
About the Author
Miss Sun is a postgraduate student at The University of 
Hong Kong, Hong Kong, China. Her primary research 
interest is bioinformatics.

References
  1.	 Webby R, Richt J. Influenza in swine. In: Webster RG,  

Monto AS, Braciale TJ, Lamb RA, editors. Textbook of  
influenza, 2nd edition. Chichester: Wiley Blackwell; 2013.  
p. 190–202.

  2.	 Smith GJ, Vijaykrishna D, Bahl J, Lycett SJ, Worobey M, 
Pybus OG, et al. Origins and evolutionary genomics of the 
2009 swine-origin H1N1 influenza A epidemic. Nature. 
2009;459:1122–5. https://doi.org/10.1038/nature08182

  3.	 Chauhan RP, Gordon ML. A systematic review analyzing 
the prevalence and circulation of influenza viruses in swine 
population worldwide. Pathogens. 2020;9:E355.  
https://doi.org/10.3390/pathogens9050355

  4.	 Shi W, Li W, Li X, Haywood J, Ma J, Gao GF, et al.  
Phylogenetics of varied subtypes of avian influenza 
viruses in China: potential threat to humans. Protein Cell. 
2014;5:253–7. https://doi.org/10.1007/s13238-014-0036-1

  5.	 Gu H, Xie R, Adam DC, Tsui JL, Chu DK, Chang LDJ, et al. 
Genomic epidemiology of SARS-CoV-2 under an elimination 
strategy in Hong Kong. Nat Commun. 2022;13:736.  
https://doi.org/10.1038/s41467-022-28420-7

  6.	 Al-Ghadeer H, Chu DKW, Rihan EMA, Abd-Allah EA,  
Gu H, Chin AWH, et al. Circulation of influenza A(H5N8)  
virus, Saudi Arabia. Emerg Infect Dis. 2018;24:1961–4. 
https://doi.org/10.3201/eid2410.180846

  7.	 He P, Wang G, Mo Y, Yu Q, Xiao X, Yang W, et al. Novel 
triple-reassortant influenza viruses in pigs, Guangxi, China. 
Emerg Microbes Infect. 2018;7:85. https://doi.org/10.1038/
s41426-018-0088-z

  8.	 Cui H, Che G, de Jong MCM, Li X, Liu Q, Yang J, et al.  
The PB1 gene from H9N2 avian influenza virus showed  
high compatibility and increased mutation rate after  
reassorting with a human H1N1 influenza virus. Virol J. 
2022;19:20. https://doi.org/10.1186/s12985-022-01745-x

  9.	 Sun H, Xiao Y, Liu J, Wang D, Li F, Wang C, et al. Prevalent 
Eurasian avian-like H1N1 swine influenza virus with 2009 
pandemic viral genes facilitating human infection. Proc Natl 
Acad Sci U S A. 2020;117:17204–10. https://doi.org/10.1073/
pnas.1921186117

10.	 Cheung JTL, Tsang TK, Yen HL, Perera RAPM, Mok CKP, 
Lin YP, et al. Determining existing human population 
immunity as part of assessing influenza pandemic risk. 
Emerg Infect Dis. 2022;28:977–85. https://doi.org/10.3201/
eid2805.211965

Address for correspondence: Malik Peiris or Leo Poon, School 
of Public Health, The University of Hong Kong, 7 Sassoon Road, 
Hong Kong, China; email: malik@hku.hk or llmpoon@hku.hk

Persistent SARS-CoV-2  
Alpha Variant Infection in 
Immunosuppressed Patient, 
France, February 2022

Slim Fourati, Guillaume Gautier, Myriam Chovelon, 
Alexandre Soulier, Melissa N’Debi,  
Vanessa Demontant, Céline Kennel,  
Christophe Rodriguez, Jean-Michel Pawlotsky
Author affiliations: Hôpital Henri Mondor (AP-HP), Université 
Paris-Est, Créteil, France (S. Fourati, A. Soulier, M. N’Debi,  
V. Demontant, C. Rodriguez, J.-M. Pawlotsky); William Morey 
General Hospital, Chalon-sur-Saône, France (G. Gautier,  
M. Chovelon, C. Kennel)

DOI: https://doi.org/10.3201/eid2807.220467

Immunosuppressed patients can have prolonged 
SARS-CoV-2 infection (1). Studies have reported 

the occurrence and selection of multiple mutations 
in the spike glycoprotein sequence in immunosup-
pressed patients with persistent SARS-CoV-2 infec-
tions (2–6). To date, intrahost mutations have been 
described essentially in the ancestral wild-type 
SARS-CoV-2 virus (3,5–8), especially during pro-
longed infection with variants of concern (VOCs) 
(9). Additional SARS-CoV-2 mutations in immuno-
compromised persons could enable increased virus 
transmissibility and immune evasion, shaping the 
emergence of new VOCs. We describe a new muta-
tion accumulation pattern in SARS-CoV-2 Alpha vi-
rus in an immunosuppressed patient.

An 84-year-old woman with evolutive mantle 
cell lymphoma who was receiving maintenance 
rituximab and lenalidomide treatment was admitted 
to the hospital on May 17, 2021. She had asthenia, 
fever, and hypoxia (93% oxygen saturation). At ad-
mission (day 0), she tested positive for SARS-CoV-2 
RNA (Figure). She had received 2 vaccine doses 84 
and 66 days before admission. She did not have re-
spiratory symptoms, but a chest computed tomog-
raphy scan showed ground-glass opacities in her 
lungs. The patient was hospitalized and treated with 
corticosteroids for 10 days. She tested SARS-CoV-2–
positive again on August 26, day 101 after her initial 
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We describe persistent circulation of SARS-CoV-2 Alpha 
variant in an immunosuppressed patient in France during 
February 2022. The virus had a new pattern of mutation 
accumulation. The ongoing circulation of previous vari-
ants of concern could lead to reemergence of variants 
with the potential to propagate future waves of infection.



positive test. On September 27 (day 133), she tested 
SARS-CoV-2–negative and was considered virologi-
cally cured. She received a vaccine booster (third) 

dose at day 164 and a fourth dose on day 201, but we 
did not detect spike receptor binding domain anti-
bodies at days 133, 201, or 210.
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Figure. Timeline of SARS-CoV-2 diagnostic tests, hospitalizations, booster vaccination, and treatments for an immunosuppressed 
patient with persistent SARS-CoV-2 Alpha variant infection, France, 2022. RCHOP, combination therapy of rituximab, cyclophosphamide, 
doxorubicine, vincristine, and prednisone; RDHAC, combination therapy of rituximab, cytarabine, dexamethasone, and carboplatine. 



Beginning in October 2021, the patient experi-
enced intermittent fever and diarrhea because her 
lymphoma progressed, as shown by an abdomi-
nal computed tomography scan; she was started 
on a second-line treatment with ibrutinib (Figure). 
She was hospitalized again in early January 2022 
(day 208) after clinicians discovered an evolutive 
lymph node mass. At admission, she tested SARS-
CoV-2–positive despite the absence of COVID-19 
symptoms. SARS-CoV-2 RNA levels from nasopha-
ryngeal swab samples were high; cycle threshold 
values were 19 on day 208, 18 on day 228, and 22 
on day 234.

At days 0, 101, 208, and 234, multiplex mutation-
specific reverse transcription PCR revealed the ab-
sence of spike amino acid mutations E484Q, E484K, 
and L452R, and K417N was not detected on days 208 
and 234, suggesting that the patient was not infected 
with Delta or Omicron variants, the 2 dominant vari-
ants in France at the time. These results suggested 
that the patient was infected with the Alpha variant, 
which was the dominant variant circulating when she 
first tested positive.

To determine whether the patient was infected 
with a new strain or reinfected with the same per-
sistently replicating variant, we performed whole-
genome sequencing on samples collected on days 
208 (January 11, 2022) and 228 (January 31, 2022) and 
identified lineage B.1.1.7 (Alpha variant). Older sam-
ples were not available for sequencing. Our analysis 
revealed the presence of amino acid substitutions and 
mutations in addition to characteristics of the Alpha 
variant, including mutations in open reading frame 
(ORF) 1a (nonstructural protein 3, n = 4), spike pro-
tein (n = 6), matrix protein (n = 1), envelope protein (n 
= 2), ORF3a (n = 1), and ORF7 (n = 2) (Appendix Fig-
ure, https://wwwnc.cdc.gov/EID/article/28/7/22-
0467-App1.pdf).

The SARS-CoV-2 mutational pattern in this im-
munosuppressed patient adds several new mutations 
to the Alpha variant characteristic. Although earlier 
samples were not available for sequencing, mutations 
in later samples align with an ongoing selection pro-
cess. The mutations we observed share similarities 
with those observed in other VOCs and variants of 
interest, pointing to evolutionary convergence, such 
as spike del241–247, which also is found in part in 
the Beta variant. Several mutations that likely play 
a role in immune evasion were selected in the spike 
nucleocapsid terminal domain (e.g., K77E, S248F, 
and del14–18) and receptor-binding domain (L452M). 
These mutations have rarely been reported in isolates 
submitted to GISAID (https://www.gisaid.org), 

suggesting that, when considered individually, they 
could be maladaptive.

In January 2022, the Alpha variant was no longer 
circulating in France, according to strains submitted 
to GISAID. Our case highlights the potential for per-
sistence of supposedly extinct SARS-CoV-2 variants 
that might cause prolonged infection in immunocom-
promised patients and acquire adaptive mutations 
that confer increased transmissibility, antigenic di-
vergence, and reduced pathogenicity, with obvious 
public health implications (1,3). Similar cases likely 
exist in other parts of the world because SARS-CoV-2 
genome sequencing and reporting to GISAID are far 
from exhaustive.

Omicron-infected patients not immunized 
against older variants appear to mount a weak or no 
neutralizing response against variants that preceded 
Omicron, including VOCs (R.K. Suryawanshi et al., 
unpub. data, https://doi.org/10.1101/2022.01.13.2
2269243). Because the next dominant variant could 
emerge from a variant other than Omicron, ongoing 
circulation of older VOCs could feed reemergence of 
variants that eliminate Omicron, particularly in un-
vaccinated populations, emphasizing the crucial role 
of vaccination to prevent new SARS-CoV-2 waves.

In conclusion, this report highlights the need to 
reinforce precautions to avert nosocomial and com-
munity transmission involving immunocompromised 
patients, who might shed older SARS-CoV-2 variants 
longer. Prospective genomic surveillance for SARS-
CoV-2 variants is needed in persons with prolonged 
infection, particularly in countries with many immu-
nocompromised persons, such as countries with a high 
HIV prevalence and low vaccination rates.
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The Omicron SARS-CoV-2 variant of concern 
(VOC) is highly transmissible in humans. As of 

April 2022, it has outcompeted other known vari-
ants and dominated in different regions (1). Its 
spike protein has >30 mutations compared with 
the ancestral strain (2). A 2022 structural study in-
dicates the Omicron spike protein is more stable 
than that of the ancestral strain (3); this finding 
prompted us to hypothesize that Omicron VOC is 
also more stable on different surfaces. We previ-
ously showed that the ancestral SARS-CoV-2 strain 
can still be infectious at room temperature for sev-
eral days on smooth surfaces and several hours on 
porous surfaces (4). 

We used previously described ancestral  
SARS-CoV-2 (PANGO lineage A) and Omicron VOC 
(PANGO lineage BA.1) in this study (5,6). We tested 
their stability on different surfaces using our previ-
ously described protocol (4,7). In brief, we applied 
a 5-μL droplet of each virus (107 50% tissue culture 
infectious dose [TCID50]/mL) on different surfaces in 
triplicate. We incubated the treated surfaces at room 
temperature (21°C–22°C) for different time points as 
indicated and then immersed them in viral transport 
medium for 30 min to recover the residual infectious 
virus. We titrated the recovered virus by TCID50 as-
says using Vero E6 cells, as described (4,7).

Compared with the ancestral SARS-CoV-2, the 
Omicron BA.1 variant was more stable on all surfac-
es we studied (Table). On day 4 postinoculation, we 
recovered no infectious ancestral SARS-CoV-2 from 
stainless steel, polypropylene sheet, or 2 of 3 glass 
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As of April 2022, the Omicron BA.1 variant of concern 
of SARS-CoV-2 was spreading quickly around the world 
and outcompeting other circulating strains. We exam-
ined its stability on various surfaces and found that this 
Omicron variant is more stable than its ancestral strain 
on smooth and porous surfaces.


