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Abstract

This study aims to assess the efficacy and safety of convalescent plasma therapy
(CPT) in COVID-19 critically ill patients with protracted severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) RNAemia. A retrospective cohort study was
conducted in intensive care unit (ICU). All patients with severe COVID-19 pneu-
monia for whom RNAemia remained positive more than 14 days after onset of the
infection were included and given CPT. The primary objective was to evaluate
SARS-CoV-2 RNAemia 7 days (D7) after CPT. A total of 14 patients were included
and they received a median CPT volume of 828 ml (range: 817-960). CPT was
administered in a median time of 14 days after ICU admission. At D7, 13/14 patients
had negative SARS-CoV-2 blood PCR and one patient had negative blood PCR 11
days after CPT. At D7 and at D14, the clinical status was improved in 7/14 and
11/14 patients, respectively. The 28-day mortality rate was 14%. No CPT-related
adverse effects had been reported. CPT is safe and may be efficient in patients with
protracted RNAemia admitted in ICU for severe COVID-19 pneumonia. Rando-
mized controlled trials are needed to confirm these results.
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moderate/severe COVID-19 infection treated with CPT versus pla-
cebo.?”® We hypothesized that CPT should be prescribed in severe

Convalescent plasma transfusion (CPT) in COVID-19 pneumonia
remains controversial. Preliminary data have shown that passive
transfer of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)-neutralizing antibodies through CPT could be efficient and
safe in patients with severe humoral immunity impairment. Apart
from this specific situation, the encouraging results of the pre-
liminary studies have been challenged since the publication of non-
significant results in three recent randomized controlled studies
(RCTs) showing no difference in clinical outcome in patients with

patients on primarily viro-immunological criteria such as persistent

viremia, rather than only clinical disease severity.

2 | MATERIALS AND METHODS

We conducted a retrospective cohort study of patients with con-
firmed COVID-19 pneumonia, consecutively admitted to the in-
tensive care unit (ICU) between July 1 and November 30, 2020. All

5594 | © 2021 Wiley Periodicals LLC

wileyonlinelibrary.com/journal/jmv

J Med Virol. 2021;93:5594-5598.


http://orcid.org/0000-0002-3443-6115
mailto:nahema.issa@chu-bordeaux.fr

CAMOU ET AL

FIMTM—_\ \/1Ey 5595

patients were tested for SARS-CoV-2 RNA in blood (RNAemia) at
admission and once a week subsequently until negativization. Pa-
tients for whom RNAemia remained positive more than 14 days after
onset of the symptoms were included and given CPT. Oxygen-
dependant patients received dexamethasone (6 mg/day) since ICU
admission for 10 days. Among them, those who had fever associated
with increased inflammatory parameters (at least two among fi-
brinogen >8g/L, ferritin >1000 ng/ml, p-dimers >3000 ng/ml, and
C-reactive protein >150 mg/L) received tocilizumab (8 mg/kg) in the
first 24 h. Patients were assigned a clinical status at baseline (Day O
[DO], date of transfusion) and evaluated at Days 7 (D7) and 14 (D14).
In case of persistent positive plasma RT-PCR at Day 7, a new RT-PCR
was performed every 48-72h until disappearance of the viremia.
The clinical status was evaluated with an adapted version of the
6-point World Health Organization (WHO) clinical scale described
elsewhere.”

The monitoring of SARS-CoV-2 RNAemia was performed on
plasma samples using GeneFinderTM COVID-19 PLUS RealAmp RT-
PCR Kit (OSANG Healthcare Co., Ltd.). Briefly, viral RNA was ex-
tracted from 200 pl of plasma using MagNA Pure 96 DNA and Viral
NA Small Volume Kit on MagNA Pure 96 Instrument (Roche). A total
of 5ul of RNA was mixed with 15 pl of GeneFinderTM COVID-19
PLUS RealAmp RT-PCR mix according to manufacturer's re-
commendation. The real-time amplification was carried out using an
Lc480 Roche thermocycler. This kit allows the detection of three
viral targets (Nucleocapsid N, RdRp, and Envelope E) as well as a
cellular control gene. Ct values less than 40 for at least two of the
three target genes were considered as positive results. Viral culture
on blood sample was not performed in our center. Written informed
consent was obtained for all the patients. The French national au-
thorities (Agence nationale de sécurité du médicament et des pro-
duits de santé) authorized on April 29, 2020, the COVID-19 CPT,
according to a therapeutic use protocol, that is, for severe COVID-
19-suffering patients (WHO score 24).° Patients were informed of
the anonymous use of their medical data and were included in the
database, accredited by the French national data protection com-
mission (CNIL 2009055).

According to these recommendations, in our study, each patient
received four units (each unit=200-220ml) of ABO-compatible
convalescent plasma in two transfusions 24 h apart, as previously
published by us and others.” Convalescent donors were eligible for
plasma donation 15 days after resolution of COVID-19. Collected
apheresis plasma underwent pathogen reduction (Intercept blood
system; Cerus) and standard testing as per current regulations in
France. Anti-SARS-CoV-2 antibody content was assessed in each
donation by semiquantitative immunoglobulin G (IgG) enzyme-linked
immunosorbent assay (EUROIMMUN). A ratio of 1gG patient sample/
control sample of more than 5.6 was required.”

Clinical parameters (temperature, ratio of the partial pressure of
oxygen to the fraction of inspired oxygen (PaO,/FiO,), concomitant
treatments and coinfections) were recorded daily. Anti-SARS-CoV-2
1gG was serologically detected in recipients before CPT (cutoff value
for 1gG = 1.4 and immunoglobulin M [IgM] = 1 index sample/control
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TABLE 1 Characteristics of the 14 patients at ICU admission

Population
study (N = 14)

Median age, year (range) 74 (53-84)
Age 265 year, n (%) 10 (71)
Male sex, n (%) 11 (79)
Median SAPS-2 (range) 37 (24-53)
Median SOFA (range) 4 (0-8)
Median time to onset of symptoms, days 9 (5-24)

(range)
Median PaO,/FiO,, mmHg (range) 117 (50-400)

Coexisting conditions, n (%)

BMI above 30 kg/m? 2 (14)
Hypertension 10 (71)
Diabetes 4 (29)
Chronic obstructive pulmonary 1(7)
disease
Congestive heart failure 0 (0)
Chronic renal failure 3 (21)
Solid tumors 5 (36)
Hematologic cancer 4 (29)
Chest CT-scan parenchymal involvement
<25% 4(29)
25%-50% 3(21)
50%-75% 5 (36)
>75% 2(14)
Pulmonary embolism 1(7)
Respiratory support, n (%)
Low-flow oxygen nasal cannula 2 (14)
High-flow oxygen nasal cannula 6 (43)
Noninvasive ventilation 3 (21)
Invasive ventilation 6 (43)
Associated treatments, n (%)
Glucocorticoids 13 (93)
Tocilizumab 12 (86)
Heparin 14 (100%)

Abbreviations: BMI, body mass index; ICU, intensive care unit; SAPS-2,
simplified acute physiology score; SOFA, sequential organ failure
assessment.

sample). Biological parameters including inflammatory markers and
hematological parameters were assessed.

The primary objective was to evaluate SARS-CoV-2 RNAemia at
D7. Secondary objectives were to evaluate the clinical status at D7,
D14, and the 28-day mortality.
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3 | RESULTS

During the study period, among 64 patients admitted in the ICU
for a COVID-19 pneumonia, 14 patients had RNAemia for more
than 14 days (median DO Ct value = 37) after onset of symptoms
and were included (Table 1). At DO, inflammatory parameters had
improved from the ICU admission. At DO and D7, 9 and 13 pa-
tients had anti-SARS-CoV-2 antibodies, respectively (Table 2).
CPT was administered in a median time of 14 (range: 1-48) days
after ICU admission and 25 (range: 12-55) days after onset of
the illness. Median total CPT volume was 828 ml (range:
817-960), that is, 11 ml/kg (range: 9.7-14.9) body weight. No
CPT-related adverse effects had been reported.

At D7, 13/14 patients had negative SARS-CoV-2 plasma PCR
and one patient had negative plasma PCR 11 days after CPT. As
expected due to CPT, all patients displayed Anti-SARS-CoV-2 IgG
and IgM at D7 (Table 2). Compared with DO, all seronegative
patients (n = 5) seroconverted: IgM = 15.7 and IgG = 3.5. The level
of specific antibodies in seropositive patients (n=9) did not in-
crease significantly: 1gM =20.6 and 1gG=5.5 versus IgM = 18.5
and 1gG =5.9 at DO and D7, respectively.

At D7 and at D14, the 6-point scale was improved in 7/14
and 11/14 patients, respectively. The 28-day mortality rate after
CPT was 14%. Two male patients (aged 76 and 81 years) died 11
and 22 days after CPT, respectively, due to nosocomial bacterial

pneumonia unrelated with CPT.

ICU admission DO
CRP, mg/L (range) 106 (17-318) 6 (1-258)
normal range: <4 mg/L
Fibrinogen, g/L (range) 8 (7-10) 4 (1-10)

normal range: 2-5
Ferritin, ng/ml (range) 873 (181-8100)
normal range: 20-260
D-Dimer, ng/ml (range) 1041 (448-3301)
normal range: 0-500
Lymphocytes, G/L (range) 0.49 (0.16-1.00)

normal range: 1.20-3.60

Anti-SARS-CoV-2 IgM, ratio versus - 4.4 (0.0-80.6)
control sample (range)

Cutoff value 21.0

Anti-SARS-CoV-2 IgG, ratio versus - 3.0 (0.0-6.5)

control sample (range)

Cutoff value 21.4

622 (170-5759)

1568 (215-5820)

0.73 (0.37-1.63)

4 | DISCUSSION
The first report of CPT efficacy was reported in an uncontrolled case
series in five critically ill patients from China.? Since this preliminary
study, many noncomparative studies have reported concordant po-
sitive results in severe COVID-19, especially when CPT was ad-
ministred before 14 days after onset of illness.>?~'? Unfortunately,
three recent controlled studies failed to confirm these encouraging
results.>* Two of them compared CPT and a placebo in severe re-
spiratory COVID-19 patients and the third compared CPT with usual
care in patients hospitalized with COVID-19 without severity cri-
teria. Transfusion doses of CPT varied from to 4 to 13 ml/kg of re-
cipient body weight in the first study, from 415 to 600 ml in the
second, and 550 ml in the third, compared with more than 800 ml or
11 ml/kg in the present study. Conversely, three others controlled
studies showed a benefit in terms of clinical severity especialy in
older patients when plasma is transfused early during the course of
COVID-19.313

Our study shows that 92% of patients with protracted SARS-
CoV-2 infection had negative plasma PCR within 7 days after
CPT. Oxygen requirement decreased significantly for 50% and
78% of them at D7 and D14, respectively, with excellent toler-
ance of CPT. Concordantly, Hueso et al.> showed that CPT with
the same regimen could be a promising therapy in seronegative
patients with profound B-cell lymphopenia with protracted
RNAemia.

D7 TABLE 2 Evolution of the 14 patients'
laboratory values

7 (1-115)

4 (2-9)

545 (116-3275)

1447 (327-4542)

0.80 (0.22-1.62)

15.7 (0.0-59.3)

4.7 (0.1-8.6)

Abbreviations: CRP, C-reactive protein; DO, date of convalescent plasma transfusion (CPT); D7, 7 days
after CPT; ICU, intensive care unit; 1gG, immunoglobulin G; IgM, immunoglobulin M; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2.
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SARS-CoV-2 viral load appeared to peak in the upper respiratory
tract within the first week after symptom onset.®> Numerous studies
identified an association between older age (>60 years) and prolonged
viral RNA shedding. Male sex and corticosteroids therapy seem to be two
other factors associated with delayed viral clearance.'® Faster clearance
was frequently observed in asymptomatic individuals. Median duration of
shedding in serum samples varies from 16.6 days (3.6-29.7) to 21 days
(9-39) with a maximum of RNA shedding of 60 days.'**¢

The clinical significance of SARS-CoV-2 RNA in blood circulation is
unknown. It could be associated with free viral particles or altered RNA.
Less than 15% of symptomatic COVID-19 patients have RNAemia and
no correlation between upper respiratory Ct values and RNAemia fre-
quency or plasma RNA loads, as evaluated by Ct comparison, could be
established.'” Moreover, a very small fraction of blood donors, even
those who remain asymptomatic after donation, can be RNAemic for
SARS-CoV-2 with low viral loads, as suggested by high Ct, and infectivity
of positive plasma was not evidenced in cell culture experiments.'®2°

Literature data cannot determine yet whether RNAemia re-
presents direct viral involvement in causing extrapulmonary pa-
thology or is merely spill-over from an intense pulmonary infection.*”

However, numerous concordant studies showed that RNAemia
is a strong indicator for clinical severity, mainly ARDS, and is de-
tected more frequently in critical patients who were admitted to the
ICU and/or died.*1720-22

The individuals with RNAemia were older than those with
undetectable SARS-CoV-2 RNA in plasma.?® In a recent study,
Hagman et al.? showed that SARS-CoV-2 RNA in serum at ad-
mission was associated with a sevenfold increased risk of critical
disease and an eightfold increased risk of death in a cohort of
167 patients hospitalized for COVID-19. These apparently con-
flicting results probably reflect the very variable severity of
SARS-CoV-2 infection.

In the present study, eligible patients remained symptomatic
with persistent viremia, whatever the serological results. Conse-
quently, we hypothesize that these disappointing results obtained by
controlled studies could be partially linked to the inclusion criteria
and suggest that the viral load or the host's humoral response should
be taken into account to define patients who could benefit from CPT
in symptomatic/severe COVID-19 pneumonia, especially in older
patients.

These results underline the key role of neutralizing humoral im-
munity. Nevertheless, our study confirms that some patients failed to
clear the virus despite apparent humoral response. In these patients, as
other authors have already reported, 1gG and IgM titers were much
higher than they were in less symptomatic individuals.”>?*

At first glance, the efficacy of CPT is of course more difficult to
understand in seropositive than in seronegative patients. Never-
theless, the possibility of reinfection by the virus in convalescent
individuals should inspire caution regarding the antiviral protection
associated with the detected antibodies. Antibodies may not be ef-
ficient enough for several reasons: for instance, due to their isotypes
or their lack of affinity, in line with the clinical context, especially age,
cancer, previous chemotherapy (Figure 1).

MEDICAL VIROLOGY

FIGURE 1 SARS-CoV-2 attached on epithelial cell surface
analyzed by confocal microscopy (green, antinucleocapsid antibodies
and red, actin in cytosqueleton) (Kindly provided by Harald Wodrich
from Bordeaux University). SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2

The main limitation of our study lies in its retrospective and
noncomparative nature: we cannot exclude that viral clearance is a
natural evolution of the infection. Appropriate control groups are
missing. Moreover, it is possible that an earlier CPT administration
(i.e., in the first 14 days of disease) could have had a better clinical
efficacy as suggested by recent data.’*?° To the best of our knowl-
edge, this is the first report about CPT use in a cohort of viremic
critically ill patients. Prospective controlled trials are warranted to
specify optimal CPT regimen in terms of volume and timing for
transfusion from onset of illness and to target the most eligible

patients.

5 | CONCLUSION

Our study suggests that passive transfer of SARS-CoV-2-neutralizing
antibodies through CPT is safe and may be efficient in severe
COVID-19 patients with protracted RNAemia beyond 14 days de-
spite positive serology, especially in older patients. RCTs are needed
to confirm this therapeutic option in viremic critically ill patients.
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