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ABSTRACT 
Introduction:
Intravenous immunoglobulin (IVIG) preparations, used for the treatment of antibody deficiencies, provide a glimpse 
of the general population’s antibody profile as each preparation is generated from a pool of thousands of donors. The 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus responsible for the coronavirus disease 2019 
(Covid-19) pandemic, and a vaccine for the prevention of Covid-19 was authorized for emergency use in December 2020. 
We completed a longitudinal analysis of SARS-CoV-2 antibody levels in commercial IVIG preparations.

Materials and Methods:
We collected IVIG samples from our infusion clinic. IVIG product lot number, product name, and manufacturer infor-
mation were recorded, with the date of preparation verified from the manufacturer. SARS-CoV-2 antibody titers as well 
as total immunoglobulin levels were measured using commercially available assays. The study received Institutional 
Review Board approval.

Results:
We found no SARS-CoV-2 antibodies in preparations generated on or before January 2020. Overall, SARS-CoV-2 
antibody levels in IVIG preparations tended to increase with progressing preparation date. We observed a dramatic and 
continual rise of SARS-CoV-2 antibody levels in IVIG preparations made in the beginning after January 2021, coinciding 
with the peak in incidence of confirmed cases and availability of Covid-19 vaccines in the United States.

Conclusion:
SARS-CoV-2 antibody levels in IVIG mirror case prevalence, and vaccination resulted in a far more rapid rate of rise in 
antibody levels. IVIG preparations or serum repositories can provide an accessible way to model a population’s evolving 
novel pathogen exposure, immunity, and vaccine response.

 

*Department of Allergy and Immunology, Walter Reed National Military 
Medical Center, Bethesda, MD 20892, USA

†Department of Medicine, Uniformed Services University of the Health 
Sciences, Bethesda, MD 20814, USA

Oral Presentation, AAAAI Annual Meeting 2022, Phoenix Arizona, 
February 2022.

The identification of specific products or scientific instrumentation is con-
sidered an integral part of the scientific endeavor and does not constitute 
endorsement or implied endorsement on the part of the author, Department of 
Defense, or any component agency. The views expressed in this manuscript 
are those of the authors and do not necessarily reflect the official policy or 
position of the Uniformed Services University of the Health Sciences, Walter 
Reed National Military Medical Center, Department of Defense, or the U.S. 
Government.

Published by Oxford University Press on behalf of the Association of 
Military Surgeons of the United States 2022. This work is written by (a) US 
Government employee(s) and is in the public domain in the US.

INTRODUCTION
Intravenous immunoglobulin (IVIG) is a cornerstone treat-
ment modality for not only patients with primary humoral 
immunodeficiency but also for a steadily increasing num-
ber of indications.1 IVIG products provide a glimpse of the 
general population’s antibody profile as each preparation is 
generated from a pool of thousands of donors.1–3 The Food 
and Drug Administration requires each IVIG lot to represent 

 

a pooling of no less than 1,000 donors.4 The Food and 
Drug Administration (Center for Biologics Evaluation and 
Research) and Plasma Protein Therapeutics Association have 
recommended IVIG to be generated from pools of 15,000-
60,000 donors.5,6 Also, the efficacy of most vaccinations is 
measured by quantifying the amount of specific antibody pro-
duced in response to the vaccine, and failure to mount a 
humoral response to immunizations is generally one criterion 
required to diagnose a humoral or combined immunodefi-
ciency.6 Thus, IVIG preparations can display a historical 
picture of the population’s exposure history via natural disease 
as well as population vaccination rates.

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is the virus responsible for the coronavirus 
disease 2019 (Covid-19) pandemic with cases in the United 
States tallied from January 2020.7 Efficacious vaccines for 
the prevention of Covid-19 were authorized for emergency 
use in December 2020.8,9 Manufacturers have reported the 
increasing presence of anti-SARS-CoV-2 antibodies in IVIG 
preparations with the rise in infection rates.2,10 We report 
the results after examining the increase of SARS-CoV-
2 antibody levels using widely available testing in IVIG 
preparations manufactured at different stages of the Covid-
19 pandemic to demonstrate natural and vaccine-induced
seroprevalence.



METHODS
We collected IVIG samples from February 2021 to January 
2022 at the Walter Reed National Military Medical Center’s 
Allergy & Immunology clinic. The clinic has a large cohort 
of patients with a primary or secondary humoral immun-
odeficiency who require regular IVIG infusions. Following 
completion of an IVIG infusion, samples were collected 
from IVIG remaining in the infusion tubing that would have 
otherwise been discarded. IVIG lot number, product name, 
and manufacturer were recorded. The IVIG products col-
lected were Gammunex-C (Grifols Therapeutics, Inc., North 
Carolina, USA) and Gammagard Liquid (Baxter Health-
care/Takeda Pharmaceutical Company Limited, California, 
USA). Preparation date was obtained from manufacturer 
based on the product’s lot number. The IVIG products col-
lected were prepared between August 2019 (before the first 
confirmed Covid-19 case in the United States) and September 
2021.

We tested the collected IVIG samples with commer-
cially available SARS-CoV-2 and associated assays by Lab-
corp (North Carolina, USA). At the time of this study, 
Labcorp utilized Elecsys Anti-SARS-CoV-2 immunoassays 
from Roche (Basel, Switzerland).11–13 Tests performed 

FIGURE 1. Distribution of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike antibody levels in intravenous immunoglobulin (IVIG) 
with coronavirus disease 2019 (Covid-19) cases and Covid-19 vaccines administered over time of study. SARS-CoV-2 spike antibody levels of IVIG products 
prepared between August 2019 and September 2021 (n = 87) (circle). Centers for Disease Control and Prevention’s (CDC) cumulative Covid-19 cases (left 
line) and vaccines administered (right line). Note: SARS-CoV-2 spike antibody levels ≥2,500 U/mL plotted at 2,500 U/mL due to report limit. 

included the SARS-CoV-2 Semi-Quantitative Spike Total 
Antibody (Test #164090), SARS-CoV-2 Nucleocapsid Anti-
bodies (Test #164068), and Quantitative Immunoglobulin G 
(Test #001776). We also tested for SARS-CoV-2 Antibody 
Spike IgM (Test #164034) and Quantitative Immunoglobu-
lin M (Test #001792) for sample control. The sensitivity of 
the SARS-CoV-2 immunoassay is published in the manu-
facturer’s data sheet at the time of this study.14,15 The sen-
sitivity of these SARS-CoV-2 immunoassays has also been 
examined by other authors accordingly.16–18 The SARS-CoV-
2 Semi-Quantitative Spike Total Antibody test results were 
reported in units U/mL at the time of this study as defined 
by the immunoassay manufacturer (1 nM of Roche stan-
dard monoclonal antibodies that binds SARS-CoV-2 spike 
receptor-binding domain corresponds to 20 U/mL of the assay
target).14

To examine the potential increase in antibody levels, we 
log-transformed the SARS-CoV-2 antibody seroprevalence 
levels in IVIG and fitted a linear regression model. SARS-
CoV-2 antibody seroprevalence levels in IVIG are reported 
alongside the number of Covid-19 cases and Covid-19 vac-
cine doses administered by date reported per the Centers for 
Disease Control and Prevention.7



RESULTS
No IVIG products we tested that were manufactured on or 
before January 2020 had any detectable SARS-CoV-2 anti-
bodies. However, we observed an increase in SARS-CoV-2 
antibody levels in IVIG products with progressing IVIG prod-
uct manufacture date, number of total Covid-19 cases, and 
Covid-19 vaccine doses administered (Fig. 1). This increase 
in SARS-CoV-2 antibody levels in IVIG products was statis-
tically significant (log of U/ml, β = 0.015; P < .001) (Fig. 2). 
Prior to vaccine availability in December 2020, we observed 
SARS-CoV-2 antibodies at increasing levels corresponding 
with the increasing number of Covid-19 cases. However, 
we observed a dramatic rise of SARS-CoV-2 antibody lev-
els in IVIG products that coincided with manufacture dates 
after the availability of Covid-19 vaccines (Fig. 2). Post hoc 
analysis using a multiple linear regression model showed 
an increase in SARS-CoV-2 antibody levels after December 
2021 (P = .008). As the total number of Covid-19 vaccine 
doses given increased, overall higher SARS-CoV-2 antibody 
levels were also observed.

In our study, we tested IVIG products that were infused 
into our clinic’s patients between February 2021 and January 

FIGURE 2. Logarithmic trend of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike antibody levels in intravenous immunoglobulin (IVIG) 
with coronavirus disease 2019 (Covid-19) cases and Covid-19 vaccines administered over time of study. SARS-CoV-2 spike antibody levels (log-transformed) 
of IVIG products manufactured between August 2019 and September 2021 (n = 87) (circle) and their linear fit (dashed line). Centers for Disease Control 
and Prevention’s (CDC) cumulative Covid-19 cases (left line) and vaccines administered (right line). Note: SARS-CoV-2 spike antibody levels ≥2,500 U/mL 
plotted at 2,500 U/mL due to report limit. 

2022. The difference between the time of infusion and the 
manufacture date ranged from 70 to 547 days with an aver-
age of 150 days and a median of 116 days. The dates of donor 
plasma collection are earlier than the date of manufacture or 
pooling. Our figure presumes dates based on the latest pos-
sible date of collection, which is the date of manufacture 
(Figs 1, 2, and S1).

Labcorp’s SARS-CoV-2 Semi-Quantitative Spike Total 
Antibody test’s reported upper limit threshold is 2,500 U/mL. 
For IVIG products manufactured after January 2021, we 
noted an increase in products with SARS-CoV-2 antibody 
levels above 2,500 U/mL. Our report is limited at lev-
els ≥2,500 U/mL in this study, due to the limitations of the 
available test.

DISCUSSION
Our results found that although SARS-CoV-2 antibody levels 
in IVIG preparations increase with case prevalence, vaccina-
tion resulted in a far more rapid rate of rise in antibody levels. 
Our results do support the results released from studies from 
the manufacturers.2,10,19,20 These data also support the effec-
tiveness of the current vaccines at generating SARS-CoV-2 



spike-specific antibodies. These results help to understand the 
natural history of antibody levels in commercial IVIG and 
indirectly the general population’s seroprevalence profile dur-
ing a pandemic before and after the deployment of a vaccine. 
In the future, these IVIG collections may also serve to model 
antibody levels of significant variants of SARS-CoV-2 and 
new vaccines.

Overall, these IVIG preparations can serve as a histori-
cal model of the SARS-CoV-2 antibody profile due to their 
correlation to case and immunization prevalence. Of course, 
this model has its limitations as IVIG preparations are gen-
erated by a subpopulation of donors whose information is 
not public. Separately, how much Covid-19 protection these 
IVIG products provide their recipients is unclear. To date, 
many Covid-19-specific convalescent plasma studies have not 
demonstrated protection or treatment benefit in clinical tri-
als.21–24 But convalescent plasma trials demonstrating clinical 
benefit have also emerged.25–27 These inconsistent results 
reflect that the subpopulation that benefits from Covid-19-
specific convalescent plasma is still unknown. In conclusion, 
the availability of serum repositories and IVIG products pro-
vide an accessible and feasible way to trend and monitor 
a general population’s evolving novel pathogen exposure, 
immunity, and vaccine response. An understanding of our 
general population’s serology may help in elucidating the 
subpopulations that may benefit from pathogen-specific anti-
body infusions. Significantly, this study’s data also support 
the efficacy of the Covid-19 vaccines available in the United 
States.

ACKNOWLEDGMENTS
Theresa D. Asare, Walter Reed National Military Medical Center’s 
Department of Allergy & Immunology.
I have obtained written permission from all persons named in the 
Acknowledgment.

SUPPLEMENTARY MATERIAL
Supplementary material is available at Military Medicine online.

FUNDING
This work was supported by the Department of Research Programs at Walter 
Reed National Military Medical Center, Bethesda, MD.

CONFLICT OF INTEREST STATEMENT
All authors acknowledge no financial or organizational association that might 
pose conflict of interest.

REFERENCES
1. Perez EE, Orange JS, Bonilla F, et al: Update on the use of 

immunoglobulin in human disease: a review of evidence. J Allergy 
Clin Immunol 2017; 139(3S): S1–46.

2. Romero C, Diez JM, Gajardo R: Anti-SARS-CoV-2 antibodies in 
healthy donor plasma pools and IVIG products-an update. Lancet 
Infect Dis 2022; 22(1): 19.

3. Jolles S, Sewell WA, Misbah SA: Clinical uses of intravenous 
immunoglobulin. Clin Exp Immunol 2005; 142(1): 1–11.

4. CFR - Code of Federal Regulations Title 21: Chapter 1 – Food and 
Drug Administration, Department of Health and Human Services, 
Subchapter F – Biologics, Part 640 Additional Standards for Human 
blood and Blood Products, Subpart J – Immune Globulin (Human), 
Sec. 640.102 Manufacture of Immune Globulin (Human). Available at 
http://accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?C
FRPart=640&showFR=1&subpartNode=21:7.0.1.1.7.10; accessed 
May 15, 2022.

5. Rich RR: Clinical Immunology: Principles and Practice. 5th ed. 
Elsevier; 2019.

6. Orange JS, Ballow M, Stiehm ER, et al: Use and interpretation of 
diagnostic vaccination in primary immunodeficiency: a working group 
report of the basic and clinical immunology interest section of the 
American Academy of Allergy, Asthma & Immunology. J Allergy Clin 
Immunol 2012; 130(3 Suppl): S1–24.

7. Centers for Disease Control and Prevention: (CDC) COVID 
data tracker. Available at http://covid.cdc.gov/covid-data-tracker/#data
tracker-home; accessed November 11, 2021.

8. Thomas SJ, Moreira ED Jr., Kitchin N, et al: Safety and efficacy of 
the BNT162b2 mRNA Covid-19 vaccine through 6 months. N Engl J 
Med 2021; 385(19): 1761–73.

9. Baden LR, El Sahly HM, Essink B, et al: Efficacy and safety of 
the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021; 384(5): 
403–16.

10. Karbiener M, Farcet MR, Schwaiger J, et al: Highly potent SARS-
CoV-2 neutralization by intravenous immunoglobulins manufactured 
from post-COVID-19 and COVID-19-vaccinated plasma donations. J 
Infect Dis 2021; 224(10): 1707–11.

11. Elecsys® Anti-SARS-CoV-2 Testing Sites: Diagnostics. Available 
at http://diagnostics.roche.com/us/en/landing-pages/elecsys—anti-
sars-cov-2-testing-sites.html; accessed May 15, 2022.

12. Labcorp: Highly accurate antibody test for COVID-19 goes live. Avail-
able at http://labcorp.com/coronavirus-disease-covid-19/news/roche-
highly-accurate-antibody-test-covid-19-goes-live-more-20-initial; 
accessed May 15, 2022.

13. Labcorp: Roche receives FDA emergency use authorization for new 
semi-quantitative test to measure the level of SARS-CoV-2 Antibodies. 
Available at http://labcorp.com/coronavirus-disease-covid-19/news/
roche-receives-fda-emergency-use-authorization-new-semi-quantitati
ve-test-measure-level-sars-cov-2; accessed May 15, 2022.

14. Roche Diagnostics GmbH: Elecsys® anti-SARS-CoV-2 S assay 
method sheet. 09289267501 V2.0. 2021. Available at http://fda.gov/
media/144037/download; accessed May 09, 2022.

15. Roche Diagnostics GmbH: Elecsys® anti-SARS-CoV-2 assay 
method sheet; 09203095501 V9.0. 2021. Available at http://fda.gov/
media/137605/download; accessed May 15, 2022.

16. Riester E, Findeisen P, Hegel JK, et al: Performance evaluation of the 
Roche Elecsys Anti-SARS-CoV-2 S immunoassay. J Virol Methods 
2021; 297: 114271.

17. Higgins V, Fabros A, Kulasingam V: Quantitative measurement of 
anti-SARS-CoV-2 antibodies: analytical and clinical evaluation. J Clin 
Microbiol 2021; 59(4): e03149–03120.

18. Padoan A, Bonfante F, Pagliari M, et al: Analytical and clinical per-
formances of five immunoassays for the detection of SARS-CoV-2 
antibodies in comparison with neutralization activity. EBioMedicine 
2020; 62: 103101.

19. Farcet MR, Karbiener M, Schwaiger J, Ilk R, Kreil TR: Rapidly 
increasing SARS-CoV-2 neutralization by intravenous immunoglob-
ulins produced from plasma collected during the 2020 pandemic.
J Infect Dis 2021.

20. Romero C, Diez JM, Gajardo R: Anti-SARS-CoV-2 antibodies in 
healthy donor plasma pools and IVIG products. Lancet Infect Dis 
2021; 21(6): 765–6.

21. Group IS: Hyperimmune immunoglobulin for hospitalised patients 
with COVID-19 (ITAC): a double-blind, placebo-controlled, phase 3, 
randomised trial. Lancet 2022; 399(10324): 530–40.

https://academic.oup.com/milmed/article-lookup/doi/10.1093/milmed/usac192#supplementary-data
http://accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=640&showFR=1&subpartNode=21:7.0.1.1.7.10
http://accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=640&showFR=1&subpartNode=21:7.0.1.1.7.10
http://covid.cdc.gov/covid-data-tracker/#datatracker-home
http://covid.cdc.gov/covid-data-tracker/#datatracker-home
http://diagnostics.roche.com/us/en/landing-pages/elecsys—anti-sars-cov-2-testing-sites.html
http://diagnostics.roche.com/us/en/landing-pages/elecsys—anti-sars-cov-2-testing-sites.html
http://labcorp.com/coronavirus-disease-covid-19/news/roche-highly-accurate-antibody-test-covid-19-goes-live-more-20-initial
http://labcorp.com/coronavirus-disease-covid-19/news/roche-highly-accurate-antibody-test-covid-19-goes-live-more-20-initial
http://labcorp.com/coronavirus-disease-covid-19/news/roche-receives-fda-emergency-use-authorization-new-semi-quantitative-test-measure-level-sars-cov-2
http://labcorp.com/coronavirus-disease-covid-19/news/roche-receives-fda-emergency-use-authorization-new-semi-quantitative-test-measure-level-sars-cov-2
http://labcorp.com/coronavirus-disease-covid-19/news/roche-receives-fda-emergency-use-authorization-new-semi-quantitative-test-measure-level-sars-cov-2
http://fda.gov/media/144037/download
http://fda.gov/media/144037/download
http://fda.gov/media/137605/download
http://fda.gov/media/137605/download


22. Korley FK, Durkalski-Mauldin V, Yeatts SD, et al: Early convalescent 
plasma for high-risk outpatients with covid-19. N Engl J Med 2021; 
385(21): 1951–60.

23. Piechotta V, Iannizzi C, Chai KL, et al: Convalescent plasma or 
hyperimmune immunoglobulin for people with COVID-19: a living 
systematic review. Cochrane Database Syst Rev 2021; (5): CD013600.

24. Begin P, Callum J, Jamula E, et al: Convalescent plasma for hospital-
ized patients with COVID-19: an open-label, randomized controlled 
trial. Nat Med 2021; 27(11): 2012–24.

25. Sullivan DJ, Gebo KA, Shoham S, et al: Early outpatient treatment 
for covid-19 with convalescent plasma. N Engl J Med 2022; 386(18): 
1700–11.

26. O’Donnell MR, Grinsztejn B, Cummings MJ, et al: A randomized 
double-blind controlled trial of convalescent plasma in adults with 
severe COVID-19. J Clin Invest 2021; 131(13): e150646.

27. Libster R, Perez Marc G, Wappner D, et al: Early high-titer plasma 
therapy to prevent severe covid-19 in older adults. N Engl J Med 2021; 
384(7): 610–8.


	SARS-CoV-2 Antibody Longitudinal Profile of Immune Globulin Preparations
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	SUPPLEMENTARY MATERIAL
	FUNDING
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


