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ABSTRACT We assessed the pharmacokinetics and safety of XAV-19, a swine glyco-
humanized polyclonal antibody against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), in coronavirus disease 2019 (COVID-19)-related moderate pneumonia. The
objective was to evaluate the optimal dose and safety of XAV-19 during this first admin-
istration to patients with COVID-19-related moderate pneumonia. In this phase IIa trial,
adults with COVID-19-related moderate pneumonia with a duration of #10days were
randomized to receive an infusion of XAV-19 at 0.5mg/kg of body weight at day 1 and
day 5 (group 1), 2mg/kg at day 1 and day 5 (group 2), or 2mg/kg at day 1 (group 3)
or placebo. Eighteen patients (n=7 for group 1, n=1 for group 2, n=5 for group 3,
and n=5 for placebo) were enrolled. Baseline characteristics were similar across groups;
median XAV-19 serum concentrations (ranges) at the time of the maximum serum con-
centration of the drug (Cmax) and at day 8 were 9.1 (5.2 to 18.1) and 6.4 (2.8 to 11.9)
mg/ml, 71.5 and 47.2 mg/ml, and 50.4 (29.1 to 55.0) and 20.3 (12.0 to 22.7) mg/ml for
groups 1, 2, and 3, respectively (P=0.012). The median terminal half-life (range) was esti-
mated at 11.4 (5.5 to 13.9) days for 2mg/kg of XAV-19 at day 1. Serum XAV-19 concen-
trations were above the target concentration of 10mg/ml (2-fold the in vitro 100% inhib-
itory concentration [IC100]) from the end of perfusion to more than 8days for XAV-19 at
2mg/kg at day 1. No hypersensitivity or infusion-related reactions were reported during
treatment, and there were no discontinuations for adverse events and no serious
adverse events related to the study drug. A single intravenous dose of 2mg/kg of XAV-
19 demonstrated high serum concentrations, predictive of potent durable neutralizing
activity with good tolerability. (This study has been registered at ClinicalTrials.gov under
identifier NCT04453384.)
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Since the first identification of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) from patients with bilateral pneumonia in Wuhan, China, during

December 2019, the ongoing pandemic of coronavirus disease 2019 (COVID-19) has
affected more than 127 million people and caused 2.8 million deaths (1, 2). Among
patients hospitalized for COVID-19, 15 to 20% develop severe respiratory failure requir-
ing admission to the intensive care unit (ICU) (3). Corticosteroids and anticoagulant
therapy have improved the prognosis of patients requiring respiratory support for
severe or critical pneumonia (4, 5). Multitargeted interventions in severe COVID-19,
combining a potent antiviral(s), steroids, anticoagulants, and, in the most severe cases,
adjunctive immune-based therapy such as tocilizumab, could constitute an optimized
cocktail to halt further progression to respiratory failure, acute respiratory distress syn-
drome (ARDS), multiorgan dysfunction, and death (6–8).

Animal-derived heterologous polyclonal antibodies, used as passive heterologous
immunotherapy, could represent a highly efficient alternative to the use of monoclonal
antibodies in COVID-19 by targeting multiple antigen epitopes. However, conventional
polyclonal heterologous antibodies induce natural human xenogeneic antibody
responses leading to immune complexes and a high risk of serum sickness. To avoid
these concerns, we engineered experimental pigs deficient in the CMP-N-acetylneura-
minic acid hydroxylase (CMAH)-encoding genes and the enzyme a1,3-galactosyltrans-
ferase (GGTA1) to produce glyco-humanized polyclonal antibodies (GH-pAbs) lacking
Neu5Gc and a-Gal epitopes. XAV-19 is a purified polyclonal IgG fraction, first-in-class
drug to treat COVID-19, based on immunization with the SARS-CoV-2 spike receptor
binding domain (RBD) of CMAH/GGTA1 double-knockout pigs to obtain neutralizing
polyclonal antibodies.

In an ongoing trial, we are investigating XAV-19, a swine glyco-humanized polyclo-
nal SARS-CoV-2-neutralizing antibody (9), in hospitalized patients with COVID-19 pneu-
monia requiring low-flow oxygen supplementation (10). In agreement with French
national authorities, it was agreed that the first-in-human study was to be performed
as a phase IIa dose selection study in COVID-19 patients, to gather safety information
for this population and allow rollover without a delay in a phase III study.

The main hypothesis is that reducing the viral burden and improving specific immu-
nity by passive antibody administration at hospital entry of patients hospitalized for
COVID-19-related moderate pneumonia within 10 days of first symptom onset could
lead to clinical benefit. The dose rationale for the administration of XAV-19 was based
on an assessment of the in vitro inhibitory potency of XAV-19 against SARS-CoV-2. The
in vitro inhibitory potency of XAV-19 was determined at a concentration of ,1mg/ml
by inhibiting the binding of the COVID-19 spike protein to the ACE-2 receptor by a
competitive enzyme-linked immunosorbent assay (ELISA) and a cytopathogenic effect
assay using infection of human Vero cells with SARS-CoV-2 (9, 11). Based on these find-
ings, the target serum concentration was established at 10mg/ml. Considering the vol-
ume of distribution and elimination half-life (t1/2) of swine glyco-humanized IgG meas-
ured in primates, an infusion of XAV-19 above 0.5mg/kg of body weight was
estimated to be necessary to obtain serum neutralizing antibody titers maintained for
10 days.

Here, we report the results of the first part of this ongoing clinical trial involving
patients hospitalized for COVID-19-related moderate pneumonia requiring oxygen
supplementation. In this phase IIa trial, the objectives of this first-in-human administra-
tion of XAV-19 were to assess its pharmacokinetics (PK) and safety.

RESULTS

Between 30 August 2020 and 7 December 2020, 18 patients with COVID-19-related
moderate pneumonia were randomized: 1 withdrew consent before the day 5 second
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infusion (cohort 1), and 17 completed all study visits (Fig. 1). Hence, the safety popula-
tion was constituted of 18 patients, whereas the intent-to-treat exposed (ITT-E) popula-
tion was constituted of 17 patients. Demographics and baseline characteristics of the
17 patients were similar across groups (Table 1). Of the 17 analyzed patients, 12 were
treated with XAV-19 (0.5mg/kg at days 1 and 5 [n=6], 2mg/kg at days 1 and 5 [n=1],
and 2mg/kg at day 1 [n=5]); 5 were treated with placebo; 11 were males (64.7%); the
median age was 71 years (interquartile range [IQR], 51 to 75 years); and median body
mass index (BMI) was 27.4 (IQR, 25.3 to 31.2) kg/m2. The majority (14/17) of patients
had at least one comorbidity, including 3 with immunodeficiency disease (Table 1). At
screening, all patients were hospitalized, requiring supplemental oxygen by nasal
prongs or a mask with low-oxygen delivery (WHO scale 4). Associated COVID-19 thera-
pies were steroids in all patients and remdesivir in 8 (47%) patients. The median time
from symptom onset to the initial infusion of the investigational drug was 8 days (IQR,
6 to 9 days).

Pharmacokinetic parameters of XAV-19 are presented in Table 2. Median XAV-19 serum
concentrations (ranges) at day 8 were 6.4mg/ml (2.8 to 11.9mg/ml) in patients who
received 0.5mg/kg of XAV-19 at days 1 and 5, 20.3mg/ml (12.0 to 22.7mg/ml) for those
who received 2mg/kg at day 1, and 47.2mg/ml for the patient who received 2mg/kg at
days 1 and 5 (P=0.012 between groups) (Table 2). Serum concentrations were above
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FIG 1 Flow diagram.
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TABLE 1 Baseline characteristics of patients and clinical outcomes

Characteristic

Value for group

XAV-19 (n=12)

All XAV-19-treated
patients (n=12) Placebo (n=5) Total (n=17)

0.5 mg/kg,
days 1–5 (n=6)

2 mg/kg,
days 1–5
(n=1)

2 mg/kg,
day 1
(n=5)

Median age (yrs) (IQR) 68 (49.8; 77.3) 75 74 (68; 76) 75 (58.2; 76.5) 63 (51; 71) 71 (51; 75)

No. (%) of male patients 3 (50) 1 4 (80) 8 (67) 3 (60) 11 (64.7)

Median BMI (kg/m2) (IQR) 25.1 (23.6; 29.8) 39.2 27.4 (27.4; 28.4) 27.4 (25.2; 32) 29.3 (26.1; 29.8) 27.4 (25.3; 31.2)

No. (%) of patients with chronic
underlying disease

Asthma 2 (33.3) 0 0 2 (16.7) 1 (20) 3 (17.6)
Cardiovascular/cerebrovascular
disease

1 (16.7) 1 1 (20) 3 (25) 2 (40) 5 (29.4)

Chronic kidney disease 1 (16.7) 0 0 1 (8.3) 0 1 (5.9)
Diabetes 0 0 1 (20) 1 (8.3) 1 (20) 2 (11.8)
High blood pressure 4 (66.7) 1 2 (40) 7 (58.3) 1 (20) 8 (47.1)
Obesity 1 (16.7) 0 1 (20) 2 (16.7) 1 (20) 3 (17.6)
Solid-organ transplant 1 (16.7) 0 0 1 (8.3) 0 1 (5.9)
Solid tumora 1 (16.7) 0 1 (20) 2 (16.7) 0 2 (11.8)
HIV infection 1 (16.7) 0 0 1 (8.3) 0 1 (5.9)

Median duration of symptoms
before 1st infusion (days) (IQR)

7.5 (5.3; 9.8) 5 8 (6; 9) 7 (5.8; 9.3) 8 (8; 8) 8 (6; 9)

Symptom at infusion
No. (%) of patients hospitalized,
without oxygen supplementation

1 (16.7) 0 0 1 (8.3) 1 (20) 2 (11.8)

No. (%) of patients hospitalized,
low-oxygen delivery

5 (83.3) 1 4 (80) 10 (83.3) 4 (80) 14 (82.4)

No. (%) of patients hospitalized,
on noninvasive ventilation or
high-flow oxygen

0 0 1 (20) 1 (8.3) 0 1 (5.9)

Median respiratory rate (breaths/
min) (IQR)

27 (22.5; 31.5) 26 22 (20; 28) 25 (22; 30) 24 (24; 28) 24 (22; 30)

Median SpO2 (IQR) 94 (93.3; 94.8) 96 92 (91; 94) 94 (92; 94.3) 94 (93; 94) 94 (92; 92)
Median National Early Warning
Score 2 (IQR)

6.5 (6; 7.8) 6 7 (5; 8) 6.5 (5.8; 8) 6 (6; 6) 6 (5; 7)

No. (%) of patients with
concomitant medication for

COVID-19
Antibiotics 4 (66.7) 0 2 (40) 6 (50) 2 (40) 8 (47.1)
Steroids 6 (100) 1 5 (100) 12 (100) 5 (100) 17 (100)
Remdesivir 2 (33.3) 1 1 (20) 4 (33.3) 4 (80) 8 (47.1)
Anticoagulant 5 (83.3) 1 5 (100) 11 (91.7) 5 (100) 16 (94.1)

Median laboratory parameter at
day 1 (IQR)

White blood cells/mm3 7.9 (7.6; 10.3) 4.2 7.2 (6.9; 7.5) 7.2 (6.6; 9.1) 6.5 (6.2; 6.7) 7.1 (6.5; 7.9)
Hemoglobin, g/dl 11.8 (11; 12.5) 12.9 12.7 (11.9; 13.4) 12.6 (11.3; 13.5) 14�1 (13.2; 15) 12�4 (11.3; 13.3)
Platelets/mm3 314 (238.8; 407.5) 163 257 (237; 276) 240 (170; 314) 245 (191; 297) 261 (172; 350)
Creatinine,mmol/literb 85 (76.3; 92.8) 86 65.5 (64; 67) 75.5 (61.3; 86) 76 (71.5; 80.5) 84 (67; 86)

No. (%) of patients with ICU
admission

0 0 2 (40) 2 (16.7) 1 (20) 3 (17.6)

Median hospital length of stay
(days) (IQR)

5.5 (5; 11.3) 10 11 (7; 12) 8.5 (5.8; 12.3) 7 (7; 12) 7 (6; 12)

60-day mortality rate [no. (%) of
patients]

1 (14.3) 0 0 1 (8.3) 0 1 (5.6)

aOne patient was receiving treatment for diffuse large B cell lymphoma (DLBCL) diagnosed in 2019, and the other one presented a history of solid lung tumor diagnosed in
2001, considered not active.

bMissing data for the 0.5-mg/kg group at days 1 and 5 (n=2), the 2-mg/kg group at day 1 (n=3), and the placebo group (n= 3).

Gaborit et al. Antimicrobial Agents and Chemotherapy

September 2021 Volume 65 Issue 9 e01237-21 aac.asm.org 4

https://aac.asm.org


29mg/ml in all patients at day 1 after infusion of 2mg/kg of XAV-19 (Table 2). Based on a
target neutralization threshold of 10mg/ml of XAV-19, all patients treated with 2mg/kg
(1 or 2 infusions) had serum concentrations above the target at day 8. A proportional
relationship between the cumulative administered dose and the area under the concentra-
tion-time curve from 0 h to infinity (AUC0–1) was found, suggesting a linear pharmacoki-
netic for XAV-19 between these doses. According to this linearity, no significant difference
between t1/2 values was observed between the groups of patients. The median half-life
(range) (n = 12) for all XAV-19 doses was 13.0 (0.7 to 19.4) days, which allowed mainte-
nance of the serum concentration of XAV-19 above the previously defined target serum
level of 10mg/ml (2-fold the 100% neutralization activity in vitro) during 15days after a sin-
gle 2-mg/kg administration for most patients (Fig. 2) (9). After a single infusion of the 2-
mg/kg dose, the median volume of distribution and clearance (ranges) (n=5) were 4.9 (4.0
to 8.7) liters and 0.015 (0.010 to 0.021) liters/h, respectively.

A summary of the adverse events is presented in Table 3. XAV-19 was well tolerated,
with no differences in the nature and rate of adverse events between the placebo and
XAV-19 groups and no serious adverse events related to the study drug. Only two
patients experienced a drug-related grade 1 adverse event (one had lymphadenopathy
in the placebo group, and one had localized transient ecchymotic rash at day 15 in the
0.5-mg/kg group). Severe adverse events occurred in three patients in the placebo
group, with two grade 3 events (worsening asthenia and increased dyspnea) and one

TABLE 2 XAV-19 pharmacokinetic parameter estimates according to dose and schedule of administrationa

Variable

Value for XAV-19 treatment group (n=12)

P value0.5 mg/kg, days 1 and 5 (n=6) 2 mg/kg, days 1 and 5 (n=1) 2 mg/kg, day 1 (n=5)
Median concn after day 1 infusion (min–max) 6.90 (3.29–10.9) 47.35 (29.10–55)b 0.0022
Median serum concn at day 8 (mg/ml) (min–max) 6.4 (2.8–11.9) 47.2 20.3 (12.0–22.7) 0.012
Median AUC0–1 (mg/ml � h) (min–max) 4,564 (987–7,832) 25,638 12,519 (7,515–14,314) 0.018
Median Cmax (mg/ml) (min–max) 9.1 (5.2–18.1) 71.5 50.4 (29.1–55.0) 0.012
Tmax (day postdose) 5 5 1
Median t1/2 (days) (min–max) 14.5 (0.7–19.4) 11.88 11.4 (5.5–13.9) 0.211
aAUC, area under the serum concentration-time curve; Cmax, maximum serum concentration; Tmax, time when a drug is present at the maximum concentration in serum; t1/2,
half-life.

bValues for all day 1 postinfusion measures at a dose of 2mg/kg (n=6).

FIG 2 Time course of mean XAV-19 serum concentrations (6 standard deviations) in the groups of patients. D1, day 1.
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grade 4 event (respiratory distress), and in five patients in the XAV-19 group, with two
grade 4 events (worsening respiratory distress) and three grade 3 events (respiratory fail-
ure and two hepatobiliary disorders) (see Tables S1 and S2 in the supplemental material).
No hypersensitivity or infusion-related reactions were reported during treatment, and
there were no treatment discontinuations due to adverse events. Of the 17 patients
included in the ITT-E population, 3 (17.6%) developed respiratory failure requiring high-
flow ventilation: 1 (20%) in the placebo group and 2 (16.6%) patients who received XAV-
19. At day 8, 11/17 patients were free of oxygen: 3/5 in the placebo group and 8/12 in
the XAV-19 group (Table 4). At the last follow-up visit on day 60, one patient in the 0.5-
mg/kg group had died at day 58 from complications of comorbidities, and all other
patients showed clinical improvement and had been discharged from the hospital (Fig.
3). Longitudinal assessment of quantitative viral loads in nasopharyngeal swabs was
available for four patients in the 2-mg/kg XAV-19 groups and for five patients in the pla-
cebo group. The median decreases of viral loads from baseline were 20.6 and 22.8
log10 copies/ml at days 8 and 15, respectively, in the placebo group and 21.35 and
24.05 log10 copies/ml, respectively, in the XAV-19 2-mg/kg group (Fig. 4).

DISCUSSION

This study was a randomized, double-blind, placebo-controlled, multicenter, phase
IIa trial evaluating the optimal dose and the safety of XAV-19, a swine-derived glyco-
humanized polyclonal SARS-CoV-2-neutralizing antibody, in patients admitted to the
hospital with COVID-19-related moderate pneumonia. The results of this first human
trial are consistent with the a priori-estimated dose required to obtain an effective anti-
body titer in humans and have shown that a single infusion of XAV-19 at 2mg/kg
maintained the serum concentration of XAV-19 well above the predicted neutralization
target concentration of 10mg/ml during at least 8 days postinfusion (9). The median
elimination half-life for XAV-19 at 2mg/kg was estimated to be 11.4 days, which

TABLE 3 Adverse events (safety analysis population) over 29 days, with at least 1 event in the class

Parameter

Value for group

XAV-19 (n=13)

All XAV-19-treated
patients (n=13)

Placebo
(n=5)

0.5 mg/kg, days 1
and 5 (n=7)

2 mg/kg, days 1
and 5 (n=1)

2 mg/kg, day 1
(n=5)

Mean no. of any adverse events (per patient) (SD) 3.7 (2.7) 5 3 (2.6) 3.5 (2.5) 5.6 (4)

No. (%) of patients with adverse event of grade:
1 or 2 7 (100) 1 (100) 4 (80) 12 (92.3) 5 (100)
3 or 4 2 (28.6) 0 2 (40) 4 (30.8) 3 (60)

No. (%) of patients with adverse event related to
study drug

1 (14.3) 0 0 1 (7.7) 1 (20)

No. (%) of patients with$1 adverse event by class
according to MedDRA (system organ class)

Blood and lymphatic system disorders 3 (42.9) 0 0 3 (23.1) 1 (20)
Cardiac disorders 0 1 (100) 0 1 (7.7) 0
Gastrointestinal disorders 1 (14.3) 0 0 1 (7.7) 2 (40)
General disorders and administration site
conditions

1 (14.3) 1 (100) 1 (20) 3 (23.1) 3 (60)

Hepatobiliary disorders 1 (14.3) 1 (100) 2 (40) 4 (30.8) 3 (60)
Infections and infestations 3 (42.9) 0 0 3 (23.1) 0
Injury, poisoning, and procedural complications 1 (14.3) 0 0 1 (7.7) 0
Musculoskeletal and connective tissue disorders 2 (28.6) 0 0 2 (15.4) 1 (20)
Neurological/psychiatric system disorders 1 (14.3) 0 1 (20) 2 (15.4) 2 (40)
Renal and urinary disorders 4 (57.1) 0 1 (20) 5 (38.5) 0
Respiratory, thoracic, and mediastinal disorders 1 (14.3) 1 (100) 3 (60) 5 (38.5) 3 (60)
Skin and subcutaneous tissue disorders 1 (14.3) 0 0 1 (7.7) 2 (40)
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provides a rationale for a single infusion to maintain in vivo neutralizing activity for at
least 8 days. Patients with acute COVID-19 requiring oxygen supplementation because
of progression to severe COVID-19 require therapeutic interventions that prevent fur-
ther worsening that occurs rapidly, usually within the first 8 to 10 days following hospi-
talization. Indeed, steroids in this setting are used for no longer than 10 days (5). Our
data also suggest that XAV-19 has an antiviral effect in vivo, as the numerical reduction
of nasopharyngeal viral loads was greater with XAV-19 than with placebo, although
our analysis was exploratory and performed on a limited number of patients. Studies
have shown that symptom onset is not a sufficient predictor of the viral load in respira-
tory secretions, as high viral loads might persist for 2weeks, nor is it a sufficient predic-
tor of individual innate immune responses or the ability of the immune response to
control ongoing viral replication (12–14). Thus, although a maximal benefit of any anti-
viral therapy, either specific antiviral or neutralizing antibodies, is expected when treat-
ment is started earlier in the illness, the benefit could also persist in treated patients
with a longer duration of symptoms, as demonstrated with remdesivir (6).

XAV-19 maintains neutralization activity against the most predominant SARS-CoV-2
variants, including the initial Wuhan strain and the 501Y.V1 and 501Y.V2 variants, while
some anti-SARS-CoV-2 monoclonal antibodies exhibit reduced activity against the new
variants (11). Indeed, bamlanivimab has a slight loss of activity against the B.1.1.7 vari-
ant, while both bamlanivimab and etesevimab have a complete loss of activity against
the B.1.351 variant; casirivimab has a large loss of activity against the B.1.351 variant,
and imdevimab retains similar activity against all strains. Interim results of recent trials
have suggested that among nonhospitalized patients with mild to moderate COVID-19
illness not requiring oxygen supplementation, treatment with a combination of 2 anti-
spike neutralizing monoclonal antibodies was associated with an antiviral effect. To
what extent such an effect translates into a clinical benefit by reducing worsening and

TABLE 4 Clinical status according to the 7-category WHO ordinal scale between screening
(day 0) and day 29 in the placebo (n= 5) and XAV-19 (n=12) groups

7-point ordinal scale score (description)

No. (%) of patients

XAV-19
(n=12)

Placebo
(n= 5)

Baseline
4 (hospitalized, requiring supplemental oxygen) 12 (100) 5 (100)

Day 3
3 (hospitalized, not requiring supplemental oxygen) 2 (17) 2 (40)
4 (hospitalized, requiring supplemental oxygen) 8 (67) 2 (40)
5 (hospitalized, on noninvasive ventilation or high-flow O2 devices) 2 (17) 1 (20)

Day 8
1 (not hospitalized, no limitations on activities) 1 (8) 0
2 (not hospitalized, limitations on activities) 3 (25) 1 (20)
3 (hospitalized, not requiring supplemental oxygen) 4 (33) 2 (40)
4 (hospitalized, requiring supplemental oxygen) 3 (25) 2 (40)
5 (hospitalized, on noninvasive ventilation or high-flow O2 devices) 1 (8) 0

Day 15
1 (not hospitalized, no limitations on activities) 4 (33) 0
2 (not hospitalized, limitations on activities) 7 (58) 4 (80)
3 (hospitalized, not requiring supplemental oxygen) 0 1 (20)
4 (hospitalized, requiring supplemental oxygen) 1 (8) 0

Day 29
1 (not hospitalized, no limitations on activities) 7 (58) 1 (20)
2 (not hospitalized, limitations on activities) 4 (33) 4 (80)
3 (hospitalized, not requiring supplemental oxygen) 1 (8) 0

Polyclonal Humanized Antibody in COVID-19 Antimicrobial Agents and Chemotherapy

September 2021 Volume 65 Issue 9 e01237-21 aac.asm.org 7

https://aac.asm.org


the requirement for hospitalization is being assessed in phase III trials, especially in
high-risk patients (15–17). As new strains of SARS-CoV-2 of epidemiological importance
might continue to emerge, it will be necessary to carefully determine both in vitro and
in vivo the neutralizing activity of cocktails of monoclonal antibodies and of XAV-19.
Polyclonal antibodies offer the advantages over monoclonal antibodies of covering the
different epitopes of the target antigen and mimicking natural responses to the anti-
gen, with a lower cost.

XAV-19 was well tolerated, and no major safety issues or dose-related trends were
identified. The clinical outcomes of COVID-19 were not different in both groups, but
the numbers were too small in this phase IIa study to see any trend. The rate of wor-
sening of respiratory failure, based on the WHO scale, was within the expected range
based on the characteristics of the enrolled population, and the death observed at day
59 was unrelated to the study drug or COVID-19 (18, 19). No immediate hypersensitiv-
ity reactions or infusion-related reactions were reported in our study, in contrast to
reports and warnings with cocktails of anti-spike monoclonal antibodies (17).

An important limitation of this phase IIa portion of our trial is the small sample size,
which did not allow us to determine if XAV-19 was associated with improved out-
comes. This question will be rigorously tested in the analysis of the phase III part of

FIG 3 Clinical status according to the 7-category WHO ordinal scale between screening (day 0) and
last follow-up (day 60) in the placebo (n= 5) and XAV-19 (n= 12) groups.
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this ongoing trial. Second, higher doses of XAV-19 were not explored. However, the
2-mg/kg dose achieved sustained active concentrations.

In conclusion, XAV-19 was well tolerated in patients admitted to the hospital for
COVID-related moderate pneumonia requiring low-flow oxygen supplementation. The
pharmacokinetic results for a single infusion of 2mg/kg suggest that this dose has the
potential to successfully block viral diffusion in humans and support the selection of this
regimen for the ongoing multicenter, randomized (1:1), double-blind, placebo-con-
trolled, phase III trial (ClinicalTrials.gov identifier NCT04453384) involving 400 patients.
This novel therapeutic strategy based on xenoantibodies offers new perspectives for the
management of infectious and emerging diseases, as it allows the fast and efficient pro-
duction of targeted polyclonal antibodies against emerging pathogens.

MATERIALS ANDMETHODS
Study design and participants. This is an ongoing, multicenter, randomized, double-blind, pla-

cebo-controlled, phase IIa to III clinical trial involving hospitalized patients with COVID-19-related mod-
erate pneumonia requiring low-flow oxygen supplementation (10). The first part was conducted as a
phase IIa, first-in-human, dose-ranging study at four sites in France to assess the pharmacokinetics and
safety of XAV-19 and to select the optimal dose for the second part of the trial, designed as a phase III
trial, for which recruitment is ongoing.

FIG 4 Nasopharyngeal viral loads over time in the placebo (n= 5) and XAV-19 2-mg/kg (n= 4) groups.
The evolution of median viral loads over time is shown. D1, day 1; LOD, limit of detection (2.2 log10

copies/ml); 0, no signal detected.
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This study was conducted in accordance with good clinical practice procedures, all applicable regu-
latory requirements, and the guiding principles of the Declaration of Helsinki. The study protocol was
reviewed and approved by the Ethics Committee OUEST VI (approval number 20.06.15.31306). All
patients provided written informed consent before the entry into the study. The study is registered
under ClinicalTrials.gov identifier NCT04453384.

We prospectively identified hospitalized adults aged between 18 and 85years with SARS-CoV-2 infection
confirmed by positive reverse transcription-PCR (RT-PCR) and the onset of first symptoms less than 10days
prior to enrollment. Inclusion criteria included COVID-19-related moderate pneumonia defined by an oxygen
saturation (SpO2) concentration of $92% on oxygen supplementation at #6 liters/min by a low-flow nasal
cannula or mask (score of 4 on the World Health Organization 7-point clinical progression scale [WHO-CPS])
and evidence of pulmonary involvement upon lung examination (rales/crackles) and/or chest imaging (chest
X ray or computed tomography [CT]). Exclusion criteria were evidence of multiorgan failure; receipt of immu-
noglobulins or any blood products in the past 30days; psychiatric or cognitive illness or recreational drug/
alcohol use that would affect subject safety or compliance; end-stage renal disease (estimated glomerular fil-
tration rate [eGFR] of,15ml/min/1.73 m2); Child-Pugh C-stage liver cirrhosis; decompensated cardiac insuffi-
ciency; known allergy, hypersensitivity, or intolerance to the study drug or any of its components; life expect-
ancy estimated to be less than 6months; patient under guardianship or trusteeship; or pregnancy or lack of
effective contraception in women of childbearing potential.

Randomization and masking. Eligible participants were assigned to two consecutive groups of
approximately eight patients per cohort of ascending doses, in a 1:1 randomization scheme per dose for
the first two patients and a five-active and one-placebo randomization scheme per dose for the six follow-
ing participants of each cohort. The two doses of XAV-19 were 0.5mg/kg and 2mg/kg administered over
a 1-h intravenous infusion at days 1 and 5. After the inclusion of the first two participants in each cohort,
the safety and tolerability of the treatment were assessed up to 8days postinfusion by an independent
data-monitoring committee before the continuation of enrollment. Following pharmacokinetic analysis of
the first cohort (0.5mg/kg at day 1 and day 5) and the first two patients (one active and one placebo) of
the second cohort (2mg/kg at day 1 and day 5), the remaining patients of the second cohort received a
single infusion of 2mg/kg of XAV-19 at day 1. All patients also received therapy for COVID-19 according to
the standard of care (SOC) at the participating centers. This SOC included the use of dexamethasone and
other treatments according to local practice and national guidelines at the time of the study, which may
include, not exclusively, antibiotics, antiviral treatment, immune therapies not based on antibody adminis-
tration, and anticoagulants. Simple randomization was done using Web-based simple (unstratified) alloca-
tion by trained clinical research staff. Study investigators, all research and analysis teams, and patients
were masked to treatment allocation. The study medications were prepared and dispensed by the hospital
pharmacy and presented as ready-to-use aqueous solutions in prelabeled infusion kits according to regula-
tory requirements. The study medication was then administered to the patients by the medical ward
nurses upon receipt.

Procedures. Medical history and demographic data were collected at screening. Before dosing,
patients underwent an evaluation of vital signs; physical examination; assessments for pneumonia,
blood hematology, and chemistry; as well as nasopharyngeal swab sampling for SARS-CoV-2 RT-PCR.
Patients also had a 12-lead electrocardiogram and, if clinically required, chest X rays and/or CT scans.

During and for the 2 h after the study treatment infusion, vital signs (temperature, respiratory rate,
heart rate, systolic and diastolic blood pressures, and oxygen saturation) were monitored every 30 min,
and particular attention was paid to the occurrence of hypersensitivity or infusion-related reactions.
Patients were monitored for 2months after the first infusion, with clinical assessment including respiratory
status and the 7-point ordinal scale, daily during hospitalization and at days 8, 15, 29, and 60. Blood hema-
tology and chemistry data were collected at each visit. Samples to measure drug serum concentrations
were collected from all patients at days 1 (predose and postdose), days 3 and 5 (predose and postdose, if
appropriate), and days 8, 15, and 29. The drug concentration was assessed at Charles River Laboratories,
Evreux, France, with a validated swine IgG-specific sandwich ELISA, presenting a lower limit of quantifica-
tion of approximately 50ng/ml in human serum. The use of concomitant medications was recorded
throughout the study. Patients were also regularly assessed for adverse events and possible relation to the
investigational medicinal product.

Outcomes. The two primary outcomes were the pharmacokinetic measurement of the serum con-
centration of XAV-19 at day 8 and tolerability over 29 days, comparing the XAV-19-treated participants
and the placebo group.

Pharmacokinetic parameters of XAV-19 that were evaluated were serum drug concentrations deter-
mined immediately at the end of infusion: maximum serum concentration (Cmax); time to maximum serum
concentration (Tmax); area under the serum concentration-time curve extrapolated to infinity (AUC0–1),
which was calculated using the AUC0–29 (area under the serum concentration-time curve measured to the
concentration at day 29 using the trapezoidal rule), and serum concentration at day 29/Ke (Ke is the appa-
rent first-order terminal rate constant calculated from a semilog plot of the serum concentration-versus-
time curve); terminal half-life (t1/2), as determined by the quotient 0.693/Ke; clearance, as determined by
the quotient dose/AUC0–1; and volume of distribution, as determined by the quotient clearance/Ke.

Safety parameters were evaluated over 29 days by the onset of all adverse events suspected to be
related to XAV-19 and the incidences of serious adverse events, treatment-related adverse events lead-
ing to discontinuation of the study drug, hypersensitivity reactions, and infusion-related reactions.

Secondary and additional outcomes included pharmacokinetics of XAV-19 up to day 29 and clinical
outcomes (ICU transfer, 7-point ordinal scale, and length of hospital stay). In an exploratory analysis,
SARS-CoV-2 nasopharyngeal viral load changes were assessed in an exploratory subcohort of patients
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treated with XAV-19 in comparison to the placebo group. Nasopharyngeal swabs were collected in 3ml
of viral transport medium (Yocon, China). RNA extraction was done with the EZ1 DSP virus kit (Qiagen)
according to the manufacturer’s instructions. Viral nucleic acids were detected using multiplex SARS-
CoV-2 RT-quantitative PCR (RT-qPCR), using RdRp-IP2 and RDRP IP4, adapted from methods of the
Charité Protocol and National Reference Centre for Respiratory Viruses, Institute Pasteur (20, 21). When a
sample was positive, quantification of the number of RNA copies was done by RT-qPCR using a specific
in vitro-transcribed RNA, according to a scale ranging from 2.2 to 10 log10 copies/ml.

Statistical analysis. The safety population included all subjects randomized into the study who
received at least one dose of the study drug. The intent-to-treat exposed (ITT-E) population was defined
as all subjects who met study criteria and were randomized into the study with documented evidence
of having received at least one dose of randomized treatment and at least one postbaseline measure-
ment of serum XAV-19 titers. The per-protocol population was defined as all subjects included in the
ITT-E population excluding those who had at least one major protocol deviation. Placebo patients were
pooled for the purpose of analysis. The PK concentration population included all subjects who com-
pleted the study drug schedule. Categorical variables were summarized by percent, and comparisons
were assessed using a Fisher exact test. Continuous variables were summarized by means and standard
errors and by medians and interquartile ranges, and comparisons between groups were done using a
Kruskal-Wallis test. The primary endpoint was evaluated for the ITT-E population by a Kruskal-Wallis test
between placebo patients and treated patients. The numbers of adverse events were compared
between groups of patients using a Fisher exact test. Comparisons of pharmacokinetic parameters were
conducted using a Kruskal-Wallis test. The relationship between the AUC0–1 and the cumulative admin-
istered dose of XAV-19 was explored by a linear regression model. Treatment groups were described
according to variables of the secondary endpoints. A P value of ,0.05 was defined as significant.

Data availability. The data analyzed and presented in this study are available from the correspond-
ing author upon reasonable request, provided that the request meets local ethical and research gover-
nance criteria after publication. Data collected during the study may be processed electronically, in ac-
cordance with the requirements of the CNIL (compliance with reference methodology MR001).
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