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What is already known about this topic? Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in
patients with inborn errors of immunity is associated with increased morbidity/mortality; however, little is known about the
content of SARS-CoV-2 antibodies in immunoglobulin products used as replacement therapy.

What does this article add to our knowledge? Immunoglobulin products with expiration dates between 2023 and 2025
were found to have both significantly higher binding activities, as well as angiotensin-converting enzyme 2 (ACE2)
inhibition activity against Ancestral, Alpha, Beta, Delta, and Omicron SARS-CoV-2 proteins, in comparison with
prepandemic products.

How does this study impact current management guidelines? When present, polyclonal SARS-CoV-2 antibodies in
more recently collected immunoglobulin products may provide a therapeutic benefit for patients who do not make a robust
vaccine response.
BACKGROUND: For patients with primary antibody
deficiency, the first line of therapy is replacement with
immunoglobulin (Ig) products. Prior to the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic, Ig
products did not contain antibodies with specificity for this
virus, and there have been limited data on the antibodies present
in the Ig products in current use.
OBJECTIVE: To quantitatively examine SARS-CoV-2 anti-
bodies in current Ig products.
METHODS: We examined 142 unique lots of 11 different Ig
products intended for intravenous and/or subcutaneous delivery
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for IgG-binding activities against recombinant SARS-CoV-2 re-
ceptor binding domain, spike, and nucleocapsid proteins by
enzyme-linked immunosorbent assays. In addition, to assess
functionality, 48 of these unique lots were assessed for their
ability to inhibit the variants SARS-CoV-2 Ancestral, Alpha,
Beta, Delta, and Omicron spike binding to angiotensin-
converting enzyme 2 (ACE2).
RESULTS: Significantly increased antibody values were observed
for products manufactured after the year 2020 (expiration dates
2023e2024), as compared with Ig products before 2020
(prepandemic). Sixty percent and 85% of the Ig products with
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Abbreviations used

ACE2- A
ngiotensin-converting enzyme 2

AUC- A
rea under the curve
COVID-19- C
oronavirus disease 2019

ELISA- E
nzyme-linked immunosorbent assay

IEIs- In
born errors of immunity

Ig- Im
munoglobulin

IV- In
travenous

NP- N
ucleocapsid protein

PBS- P
hosphate-buffered saline
PBST- P
hosphate-buffered saline containing 0.1%
Tween-20
RBD- R
eceptor binding domain

RT- R
oom temperature
SARS-CoV-2- S
evere acute respiratory syndrome coronavirus 2

SC- S
ubcutaneous
expiration dates of 2023 and 2024 were positive for antibody
to SARS-CoV-2 proteins, respectively. The area under the
curve values were significantly higher in products with later
expiration dates. Later dates of expiration were also strongly
correlated with inhibition of ACE2-binding activity; howev-
er, a decline in inhibition activity was observed with later
variants.
CONCLUSIONS: Overall, more recent Ig products (expiration
dates 2023e2025) contained significantly higher binding and
inhibition activities against SARS-CoV-2 proteins, compared
with earlier, or prepandemic products. Normal donor
SARS-CoV-2 antibodies are capable of inhibiting ACE2-binding
activities and may provide a therapeutic benefit for patients who
do not make a robust vaccine response. � 2023 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2023;-:---)

Key words: Primary antibody deficiency immunoglobulin (Ig)
products; Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2); Enzyme-linked immunosorbent assays (ELISA);
Recombinant SARS-CoV-2 receptor binding domain (RBD); Spike
proteins

INTRODUCTION
Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) is a single-stranded RNA virus that causes coro-
navirus disease 2019 (COVID-19), a disease with variable pre-
sentation ranging from a mild common cold to severe respiratory
failure.1,2 As of March 2022, this virus had officially infected
more than 440 million people and led to approximately 20
million official COVID-19 deaths globally.3,4 An increased risk
for severe disease and death has been noted among elderly pa-
tients and persons with preexisting medical conditions.5 To date,
mass vaccination using highly effective SARS-CoV-2 vaccines
appears essential in protection against severe disease.6

Although there are a wealth of data to support the effective-
ness and safety of the newly developed SARS-CoV-2 vaccines,
initial clinical trials enrolled mostly healthy volunteers. Data
regarding immunity in various patient populations previously
excluded in these clinical trials continue to be gathered.6 Patients
with inborn errors of immunity (IEIs) have been a focus of in-
terest for several reasons. First, recent reports have suggested that
patients with IEIs are at increased risk of developing severe
COVID-19.6-9 The underlying immune abnormalities impair
the ability of IEI patients to develop protective immunity,
potentially leading to worse survival. Most IEIs will also impair
vaccine responses; however, a recent study of 26 patients with
immune defects, including 13 patients with common variable
immunodeficiency, suggested that some were able to develop
both specific antibody responses and peptide-specific T-cell
responses to the BNT162b2 COVID-19 mRNA vaccine.6

For patients with a diagnosis of primary antibody deficiency,
the first-line therapy is replacement with immunoglobulin (Ig)
products.10 Immunoglobulin products are typically prepared
from the plasma of between 1,000 and 15,000 donors per lot
and are prepared over the course of a year, with Ig products
having a 3-year expiration date from the time of bottle filling.11

Prior to the COVID-19 pandemic, human Ig preparations did
not contain detectable SARS-CoV-2 antibodies.12 There have
been limited data presented on whether Ig products produced
since the start of the COVID-19 pandemic now contain pro-
tective SARS-CoV-2 antibodies. In this study, we analyzed 125
lots of Ig products currently used as replacement therapy in our
patients, for IgG binding against recombinant SARS-CoV-2
receptor binding domain (RBD), spike, and nucleocapsid pro-
tein (NP). In addition, for 48 lots, we examined whether these
inhibited spike protein of SARS-CoV-2 Ancestral, Alpha, Beta,
Delta, and Omicron variants from binding to angiotensin-
converting enzyme 2 (ACE2). From our analyses, we conclude
that Ig products with expiration dates of 2023 to 2024, indi-
cating later plasma collections, are likely to contain relevant
SARS-CoV-2 antibodies. This may provide useful therapeutic
information for patients who do not produce robust vaccine
responses.

METHODS

Study design

Immunoglobulin products. We collected 225 samples of 11
different brands of Ig products, with expiration dates of 2020 to
2025, intended for intravenous (IV) or subcutaneous (SC) use,
either at the Mount Sinai Therapeutic Infusion Center or for home
infusions. Of the 225 samples, 142 were from unique lots; where
there were multiple samples from the same lot, mean values for these
lots were used for these analyses. Twenty-six of these samples had
expiration dates in 2020 or earlier (prepandemic), and the remaining
199 samples had expiration dates of 2021 or later

Expression and purification of recombinant SARS-

CoV-2 proteins. Samples were first tested to determine the
IgG-binding activity against recombinant SARS-CoV-2 RBD,
SARS-CoV2 spike, and NP by enzyme-linked immunosorbent
assay (ELISA), as described in detail by Stadlbauer et al.13 Re-
combinant SARS-CoV-2 proteins were produced using a
mammalian cell protein expression system. Codon-optimized spike
ectodomain, RBD, and NP gene sequences (GenBank:
MN908947) were cloned into a mammalian expression vector,
pCAGGs. Proteins were expressed using the Expi293 Expression
System (Thermo Fisher Scientific), according to the manufacturer’s
instructions. For spike and RBD proteins, cell culture supernatants
were collected and clarified by centrifugation at 4,000� g, filtered,
and purified with Ni2þ-nitriloacetic acid agarose (QIAGEN). For
NP, cell pellets were collected, resuspended in high salt buffer (1M



TABLE I. Immunoglobulin brand characteristics*

Brand Number of lots tested Site of administration Route of administration Date of expiration

Cuvitru 5 Home infusion SC 2023e2024

Gammagard 31 Home infusion and infusion center IV 2020e2024

Gammagard SD 8 Home infusion and infusion center IV 2020e2023

Gammaplex 4 Home infusion IV 2023e2024

Gamunex-C 35 Home infusion and infusion center IV (mostly) and SC 2020e2024

Hizentra 21 Home infusion SC 2021e2023

Hyqvia 6 Home infusion SC 2022e2023

Octagam 6 Infusion center IV 2020e2023

Panzyga 4 Home infusion IV 2023e2024

Privigen 2 Home infusion SC 2022

Xembify 3 Home infusion IV 2023e2024

*Prepandemic samples correspond to an expiration year of 2020.
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Tris-HCl, pH 8.0; 0.5M ethylenediaminetetraacetic acid pH 8.0;
5M NaCl; Triton X-100 and distilled water) and lysed using a
sonicator. Lysed cells were then centrifuged and the supernatant
was purified with Ni2þ-nitriloacetic Agarose (QIAGEN). The
purified proteins were concentrated using Amicon Ultracell
(Merck) centrifugation units, and the buffer was changed to
phosphate-buffered saline (PBS) (pH 7.4). Proteins were stored at
e80�C until use.

Enzyme-linked immunosorbent assays. Immulon 4
HBX 96-well microtiter plates (Thermo Fisher Scientific) were
coated overnight at 4�C with recombinant proteins (100 ng/well) in
PBS (pH 7.4). Well contents were discarded and blocked with 200
mL of 3% nonfat milk (AmericanBio) in PBS containing 0.1%
Tween-20 (PBST) for 1 hour at room temperature (RT). After
blocking, 100 mL of Ig samples diluted (starting at total Ig con-
centration of 10 mg/mL and serially diluted 2-fold) with 1% nonfat
milk in PBST was added to each well for reaction at RT for 2 hours.
After washing with PBST 3 times, 50 mL of horseradish peroxidase-
labeled goat anti-human IgG antibody (Sigma-Aldrich) diluted
3,000-fold with 1% nonfat milk in PBST was added to each well,
and incubated at RT for 1 hour. After washing with PBST 3 times,
100 mL of SIGMAFAST o-phenylenediamine dihydrochloride
substrate solution (Sigma-Aldrich) was added to each well for the
reaction at RT for 10 minutes. Reaction was stopped by addition of
50 mL of 3M hydrochloric acid (HCl). Optical density at 490 nm
was measured using Synergy 4 (BioTek) plate reader. Eight wells on
each plate received no primary antibody (blank wells), and the op-
tical density in those wells was used to assess background. A detailed
protocol for the ELISA can be found here.13

Angiotensin-converting enzyme 2 blocking

assay. Immunoglobulin products were tested for their ability to
block the interaction between SARS-CoV-2 Ancestral, Alpha, Beta,
Delta, and Omicron variant spike and ACE2 proteins, using a
multiplexed electrochemiluminescence detection system in 96-well
plates (MSD V-PLEX� SARS-CoV-2 Plate 25). For testing, Ig
products were diluted in a range from 1:10 to 1:2,560 and the
percent inhibition was calculated for each individual variant, setting
a diluent control at 0%.14

Statistical analyses
Area under the binding curve (AUC) was calculated by deducting

the average of blank values plus 3 times SD of the blank values for
ELISA analyses. Cut-off values were determined by the AUC of
prepandemic samples using a typical method for negative control
samples of the collective AUC mean þ 3 SD. If the AUC value of
the sample was above the cut-off value, the sample was counted as
positive. The AUC cut-off values for RBD, spike, and NP were
10.60, 18.90, and 14.20,respectively. All data were analyzed in
GraphPad Prism 9. In addition, 1-way analysis of variance with
Kruskal-Wallis test was used for multiple comparison, and Mann-
Whitney test for comparison between 2 groups.

RESULTS

Overall antibody activity
A total of 142 unique lots of Ig samples from 11 different Ig

brands were analyzed in these studies (Table I). First, using
ELISA, 125 lots were examined for antibody binding to RBD,
spike, and NP components. Gamunex-C, Octagam, and Panzyga
were positive in RBD, spike, and NP ELISAs because their mean
values exceeded the cut-off values for all 3 proteins (Figure 1).
Hizentra and Hyqvia were positive for RBD and NP antibodies
(Figure 1). With no clear trend emerging between brands, we
then separated the samples based on expiration dates and route of
administration.

Immunoglobulin products by expiration date

Products were first stratified based on date of expiration of
2020 or before (n ¼ 20), 2021 (n ¼ 1), 2022 (n ¼ 17), 2023
(n ¼ 64), and 2024 (n ¼ 23). Significantly increased AUC
values were observed in products with expiration dates of 2023
(RBD 11.59 � 5.23; spike 18.95 � 5.29; and NP 15.80 � 4.80
[P < .0001]) and 2024 (RBD 17.03 � 4.78; spike 23.77 �
5.03; and NP 19.44 � 3.40 [P < .0001]), compared with the Ig
products with expiration dates in 2020, previously tested12

(Figure 2). Although there was a slight increase in the AUC
values for products with expiration dates 2021 and 2022,
compared with products from 2020 (prepandemic), these results
were not statistically significant.

Immunoglobulin products by brand

Five IV products including Gammagard, Gammagard SD,
Gammaplex, Gamunex-C, and Panzyga and 3 SC products
including Cuvitru, Hizentra, and Hyqvia were found to have
antieSARS-CoV-2 antibody, whereas the tested samples of 3
other available brands, Octagam, Privigen, and Xembify, with
expiration dates ranging 2022 to 2024 had no detectable



FIGURE 1. Products with expiration dates ranging from 2020 or earlier to 2024 were analyzed for IgG-binding activities, against
recombinant (A) SARS-CoV-2 RBD, (B) spike, and (C) NP using ELISA. Data points represent the AUC signifying binding activity. A number
of brands had a mean binding activity above the cut-off values, denoting a positive result. Although all products did not have a positive
result according to the mean, a majority of brands (9 of 11) had some samples that tested above the cut-off values. Error bars indicate
mean and SD. Cut-off values are mean þ 3 SD of AUC of prepandemic samples.

FIGURE 2. Products were analyzed by expiration year, for IgG binding activities against (A) recombinant SARS-CoV-2 RBD, (B) spike, and
(C) NP using ELISA. Data points represent area under the ELISA curve, separated by product expiration year. These was a significant
increase in AUC in Ig products with expiration dates of 2023 compared with prepandemic products. The increasing trend in AUC
continued across all 3 protein assays for expiration years 2023 and 2024. Error bars indicate mean and SD. Exp., Expiration. *P < .05;
†P <.01; zP < .001; xP < .0001. A 1-way analysis of variance with Kruskal-Wallis test was performed for statistical analysis
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antieSARS-CoV-2 antibody. An upward trend, linking
percent positive samples and the expiration year, began to
emerge for the years 2023 and 2024; 60% of lots with expi-
ration in 2023, and 85% of lots with expiration in 2024,
contained antibody to SARS-CoV-2 proteins (Figure 3). It
should be noted that, whereas the number of lots for the
expiration year 2024 (23) is fewer than 2023 (64), the
percentage of positive lots is greater in 2024 (85%) than in
2023 (60%) (Figure 3).

Immunoglobulin products by route of infusion (SC vs

IV preparations)
Analysis of products by route of administration was also

examined, given differences in the manufacturing processes. In



FIGURE 3. Products analyzed by expiration year for IgG binding activities against (A) recombinant SARS-CoV-2 RBD, (B) spike, and (C) NP
using ELISA. Graph represents the number of samples testing positive and negative for binding to SARS-CoV-2 proteins. A clear upward
trend emerges, with approximately 60% and 85% of the Ig products with expiration dates of 2023 and 2024 testing positive for binding
to SARS-CoV-2 proteins, respectively.

FIGURE 4. Products by route of administration analyzed for IgG binding activities against recombinant SARS-CoV-2 proteins. (A) RBD,
(B) spike, and (C) NP using ELISA. Data points represent area under the ELISA curve, demarcated by route of infusion. The AUC values
were higher in IV products than in SC products across all 3 protein assays. Error bars indicate mean and SD. ns, Not significant.
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these analyses, the IV products were Gammagard, Gammagard
SD, Gammaplex, Gammunex-C, Octagam, Panzyga, and Privi-
gen; the SC products were Cuvitru, Hizentra, Hyqvia, and
Xembify. However, there were no significant differences between
SC and IV products (Figure 4): IV versus SC Ig (RBD 11.42 �
6.33 vs 9.58� 4.1 [P < .07]), (spike 18.3 � 6.3 vs 17.57 � 4.96
[P < .48]), and (NP 15.24 � 4.82 vs 15.21 � 2.95 [P < .97]).
Inhibitory activity
A total of 48 unique lots were then analyzed for their ability to

block the interaction between SARS-CoV-2 Ancestral, Alpha,
Beta, Delta, and Omicron spike variants and ACE2 protein.
These data are summarized in Figure 5. Demonstrating this for a
particular expiration year (2023), using a dilution factor (1:10)
for all products, marked differences in inhibition against different



FIGURE 5. Neutralization activity assessment using inhibitory
titer 50 (IT 50) in products sorted by expiration date against
COVID-19 variants. The IT 50 values were derived from neutrali-
zation curves, with higher titers indicating greater neutralizing
capacity at higher dilutions for 50% of spike-ACE2 protein
interactions. The IT 50 values for products expiring in 2021 were
excluded owing to limited product quantity.
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strains were seen: in the Ancestral strain (45%), Alpha strain
(43%), Beta (32%), Delta strain (38%), and Omicron (15%).
Of note, the lowest inhibition activity was seen against the
Omicron strain, in lots expiring in 2023 (Figure E1; available in
this article’s Online Repository at www.jaci-inpractice.org). The
most variability in the individual lots was seen in products with
expiration dates 2024 (Figure E1). We calculated the inhibitory
titer 50 using neutralization curves generated that were then
expressed by year and variant, a higher titer translated to more
dilute samples being able to neutralize 50% of the spike-ACE2
protein. Overall, one clear trend that emerged was an increased
inhibition activity with later expiration dates for all viral strains
(Figure 5 and Figure E1). It is important to note overall,
although the inhibition activity increased with increasing expi-
ration date, the overall inhibition activity against the Omicron
variant was low in comparison with earlier strains (Figures 5
and 615).

Analysis of products by the intended route of administration
was also examined against each of the SARS-CoV-2 variants
(Figure E2; available in this article’s Online Repository at www.
jaci-inpractice.org). The 10% products used for IV infusion,
compared with the 20% products used in SC delivery (diluted to
the same Ig content), had more inhibition activity, regardless of
expiration dates. For example, comparisons between IV and SC
for products with expiration dates in 2024 showed an inhibition
activity at 90% and 80%, respectively, against the Ancestral
strain. This pattern was also observed for the other 4 strains.
Generally, inhibition was also lower for both SC and IV products
against the most recent strain (Omicron) in comparison with
earlier strains of the virus (Figure E2).

DISCUSSION
Immunization remains the paramount intervention for the

prevention of infectious diseases. Nevertheless, data concerning
the efficacy of the SARS-CoV-2 vaccine in immunocompro-
mised populations, including patients with IEIs, are still under
investigation. In 1 study, the humoral and cellular immune
response to the mRNA-based BNT162b2 COVID-19 vaccine in
a cohort of 26 adult patients with IEIs was examined. These data
showed that the majority of this subset of patients with IEIs were
able to respond to the vaccine with significant levels of neutral-
izing antibodies, T-cell responses (evaluating for interleukin-2
and interferon-gamma), or both.6 Whereas Ig replacement is
the first-line therapy in management of antibody defects,10

prepandemic Ig preparations did not contain detectable
SARS-CoV-2 antibodies.12 One study examined 13 samples
from 5 commercial Ig preparations from prepandemic donors;
these samples were blindly screened using a semiquantitative
U.S. Food and Drug Administrationeapproved and validated
ELISA. Nine of 13 preparations (69.2%) from 2 different
manufacturers were antibody-positive, based on the defined cut-
off positivity; however, the authors concluded prepandemic Ig
donors had prepandemic cross-reactive antibodies derived from
seasonal coronaviruses.16

In our study, we assessed 11 distinct Ig replacement products,
finding 8 of the products contained detectable antieSARS-CoV-
2 antibodies. This presence correlated with the products’
expiration dates and, consequently, their collection dates. Prod-
ucts with expiration dates between 2023 and 2024 demonstrated
a significantly higher likelihood of containing antieSARS-CoV-2
antibodies. Furthermore, the expiration date served as a predictor
of a product’s inhibitory activity, with later expiration dates
associated with increased inhibitory activity. One exception
involved products with 2021 and 2022 expiration dates, which
deviated from the general trend of increasing inhibition with later
expiration dates. This discrepancy could be attributed to the
limited number of samples with 2022 expiration dates available
for testing. During the pandemic, various strains emerged
sequentially: ancestral, Alpha, Beta, Delta, and Omicron. We
observed a substantial decline in inhibitory activity against these
strains for products with expiration dates prior to 2025. This
decrease may suggest that successive strains exhibit diminished
binding to the wild-type (ancestral) virus, thereby attenuating
their ability to inhibit the propagation of newer strains, such as
the Omicron variant. However, this decline in inhibitory activity
was not evident for products with expiration dates in 2025,
particularly for more recent strains like Omicron, implying the
potential inclusion of Omicron-specific antibodies in the latest Ig
products.

We noted that that the 10% products used in IV adminis-
tration had more ACE2 inhibitory binding activity (at compa-
rable IgG dilutions) than the 20% products used in SC
treatments. These differences could be due to differences in the
manufacturing processes, storage conditions, or the fact that
there were fewer SC samples available for analyses than IV
products. With regard to antibody binding, differences in IV
versus SC products were not statistically significant. The main
determinant in these assays was the expiration date of the
product.

The following are limitations of our study. First, we were not
able to test the same numbers of lots of each product, potentially
skewing our results. The difference in the numbers of lots
distributed among products was primarily due to reliance on
collection from infusion center stock and products obtained from
patients. The brand of product for each patient on home infu-
sion is typically dependent on clinical needs as well as insurance
coverage. Additional lots may have more antibody than the levels

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
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FIGURE 6. Prevalence of COVID-19 variants in circulation in New York City from January 2021 to July 2022. Legend indicates each
genetic variant of SARS-CoV-2 in circulation, followed by World Health Organization nomenclature in parentheses where available. (Data
generated from the NYC Department of Health and Mental Hygiene (NYC Department of Health and Mental Hygiene. Hygiene. Coro-
navirus Disease 2019 (COVID-19) in New York City (NYC) 2022. Accessed July 14. 2022. https://github.com/nychealth/coronavirus-
data.15)
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noted. Second, package inserts listed that product may be stored
for 36 months at 36�F to 46�F; however, if a product was stored
at 77�F, the shelf life would be 6 months. For products used in
the Infusion Center, these conditions would be expected; how-
ever, for products used in the home, different storage conditions
used could theoretically alter antibody content.

Our findings suggest that Ig products are likely to provide
increasing therapeutic benefits for patients with loss of antibody
production.

Other studies support our results, including 1 that evalu-
ated 14 samples of Ig products, detecting neutralizing
COVID-19 antibody content without substantial differences
between manufacturers.17 Another study found that 2 years
into the pandemic, the amount of antibodies to SARS-CoV-2
varied considerably among commercial Ig batches obtained
from 3 commercial producers. In batches with high concen-
trations of antibodies directed against the original virus strain,
passive immunity to the Omicron variant appeared to be
insufficient.18

Although the clinical implications and benefit of this thera-
peutic remain uncertain, as mass vaccination continues, and in-
fections continue to appear with the Delta (B.1.617.2) and
Omicron (B.1.1.529) variants, we expect the useful SARS-CoV-
2 antibodies to continue to increase in commercial Ig products.
However, Omicron has evaded neutralization by many of the
commercially available therapeutic monoclonal antibodies and
the subvariants BQ.1.1 and XBB have been shown to completely
escape neutralization by any approved prophylactic or
therapeutic monoclonal antibody treatments. Polyclonal Ig
products may be a potential solution to fill this gap.19
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FIGURE E1. Products with different expiration dates analyzed for inhibition activity at different dilution factors of immunoglobulin
samples using angiotensin-converting enzyme 2 assay against different strains of coronavirus including the Ancestral, Alpha, Beta, Delta,
and Omicron strains. Data points represent the percentage inhibition activity for product grouped based on the expiration date. Error bars
indicating the standard error of the mean for product with expiration dates ranging between 2023 and 2025.



FIGURE E2. Products by route of administration (subcutaneous vs intravenous) grouped by expiration dates analyzed for inhibition ac-
tivity at different dilution factors of immunoglobulin samples using angiotensin-converting enzyme 2 assay against different strains of
coronavirus including the Ancestral, Alpha, Beta, Delta, and Omicron strains. Data points represent the percentage inhibition activity for
product groups based on expiration dates for both subcutaneous and intravenous. Error bars indicate the standard error of the mean for
products with expiration dates ranging between 2024 and 2025.
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