinant subvariant (XAC recombinant lineage)
(Appendix Figure, https://wwwnc.cdc.gov/EID/
article/28/11/22-1109-Appl.pdf). Three of the 181
patients infected with Omicron BA.1 were reinfected

2 times; for the first reinfection, they were infected
with Omicron BA.2 and, for the second reinfection,
they were infected with Omicron BA.5. In addition,
7 patients were first infected with the Omicron BA.2
subvariant, after which 1 patient was reinfected with
the Omicron BA.4 subvariant, and 6 patients were re-
infected with the Omicron BA.5 subvariant.

Patients were 1-83 (median 32) years of age at
the time of their second infection, and 131 (69.7%)
were women. The median time between the primary
and secondary infections was 146 days (range 7-214
days); median time between infection with Omicron
BA.1 and reinfection with BA.2 was 84 days and for
a primary infection with Omicron BA.1 and rein-
fection with BA.5 was 171 days (Appendix Figure).
Among the 188 patients infected first with Omicron
BA.1 or BA.2, the time between the primary and sec-
ondary infections was 1-29 days in 6 (3.2%) cases,
30-44 days in 4 (2.1%) cases, 45-59 days in 18 (9.6%)
cases, 60-74 days in 10 (5.3%) cases, 75-89 days in
11 (5.8%) cases, and >90 days in 139 (73.9%) cases.
In 50/188 (26.6%) patients, time between the 2 infec-
tions was <90 days and, in 28/188 (14.9%) patients,
the time was <60 days between the 2 infections.

Our findings indicate that the time between con-
firmed primary infections and reinfections with differ-
ent Omicron subvariants is frequently shorter than the
90-day definition of reinfections used by the US Centers
for Disease Control and Prevention (4). Furthermore,
the time can be shorter than the 60-day definition of
reinfections used by the European Centre for Disease
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Figure. Number of patients with infections from different SARS-CoV-2 Omicron subvariants, France, November 28, 2021-July 22, 2022.
Overall dynamics of infections with Omicron subvariants BA.1, BA.2, BA.4, and BA.5 are shown for cases diagnosed at the Institut
Méditerannée Infection, Marseille, France. We performed real-time reverse transcription PCR and next-generation genomic sequencing
of nasopharyngeal swab samples to identify Omicron subvariants BA.1, BA.2, BA.4, and BA.5. A total of 27,972 patient samples tested

positive for Omicron subvariants.
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Prevention and Control (5). Similar to our findings, a
study from Denmark reported 47 Omicron BA.2 rein-
fections that occurred 20-60 days after a primary BA.1
infection (M. Stegger et al., unpub. data, https:/ /www.
medrxiv.org/content/10.1101/2022.02.19.22271112v1).

The first limitation of our study is that the num-
ber of cases was small. Second, we cannot exclude
that some cases might have been concurrent infec-
tions with different subvariants, notably in the 3
cases that had a 7-day interval between the detection
of 2 subvariants. In Marseille, the short time between
emergence of different Omicron subvariants might
have favored co-infections with different subvariants
circulating within the population (Figure). Co-infec-
tions can be missed if the quantitative PCR has in-
adequate sensitivity, and whole-genome sequencing
might fail to detect a variant with low prevalence in a
patient. Finally, because most reinfection cases were
identified from samples transferred to our laboratory
by external entities, we were unable to describe CO-
VID-19 vaccination and clinical status of the patients.
Nonetheless, our results suggest that the currently
used definitions for SARS-CoV-2 reinfection require
revision with regard to the duration between primary
and secondary infections.

This work was supported by the “Investments for the
Future” program managed by the National Agency

for Research (ANR) (Méditerranée-Infection 10-IAHU-
03), Région Provence Alpes Cote d’Azur, European
funding agency FEDER PRIMMI (Fonds Européen de
Développement Régional-Plateformes de Recherche et
d’Innovation Mutualisées Méditerranée Infection) (FED-
ER PA 0000320 PRIMMI), Ministry of Higher Education,
Research and Innovation (Ministere de I'Enseignement
supérieur, de la Recherche et de I'Innovation), and Min-
istry of Solidarity and Health (Ministere des Solidarités
et de la Santé), France.

About the Author

Dr. Nguyen is a medical doctor and PhD student at the
Aix Marseille University and Institut Hospitalo-
Universitaire Méditerranée Infection, Marseille,

France. Her research interests focus on long COVID and
SARS-CoV-2 reinfections.

References
1. Nevejan L, Cuypers L, Laenen L, Van Loo L, Vermeulen F,
Wollants E, et al. Early SARS-CoV-2 reinfections within 60
days and implications for retesting policies. Emerg Infect Dis.
2022;28:1729-31. https:/ /doi.org/10.3201/eid2808.220617
2. Nguyen NN, Houhamdi L, Hoang VT, Stoupan D,
Fournier PE, Raoult D, et al. High rate of reinfection with

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 11, November 2022

RESEARCH LETTERS

the SARS-CoV-2 Omicron variant. J Infect. 2022;85:174-211.
https:/ /doi.org/10.1016/j.jinf.2022.04.034

3. Colson P, Fournier PE, Chaudet H, Delerce J,
Giraud-Gatineau A, Houhamdi L, et al. Analysis of
SARS-CoV-2 variants from 24,181 patients exemplifies the
role of globalization and zoonosis in pandemics. Front
Microbiol. 2022;12:786233. https:/ / doi.org/10.3389/
fmicb.2021.786233

4. Centers for Disease Control and Prevention. Coronavirus
disease 2019 (COVID-19) 2021 case definition [cited 2022
Sep 8]. https:/ /ndc.services.cdc.gov/ case-definitions/
coronavirus-disease-2019-2021

5. European Centre for Disease Prevention and Control.
Reinfection with SARS-CoV-2: implementation of a
surveillance case definition within the EU/EEA [cited 2022
Sep 8]. https:/ /www.ecdc.europa.eu/en/ publications-data/
reinfection-sars-cov-2-implementation-surveillance-case-
definition-within-eueea

Address for correspondence: Philippe Gautret, VITROME, Institut
Hospitalo-Universitaire Méditerranée Infection, 19-21 Boulevard
Jean Moulin, 13385 Marseille CEDEX 05, France; email: philippe.
gautret@club-internet.fr

Human Parainfluenza Virus
in Homeless Shelters before
and during the COVID-19
Pandemic, Washington, USA

Eric J. Chow, Amanda M. Casto, Reigran Sampoleo,
Margaret G. Mills, Peter D. Han, Hong Xie,

Brian Pfau, Tien V. Nguyen, Jaydee Sereewit,

Julia H. Rogers, Sarah N. Cox, Melissa A. Rolfes,
Constance Ogokeh, Emily Mosites,

Timothy M. Uyeki, Alexander L. Greninger,

James P. Hughes, M. Mia Shim, Nancy Sugg,
Jeffrey S. Duchin, Lea M. Starita, Janet A. Englund,
Pavitra Roychoudhury, Helen Y. Chu

Author affiliations: University of Washington, Seattle, Washington,
USA (E.J. Chow, A.M. Casto, R. Sampoleo, M.G. Mills, P.D. Han,
H. Xie, B. Pfau, T.V. Nguyen, J. Sereewit, J.H. Rogers, S.N. Cox,
A.L. Greninger, J.P. Hughes, M.M. Shim, N. Sugg, J.S. Duchin,
L.M. Starita, P. Roychoudhury, H.Y. Chu); Fred Hutchinson
Cancer Research Center, Seattle (A.M. Casto, A.L. Greninger,
J.P. Hughes, P. Roychoudhury); Brotman Baty Institute for

2343



