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Commercial immunoglobulin products
contain cross-reactive but not neutral-
izing antibodies against SARS-CoV-2

To the Editor:

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is one of the
greatest modern public health crises. COVID-19-specific treat-
ments, while being studied, are not yet readily available. We
examined whether commercial prepandemic intravenous immu-
noglobulin (IVIG) contains cross-reactive antibodies that could
bind and neutralize SARS-CoV-2. The receptor-binding domain
(RBD), contained within the S1 subunit of the coronavirus spike
protein, mediates viral entry by binding to the angiotensin-
converting enzyme 2 receptor on host cells. The spike protein,
including the RBD, is a known target for neutralizing antibodies
in natural infection, and shares some epitopes with S proteins
from common, circulating strains of human coronaviruses. We
took 82 samples from 4 different brands manufactured in the
United States and Europe (OctaPharma, Hoboken, NJ; Grifols,
Barcelona, Spain and Durham, NC; CSL, Bern, Switzerland) and
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tested them for SARS-CoV-2 RBD binding using a standard
ELISA. We found that all samples demonstrated the presence of
cross-reactive antibodies above the negative controls; however,
binding activity varied between individual lots and among brands
(Fig 1, A).

To assess biological relevance, we took 7 samples (4 highest
and 3 lowest RBD-binding) and examined neutralizing activity
against a clinical isolate of SARS-CoV-2 in culture. Wells
inoculated with virus alone or IVIG alone served as positive
and negative controls, respectively. None of the 7 samples
demonstrated SARS-CoV-2-neutralizing capacity at dilution
1:4 (Fig 1, B); meanwhile, convalescent patient serum neutralized
virus at dilutions of 1:4, 1:16, and 1:64, but not at 1:256 (Fig 1, C).
These results show that although IVIG contains cross-reactive an-
tibodies against novel SARS-CoV-2, this does not confer viral
neutralization.

Studies of immunoglobulin utility in other pandemics, such as
the 2003 severe acute respiratory syndrome coronavirus and the
2012 Middle East respiratory syndrome coronavirus outbreaks,
were largely inconclusive.” However, anti-infectious mechanisms
by which immunoglobulin acts are complex and not limited to
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FIG 1. A, SARS-CoV-2 RBD antibody binding from commercially available IVIG at dilution 1:50 by ELISA.
Each dot represents a different lot number of immunoglobulin product. The positive control is anti-spike
antibody (CR3022, Creative Biolabs) at dilution 1:1000." The negative control is human whole serum ob-
tained from Sigma. Concentration indicates the protein percentage (wt/vol) in the commercial lot, before
dilution for the ELISA. The 5% and 10% IVIG samples were first diluted to 0.66% (wt/vol) to achieve a com-
mon concentration of immunoglobulin, then diluted 1:50 for the ELISA. The dilution solution was PBS
(Fisher Scientific, item no. BP3994) with 0.05% (vol/vol) Tween-20 (Sigma Aldrich, item no. P1379) and
1% (wt/vol) BSA (Rockland Antibodies & Assays, item no. BSA-50). The final concentration of immunoglob-
ulin is approximately 0.0133% (wt/vol) or roughly 133 pg/mL of immunoglobulin. B, SARS-CoV-2 (Isolate
USA-WA1/2020) was obtained from the Centers for Disease Control and Prevention and expanded in
Vero E6 cells (ATCC). The virus titer used was 1 X 10° plaque-forming units (PFU)/mL. Vero cells were
seeded at 7500/well in 96-well plates and cultured overnight. IVIG diluted 1:4 (20 pL) was mixed with 100
PFU of SARS-CoV-2 in 100 nL DMEM, incubated at 37 °C for 1 hour, and added to monolayers of Vero E6
cells in duplicate. Cytopathic effect was assessed after 3 days. Images of Vero E6 cells by microscopy
(10x) after 72 hours in culture. Cytopathic effect (CPE) is visible in SARS-CoV-2-infected Vero E6 cells mixed
with IVIG. Images show results of 2 of the 4 highest RBD-binding samples; the 3 lowest RBD-binding sam-
ples showed similar results (not shown). The insets show co-culture of Vero E6 cells with immunoglobulin
but without virus, demonstrating that IVIG does not kill Vero E6 cells. C, Reduction of CPE in SARS-CoV-2-
infected Vero E6 cells mixed with convalescent patient serum at dilutions of 1:4, 1:16, and 1:64; however,
CPE was seen when serum was diluted to 1:256. DMEM, Dulbecco modified Eagle medium.
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viral neutralization. For example, non-neutralizing influenza-
specific antibodies can mediate complement fixation, phagocy-
tosis, and antibody-dependent cellular cytotoxicity (ADCC).
IVIG produced before the 2009 HIN1 pandemic had moderate ti-
ters of cross-reactive ADCC antibodies that eliminated HIN1-
infected respiratory cells in vitro.” IVIG can also have anti-
inflammatory effects that target immune-mediated pathology
frequently seen during and after infection. Thus, evidence sup-
ports therapeutic antiviral and anti-inflammatory activity of
IVIG beyond neutralization.

Data on the clinical utility of IVIG in COVID-19 are limited.
IVIG from 1 manufacturer contained antibodies with reactivity to
components of various coronaviruses but neutralization studies
were not performed.4 Over time, of course, all commercial immu-
noglobulin will contain SARS-CoV-2 antibodies. A case report
described prompt recovery in a patient with severe COVID-19 af-
ter receiving plasma exchange and IVIG, suggesting that plasma
exchange may clear pathogenic or inflammatory mediators while
IVIG provides immunomodulatory and antiviral effects.”
Although limited by study size and confounding variables, other
case series reported that IVIG improved clinical outcomes in se-
vere COVID-19, supporting its potential as adjuvant therapy.®’

In summary, even prepandemic IVIG contains cross-reactive
SARS-COV-2 RBD, but does not neutralize viral spread.
Nonetheless, activities beyond neutralization such as ADCC,
complement activation, and anti-inflammation may warrant its
use in COVID-19.
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