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Background. The aim of this randomized, controlled
trial is to determine whether antisevere acute respiratory
syndrome coronavirus 2 hyperimmune globulin (COVIG)
protects against severe coronavirus disease 2019
(COVID-19) in severely immunocompromised, hospitalized,
COVID-19 patients.

Methods. Patients were randomly assigned to receive
COVIG or intravenous immunoglobulin (IVIG) without
SARS-CoV-2 antibodies.

Results.  Severe COVID-19 was observed in 2 of 10 (20%)
patients treated with COVIG compared to 7 of 8 (88%) in the
IVIG control group (P=.015, Fisher’s exact test).

Conclusions. Antisevere acute respiratory  syndrome
coronavirus 2 hyperimmune globulin may be a valuable
treatment in severely immunocompromised, hospitalized,
COVID-19 patients and should be considered when no
monoclonal antibody therapies are available.
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Severely immunocompromised patients, such as organ trans-
plant recipients and patients with hematologic malignancies,
are at risk for a severe course of coronavirus disease 2019
(COVID-19) with increased mortality rates and may suffer re-
duced protection from vaccination [1-4]. An unprecedented
number of randomized trials demonstrated that plasma-derived
antibody treatment, such as convalescent plasma or hyperim-
mune globulin, does not improve outcome in hospitalized
COVID-19 patients. However, severely immunocompromised
patients are grossly underrepresented in these trials [5-11].
We hypothesized that severely immunocompromised patients
with COVID-19 are likely to benefit most from such interven-
tions, and we set out to examine the effects of antisevere acute
respiratory syndrome coronavirus 2 hyperimmune intravenous
globulin (COVIG) in this population in a double-blind, con-
trolled, randomized fashion.

METHODS

The study included adult patients who were severely immuno-
compromised (as defined in the Study Protocol, which is in-
cluded as a Data Supplement available with the online
version of this article) and who were hospitalized with a poly-
merase chain reaction-confirmed, symptomatic severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection
within 72 hours after admission. Patients that had received pri-
or treatment with convalescent plasma or intravenous immu-
noglobulin (IVIG) with neutralizing SARS-CoV-2 antibodies,
patients with hypersensitivity to IVIG, or patients that required
respiratory support with endotracheal intubation or high-flow
nasal oxygen were excluded.

Patients were randomly assigned in a 1:1 ratio to receive
150 mL:100 mg/mL COVIG or 150 mL:100 mg/mL of IVIG
(control). Antisevere acute respiratory syndrome coronavirus
2 hyperimmune globulin was derived from a single batch, con-
taining a neutralizing titer of 900 IU/mL (VNT50) against wild-
type SARS-CoV-2 [12]. The aim of this dose was to achieve
equipotency to convalescent plasma treatment as was used in
large, randomized studies [5-10]. Intravenous immunoglobu-
lin was derived from a single batch generated before
December 2019 and, thus, did not contain SARS-CoV-2 anti-
bodies. Antisevere acute respiratory syndrome coronavirus 2
hyperimmune globulin and IVIG production were similar, ex-
cept that for COVIG production, convalescent plasma was
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derived from donors who had a history of symptomatic
COVID-19 and had recovered from COVID-19 for at least 14
days before plasma donation. All convalescent plasma units
were tested by a quantitative immunoglobulin G (IgG) enzyme-
linked immunosorbent assay test that correlated with virus
neutralizing antibodies. Both COVIG and IVIG were produced
by Prothya (the Netherlands) and labeled similarly as
Nanogam.

Randomization was performed by computer, stratified ac-
cording to the origin of the immunocompromised state. All in-
vestigators, research staff, and participants were blinded to the
allocated treatment until day 28, but unblinding was possible
before day 28 when the primary endpoint was reached.
Baseline data were collected using a web-based case report
form. At baseline and after treatment, serum SARS-CoV-2 an-
tibody measurements were performed using LIAISON
SARS-CoV-2 TrimericS IgG assay (DiaSorin). Positivity was
defined as anti-S IgG > 33.8 BAU/mL.

The primary endpoint of this study was the occurrence of
severe COVID-19, evaluated up until day 28 after treatment,
and defined as any of the following conditions: (1) respiratory
deterioration requiring high-flow nasal oxygen or mechanical
ventilation; (2) intensive care unit (ICU) admission for respi-
ratory deterioration; (3) lack of clinical improvement from
day 7 (no improvement in oxygen requirement or, in patients
not requiring oxygen, in disease burden and fever); or (4) re-
admission for COVID-19. Secondary endpoints included oc-
currence of severe COVID-19 in the subgroup of patients that
had no SARS-CoV-2 antibodies upon inclusion, duration of
hospitalization, 28-day mortality, the 4 individual endpoints
that compose the primary endpoint, and serious adverse
events.

We estimated that this high-risk patient group had a 70%
chance of reaching the primary endpoint of severe
COVID-19, and we hypothesized a reduction to 30% with
COVIG treatment. With a power of 90%, a 2-sided alpha of
5%, and a single preplanned efficacy interim analysis, a sample
size of 86 participants was required. However, the trial was termi-
nated prematurely when, based on the results of the RECOVERY
trial, monoclonal antibodies casirivimab/imdevimab became
recommended for seronegative, hospitalized COVID-19 patients
by the Dutch COVID-19 treatment guideline, because it was
ethically inacceptable to withhold casirivimab/imdevimab therapy
for patients in the trial [13].

Intention-to-treat analysis was performed after enrollment
of 21% of the target population. Continuous variables were
described as medians with interquartile ranges (IQRs).
Categorical variables were described as proportions. In the
primary endpoint analysis, proportions in both treatment
groups were compared by a Fisher’s exact test, given the small
number of observations. Significance was defined as a 2-sided
P < .05.

Patient Consent Statement

The protocol was approved by the medical ethics committees of
all participating centers, and written informed consent was ob-
tained from all patients.

Data Sharing Statement
For original data or deidentified individual participant data,
please contact j.heijmans@amsterdamumec.nl. The study proto-
col is included as a Data Supplement available with the online
version of this article. The trial was registered at the dutch trial
register, accessible at the ICTRP

(trialsearch.who.int no. NL9436).

search  portal

RESULTS

From April 2021 to July 2021, a total of 37 patients was screened,
18 of which were enrolled at 3 sites in the Netherlands. Enrolled
patients included 6 B-cell-depleted patients with hematologic
malignancies, 9 solid organ transplant recipients, 1 B-cell-depleted
patient with autoimmune disease, 1 patient with congenital B-cell
deficiency, and 1 patient with acquired B-cell deficiency. Ten pa-
tients were randomly allocated to receive COVIG, and 8 patients
were randomly allocated to receive to IVIG (Supplementary
Figure 1). At baseline, median age of the patients was 58 years
(IQR, 35-66) and symptoms had been present for 9 days (IQR,
7-21). The median Charlson comorbidity index was 3 (IQR,
2-5) and oxygen supplementation was 3 L/min (IQR, 0-5).
Thirteen patients had received at least 1 SARS-CoV-2 vaccine
(72%) and 11 patients (61%) were fully vaccinated. Sixteen
patients (89%) were seronegative for SARS-CoV-2 anti-spike
IgG at baseline (Table 1).

The intention-to-treat analysis included data from 18 patients
(Table 2 and Supplementary Figure 2). Severe COVID-19 oc-
curred in 2 (20%) patients in the COVIG arm compared to 7
(88%) patients in the IVIG (P =.015). Among all 16 seronegative
patients, 13% developed severe COVID-19 in the COVIG arm
compared to 88% in the IVIG arm (P =.010). Both seropositive
patients were randomized to the COVIG arm. Of these patients,
1 developed severe COVID-19 (a renal transplant recipient who
was admitted to the ICU within hours after COVIG treatment
and discharged 1 day later), and 1 patient did not develop severe
COVID-19 (a multiple sclerosis patient with uveitis on dual im-
munosuppression). All separate parameters that composed the
primary endpoint were more frequent in the IVIG arm com-
pared to the COVIG arm.

Of all 18 patients, 9 patients (50%) had a severe adverse
event, 8 of which were related to COVID-19. There were 3
deaths due to COVID-19, all in the IVIG group. One patient
was readmitted for treatment of a community-acquired bacte-
rial pneumonia and after antibiotic treatment, the patient fully
recovered within 10 days. No infusion-related serious adverse
events were observed.
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Table 1. Demographic and Baseline Characteristics Table 2. Primary and Secondary Outcomes®
COVIG COVIG Fisher's
Group IVIG Group Group IVIG Group  RR (95% Exact
Characteristics (n=10) (n=8) Outcome (n=10) (n=8) Ch Test (P
Age (years)—median (IQR) 48 (27-61) 63 (41-72) Severe course of 2 (20) 7 (88) .23 .015
Male gender—no. (%) 6 (60) 4 (50) COVID-19 (.06-.81)
BMI? (kg/m?—median (IQR) 26 (24-32) 29 (24-33) Severe course of 1/8 (13) 7/8 (88) 14 .010
Charlson comorbidity index, median (IQR) 2 (2-4) 5 (2-7) COVID-19in (02-91)
X seronegative
Ca(ti/s;e of Immunocompromised State, No. patients
| ° on o 4 (40) 5 (63) Mortality at 28 days 0 (0) 3(38)
MMUNOSUpPression for sold organ Median duration of 941015 9(4to17)
transplant b
R t f anti-B-cell th f 3 (30) 3(38) hospitalization
ecent use ot anfirE-cel therapy for Indication for 2 (20) 5 (63)
malignancy ) .
. : adjunctive
Idmmunosuppresswon for autoimmune 1(10) 0(0) ventilator support
1sease R Admission to an 1(10) 3(38)
Congenital hypogammaglobulinemia 1(10) 0 (0) intensive care unit
Acquired hypogammaglobulinemia 1(10) 0(0) due to respiratory
Prior Vaccination Against SARS-CoV-2 insufficiency
One or more 5 (50) 8 (100) Lack of clinical 0(0) 3(38)
Full schedule® 5 (50) 6 (75) 'dmpr;"’eme”tdaf
Number of days since symptom onset, 10 (8-22) 8 (6-26) gy o Gy ek
; thereafter
median (IQR) Readmission fi 0(0) 2 (25)
Number of days since admission to hospital, 2 (1-4) 1(1-2) eagmission for
: COVID-19
median (IQR)
Corticosteroid therapy for COVID-19 at 10 (100) 4 (50) Abbrewatworjs: Cl, confidence mterval; COVID-19, coronaylrus disease 2019; ‘
.. COVIG, antisevere acute respiratory syndrome coronavirus 2 hyperimmune intravenous
baseline®, no. (%) o ; ) L o
— globulin; IVIG, intravenous immunoglobulin; RR, relative risk.
Tocilizumab therapy for COVID-19 at 1(10) 00 “Data are n (%), median (interquartile range), or n/N (%).
H 0
baseline, no. (%) °Analyses exclude those who died during hospitalization.
Respiratory Support
No oxygen supplementation, no. (%) 1(10) 4 (50)
Simple oxygen supplementation?, no. (%) 9 (90) 4 (50)
(F:g(él;'red oxygen dose (L/min), median S U= these trials. These patients have a more severe course of disease
SARS-CoV-2 Variant and may suffer reduced protection from vaccination. This
Wild-type, no. (%) 1(10) 1(13) study shows that COVIG significantly reduces the incidence
Alpha, no. (%) 5 (50) 5(63) of severe COVID-19 in severely immunocompromised patients
Uil aeii, e () 4140 2(28) hospitalized with COVID-19. No patient died in the COVIG
Presence SARS-CoV-2 IgG, no. (%) 2 (20) 0(0) . . .
— arm, whereas 3 of 8 patients in the control arm died.
B cell count (per pL)®, median (IQR) 12 (0-144) 20 (0-40) . . o
CDA T cell count® 111 (65-257) 147 (53-298) However, interpretation of the results is limited by the small
CD8 T cell count® 140 (71-227) 180 (140-245) sample size. In the IVIG arm, we observed higher age and in-
NK cell count® 60 (41-90) 90 (50-176) creased comorbidity that may have confounded occurrence

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019;

COVIG, antisevere acute respiratory syndrome coronavirus 2 hyperimmune intravenous
globulin; IgG, immunoglobulin G; IQR, interquartile range; IVIG, intravenous immunoglobulin;
NK, natural killer; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

#BMI was not available for 1 patient in both groups.

PPatient was considered as fully vaccinated 7 days after a second vaccination with Moderna or
BioNTech/Pfizer COVID-19 vaccine, 14 days after Janssen COVID-19 vaccine, or after 1
Moderna or BioNTech/Pfizer COVID-19 vaccine in combination with prior SARS-CoV-2 infection.
CAll patients that required supplemental oxygen received corticosteroid therapy per standard of
care.

90xygen supplementation via nasal cannula.

°Counts were not available for 3 patients in the COVIG group.

DISCUSSION

To date, data from large, randomized trials showed that treat-
ment of hospitalized COVID-19 patients with plasma-derived
antibody therapy does not improve outcome, but severely im-
munocompromised patients were grossly underrepresented in

of severe COVID-19 in this group. On the other hand, in
the COVIG arm, patients had a higher baseline oxygen
requirement.

Nevertheless, the surprisingly strong effect of COVIG on
COVID-19 severity in immunocompromised patients, com-
pared to absent effects of equipotent or more potent doses of
convalescent plasma or hyperimmune globulin given to immu-
nocompetent, hospitalized patients with COVID-19, may dem-
onstrate that dose and timing of antibody-based treatment is
less critical in patients with hampered antibody production
[5, 6]. However, comparison between studies may be challeng-
ing due to different methods used to assess neutralization
(Supplementary Table 1). The protective effect we observed
in immunocompromised patients specifically is in line with 2
recent trials. The REMAP-CAP trial compared convalescent
plasma to usual care and reported results on critically ill
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COVID-19 patients admitted to the ICU. In the subgroup of
immunocompromised patients, including patients with solid
malignancies, hematologic malignancies, acquired immune de-
ficiency syndrome, and nonspecified immunosuppressive ther-
apy, a trend was reported towards increased organ support-free
days [7]. The CORIPLASM study, which has not yet been peer-
reviewed, compared convalescent plasma to usual care in pa-
tients that were hospitalized but did not receive mechanical
ventilation. In the published abstract, a significant survival ben-
efit was described for the subgroup of immunocompromised
patients, but a specification of the mechanism and severity of
immunosuppression was not given [14]. Currently, 2 large tri-
als are studying effects of high-titer convalescent plasma in im-
munocompromised patients either in the outpatient setting
(COVIC19) or upon hospital admission (REMAP-CAP).

Large trials have confirmed efficacy of neutralizing monoclo-
nal antibodies in treatment of patients with severe COVID-19,
but resistance to these monoclonal antibodies has often oc-
curred. Of note, most available monoclonal antibodies have
limited activity to the currently dominant BA.4 variant [15].
Polyclonal plasma-derived antibody treatment can rapidly be
generated with high neutralization titers against emerging
variants.

CONCLUSIONS

Our findings indicate that plasma-derived antibody treatment,
such as COVIG, may reduce the risk for severe COVID-19 in
severely immunocompromised patients and should be consid-
ered when no monoclonal antibody therapies are available.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding
author.
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