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SARS-CoV-2 variants resistant to monoclonal
antibodies in immunocompromised patients
constitute a public health concern
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Treatment-resistant variants

In this issue of the JCI, Gupta et al. (1)
report the systematic emergence of SARS-
CoV-2variants expressing Spike mutations
in immunocompromised patients treated
with different anti-Spike monoclonal anti-
bodies (mAbs) across different pandemic
waves. Antibody-based antiviral therapies
largely work by neutralizing virions. Resis-
tance to neutralization can be either basal
or develop after treatment. Gupta et al. (1)
show that the majority of such mutations
were treatment specific and conferred spe-
cific treatment resistance. These findings
closely parallel and confirm previous case
reports and small case series reporting
that mAb therapy, such as sotrovimab (2),
can select for treatment-resistant variants
in immunosuppressed patients. Although

COVID-19 in immunocompromised hosts has emerged as a difficult
therapeutic management problem. Immunocompromised hosts mount
weak responses to SARS-CoV-2 and manifest infection outcomes ranging
from severe disease to persistent infection. Weakened immune systems
mean greater viral loads and increased opportunities for viral evolution.
Gupta, Konnova, et al. report the emergence of resistant SARS-CoV-2
variants in immunocompromised patients after monoclonal antibody (mAb)
therapy. mAbs target only a single determinant in the viral Spike protein,
which is a weakness of such therapy when treating a mutagenic and variable
virus. Hence, the emergence of mAb resistance could have been anticipated,
but its documentation is important because it has major public health
implications, since such resistant variants have the potential to spread and
escape vaccine immunity. Forimmunocompromised patients, these findings
suggest the need for combination therapy with antiviral drugs and the use of
polyclonal antibody preparations such as convalescent plasma.

the immediate clinical importance of the
findings by Gupta et al. (1) has been dulled
by the withdrawal of all anti-Spike mAb
therapies due to the emergence of resistant
Omicron sublineages, their experience has
valuable implications for other and future
antiviral mAbs.
gent resistance in immunocompromised
patients could have been anticipated giv-
en what we know from the history of anti-

mADb treatment-emer-

body-based therapies, the mechanism of
action of mAbs, and the mutation-prone
nature of SARS-CoV-2. The evidence that
this resistance has occurred with notable
incidence has tremendous implications for
future therapy and public health policies in
response to the pandemic.

Since many viral infections, includ-
ing SARS-CoV-2, produce a quasi-species
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swarm in vivo because of the error-prone
viral replication, there is always the con-
cern that therapies will select for escape
variants. Each mAb recognizes a single
epitope on viral surface antigenic deter-
minants, and immunocompromised
patients typically have higher baseline
viral loads and delayed viral clearance
(as the authors demonstrate for SARS-
CoV-2). Such a conundrum creates an
ideal landscape for treatment-emergent
resistance (Figure 1).

It is relatively easy to select for anti-
body escape variants in vitro by incubating
specific mAbs with replicating virus, and
this process has been carried out for Chi-
kungunya virus (3), respiratory syncytial
virus (RSV) (4), and SARS-CoV (5). Escape
variants can emerge during mAb thera-
py of RSV experimental infection in Cot-
ton rats (6), or through prophylactic mAb
pre-exposure in humans (7). Hence, the
findings of Gupta et al. (1) are not surpris-
ing, but they are of great importance given
the implications for immunocompromised
patients with COVID-19 and for potential
directions of the pandemic.

Challenges in

immunocompromised patients
As we enter the fourth year of the
COVID-19 pandemic, the problems asso-
ciated with SARS-CoV-2 infection in
immunosuppressed hosts are emerging
as perhaps the most pressing therapeu-
tic problem and the greatest challenge
for the control of the virus. COVID-19 in
immunocompromised patients present
three major challenges: (a) these patients
do not respond well to vaccination, reduc-
ing the options for preventing severe dis-
ease; (b) disease can be severe and infec-
tion often becomes persistent, which
can interfere with eligibility for further
therapies for underlying conditions such
as cancer; and (c) as reported by Gupta
et al. (1), immunocompromised patients
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Figure 1. mAb therapies select for escape variants in SARS-CoV-2 infection. (A) SARS-CoV-2 infection with susceptible viral strains (blue squares and
diamonds) has several potential outcomes after mAb therapy, including the emergence of antibody-resistant strains (orange circles). (B) Infection with
a mAb-resistant virus (orange circles) can further diversify viral strains (orange squares and diamonds), yielding strains with the potential for evading

vaccine immunity and initiating additional infection waves within the population.

harbor higher baseline viral load that can
facilitate emergence of mAb resistance.

The challenge of COVID-19 in immu-
nocompromised patients presents physi-
cians with a difficult therapeutic option,
especially when the infection becomes per-
sistent. These individuals can require mul-
tiple rounds of therapy. Unlike immuno-
competent patients who mount strong and
effective responses to vaccination, these
individuals have weak immune respons-
es and, consequently, therapies such as
small molecule antivirals do not benefit
from concomitant immunity. However,
all monotherapies, whether these involve
mADbs or small molecule antivirals, run the
risk of selecting for resistant viral variants
that will abrogate its effectiveness.

The emergence of mAb-resistant vari-
ants in immunocompromised patients is
also a potential public health threat since
these variants could be fit enough to be
transmitted to family members (8) and
health care workers. Such mAb-resistant
variants could also theoretically manifest
increased resistance to vaccine-induced
immunity because of major Spike protein
changes. In fact, there has been concern
that the Omicron variant may have origi-
nated from a chronic infection in an immu-
nosuppressed patient (9).

Benefiting patients while
minimizing public health risks
At the time of this writing, all previously
available mAbD therapies have failed due to

the emergence of antibody-resistant vari-
ants. There are currently efforts to devel-
op additional therapeutic mAbs, but these
too could prove vulnerable to emerg-
ing variants unless the development of
resistance is mitigated. One possibility
for reducing the likelihood that a single
variant expresses mutations that enable
escape from available mAbs is to use mAb
cocktails that target the virus at different
epitopes. Proof of principle for this strat-
egy in effectively reducing the emergence
of escape mutants was shown with H5N1
influenza virus in mice that received
combinations of mAbs (10). However,
the emergence of resistant viruses from
cocktails composed of two therapies has
already been demonstrated (11-14), and
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more resistant variants are likely to arise
when one of the cocktail components is
ineffective at baseline (15, 16). Maybe
cocktails of three, as developed, e.g., for
Ebolavirus (17), could be more successful,
but cost remains an obvious issue.

The loss of mAbs for prevention
and therapy of COVID-19 is tragic given
that these treatments were beneficial to
immunocompromised patients and their
absence leaves physicians with fewer
options when confronting SARS-CoV-2
infections. In fact, many frail patients have
baseline contraindications to Paxlovid,
and the short schedules authorized for
both Paxlovid and remdesivir may not be
adequate to clear the virus. Fortunately,
we have an alternative that is immediately
available in the form of COVID-19 conva-
lescent plasma (CCP), which has shown
mortality benefits in the immunocom-
promised population in the pre-Omicron
era (18-20). Importantly, CCP collected
from vaccinees preserves in vitro efficacy
against all recent Omicron sublineages
(21, 22). And, given the high prevalence
of infection in vaccinated populations,
such CCP is currently in plentiful supply.
In contrast to mAbs, CCP is a polyclonal
product that includes antibodies of dif-
ferent specificities and effector functions
and is thus less likely to select for anti-
body-resistant variants. In fact, CCP has
been used in rescue therapy of immuno-
compromised patients who developed
antibody-resistant variants during mAb
therapy (23, 24). One important caveat
when considering antibody therapies for
COVID-19 in immunocompromised indi-
viduals is that this patient group is het-
erogeneous and we need to have a better
understanding of which patients are more
likely to benefit (e.g., seronegatives). The
COVID-19 pandemic has shown that anti-
body therapies can be effective while also
reminding us that these are more complex
than small molecule antiviral drugs. Going
forward, we need additional high-quality
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studies to learn how to use antibody-based
therapies optimally such that we can ben-
efit individual patients while minimizing
the public health risks to society from the
emergence of immunity-evading SARS-
CoV-2 variants.

Acknowledgments
AC was supported in part by NIH grants
AI052733, AI115207, and HL059842.

Address correspondence to: Arturo Casa-
devall, 615 N. Wolfe Street, Room E5132,
Baltimore, Maryland 21205, USA. Phone:
410.955.3457; Email: acasadevall@jhu.edu.

1. Gupta A, et al. Host immunological responses
facilitate development of SARS-CoV-2 muta-
tions in patients receiving monoclonal antibody
treatments. ] Clin Invest. 2023;133(6):e166032.

2. Gliga S, et al. Rapid selection of sotrovimab
escape variants in SARS-CoV-2 Omicron infect-
ed immunocompromised patients. Clin Infect
Dis. 2022;76(3):408-415.

3. Lee CY, et al. Chikungunya virus neutralization
antigens and direct cell-to-cell transmission are
revealed by human antibody-escape mutants.
PL0S Pathog. 2011;7(12):¢1002390.

4. Zhao X, et al. Respiratory syncytial virus
escape mutant derived in vitro resists paliv-
izumab prophylaxis in cotton rats. Virology.
2004;318(2):608-612.

5. Rockx B, et al. Escape from human monoclonal
antibody neutralization affects in vitro and in
vivo fitness of severe acute respiratory syndrome
coronavirus. ] Infect Dis. 2010;201(6):946-955.

6. Zhao X, Sullender WM. In vivo selection of respi-
ratory syncytial viruses resistant to palivizumab.
] Virol. 2005;79(7):3962-3968.

7.Zhu Q, et al. Analysis of respiratory syncytial
virus preclinical and clinical variants resistant
to neutralization by monoclonal antibodies
palivizumab and/or motavizumab. ] Infect Dis.
2011;203(5):674-682.

8. Sabin AP, et al. Emergence and onward trans-
mission of a SARS-CoV-2 E484K variant among
household contacts of a bamlanivimab-treat-
ed patient. Diagn Microbiol Infect Dis.
2022;103(1):115656.

9. Kupferschmidt K. Where did ‘weird’ Omicron
come from? Science. 2021;374(6572):1179.

10. Prabakaran M, et al. Combination therapy
using chimeric monoclonal antibodies protects
mice from lethal H5N1 infection and prevents

COMMENTARY

formation of escape mutants. PLoS One.
2009;4(5):€5672.

11. Vellas C, et al. Resistance mutations in SARS-
CoV-2 omicron variant after tixagevimab-cil-
gavimab treatment. ] Infect. 2022;85(5):e162-e163.

12. Choi B, et al. Persistence and evolution of SARS-
CoV-2in an immunocompromised host. N Engl J
Med. 2020;383(23):2291-2293.

13. Clark SA, et al. SARS-CoV-2 evolution in an
immunocompromised host reveals shared
neutralization escape mechanisms. Cell.
2021;184(10):2605-2617.

14. Ragonnet-Cronin M, et al. Genome-first
detection of emerging resistance to novel
therapeutic agents for SARS-CoV-2 [preprint].
Posted on bioRxiv July 15, 2022. https://doi.
org/10.1101/2022.07.14.500063.

15. Focosi D, Tuccori M. Prescription of anti-spike
monoclonal antibodies in COVID-19 patients
with resistant SARS-CoV-2 variants in Italy.
Pathogens. 2022;11(8):823.

16. Anderson TS, et al. Administration of anti-SARS-
CoV-2 monoclonal antibodies after US Food and
Drug Administration deauthorization. JAMA
Netw Open. 2022;5(8):€2228997.

17. Mulangu S, et al. A randomized, controlled trial
of Ebola virus disease therapeutics. N Engl ] Med.
2019;381(24):2293-2303.

18. Thompson MA, et al. Association of convales-
cent plasma therapy with survival in patients
with hematologic cancers and COVID-19. JAMA
Oncol.2021;7(8):1167-1175.

19. Denkinger CM, et al. Anti-SARS-CoV-2 anti-
body-containing plasma improves outcome in
patients with hematologic or solid cancer and
severe COVID-19: a randomized clinical trial.
Nat Cancer. 2022;4(1):96-107.

20. Senefeld JW, et al. COVID-19 convalescent plas-
ma for the treatment of immunocompromised
patients: a systematic review and meta-analysis.
JAMA Netw Open. 2022;6(1):2250647.

21. Sullivan DJ, et al. Analysis of anti-Omicron neu-
tralizing antibody titers in different convales-
cent plasma sources. medRxiv. 2022;13(1):6478.

22. Sullivan DJ, et al. Plasma after both SARS-CoV-2
boosted vaccination and COVID-19 potently
neutralizes BQ1.1 and XBB [preprint]. Posted
on bioRxiv December 16, 2022. https://doi.
org/10.1101/2022.11.25.517977.

23. Pommeret F, et al. Bamlanivimab + etesevimab
therapy induces SARS-CoV-2 immune escape
mutations and secondary clinical deterioration
in COVID-19 patients with B-cell malignancies.
Ann Oncol. 2021;32(11):1445-1447.

24. Destras G, et al. Bamlanivimab as monotherapy
in two immunocompromised patients with
COVID-19. Lancet Microbe. 2021;2(9):e424.



https://doi.org/10.1172/JCI168603
https://doi.org/10.1371/journal.pone.0005672
https://doi.org/10.1371/journal.pone.0005672
https://doi.org/10.1016/j.jinf.2022.07.014
https://doi.org/10.1016/j.jinf.2022.07.014
https://doi.org/10.1016/j.jinf.2022.07.014
https://doi.org/10.1056/NEJMc2031364
https://doi.org/10.1056/NEJMc2031364
https://doi.org/10.1056/NEJMc2031364
https://doi.org/10.1016/j.cell.2021.03.027
https://doi.org/10.1016/j.cell.2021.03.027
https://doi.org/10.1016/j.cell.2021.03.027
https://doi.org/10.1016/j.cell.2021.03.027
https://doi.org/10.3390/pathogens11080823
https://doi.org/10.3390/pathogens11080823
https://doi.org/10.3390/pathogens11080823
https://doi.org/10.3390/pathogens11080823
https://doi.org/10.1001/jamanetworkopen.2022.28997
https://doi.org/10.1001/jamanetworkopen.2022.28997
https://doi.org/10.1001/jamanetworkopen.2022.28997
https://doi.org/10.1001/jamanetworkopen.2022.28997
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1001/jamaoncol.2021.1799
https://doi.org/10.1001/jamaoncol.2021.1799
https://doi.org/10.1001/jamaoncol.2021.1799
https://doi.org/10.1001/jamaoncol.2021.1799
https://doi.org/10.1016/j.annonc.2021.07.015
https://doi.org/10.1016/j.annonc.2021.07.015
https://doi.org/10.1016/j.annonc.2021.07.015
https://doi.org/10.1016/j.annonc.2021.07.015
https://doi.org/10.1016/j.annonc.2021.07.015
https://doi.org/10.1016/S2666-5247(21)00189-0
https://doi.org/10.1016/S2666-5247(21)00189-0
https://doi.org/10.1016/S2666-5247(21)00189-0
mailto://acasadevall@jhu.edu
https://doi.org/10.1172/JCI166032
https://doi.org/10.1172/JCI166032
https://doi.org/10.1172/JCI166032
https://doi.org/10.1172/JCI166032
https://doi.org/10.1093/cid/ciac802
https://doi.org/10.1093/cid/ciac802
https://doi.org/10.1093/cid/ciac802
https://doi.org/10.1093/cid/ciac802
https://doi.org/10.1371/journal.ppat.1002390
https://doi.org/10.1371/journal.ppat.1002390
https://doi.org/10.1371/journal.ppat.1002390
https://doi.org/10.1371/journal.ppat.1002390
https://doi.org/10.1016/j.virol.2003.10.018
https://doi.org/10.1016/j.virol.2003.10.018
https://doi.org/10.1016/j.virol.2003.10.018
https://doi.org/10.1016/j.virol.2003.10.018
https://doi.org/10.1086/651022
https://doi.org/10.1086/651022
https://doi.org/10.1086/651022
https://doi.org/10.1086/651022
https://doi.org/10.1128/JVI.79.7.3962-3968.2005
https://doi.org/10.1128/JVI.79.7.3962-3968.2005
https://doi.org/10.1128/JVI.79.7.3962-3968.2005
https://doi.org/10.1093/infdis/jiq100
https://doi.org/10.1093/infdis/jiq100
https://doi.org/10.1093/infdis/jiq100
https://doi.org/10.1093/infdis/jiq100
https://doi.org/10.1093/infdis/jiq100
https://doi.org/10.1016/j.diagmicrobio.2022.115656
https://doi.org/10.1016/j.diagmicrobio.2022.115656
https://doi.org/10.1016/j.diagmicrobio.2022.115656
https://doi.org/10.1016/j.diagmicrobio.2022.115656
https://doi.org/10.1016/j.diagmicrobio.2022.115656
https://doi.org/10.1126/science.acx9738
https://doi.org/10.1126/science.acx9738
https://doi.org/10.1371/journal.pone.0005672
https://doi.org/10.1371/journal.pone.0005672
https://doi.org/10.1371/journal.pone.0005672

