Journal Pre-proof

4

Annals

orAllergy. Asthmaa Immunology

Non-neutralizing antibodies and limitations of serological testing for SARS-CoV-2 in
patients receiving replacement immunoglobulin products

Deepti Vellaichamy Manian, MD, Chelsee Jensen, Pharm.D., R.Ph., Elitza S. Theel,
Ph.D, John R. Mills, Ph.D, Avni Joshi, MD., MS.

PII: S1081-1206(20)31211-4
DOI: https://doi.org/10.1016/j.anai.2020.11.009
Reference: ANAI 3424

To appearin:  Annals of Allergy, Asthma and Immunology

Received Date: 5 September 2020
Revised Date: 14 November 2020
Accepted Date: 17 November 2020

Please cite this article as: Manian DV, Jensen C, Theel ES, Mills JR, Joshi A, Non-neutralizing
antibodies and limitations of serological testing for SARS-CoV-2 in patients receiving replacement
immunoglobulin products, Annals of Allergy, Asthma and Immunology (2020), doi: https://
doi.org/10.1016/j.anai.2020.11.009.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights
reserved.


https://doi.org/10.1016/j.anai.2020.11.009
https://doi.org/10.1016/j.anai.2020.11.009
https://doi.org/10.1016/j.anai.2020.11.009

Title page:

Non-neutralizing antibodies and limitations of serological testing for SARS-CoV-2in

patientsreceiving replacement immunoglobulin products

Authors

Deepti Vellaichamy Manian, MD?, Chelsee Jensen Pharm.D?., R.Ph. Elitza S. Theel, Ph.D*.
John R. Mills, Ph.D3., and Avni Joshi, MD'., MS.

Division of Allergic Diseases, Mayo Clinic, Rochester, MN 55905
% Pharmaceutical Formulary Manager, Mayo Clinic, Rochester, MN 55905

3Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN 55905

Keywords:

SARS-CoV-2

IVIG

Serology

Corresponding author:

Avni Joshi, M.D., M.S. Division of Allergic Diseases, Mayo Clinic
200 First St SW Rochester MN 55905

507-284-2511 Fax-507-284-0727

Joshi.avni @mayo.edu

Sources of Support/Funding: None

Conflicts of interest: None declared.



10

11

12

13

14

15

16

17

18

19

20

21

22

With the growing surges in coronavirus disease Z@OVID-19) cases caused by the Severe
Acute Respiratory Syndrome coronavirus-2 (SARS-@)\&cross the globe, there has been
growing concern of its implications in patients lwgrimary immune deficiency disorders
(PIDs). Common variable immunodeficiency (CVIDxigommon PID characterized by a
failure in B-cell differentiation with defective imunoglobulin production, making the patients
uniquely susceptible to recurrent infectioh8Vhile current evidence suggests higher risk for
more severe disease in patients with both primadysecondary immune deficiency states, the

exact burden of COVID-19 in these disease stateskaown.? 2

There are multiple diagnostic strategies to idgr@OVID-19 infection. RT- PCR or antigen
based testing is used to detect an active infectiiiie serologic tests are useful to detect past
infections. A positive antibody test is suggestiv@n infection at some time in the past, but
whether these antibodies are protective againstSS&RBV-2 reinfection is uncleaf negative
antibody result may indicate remote or no prioeatfon with SARS-CoV-2, however
individuals may be negative if samples are coli@tt® soon following infection or if the
individual is incapable of mounting a humoral imrauesponse, particularly in PIDs or
secondary immunosuppressed states. Immunity aga#&R8-CoV-2 will likely be multifaceted
and not solely dependent on the antibody respaviie some studies demonstrating that innate
and cell mediated immunity may also play a sigaificrole in recovery and prevention of re-
infection with SARS-CoV-2:> Neutralizing antibodies are those that inhibit ¢ireis from
infecting other cells and are generally thoughtlety a direct role in protective immunity.

However not all antibodies are neutralizing andentty FDA Emergency Use Authorization
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has yet to be granted to assays that are capadlstimiguishing between neutralizing and non-

neutralizing antibodies.

Here, we report a case of a 59-year-old femaleghweg 71 kg with CVID who presented for a
yearly follow up visit. She has been maintainedgopplemental IgG therapy with 10%
Gamunex-C at a dose of 35 grams every 3 weekseAmgtitutional guidelines, on May 20
2020, she underwent SARS-CoV-2 testing as a presiég|for pulmonary function testing.. The
patient tested negative for SARS-CoV-2 by RT-PQR vias positive for IgG-class antibodies
against the SARS-COV-2 spike protein. She usedaid m the local school system but had
been mostly homebound over the past 2 months dilne tstate-wide “shelter in place”
recommendations. Her potential exposure to SARS-ZaoMght have been through her adult
son, who was a health care worker, and had testsitlye for SARS-CoV-2 via RT-PCR in
March 2020. She reported very limited interactiasith him and adherence to physical
distancing and universal masking recommendatiangas unclear if the SARS-CoV-2
antibodies werede novo production or exogenous fremVIG infusions.

Therefore, additional SARS-CoV-2 antibody levelseviested around her IVIG infusion to
assess for a trend. We tested her again priorrtoéae IVIG infusion on June's 2020 and post

IVIG infusion on June &, 2020.

Her serial SARS-CoV-2 antibody levels showed aitiainpositive results at an index value of
1.13 (5/20/2020, positive is 1.1 index) and then intermediate results (inddueabetween

0.8 and 1.0) on 6/5/2020 and 6/8/2020; with nangea in her titers post IVIG infusion on
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6/5/2020 (Figure 1), likely indicating the natunajectory of waning immunity after natural
infection or variability of the lots for SARS-CoVdhtibody concentrations

To further assess, whether her seropositivity wasalt of the IVIG infusions she received, we
tested 6 samples from different commercially aldddgG productsHrivigen, Hizentra,
Gamunex-C, andGammagard Liquid) for SARS-CoV-2 IgG antibodies. All six samplesree
positive when tested undiluted using the Euroim@ARS-CoV-2 IgG ELISA. Ata 1:101
dilution, the recommended dilution by the manufestdior testing serum, four commercial IgG
preparations were still positive, two were negatimd one indeterminate. We further sought to
assess if these antibodies were neutralizing amadféhat none of the IVIG products were

positive for neutralizing antibodies (Table 1).

The IVIG solutions are pooled from 3000 to 10,000@ s, which contributes to a wide range of
antibody specificities against various infectiogerts. These include but are not limited to
bacteria and, viral pathogens including those causespiratory coronaviruses infections that are
ubiquitous, reflecting the cumulative exposurehef tlonor population to the environméfithe

lead time for IVIG preparation is typically 6-9 ntbe after donor collection pooling. Recently,
antibodies against several antigens of human conbetanoronaviruses in IVIG preparations

have shown to have positive cross-reactivity wilRS-CoV-2 antigens.

Cohorts representing the general population hawe/show sero-prevalence even in COVID-19
hotspots, suggesting that these antibodies magentuing lasting or individuals have not yet
seroconverted. A recent cohort study of 175 patierith clinically mild COVID-19 infection

reported robust induction of SARS-CoV-2-specificitnalizing antibodies in 94% of patients
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within 2 weeks of symptom onset. Of note, 10 okthpatients recovered without developing
detectable neutralizing antibodies, suggestingdtiar components of the serological response

and cellular immune response may play a role ivatescencé.

The positive SARS-CoV-2 IgG antibody results widhgative neutralizing antibodies found in
commercial IgG preparations may signify cross liegcintibodies or false reactivity due to the
presence of these antibodies in the IVIG or SCi@as or differences in analytical sensitivity
between assays.

. Future studies should seek to explore if padieateiving commercial IVIG therapy have a
lower incidence of SARS-CoV-2 infections or mildksease courses when infected.
Additionally, the potential to use commercial IViGpatients as a prophylactic or as a
therapeutic strategy are been explored on a clitiighbasis.

In summary, the utility of SARS-CoV-2 antibody iegtin patients with humoral
immunodeficiency on IgG replacement therapy is @aclOur case highlighting the caveats of
serologic testing for COVID-19. Our survey of seleommercially available IgG products for
SARS-CoV-2 antibodies showed the presence of cezading antibodies which may be non-

neutralizing in nature.

Table 1: Commercial 1gG products and SARS-CoV-2 Antibodies

Sample| D I ndex SARS-CoV-2 I ndex SARS-CoV-2 | Neutralization

Value IgG antibody | Value IgG antibody | antibody results

(1 result* (1:101 result




dilution) dilution)
PRIVIGEN 6709 7.33 Positive 1.00 Indeterminaje  Niega
PRIVIGEN 0054 7.81 Positive 1.06 Indeterminaje  Niega
HIZENTRA 8411 3.07 Positive 1.62 Positive Negative
HIZENTRA 0624 1.62 Positive 0.38 Negative Negative
GAMUNEX 0013 7.22 Positive 1.38 Positive Negative
GAMMAGARD 39AB | 8.48 Positive 1.68 Positive Negative
GAMUNEX 0362 N/A N/A N/A N/A Negative

87

88 * Positive> 1.10. ; Indeterminate: 0.8-1.1; Negative: <0.8
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