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ABSTRACT

The emergence of SARS-CoV-2 Omicron variant has led to a complete reconfiguration of the therapeutic landscape, with all

monoclonal antibodies having lost any neutralization activity. We report here a case series of 75 immunocompromised patients

infected by the Omicron variant who benefited from COVID-19 convalescent plasma (CCP). At Day 28, the overall survival was

76% (95% CI 67-86) with no significant difference in the clinical outcome between patients with hematological malignancies,
solid organ transplantation or autoimmune diseases. No safety concern was reported during the course of the study. These re-
sults showed that CCP is well tolerated and represents a treatment option for immunocompromised patients who remain highly

impacted by the COVID19 epidemic.

1 | Introduction

Immunocompromised patients are at high risk of severe
COVID-109. Since they might not elicit an adequate immune re-
sponse after vaccination, passive immunization using ex vivo
produced neutralizing antibodies is one of the key therapeutic
options in such population [1]. Monoclonal anti-spike antibodies
have shown to lead to a great risk reduction of hospitalization or
death in immunocompetent patients [2, 3]. However, emerging

Omicron SARS-CoV-2 variants appeared to be partially or com-
pletely resistant to available monoclonal antibodies [4]. Early
treatment with COVID-19 convalescent plasma (CCP) in unvac-
cinated immunocompetent patients has been shown to be asso-
ciated with a lower risk of hospitalization [5]. Therefore, even
if monoclonal antibodies seem associated with a greater risk
reduction of disease progression than CCP, the polyclonal char-
acteristics of CCP might be of particular interest in the context
of emergence of new variants. Early in the pandemic, high-titer
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CCP has shown some efficacy in B-cell-depleted patients [6, 7],
but little is known on the efficacy of CCP in immunosuppressed
patients infected by Omicron variant. Here, we report a case se-
ries of 75 immunocompromised patients infected by the BA.1 or
BA.2 Omicron SARS-CoV-2 subvariants and treated with high-
titer Omicron CCP.

2 | Methods

We retrospectively analyzed the data from a nationwide, ob-
servational, and multicentric study based on the French CCP
Early Access Program. Between December 29, 2021, and
March 16, 2022, 32 centers located in France requested the
use of CCP during the SARS-CoV-2 Omicron variant wave.
Due to underlying disease or treatment administered, patients
with hematological malignancy (HM), solid organ trans-
planted (SOT) recipients, or those treated for autoimmune dis-
ease (AID) were considered immunosuppressed and eligible
for CCP early access program. Infection with a BA.1 or BA.2
SARS-CoV-2 subvariants was documented on nasopharyngeal
swab. We considered a threshold of positivity for anti-spike

antibodies of >264 BAU/mL, as the ability of vaccines to pre-
vent symptomatic forms of COVID-19 [8]. Every patient was
informed of the study protocol and none refused to partici-
pate. Data were anonymized according to the French law, and
ethical clearance was obtained from the French Infectious
Diseases Society (CER-MIT 2022-0702). We used the World
Health Organization (WHO) clinical progression scale for the
COVID-19 severity evaluation of the patient. Scale 5 involves
hospitalized patient with oxygen by mask or nasal prongs
only, and Scale 6 hospitalized patient with high flow oxygen
or noninvasive ventilation [9].

We administered two consecutive transfusions of two ABO-
compatible high-titer convalescent plasma units (200-220mL
each) at Days 0 and 1. Transfused CCP were initially provided
by pre-Omicron convalescent vaccinated donors with very high
anti-spike IgG ratio (>9, ELISA Euroimmun) to ensure anti-
Omicron seroneutralization ability [10] and after mid-January
2022 by Omicron convalescent vaccinated donors with high-anti
spike IgG ratio (>6, ELISA Euroimmun). The primary outcome
was the overall survival (OS) at Day 28 after plasma infusion
(28-day OS).

TABLE1 | Baseline characteristics of the 75 immunocompromised patients infected with the BA.1 or BA.2 Omicron subvariants of SARS-CoV-2

and treated with CCP.

Patient baseline characteristics (n=75)

Age, years, median [IQR]
Female/male, n
Days from symptoms onset to CCP, days, median [IQR]
Initial CT level, median [IQR]
Anti-CD20 mAb pre-exposure (n =73, unknown =2), n (%)
Yes
No
Pre exposure to monoclonal antibodies (n=75), n (%)
Yes
No
Two-dose vaccination (n =75), n (%)
Yes
No
Initial anti-S antibodies (n =70, unknown =5), n (%)
>264BAU/mL
<264BAU/mL

65 [59-73]
28/47

17 [10-24,5]
22.9[17.5-26]

51 (70)
22 (30)

79)
68 (91)

68 (91)
70)

8 (11)
62 (89)

Underlying diseases (n =71, excluded patients with two simultaneous underlying immunodeficiency n=4), n (%)

Hematological malignancy
Solid organ transplant recipient
Autoimmune disease
Positive RNAemia (n =18, unknown = 57), n (%)
Yes
No
WHO scale (n =72, unknown =3), n (%)
Scale 5
Scale 6

50 (71)
11 (15)
10 (14)

13(72)
5(28)

49 (68)
23 (32)

Note: WHO clinical progression scale for the COVID-19 severity: Scale 5: hospitalized, oxygen by mask or nasal prongs, WHO 6: hospitalized, oxygen by noninvasive

ventilation or high flow [9].

Abbreviations: BAU, binding antibody unit; CCP, COVD-19 convalescent plasma; mAb, monoclonal antibody.
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3 | Results

Among 249 requests for CCP during the study period, 225/249
(78%) were found eligible, and 81/225 (36%) had an available fol-
low-up until Day 28 at time of study analysis. Six patients were
subsequently excluded from the analysis: Two received sotro-
vimab, one was transferred in intensive care unit, two improved
spontaneously, and one died before transfusion. Table 1 reports
the baseline description of the 75 patients included. Most pa-
tients had received B-cell depletion therapy such as rituximab
(n=51/75, 68%). Four patients who presented with two simul-
taneous underlying immunodeficiencies were excluded of the
subgroup analysis done according to the underlying immunode-
ficiency. Among patient with only one underlying immunodefi-
ciency (n="71), the most frequent underlying immunodeficiency
was HM (n=50/71, 71%). The remaining patients were SOT re-
cipients (n=11/71, 15%) or had AID (n=10/71, 14%). Of note,
91% (n=68/75) of the cohort was vaccinated with at least two
doses. An anti-SARS-CoV-2 spike protein antibodies >264 BAU/
mL was reported in eight patients (11%). Most of the patients
(67/75, 89%) received CCP after mid-January 2022. However, at
that time, patients may have received units from pre-Omicron
as well as omicron era because the rule for CCP transfusion was
to mix units from different donors. After the end of January, all
CCP came from omicron donors.
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FIGURE 1 |

C-reactive protein decreased significantly between Days 0 and 7
after CCP infusion (101 (CI 79-124) versus 37 (CI 25-48) mg/L,
p<0.0001). At Day 7, 48 patients (64%) had an improved con-
dition. Among them, 16 (21%) were discharged from hospital.
Among the 27 patients (36%) who experienced a worsening
condition, seven (9%) were transferred to intensive care unit,
and six (8%) died. At Day 28, the OS was 76% (95% CI=67-86)
(Figure 1A). The 28-day OS was similar in the three groups
of patients: 76% (95% CI=65-88) for HM patients, 80% (95%
CI=59-100) for AID patients, and 72% (95% CI=51-100) for
SOT recipients (p=0.9) (Figure 1B). The previous administra-
tion of anti-CD20 monoclonal antibody (mAb) did not impact
the 28-day OS (p=0.81) (Figure 1C). However 28-days OS was
higher in patients with WHO scale 5 compared to WHO scale 6
at the day of CCP infusion (88% [95% CI=79-97] vs. 52% [95%
CI=35-77], p=0.0009) (Figure 1D). No safety concern has been
reported in the patients during the course of treatment.

4 | Discussion

We report herein an observational cohort of immunosuppressed
patients, mostly with HM (almost all with B-lymphoid dis-
ease), infected by the Omicron subvariant BA.1 or BA.2, and
treated with CCP. The 28-day OS for the whole cohort was 76%
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Overall survival of whole cohort (A), according to underlying disease (B), according to previous administration of anti-CD20

monoclonal antibody (C), and according to COVID-19 severity at the time of CCP infusion (D). AID, autoimmune disease; HM, hematological

malignancy; SOT, solid organ transplant recipient. WHO scale 5: hospitalized, oxygen by mask or nasal prongs; WHO scale 6: hospitalized, oxygen by

noninvasive ventilation or high flow. Survival curves were plotted with the Kaplan-Meier method. Overall survival was estimated after a log rank

test. p<0.05 was considered significant.
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without differences according to the type of underlying im-
munosuppression. In the recent observational study from the
EPICOVIDEHA registry, mortality rate among hospitalized
HM patients infected with Omicron was 16.5% and reached 23%
30-day mortality in patients with chronic lymphoid leukemia
(CLL) [11]. Of note in our cohort, 32% of patients needed high-
flow oxygen at the time of CCP infusion that could explain the
lower response after CCP infusion compared to that reported
in the EPICOVIDEHA registry. Surprisingly, there were no
differences between patients previously treated or not with an-
ti-CD20 mAD. This is to note that almost all patients (89%) have
anti-S antibodies below 264 BAU/mL at the time of CCP infu-
sion suggesting that not only antiCD20 mAb impair humoral
response but a large panel of diseases or immunosuppressive
drugs used to manage autoimmune disorders or limit graft re-
jection. Consistently, the beneficial effect of CCP has already
been described in patients with primary antibody deficiency as-
sociating clinical improvement and decreased SARS-CoV2 viral
load [12]. In SOT recipients, few data are available, but two rel-
evant series of 10 and 13 patients have reported the feasibility of
CCP with a mortality rate of 10% and 23%, respectively, linked
to COVID-19 [13, 14].

To date, the time of CCP infusion remains debated. While B-
depleted patients on high-flow oxygen and treated with CCP
usually have a poor outcome [7], patients who present with a
prolonged COVID-19 could be treated before they need high-
flow oxygen [15]. Indeed, clinicians must distinguish patients
with protracted disease as “smoldering COVID-19” from pa-
tients presenting with an aggressive disease. Besides the time
between CCP transfusion and symptoms onset is not so stereo-
typical as in immunocompetent patients [16], the disease course
can therefore be informative and must be taken into account in
the decision to use CCP.

The severity grade using the WHO scale was also associated
with the outcome. Since the WHO scale may be influenced by
other comorbidities, the global severity of COVID-19, especially
the level of oxygen need at the time of CCP infusion, may sig-
nificantly affect the patients’ outcome. Indeed, patients on high-
flow oxygen had a poor outcome despite CCP infusion with only
52% 28-day OS.

Our study presented some limitations. First, the cohort is quite
small, and the data collection is of retrospective nature. Also, we
did not have a control group because patients were treated ac-
cording to an early access program that makes difficult to obtain
a comparable group and avoid any prescription bias. Indeed, the
patients who were not eligible for CCP transfusion after CCP
request were very different from those who were treated with
CCP: They were not immunocompromised or had a differential
diagnosis than COVID-19. This precluded us to perform an ex-
posed/non-exposed analysis with a propensity score.

In a context of urgent need for therapeutic options when new
SARS-CoV-2 variants emerge and escape current monoclonal
antibodies, CCP remains a feasible and safe treatment option
for immunosuppressed patients whatever the underlying dis-
ease. Some effort must be made to better anticipate the course
of the disease course and guide the timing of CCP infusion.
Randomized clinical trials are mandatory to better define the
best setting in which to use CCP.

Author Contributions

Quentin Richier: Conceptualization; Data curation; Formal analy-
sis; Methodology; Writing — original draft. Benjamin De Valence:
Conceptualization; Data curation; Writing - original draft. Dorothée
Chopin: Data curation; Writing - review and editing. Emmanuelle
Gras: Data curation; Supervision; Visualization; Writing - review
and editing. Laura I Levi: Data curation; Visualization; Writing
- review and editing. Yasmine Abi Aad: Writing - review and ed-
iting. Jérome Pacanowski: Data curation; Writing - review and
editing. Jean-Luc Meynard: Data curation; Writing - review and
editing. Léo Plagais: Formal analysis. Dorothée Fey: Data curation.
Priscille Couture: Data curation. Guillaume Martin-Blondel:
Data curation; Supervision; Writing - review and editing. Vincent
Pestre: Data curation. Juliette Woessner: Data curation. Sophie
Ancellin: Data curation. Pierre Weyrich: Data curation. Benjamin
Carpentier: Data curation. Salim Idri: Conceptualization; Writing -
review and editing. Pierre Tiberghien: Conceptualization; Writing
- review and editing. Laure Surgers: Writing - review and editing.
Thomas Hueso: Conceptualization; Formal analysis; Methodology;
Supervision; Validation; Writing - original draft; Writing - review
and editing. Karine Lacombe: Conceptualization; Data curation;
Investigation; Supervision; Validation; Visualization; Writing -
review and editing.

Acknowledgments

Here, we thank the physicians who took care of the patients: Dr.
Choucair, Dr. Saada (Hopital Foch, Paris); Dr. Lhomme (CHU
Rennes); Dr. Dallet, Dr. Porte, Dr. Rousset, Dr. Debard, Dr. Ruiz,
Dr. Lauret, Dr. Sedkaoui, Dr. Garnier, Dr. Pontier, Dr. Beck (CHU
Toulouse); Pr. Durrbach, Dr. Lopinto, Dr. Brin, Dr. Stehle, Dr. Volle,
Dr. Pouvaret, Dr. Tuffet, Dr. Badoual, Dr. Carlier, Dr. Chawki,
Dr. Moyon, Dr. Judet, Dr. Zarrouk, Pr. Fieschi, Dr. Moncomble
(Assistance Publique des Hopitaux de Paris), Dr. Merrien, Dr. Coudon,
Dr. Guimard (CH Vendée La Roche sur Yon); Dr. Sellenet (Clinique
Saint Jean); Dr. Brochard (CH Saint Nazaire); Dr. Stavris (Hopital
Européen, Marseille); Dr. Guerveno (CH Albi); Dr. Rasoldier, Dr.
Beauvais (CHU Rouen); Dr. Vinsonneau (CH Beuvry-Bethune); Dr.
Guillot (CH Balanger-Aulnay); Dr. Bavozet (CH Dreux); Dr. Geniez
(CH Ajaccio); Dr. Gueffet (CHU Nantes); Dr. Brochard (CH Saint
Nazaire); Dr. Pellerin (CH Auch); Dr. Mombrun (CH Saint Ld); Dr.
Roriz (CH Agen); Dr. Desgrouas (CH Orléans); Dr. Brulliard (CH
Perpignan); Dr. Machelart (CHU Montpellier); Dr. Bourdellon (CH
Durkheim Epinal), Dr. Bisbal (Institut Paoli Calmettes, Marseille), Dr.
Lecam (Etablissement Francais du Sang); Dr. Gallian (Etablissement
Frangais du Sang); Pr. Delobel (CHU Toulouse); and Dr. Ackerman
(CH Suresnes).

Conflicts of Interest

QR, BDV, LP, YAA, LL and TH declare no conflicts of interest. KL has
received funds from Gilead, MSD, Janssen, ViiV Healthcare, and Abbvie
for expert boards and travel grants. LS has received a travel grant from
Pfizer but with unrelated to COVID-19.

Peer Review

The peer review history for this article is available at https://www.webof
science.com/api/gateway/wos/peer-review/10.1111/irv.13272.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

40f 5

Influenza and Other Respiratory Viruses, 2024


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.13272
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/irv.13272

References

1. F. Baron, L. Canti, K. K. Arién, et al., “Insights From Early Clini-
cal Trials Assessing Response to mRNA SARS-CoV-2 Vaccination in
Immunocompromised Patients,” Frontiers in Immunology 13 (2022):
827242.

2. A. Gupta, Y. Gonzalez-Rojas, E. Juarez, et al., “Early Treatment for
Covid-19 with SARS-CoV-2 Neutralizing Antibody Sotrovimab,” The
New England Journal of Medicine 385 (2021): 1941-1950.

3.M. J. Levin, A. Ustianowski, S. de Wit, et al., “Intramuscular
AZD7442 (Tixagevimab-Cilgavimab) for Prevention of Covid-19,” New
England Journal of Medicine 386 (2022): 2188-2200.

4.D. Planas, N. Saunders, P. Maes, et al., “Considerable Escape of
SARS-CoV-2 Omicron to Antibody Neutralization,” Nature 602 (2022):
671-675.

5.D. J. Sullivan, K. A. Gebo, S. Shoham, et al., “Early Outpatient Treat-
ment for Covid-19 with Convalescent Plasma,” The New England Jour-
nal of Medicine 386 (2022): 1700-1711.

6. M. A. Thompson, J. P. Henderson, P. K. Shah, et al., “Association of
Convalescent Plasma Therapy With Survival in Patients With Hema-
tologic Cancers and COVID-19,” JAMA Oncology 7 (2021): 1167-1175,
https://doi.org/10.1001/jamaoncol.2021.1799

7.T. Hueso, A. S. Godron, E. Lanoy, et al., “Convalescent Plasma Im-
proves Overall Survival in Patients With B-Cell Lymphoid Malignancy
and COVID-19: A Longitudinal Cohort and Propensity Score Analysis,”
Leukemia 36 (2022): 1025-1034.

8.S. Feng, D. J. Phillips, T. White, et al., “Correlates of Protection
Against Symptomatic and Asymptomatic SARS-CoV-2 Infection,” Na-
ture Medicine 27 (2021): 2032-2040.

9. WHO Working Group on the Clinical Characterisation and Manage-
ment of COVID-19 infection, “A Minimal Common Outcome Measure
Set for COVID-19 Clinical Research,” The Lancet Infectious Diseases 20
(2020): €192-€197.

10. P. Gallian, A. Amroun, S. Laperche, et al., “Reduced Neutraliz-
ing Antibody Potency of COVID-19 Convalescent Vaccinated Plasma
Against SARS-CoV-2 Omicron Variant,” Vox Sanguinis 117 (2022):
971-975.

11. O. Blennow, J. Salmanton-Garcia, P. Nowak, et al., “Outcome of
Infection With Omicron SARS-CoV-2 Variant in Patients With Hema-
tological Malignancies: An EPICOVIDEHA Survey Report,” American
Journal of Hematology 97 (2022): E312-E317.

12.J. Lang-Meli, J. Fuchs, P. Mathé, et al., “Case Series: Convalescent
Plasma Therapy for Patients With COVID-19 and Primary Antibody
Deficiency,” Journal of Clinical Immunology 42 (2022): 253-265.

13. F. Rahman, S. T. H. Liu, S. Taimur, et al., “Treatment With Conva-
lescent Plasma in Solid Organ Transplant Recipients With COVID-19:
Experience at Large Transplant Center in New York City,” Clinical
Transplantation 34 (2020): €14089.

14. A. Gupta, V. B. Kute, H. V. Patel, et al., “Feasibility of Convales-
cent Plasma Therapy in Kidney Transplant Recipients With Severe
COVID-19: A Single-Center Prospective Cohort Study,” Experimental
and Clinical Transplantation 19 (2021): 304-309.

15. T. Hueso, C. Pouderoux, H. Péré, et al., “Convalescent Plasma Ther-
apy for B-Cell-Depleted Patients With Protracted COVID-19,” Blood 136
(2020): 2290-2295.

16. L. Placais, Q. Richier, N. Noél, K. Lacombe, X. Mariette, and O.
Hermine, “Immune Interventions in COVID-19: A Matter of Time?”
Mucosal Immunology 15 (2021): 198-210, https://doi.org/10.1038/s4138
5-021-00464-w

50f5


https://doi.org/10.1001/jamaoncol.2021.1799
https://doi.org/10.1038/s41385-021-00464-w
https://doi.org/10.1038/s41385-021-00464-w

	Convalescent Plasma Therapy in Immunocompromised Patients Infected With the BA.1 or BA.2 Omicron SARS-­CoV-­2
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	3   |   Results
	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Peer Review
	Data Availability Statement

	References


