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ABSTRACT
Antagonism of the neonatal Fc receptor through an engineered antibody Fc fragment, such as efgartigimod, 
results in a decrease in immunoglobulin G levels. This approach is being evaluated as a therapeutic strategy for 
the treatment of IgG-mediated autoimmune diseases. Our goal was to evaluate the impact of mFc-ABDEG, 
a mouse-adapted antibody Fc fragment with a mode of action highly similar to efgartigimod, on vaccine- 
induced protective immune responses against viral infections. Therefore, mouse vaccination models for 
COVID-19 and influenza were employed, utilizing an mRNA COVID-19 vaccine (COMIRNATY) and an adju
vanted, inactivated quadrivalent influenza vaccine (Seqirus+AddaVax), respectively. In both models, vaccina
tion induced robust humoral responses. As expected, animals treated with mFc-ABDEG had lower levels of 
virus-specific IgG, while virus-specific IgM responses remained unaffected. The COVID-19 vaccine induced 
a strong Th1-type T cell response irrespective of mFc-ABDEG treatment. Influenza vaccination resulted in 
a poor T cell induction, regardless of mFc-ABDEG treatment, due to the Th2-biased response that inactivated 
influenza vaccines typically induce. Importantly, mFc-ABDEG treatment had no effect on protective immunity 
against live viral challenges in both models. Vaccinated animals treated with mFc-ABDEG were equally 
protected as the non-treated vaccinated controls. These non-clinical data demonstrate that FcRn antagonism 
with mFc-ABDEG did not affect the generation of vaccine-induced protective humoral and cellular responses, 
or protection against viral challenges. These data substantiate the clinical observations that, although IgG 
titers were reduced, FcRn antagonism with efgartigimod did not impair the ability to generate new specific 
IgG responses, regardless of the timing of vaccination.
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Introduction

The neonatal Fc receptor (FcRn) is an MHC class I – like 
molecule that is widely distributed across mammalian organs, 
tissues and cells. Its crucial role lies in preserving immunoglo
bulin G (IgG) and albumin levels by preventing their lysoso
mal degradation. Pathogenic IgG autoantibodies are associated 
with many autoimmune diseases such as myasthenia gravis 
(MG). In MG, a rare neuromuscular autoimmune disease, IgG 
autoantibodies directly attack neuromuscular junction pro
teins, leading to failure in neuromuscular transmission and 
causing potentially life-threatening muscle weakness. Blocking 
the FcRn-mediated IgG recycling emerges as a promising ther
apeutic approach for the treatment of MG and other IgG- 
mediated autoimmune diseases.1

Efgartigimod is an antibody fragment that targets FcRn. It is 
a recombinant human IgG1-derived Fc fragment engineered 
with ABDEG™ mutations (M252Y/S254T/T256E/H433K/ 
N434F) to enhance its affinity for FcRn at both physiological 

and acidic pH levels while maintaining the pH-dependent 
characteristics of FcRn interactions (higher affinity at pH 6.0 
compared to near-neutral pH). Efgartigimod competes with 
endogenous IgG to occupy FcRn, thereby preventing IgG 
recycling and leading to increased lysosomal degradation of 
IgG.2 Clinical studies have consistently demonstrated that 
efgartigimod rapidly reduces total IgG levels, including IgG 
autoantibodies, without lowering the levels of other immuno
globulins or albumin.3–6 Efgartigimod has received regulatory 
approval for the treatment of generalized Myasthenia Gravis 
and is currently under evaluation for its potential in treating 
other IgG-driven autoimmune diseases.

Individuals with autoimmune diseases are more prone to 
infections due to their autoimmune disorder, elevated 
comorbidity, and the use of immunosuppressive and immu
nomodulating medications. In the case of vaccine- 
preventable diseases like COVID-19 or influenza, an effec
tive vaccination is highly recommended to mitigate the risk 
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of severe disease outcomes. Nevertheless, the efficacy of 
vaccines may be impacted by the concurrent administration 
of immunosuppressive and immunomodulating drugs. It is 
recommended to adjust the dosing intervals or temporarily 
suspend the medication in order to preserve vaccine efficacy 
for patients under treatment with immunosuppressives and/ 
or immunomodulating agents.7–17 FcRn blockers reduce IgG 
levels to a nadir without impacting its production. 
Importantly, the antagonism of FcRn does not influence 
other components of the innate and adaptive immune sys
tems. The decrease in IgG induced by FcRn blockers is 
transient and reversible, signifying that B cells and plasma 
cells remain unaltered.18

The safety of immunization with live or live-attenuated 
vaccines and the response to immunization with these vaccines 
during treatment with efgartigimod are unknown. For patients 
that are being treated with efgartigimod, vaccination with live 
or live-attenuated vaccines is generally not recommended. If 
vaccination with live or live-attenuated vaccines is required, 
these vaccines should be administered at least 4 weeks before 
treatment and at least 2 weeks after the last dose of efgartigi
mod. Other vaccines may be administered as needed at any 
time during treatment with efgartigimod.19 Clinical study data 
indicated that patients undergoing efgartigimod treatment 
maintain their capacity to generate an IgG response to vacci
nations. Furthermore, the levels of virus-specific antibodies 
were sustained, exhibiting a correlation with the kinetics of 
total IgG reduction.20–23

Our objective was to generate non-clinical data that could 
substantiate the clinical observations noted for efgartigimod and 
provide insight into the underlying mechanisms of vaccine- 
induced protective immunity when subjected to treatment with 
an FcRn blocker. Therefore, we used mouse vaccination models 
for COVID-19 and influenza to assess the effect of mFc-ABDEG, 
a mouse-adapted antibody Fc fragment with highly similar func
tionality to that of efgartigimod, on vaccine-induced humoral and 
cellular responses, as well as protective immunity against a viral 
challenge. The animals were vaccinated with T cell dependent 
vaccines, either an mRNA COVID-19 vaccine (COMIRNATY) 
or an adjuvanted, inactivated quadrivalent influenza vaccine 
(Seqirus+AddaVax). We analyzed the humoral responses by 
measuring the levels of antigen-specific binding and neutralizing 
antibodies, as well as antigen-specific T cell responses. We 
assessed the immune protection by examining the animals’ resis
tance to a live virus challenge.

Materials and methods

The experimental protocols were directly used or adapted from 
the methods described by Jangra et al. (2021).24

Mice

6–8 weeks old 129S1 and C57BL/6 mice were purchased from 
Jackson Laboratories for the COVID-19 and influenza model 
respectively and housed in a specified pathogen-free facility at 
Icahn school of medicine at Mount Sinai, with food and water 
ad libitum, adhering to the guidelines from the American 

Association for Laboratory Animal Science (https://www. 
aalas.org/).

Mouse surrogate of efgartigimod

Mouse IgG2a-Fc and IgG2c-Fc containing ABDEG mutations 
are mouse-adapted antibody Fc fragments that exhibit 
a similar mode of action to that of efgartigimod (referred to 
as “mFc-ABDEG”) and were used in the COVID-19 and 
influenza models, respectively.25

COVID-19 vaccine

SARS-CoV-2 mRNA vaccine from Pfizer (COMIRNATY) was 
obtained for research purposes as residuals that were recuper
ated from the Mount Sinai Hospital vaccination pod and 
stored at −80°C until further use. Vaccine has initially been 
thawed and was kept at 4°C until frozen again. Vaccine was 
diluted in PBS (sterile Phosphate Buffer Saline). Stability of the 
vaccine under the described storage conditions had been con
firmed in prior experiments.

Influenza vaccine

Quadrivalent inactivated influenza vaccine (QIV) used in this 
study was the human Seqirus vaccine (2018–2019 formula) con
taining the antigens of the following influenza virus strains: A/ 
Singapore/GP1908/2015 IVR-180 (H1N1) (an A/Michigan/45/ 
2015-like virus); A/North Carolina/04/2016 (H3N2) (an A/ 
Singapore/INFIMH-16-0019/2016 -like virus); B/Iowa/06/2017 
(a B/Colorado/06/2017-like virus); B/Singapore/INFTT-16- 
0610/2016 (a B/Phuket/3073/2013-like virus). Vaccine was 
obtained from the Mount Sinai research pharmacy and was 
mixed with MF59-like adjuvant (AddaVax). MF59-like adjuvant 
AddaVax was purchased from Invivogen and was mixed at a 3:1 
ratio Vaccine:AddaVax per the manufacturer’s recommendation.

Viruses and virus challenge

COMIRNATY-vaccinated mice were infected 14 days post- 
boost vaccination with 1 × 104 PFU of mouse-adapted SARS- 
CoV-2 per mice. The mouse-adapted SARS-CoV-2 strain was 
obtained through serial passage of USA-WA1/2020 in mice as 
described previously.26 Body weights were recorded to assess the 
morbidity during the days post-viral challenge. QIV-vaccinated 
mice were infected 24 days post-vaccination with 100× lethal 
dose 50 (18,000 PFU) of egg-grown influenza IVR-180 h1N1 
virus, a vaccine strain that contains the surface antigens of 
influenza A/Singapore/gp1908/2015 (H1N1) virus. All virus 
infections were performed via intranasal instillation of a 50 µL 
droplet under mild anesthesia (ketamine (100 mg/kg) and xyla
zine (10 mg/kg) administered in 150 μL total volume in PBS via 
the intraperitoneal route). Body weights were recorded to assess 
the morbidity during the days post-challenge.

COVID-19 model used in this study

The COVID-19 mouse model used in the described studies 
was chosen at the time as a function of availability at the 
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height of the COVID pandemic and scientific suitability: 
During the initial months of the COVID-19 pandemic, 
mouse models were limited to the K18-hACE2 mouse 
model that was originally developed for SARS-CoV infec
tion studies and access to this mouse strain was very 
limited due to high demand. These mice express the 
hACE2 receptor under the K18 keratinocyte promoter, 
which allows expression outside of the respiratory tract as 
well, especially in brain cells. As a consequence, brain 
infection is a common feature in this mouse model, dras
tically driving pathology, morbidity and mortality in this 
mouse model, which is not reflective of human disease.27 

To address this and other issues linked to hACE2 expres
sion in tissues other than the respiratory tract, mice which 
express hACE2 under the original mouse promoter were 
developed in collaboration with our laboratory.28 However, 
we also observed that SARS-CoV-2 infection resulted in 
more attenuated morbidity in these mice compared to the 
K18-hACE2 model. Moreover, these mice became available 
much later than when these studies were performed. The 
best option seemed to use a virus that could be adapted to 
infection of wild type mouse strains, provided it acquired 
the N501Y mutation in the spike receptor binding region.

Mouse study design – administration protocol

A total of 16 mice (8 female/8 male) were vaccinated with 
a prime and boost vaccination on respectively day 1 and day 
22 with either COMIRNATY or QIV adjuvanted with MF59- 
like adjuvant (AddaVax) or Phosphate Buffered Saline (PBS) 

(Figure 1). For SARS-CoV-2 mRNA vaccine (COMIRNATY), 
equivalent of 3 µg mRNA/mouse were injected in 50 µl volume 
diluted in PBS via the intramuscular route with a BD U-100 
insulin Micro-Fine syringe in the hamstring muscles of the left 
hind leg. QIV adjuvanted with AddaVax was injected via the 
intramuscular route with a BD U-100 insulin Micro-Fine 
syringe in the hamstring muscles of both hind legs (50 μL/ 
leg). The administered vaccine dose corresponded to 1.5 μg of 
each hemagglutinin type in the vaccine per mouse. PBS was 
injected via the intramuscular route with a BD U-100 insulin 
Micro-Fine syringe in the hamstring muscles of the left hind 
leg for COVID-19 model and in both hind legs for influenza 
model.

Animals were divided into three study groups: (1) PBS 
control group (not vaccinated), (2) Vaccinated control group, 
and (3) Treated group (vaccinated and treated with mFc- 
ABDEG). Within each group, a subset of four animals (two 
female/two male) was dedicated to assessing the cellular 
immune response to vaccination and were sacrificed before 
the viral challenge (Day 32). The mFc-ABDEG treatment 
started three days prior to vaccination and continued through
out the immune response development and viral challenge 
until day 37. mFc-ABDEG was administered subcutaneously 
in the neck twice per week at a dosage of 20 mg/kg.

Serology

Anti-SARS-CoV-2 spike and anti-HA IgG and IgM ELISA
Maxisorp Nunc 96-well microtiter plates were coated with 
stabilized soluble trimeric COVID-19 spike protein 

Figure 1. Experimental design for mouse immunization and mFc-ABDEG-treatment in the COVID-19 and influenza model.
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(2 μg/ml) and QIV (2 μg/ml HA equivalent for each HA) in 
bicarbonate buffer and incubated overnight at 4°C. After 
washing and blocking with 5% milk for 1 h at room tem
perature, serum samples were 3-fold diluted starting at 
1/100 dilution in PBS with 0.05% Tween20 and were 
allowed to bind ELISA antigen for 1.5 h at room tempera
ture. Plates were washed three times with PBS (0.05% 
Tween20) and incubated with horseradish peroxidase 
(HRP)-conjugated secondary antibodies targeting mouse 
IgG (GE Healthcare). After a final washing step, tetra
methylbenzidine (TMB) substrate (Sigma-Aldrich) is used 
to estimate levels of spike-specific or HA-specific mouse 
IgG by measuring the OD450 with the OD650 as 
a reference after stopping the colorimetric reaction with 
1 M H2SO4. A modification of the assay to detect spike- 
specific and HA-specific IgM was performed by following 
the above-described protocol but by incubating with IgM- 
specific HRP-conjugated secondary antibodies instead of 
total IgG-specific secondary antibodies.

SARS-CoV-2 microneutralization assay
In brief, mRNA-vaccinated sera were inactivated at 56°C for 
30 min. Serum samples were serially diluted 2-fold starting 
from a 1:10 dilution in infection medium (DMEM +2% FBS  
+ 1X non-essential amino acids). The samples were then 
incubated with 100× tissue culture infective dose 50 
(TCID50) which equals 40 plaque forming units (PFU) of 
mouse-adapted SARS-CoV2 virus for 1 hour in an incubator 
at 37°C, 5% CO2 and subsequently transferred onto pre- 
seeded Vero-E6 cells in 96-well cell-culture plates. The plates 
were incubated at 37°C for 48 hours and fixed in 4% for
maldehyde. The cells were washed with 1XPBS and blocked 
in 5% milk in 1X PBS + 0.1% Tween20 for 1 hour at room 
temperature. After blocking, the cells were permeabilized 
with 0.1% TritonX100, washed and incubated with anti- 
SARS-CoV-2-nucleoprotein and anti-SARS-CoV-2-spike 
monoclonal antibodies, mixed in 1:1 ratio, for 1.5 hours at 
room temperature. The cells were washed again and incu
bated with HRP-conjugated anti-mouse IgG secondary anti
body for 1 hour at room temperature followed by a brief 
PBS wash. Finally, 50 μl tetramethyl benzidine (TMB) sub
strate was added and incubated until blue color appeared 
and the reaction was terminated with 50 μL 1 M H2SO4. The 
absorbance at 450 nm (OD450) was recorded and percentage 
inhibition calculated.

Hemagglutination inhibition assay (H1N1 virus neutralizing 
antibodies)
Four volumes of receptor destroying enzyme (RDE, Vibrio 
cholera filtrate, Sigma Aldrich) were added to each volume 
of mouse serum. After overnight incubation at 37°C, sera 
were heat inactivated at 56°C for 30 min in sodium citrate 
buffer. Four hemagglutination units of IVR-180 h1N1 
virus were mixed with twofold serial dilutions of treated 
sera in a final volume of 50 μL. Mixtures of virus and 
diluted serum were allowed to bind for 1 h at room tem
perature before 50 μL of 0.5% chicken red blood cell sus
pension is added. HI titers were read after 1 h incubation 
on ice.

Lung virus titers (plaque assay)
Whole lungs were harvested from the mice and homogenized 
in 0.5 mL 1XPBS. After brief centrifugation, the tissue debris 
was discarded, and the supernatant is 10-fold serially diluted 
starting from 1:10 dilution.

For assessments of IVR-180 h1N1 virus titers, MDCK cells 
were incubated with the lung homogenate dilutions for 1 hour 
at 37°C, 5% CO2 and then overlaid with a mixture of 2% oxoid 
agar and 2X minimal essential medium (MEM) supplemented 
with 1% diethyl-aminoethyl (DEAE)-dextran and 1 μg/mL 
L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK)- 
treated trypsin. After 48 hours of incubation at 37°C, 5% 
CO2, the plates were fixed in 4% formaldehyde and immune- 
stained with IVR-180 post-challenge polyclonal serum.

For assessments of SARS-CoV-2 titers, pre-seeded Vero-E6 
cells were incubated with diluted lung homogenates for 1 hour 
at room temperature and then overlaid with a 1 mL mixture of 
2% oxoid agar and 2X MEM supplemented with 2% FBS. After 
72 hours of incubation at 37°C with 5% CO2, the plates were 
fixed in 4% formaldehyde, permeabilized with 0.1% Triton- 
X100 followed by immune-staining of infected cells with anti- 
mouse SARS-CoV-2 nucleoprotein and anti-mouse SARS-CoV 
-2 spike monoclonal antibodies. After incubation with primary 
antibodies, HRP-conjugated anti-mouse secondary antibody 
was added for 1 hour. Finally, the plaques were developed 
with TrueBlue substrate (KPL Seracare). The final viral titers 
were calculated in terms of plaque forming units (PFU)/mL.

IFNγ ELISpot assay
IFN-γ enzyme-linked immunospot assay kits were purchased 
from R&D Systems (cat. No. EL485). The assay was performed 
according to the manufacturer’s protocol. Briefly, sterile 
monoclonal anti-IFN-γ antibody-coated 96-well immuno- 
plates were blocked with cell culture media (RPMI-1640 sup
plemented with 10% FBS, 100 IU Pen-Strep, and 1X 
GlutaMAX). On day 10 after vaccination, the spleens of vacci
nated mice were isolated aseptically and splenocytes single cell 
suspensions were prepared by forcing spleens through a 70 µm 
cell strainer into cell culture media. After lysis of RBCs with 
NH4Cl solution, 1 × 105 splenocytes were plated in 100 μl of 
culture medium supplemented with the restimulation peptide 
pool at a final concentration of 0.6 nmol/mL. High-pressure 
liquid chromatography – purified peptides (>95% purity) were 
purchased from Miltenyi (cat. No. 130-099-803 and 130-127- 
953). Phorbol myristate acetate (PMA)/ionomycin was used as 
positive control (ThermoFisher, cat. no. 00-4970-03). After 
16 h of peptide restimulation at 37°C, plates were washed 
with the wash buffer in the kit and IFN-γ trapped on the plates 
was detected by a biotinylated polyclonal anti-IFN-γ followed 
by enzyme-linked streptavidin-alkaline phosphatase conju
gate. After BCIP (5-Bromo-4-chloro-3-indolyl phosphate)/ 
NBT (nitro blue tetrazolium) substrate addition, spots 
occurred at places where immune cells secreted IFN-γ during 
peptide-restimulation. The spots were counted using an 
inverted light microscope.

Intracellular Cytokine Staining (ICS)
On day 10 after vaccination, the spleens of vaccinated mice 
were isolated aseptically and splenocytes were prepared. 
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After lysis of RBCs with NH4Cl solution, 2 × 106 spleno
cytes were plated in 200 μL of culture medium (RPMI-1640 
supplemented with 10% FBS, 100 IU Pen-Strep, and 1X 
GlutaMAX) with the restimulation peptide pool at a final 
concentration of 0.6 nmol/mL. High-pressure liquid chro
matography – purified peptides (>95% purity) were pur
chased from Miltenyi (cat. No. 130-099-803 and 130-127- 
953). Phorbol myristate acetate (PMA)/ionomycin was 
used as positive control (ThermoFisher, cat. no. 00-4970- 
03). After 6 h of peptide restimulation in the presence of 
protein transport inhibitors (ThermoFisher, cat. no. 00- 
4980-03), cells were collected, washed, stained for surface 
markers (CD3 Alexa Fluor 700, CD8 PerCP, CD4 BV510, 
CD44 PE-CF594) and viability (Fixable Viability Dye 
eFluor 520). Subsequently cells were fixed with Fix/Perm 
buffer (BD), permeabilized with 1X Perm/Wash buffer 
(BD) and stained for intracellular IFN-γ (Alexa Fluor 
647) and IL-4 (PE-Cy7). The amount of live IFN-γ+ CD4 
+ and CD8+ T cells was quantified using Beckman Coulter 
Gallios flow cytometer.

Multiplex cytokine ELISA
Splenocytes were prepared and RBC were lysed as 
described above. 2 × 106 splenocytes were plated in 200 μL 
of culture medium (RPMI-1640 supplemented with 10% 
FBS, 100 IU Pen/Strep, 1X GlutaMAX, 1% non-essential 
amino acids, 1 mm sodium pyruvate, and 10 mm HEPES) 
supplemented with restimulation peptide pool at a final 
concentration of 0.6 nmol/mL in round bottom plates for 
48 h. Phorbol myristate acetate (PMA)/ionomycin was used 
as positive control (ThermoFisher, cat. no. 00-4970-03). 
After stimulation, cells were centrifuged at 400 × g for 
5 minutes at 4°C and supernatants were collected and 
stored at −20°C. Levels of Th1/Th2 associated cytokines 
were measured in 150 μL of the culture supernatant using 
a bead-based Luminex assay (cat. no. EPX110 -20,820-901) 
according to the manufacturer’s recommendations on 
a Millipore-Luminex L X 200reader.

Histology
Mice were subjected to terminal anesthesia and euthanasia 
(5× anesthesia dose) and left lung lobes were inflated with 
10% formaldehyde. Fixed lungs were sent to the Mount Sinai 
Pathology Care Facility for paraffin embedding, tissue ana
lysis, and scoring by an independent veterinary pathologist 
who was blinded to the study groups. Hematoxylin and 
eosin (H&E) staining was performed. Scores were assigned 
by the pathologist based on multiple parameters: Percentage 
of lung area affected (1= ≤25%, 2 = 25–50%, 3 = 50–75%, 
4 = 100%), peri bronchial inflammation, epithelial degenera
tion/necrosis of bronchi/bronchioles, bronchial/bronchiolar 
inflammation, intraluminal cell debris in bronchi/bronch
ioles, alveolar inflammation, alveolar epithelial cells necrosis, 
fibrin deposition and hyperplasia of type II pneumocytes. 
A 5-point scoring system was used ranging from 0–4, with 0 
indicating no epithelial degeneration/necrosis and inflam
mation while 4 indicating severe epithelial degeneration/ 
necrosis and inflammation (1=mild, 2=moderate, 3=marked, 
4=severe).

Total IgG levels
MaxiSorp Nunc 96-well high protein-binding capacity plates 
were coated with 100 μL per well of goat anti-mouse IgG fab 
antibody (Tebu-bio #MAB12775) at 1 μg/mL in PBS and incu
bated overnight at 4°C. The plates were then washed three 
times with 1X PBS + 0.05% Tween20 and blocked with 1% 
Casein -PBS for two hours at room temperature while shaking 
at 450 rpm. Samples were diluted 10.000-times in 0.1% Casein- 
PBS. A standard dilution series of 11 points (2-times dilutions) 
starting from 1000 ng/mL were prepared in 0.1% Casein-PBS 
(reference standard: Tebu-bio #IMSIGGAP10MG). High, 
medium, and low QC samples, at a concentration of 240, 75, 
and 5 ng/mL respectively, were prepared in 0.1% Casein-PBS. 
The plates were washed three times with 1X PBS + 0.05% 
Tween20. Samples, standard dilutions, and QC samples were 
added to the plates and incubated for 2 hours at room tem
perature while shaking at 450 rpm. The plates were washed five 
times with 1X PBS + 0.05% Tween20. Horseradish peroxidase 
(HRP)-conjugated goat anti-mouse IgG-Fc F(ab’)2 (Abcam, 
#98741), diluted 40.000-times in 0.1% Casein-PBS, was added 
to the plates and incubated for one hour at RT while shaking at 
450 rpm. The plates were washed five times and developed 
with 100 μL per well of soluble high sensitivity tetramethyl
benzidine substrate (s(HS)TMB) (SDT-Reagents for life 
#sTMB) for 15 minutes. The reaction was terminated with 
100 μL 0.5 M H2SO4 and the absorbance was measured at 
450 nm with 650 nm as a reference.

Statistical analysis

Titers of specific IgG and IgM, and neutralizing antibodies
The log-transformed endpoint Titer/ID50 values were sub
jected to a two-way ANOVA model, considering group, sex 
and their corresponding two-way interaction. Note that 
a parametric ANOVA model could still be applied since the 
log-transformation stabilized the variances and improved the 
normality assumption of the residuals. If the interaction 
between group and sex proved to be statistically significant, 
sex-specific comparisons were conducted between the PBS 
control group (not vaccinated) and the vaccinated group in 
a first step and between the vaccinated group and the vacci
nated mFc-ABDEG treated group in a second step. On the 
other hand, if the interaction between group and sex was not 
found to be significant, the comparisons in both steps were 
pooled across both males and females. A multiplicity adjust
ment for each step was applied based on a multivariate t-dis
tribution with the same covariance structure as the estimates.

Histology
The statistical methodology described in the preceding section 
was extended to analyze the histopathology data. An arcsinh- 
transformation was applied to account for the fact that the data 
was not strictly positive.

IFNγ ELISpot assay, ICS and multiplex cytokine ELISA
A two-way ANOVA model was used, considering group, and 
stimulation as independent factors, along with their respective 
interactions. Both un-transformed and arcsinh-transformed 
outcomes were examined as well as varied variance weights 
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for different stimulations were considered. Model assumptions 
were checked and the model with the most favorable residual 
diagnostic graphs was chosen for further analysis. Contrasts of 
interest were calculated in a two-step procedure.

Step 1 compared restimulated cells with SARS-CoV-2 spike 
(S) or H1N1 peptide pool against unstimulated cells and 
Vaccinated group. Step 2 compared Vaccine versus Vaccine  
+ mFc-ABDEG and stimulation. Results from Step 2 were only 
valid if both Step 1 comparisons were significant. Caution was 
advised in interpreting the results considering the limited 
number of animals per group (n = 4 = 2f +2 m). All hypothesis 
tests were evaluated at a 5% significance level.

Results

mFc-ABDEG treatment does not affect the generation of 
a protective humoral COVID-19 vaccine response in the 
described model

Vaccine-induced humoral responses were analyzed by mea
suring the levels of antigen-specific binding and neutralizing 
antibodies. On study day 30 (8 days post-boost vaccination), 
vaccinated mice mounted spike-specific IgG and IgM immune 

responses against SARS-CoV-2 spike protein, whereas unvac
cinated PBS control mice showed no, or only background 
response levels (Figure 2a,b). The levels of spike-specific anti
bodies were statistically significant compared to PBS controls, 
except for the IgM levels in females, which showed slightly 
higher background levels measured for the PBS control 
females. In vaccinated mFc-ABDEG treated mice, 
a reduction in anti-spike IgG titers were observed in both 
males and females, as expected based on the pharmacological 
properties of mFc-ABDEG. However, this effect was not sta
tistically significant (p = .054) compared to the vaccinated 
mice. There was no significant difference in anti-spike IgM 
titers between vaccinated mFc-ABDEG treated mice and 
untreated mice.

Vaccination had induced virus-neutralizing antibodies in 
all vaccinated male and female mice as compared to unvacci
nated mice (Figure 2c). The difference in levels of neutralizing 
antibodies were statistically significant compared to PBS con
trols (p < .001), and in female vaccinated groups, they were 
significantly higher compared to male vaccinated groups 
(p = .026). It has been described that antibody responses to 
vaccines are often higher in females than males.29 Neutralizing 
antibodies titers were statistically lower (p < .001) in mFc- 
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Figure 2. Antibody responses to vaccination in mFc-abdeg-treated animals (COVID-19 model): ELISA was performed on post-boost serum (day 8 post-boost 
vaccination) to assess the production anti-spike IgG (a) and anti-spike IgM (b) in response to vaccination in mice with or without mFc-ABDEG treatment, along 
with the non-vaccinated group (16 mice per group − 8 per sex). (c) microneutralization assays were performed on post-boost serum (taken 8 days post-boost 
vaccination) to measure the virus-neutralizing antibodies using the mouse-adapted SARS-CoV2 virus (16 mice per group − 8 per sex). Note that at this timepoint values 
presented for mFc-ABDEG treated animals are likely underestimated due to interference of mFc-ABDEG present in the samples (see explanation in text). (d) additional 
microneutralization assays were conducted on the follow-up samples (taken 28 days post-boost vaccination), to measure the virus-neutralizing antibodies using the 
mouse-adapted SARS-CoV2 virus (6 mice per group − 3 per sexr). Error bars represent standard deviation.
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ABDEG treated animals compared with untreated animals. 
This reduction in neutralizing antibodies in the mFc-ABDEG 
treated mice was more pronounced than expected when com
paring it to the titers of binding antibodies observed in the 
same groups. Indeed, some mice in the group that received 
mFc-ABDEG treatment had antibody titers below the limit of 
detection (LOD). It has been reported that renal epithelial cells 
(Vero E6 cell line), used in the neutralizing assay, express 
FcRn.30 Consequently, there was a potential for drug interfer
ence, as mFc-ABDEG present in the sera may have bound to 
FcRn on the Vero E6 cells, thereby reducing the levels of 
neutralizing antibodies during the 48-hour incubation period 
of the assay.

To further explore the potential drug interference in this 
assay, titers of neutralizing antibodies were measured in fol
low-up serum samples taken 14 days after the viral challenge 
(Day 50). These samples were obtained 13 days after the final 
administration of mFc-ABDEG, exceeding the estimated 
wash-out period of mFc-ABDEG in naive mice (with a half- 
life of approximately 5 hours). In order to further confirm the 
hypothesis of drug interference, these follow-up samples were 
reconstituted with mFc-ABDEG. Neutralizing antibodies were 
detected in all vaccinated groups on study day 50 (28 days post 
boost vaccination) irrespective of mFc-ABDEG treatment 
(Figure 2d). Furthermore, the addition of mFc-ABDEG 
(200 µg/mL) resulted in a complete reduction of neutralizing 
antibody titers in all vaccinated groups, both with and without 

mFc-ABDEG treatment, thereby confirming the drug interfer
ence in the neutralizing assay.

mFc-ABDEG treatment does not affect the generation of 
a cellular COVID-19 vaccine response in the described 
model

Vaccine-induced cellular responses were assessed by measur
ing the IFN-γ-secreting cells, antigen-experienced (CD44+) 
IFN-γ+ or IL-4+ CD4 and CD8 T cells and T cell associated 
cytokines, following stimulation of isolated splenocytes with 
the Spike (S) peptide pool. On study day 32 (10 days post-boost 
vaccination), IFN-γ-secreting cells were detected in all vacci
nated groups, irrespective of mFc-ABDEG treatment 
(Figure 3a). The nonspecifically stimulated positive control 
phorbol myristate acetate (PMA)/ionomycin induced 
a strong response compared to the unstimulated negative 
control. Notably, two male samples in the vaccine-only cohort 
had lower cellular input and were excluded from the ELISPOT 
quantification.

Antigen experienced (CD44+) IFN-γ+ CD4 and CD8 
T cells were activated after S-peptide pool stimulation in 
both vaccinated groups, with or without mFc-ABDEG 
treatment (Figure 3b–d). The frequencies of cytokine- 
secreting, antigen-experienced IFN-γ+ CD4 and CD8 
T cells were not significantly affected by mFc-ABDEG 
treatment. Furthermore, very low frequencies of IL-4+ 

a

c d

b

Figure 3. T cell responses to vaccination in mFc-ABDEG-treated animals (COVID-19) (4 mice per group − 2 per sex): (a) IFN-γ-secreting cells in vaccinated mice as 
measured by ELISPOT. Splenocytes were stimulated with an overlapping S-peptide pool (miltenyi), PMA/ionomycin cocktail, or left unstimulated. Low cell input: less 
cells than the recommended number of cells was used due to low cell numbers recovered after single cell splenocyte cultures were prepared. (b) S-specific ifn-γ- and IL- 
4-secreting T cells at 10 days post-vaccination quantified by flow cytometry. T cells (live, singlet, CD3+, CD4+, or CD8+) after 6 h stimulation with a S-peptide pool 
(miltenyi), PMA/ionomycin, or media (no stimulation) in the presence of protein transport inhibitor. Frequency of antigen-experienced (b) IFN-γ+ CD4 T cells, (c) IL-4+ 
CD4 T cells, and (d) IFN-γ+ CD8 T cells. Error bars represent standard deviation.
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CD4 T cells were reactivated in vaccinated mice, suggesting 
that vaccination elicited a predominantly Th1-biased 
immune profile.

In vaccinated mice, T cell associated cytokines (IL-2, IL-4, 
IFN-γ and TNFα) were secreted following S-peptide pool 
stimulation, illustrating the T cell responses to vaccination 
(Figure 4). The stimulation with S-peptide produced 
a positive but variable response irrespective of mFc-ABDEG 
treatment. The levels of measured cytokines were similar (IL- 
2, IFN-γ and TNFα) or significantly higher (IL-4) in mFc- 
ABDEG treated group compared to non-treated vaccinated 
control group. Of note, the higher level of IFN-γ response in 
peptide-stimulated, non-vaccinated group was unexpected 
and was probably caused by contamination (Figure 4d). In 
summary, multiple assays used to evaluate T cell responses 
yielded consistent results, indicating that mFc-ABDEG treat
ment did not adversely affect vaccine-induced T cell 
responses.

mFc-ABDEG treatment does not affect vaccine-mediated 
protection upon SARS-CoV-2 challenge in the described 
model

Animals were challenged with 104 PFU of SARS-CoV-2 virus via 
the intranasal route. No body weight loss was observed follow
ing the virus challenge (Figure 5a). Body weight loss upon 
experimental infection with the mouse-adapted virus depends 
on the age of the mice, with transient weight loss particularly 

observed in older mice (18 weeks).26 Lungs were collected at 3  
days post- infection for virus titration. Vaccination resulted in 
the absence of detectable virus titers in the lungs of vaccinated 
mice, and this beneficial effect was not influenced by mFc- 
ABDEG treatment (Figure 5b). Female mice showed lower 
virus titers compared to male mice at this time point post 
infection. Histopathology scoring was performed on lungs col
lected 3 days post-infection with SARS-CoV-2 virus (Figure 5c, 
Pathology scoring data can be found in Supplemental material). 
The observed pathology scores post-infection were generally 
low, and they were completely absent in vaccinated male mice, 
irrespective of mFc-ABDEG treatment. In vaccinated female 
mice, a slight reduction in the average cumulative pathology 
score was noted when compared with the unvaccinated group, 
displaying a sex difference in protection from pathology in 
vaccinated animals. The beneficial effect of vaccination was 
not impacted by mFc-ABDEG treatment (Figure 5c).

mFc-ABDEG treatment does not affect the generation of 
a protective humoral influenza vaccine response in the 
described model

Vaccine-induced humoral responses were analyzed by mea
suring the levels of antigen-specific binding and neutraliz
ing antibodies. On study day 30 (8 days post-boost 
vaccination), QIV-vaccinated mice mounted specific IgG 
and IgM immune responses against influenza HA com
pared with unvaccinated PBS control mice (Figure 6a,b). 

a b

c d

Figure 4. Cytokine levels in culture supernatant of restimulated splenocytes from mFc-ABDEG-treated vaccinated animals (COVID-19) (4 mice per group − 2 per sex): 
splenocytes were stimulated with an overlapping S-peptide pool (miltenyi), or PMA/ionomycin cocktail, or left unstimulated. Levels of T-cell associated cytokines IL-2 
(a), IL-4 (b), IFN-γ (c) and TNFα (d) were measured in culture supernatant by multiplex cytokine ELISA. Error bars represent standard deviation.
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The levels of H1N1-specific antibodies were statistically 
significant compared to PBS controls (p < .001). In mice 
treated with mFc-ABDEG, significantly lower (p < .001) 
titers of anti-HA IgG were observed in both males and 
females, consistent with the pharmacological effect of mFc- 
ABDEG. No significant difference in anti-HA IgM titers 
was noted in mFc-ABDEG treated mice compared to 
untreated vaccinated mice.

QIV vaccination induced hemagglutination inhibition titers 
reflecting H1N1 virus-neutralizing antibodies in all vaccinated 
males and female mice compared to unvaccinated mice 
(Figure 6c).

The difference in levels of neutralizing antibodies were 
statistically significant compared to PBS controls (p < .001), 
and in female vaccinated group, they were significantly higher 
compared to male vaccinated group. Titers of neutralizing 
antibodies were lower in mFc-ABDEG treated female animals 
compared with untreated female mice (p < .001). However, for 
male mice, the antibody-lowering effect of mFc-ABDEG treat
ment did not result in a statistically significant difference 
between vaccinated-treated and -untreated male mice.

mFc-ABDEG treatment does not affect the generation of 
a cellular influenza vaccine response in the described 
model

Vaccine-induced cellular responses were evaluated by measur
ing the IFN-γ-secreting cells, antigen experienced (CD44+) 
IFN-γ+ or IL-4+ CD4 and CD8 T cells and T cell associated 
cytokines, after stimulation of isolated splenocytes with the 
H1N1 peptide pool. On study day 32, a very low number of 
IFN-γ-secreting cells were observed in response to the QIV 
vaccination in all vaccinated mice, while a stronger response to 
positive control (PMA+ionomycin) was noted regardless of 
mFc-ABDEG treatment (Figure 7a). It is worth mentioning 
that QIV and other inactivated influenza vaccines have been 
shown to be poor inducers of T-cell immunity as described 
previously by Jangra et al.31 Of note, one male sample in the 
vaccine-only cohort had a lower cellular input and was excluded 
from the ELISpot quantification.

Frequencies of antigen experienced (CD44+) IFN-γ+ 
CD4 and CD8 T cells, after stimulation with H1N1 peptide 
pool, were also notably low in the vaccinated groups with 
or without mFc-ABDEG treatment (Figure 7b–d). The 

a

b c

Figure 5. Vaccine-induced immunity protects mice against SARS-CoV-2 infection irrespective of mFc-ABDEG treatment: (a) bodyweight changes in 129S1 mice 
challenged with mouse-adapted SARS-CoV-2 virus (10,000 PFU) over a period of 14 days (12 mice per group − 6 per sex). (b) lung virus titers in male and female mice at 
3 days post infection (6 mice per group − 3 per sex). (c) cumulative pathology score in lungs collected at 3 days post-infection (6 mice per group − 3 per sex). Error bars 
represent standard deviation.
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positive control (PMA+ionomycin) elicited a clear response 
compared to the unstimulated negative control, irrespective 
of the mFc-ABDEG treatment. Similarly, the cytokine pro
file aligns with the minimal T cell response observed in the 
IFN-γ ELISpot and ICS experiments. In vaccinated groups, 
the secretion of T cell associated cytokines (IL-2, IL-4, 
IFN-γ and TNFα) was very weak after H1N1 peptide 
pool stimulation, indicating a markedly low T cell response 
to vaccination with QIV (Figure 8). However, these cyto
kines were induced by the positive control (PMA+ionomy
cin) regardless of the mFc-ABDEG treatment. Overall, the 
T cell responses triggered by the positive control in these 
assays, were not negatively impacted by mFc-ABDEG 
treatment.

mFc-ABDEG treatment does not affect vaccine-mediated 
protection upon IVR-180 H1N1 challenge in the described 
model

Mice that were vaccinated, with or without mFc-ABDEG 
treatment and subsequently challenged with IVR-180 h1N1 

virus, showed no differences in body weight (Figure 9a). In 
contrast, unvaccinated mice experienced a loss of more than 
20% of their initial body weight following viral challenge. All 
unvaccinated mice were euthanized for humane reasons 
when their body weight loss reached more than 20% of 
their initial body weight. Vaccination resulted in complete 
control of lung virus titers, irrespective of mFc-ABDEG 
treatment, while unvaccinated mice had detectable lung 
virus titers (Figure 9b).

mFc-ABDEG treatment results in reduced total IgG levels

Total IgG concentration was measured in all study groups for 
both COVID-19 and influenza models (Figure 10). In the 
vaccinated mice without mFc-ABDEG treatment, a clear 
increase of IgG was observed following both the prime and 
boost vaccinations, with the latter resulting in a more substan
tial IgG elevation. Total IgG levels were reduced in the vacci
nated mice treated with mFc-ABDEG, as expected, based on its 
pharmacological properties. On the first day post-viral chal
lenge (*), the reduction in IgG was approximately 80% 

a b

c

Figure 6. Antibody responses to vaccination in mFc-ABDEG-treated animals (influenza model) (16 mice per group − 8 per sex): ELISA was performed on post-boost 
serum (day 8 post-boost vaccination) to assess the production of anti-ha IgG (a) and anti-ha IgM (b) in response to vaccination in mice with or without mFc-ABDEG 
treatment, along with the non-vaccinated group. (c) hemagglutination inhibition (HI) assays were performed on post-boost serum (taken 8 days post-boost 
vaccination) to measure the virus-neutralizing antibodies using the influenza IVR-180 h1N1 virus. Error bars represent standard deviation.
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Figure 7. T cell responses to vaccination in mFc-ABDEG-treated animals (influenza model) (4 mice per group − 2 per sex): a) IFN-γ-secreting cells in vaccinated mice as 
measured by ELISPOT. Splenocytes were stimulated with an overlapping H1N1 peptide pool (miltenyi), PMA/ionomycin cocktail, or left unstimulated. b-d: H1N1- 
specific IFN-γ- and IL-4-secreting T cells at 10 days post-vaccination quantified by flow cytometry. T cells (live, singlet, CD3+, CD4+, or CD8+) after 6 h stimulation with 
a H1N1 peptide pool (miltenyi), PMA/ionomycin, or media (no stimulation) in the presence of protein transport inhibitor. Frequency of antigen-experienced (b) IFN-γ+ 
CD4 T cells, (c) IL-4+ CD4 T cells, and (d) IFN-γ+ CD8 T cells. Error bars represent standard deviation.

a b

c d

Figure 8. Cytokine levels in culture supernatant of restimulated splenocytes from mFc-abdeg-treated vaccinated animals (influenza) (4 mice per group − 2 per sex): 
splenocytes were stimulated with an overlapping H1N1-peptide pool (miltenyi), or PMA/ionomycin cocktail, or left unstimulated. Levels of T-cell associated cytokines 
IL-2 (a), IL-4 (b), IFN- γ (c) and TNFα (d) were measured in culture supernatant by multiplex cytokine ELISA. Error bars represent standard deviation.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 11



compared to the vaccine-only group. These observations were 
seen for both COVID-19 and influenza models. Notably, 
a nonspecific increase in total IgG was observed in the unvac
cinated PBS control group, which was likely triggered by 
a stimulation of the immune system secondary to a new hous
ing environment.32 

Discussion

Patients with autoimmune diseases exhibit an elevated sus
ceptibility to infections because of their autoimmunity dis
order, increased comorbidity, and treatment with 
immunosuppressive and immunomodulating drugs. The 
increased risk of infection e.g. with SARS-CoV-2, requires 
an effective vaccination to prevent severe disease outcomes. 
However, the efficacy of vaccines can be influenced by the 
concurrent use of immunosuppressive and immunomodulat
ing drugs.7–17 Indeed, drugs such as Prednisone, Janus 
kinase inhibitors, Methotrexate and Mycophenolate mofetil 
may attenuate the immune response elicited by vaccines, 
though they do not appear to induce non-response. Despite 
this, vaccination remains beneficial for patients. Similarly, 
TNF inhibitors, while not impairing a measurable immune 
response to vaccines, may still result in a less robust vaccine 

efficacy compared to healthy controls. Adjustments in dos
ing intervals or temporary suspension of medication may be 
considered for autoimmune patients undergoing immuno
suppressive therapy.7–14 B cell depleting therapy using anti- 
CD20 antibodies adversely impacts the production of pro
tective antibodies by effector B cells and the generation of 
virus-specific memory B cells, crucial for antibody produc
tion upon re-exposure to antigens. The majority of indivi
duals exhibit a robust CD4 and CD8 T cell response post 
SARS-CoV-2 infection or after vaccination, with some devel
oping a memory phenotype potentially responsible for pro
longed immunity. Unlike humoral responses, antigen- 
specific CD4 and CD8 T cell responses to vaccination 
remain unaffected by anti-CD20 therapy.15–17 FcRn blockers 
decrease IgG levels to nadir levels that remain measurable 
and without adversely impacting the immune system 
mechanisms.2 The transient nature of IgG reduction follow
ing FcRn inhibition indicates that B cell functionality, speci
fically IgG production by plasma cells, remains unaltered.18 

The safety of immunization with live or live-attenuated 
vaccines and the response to immunization with these vac
cines during treatment with efgartigimod are unknown. For 
patients that are being treated with efgartigimod, vaccination 
with live or live-attenuated vaccines is generally not 

a

b

Figure 9. Vaccine-induced immunity protects mice against influenza infection irrespective of mFc-ABDEG treatment: (a) bodyweight changes in C57BL/6 mice 
challenged with IVR-180 h1N1 virus (18,000PFU) over a period of 14 days (12 mice per group − 6 per sex). (b) lung virus titers in male and female mice at 3 days post- 
infection (6 mice per group − 3 per sex). Error bars represent standard deviation.
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recommended. If vaccination with live or live-attenuated 
vaccines is required, these vaccines should be administered 
at least 4 weeks before treatment and at least 2 weeks after 
the last dose of efgartigimod. Other vaccines may be admi
nistered as needed at any time during treatment with 
efgartigimod.19 Clinical data confirmed that patients treated 
with efgartigimod can sustain the ability to mount humoral 
responses to vaccination, and levels of virus-specific anti
body titers are maintained and closely follow the kinetics 
of total IgG reduction.20–23

In this study, we conducted more in-depth research into the 
impact of FcRn antagonism by an antibody Fc fragment (mFc- 
ABDEG), on vaccine-induced humoral and cellular responses 
along with its influence on protective immunity against viral 
challenges. The mFc-ABDEG is a mouse-adapted antibody Fc 
fragment closely emulating the functionality of efgartigimod. 
We used mouse vaccination models for both COVID-19 and 
influenza for this investigation. The mouse model used to study 
the effect of mFc-ABDEG treatment on effectiveness of vaccina
tion to protect against a COVID-19 challenge did not yield high 
morbidity or mortality and therefore may not mirror human 

disease as observed early in the pandemic. However, observed 
lung pathology was reflective of COVID-19 related lung disease 
and therefore seems to be defendable as a model for the milder 
COVID-19 disease that was observed later in the pandemic.

In the herein presented COVID-19 study, lung pathology in 
female mice was similar to the one observed in male mice, 
however, virus titers recovered from lung tissues were lower at 
the time measured. It needs to be considered that peak virus 
titers may not coincide with the peak in pathology. 
Histopathological scoring can be high in the absence of detect
able viral titers since scores are driven by the presence of 
immune cells, next to tissue damage markers like edema and 
necrotic cells. Although histopathological scores typically 
reflect virus-induced tissue damage, infiltrating immune cells 
can be part of the protective mechanism (for example cytotoxic 
T cells that help clear infected epithelial cells) or part of the 
active repair response after virus infection (M2 macrophages, 
eosinophils and Tregs). Hence, it is possible that histopatho
logical scores reflect these mechanisms after the virus titers 
have peaked earlier or, in the case of a protective immune 
response, after virus titers were better controlled through 

a b
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Figure 10. Total IgG concentration in unvaccinated mice and vaccinated mice with or without mFc-ABDEG treatment: ELISA was performed on all serum samples from 
each study group to assess the concentration of total IgG. (a) COVID-19 model: total IgG levels in unvaccinated PBS control group (4 mice per sex). (b) COVID-19 model: 
total IgG levels in vaccine-only (3 mice per sex) and vaccine + mFc-abdeg groups (3 mice per sex) (c) influenza model: total IgG levels in unvaccinated PBS control group 
(4 mice per sex) till day 6 post viral challenge, when all mice were euthanized as their body weight loss reached more than 20% of their initial body weight. (d) influenza 
model: total IgG levels in vaccine-only (3 mice per sex) and vaccine + mFc-ABDEG groups (3 mice per sex). Note: for a few timepoints, the numbers of actually analyzed 
mice are displayed. Error bars represent standard deviation.
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these mechanisms. We and others have observed sex differ
ences in host responses to infection and vaccination, which 
may explain why peak virus titers might be at different time
points post infection for male and female mice.

Vaccination induced robust humoral responses, as virus- 
specific binding and neutralizing antibodies were produced, 
even when animals were treated with mFc-ABDEG before and 
during the vaccination period. However, the titers of virus- 
specific IgG and total IgG were lower in mFc-ABDEG-treated 
mice, as expected, since mFc-ABDEG increases IgG degrada
tion. In contrast, virus-specific IgM titers were not affected by 
mFc-ABDEG treatment, as IgM is not recycled by FcRn. The 
COMIRNATY vaccine induced a strong T cell (Th1) response, 
with reactive IFN-γ+ T cells against SARS-CoV-2 generated 
comparably in both mFc-ABDEG-treated and untreated vac
cinated mice. Multiple assays used to evaluate T cell responses 
yielded consistent results, indicating that mFc-ABDEG treat
ment did not adversely affect T cell responses. QIV vaccination 
resulted in poor overall T cell induction, even with the use of 
AddaVax adjuvant, irrespective of mFc-ABDEG treatment. 
Poor T cell induction was anticipated due to the Th2-biased 
response that inactivated influenza vaccines typically induce.31

Interestingly, the mFc-ABDEG-mediated reduction of 
virus-specific IgG did not compromise protective immunity 
against viral challenges in both models. Mice treated with 
mFc-ABDEG were protected from pathology, body weight 
loss, and they controlled lung virus titers equally well as non- 
treated vaccinated controls. It is important to emphasize that 
in the influenza model, despite lower levels of virus-specific 
IgG and the lack of a measurable T cell response against the 
influenza virus, mice treated with mFc-ABDEG were all pro
tected against viral challenge similarly to the non-treated vac
cinated controls. This indicates that IgM and nadir-IgG levels 
were sufficient to control disease in these mice.

These findings align with the observations from a T-Cell – 
Dependent Antibody Response (TDAR) study conducted in 
Cynomolgus monkeys to examine the effect of efgartigimod 
treatment on humoral and cellular immune responses after 
immunization with Keyhole Limpet Hemocyanin (KLH).33 

Lower anti-KLH IgG titers were observed after the second 
KLH challenge in efgartigimod-treated animals, which nor
malized during the treatment-free period. No difference was 
observed in IgM titers or KLH-elicited cellular response (IFNγ 
ELISpot) between efgartigimod- and vehicle control-treated 
animals. The data showed that T-cell – dependent antibody 
and cellular immune responses were mounted to 
a prototypical antigen under efgartigimod treatment. 
Furthermore, in line with the mode of action, total IgG titers 
were significantly decreased under efgartigimod treatment and 
normalized during the treatment-free period. In addition, no 
difference was observed in antibody and cellular responses 
after a third KLH challenge during the treatment-free period 
between treated- and vehicle control animals, indicating that 
memory responses were not affected by efgartigimod 
treatment.

These non-clinical data further substantiate clinical obser
vations from a controlled healthy volunteer vaccination study 
with efgartigimod: although IgG titers were reduced, FcRn 
antagonism with efgartigimod did not impair the ability to 

generate new specific IgG responses and B cell responses, 
regardless of the timing of a T cell independent vaccination 
in healthy volunteers (NCT05163834).23 These results were 
further confirmed in a clinical setting in myasthenia gravis 
(MG) patients that were treated with efgartigimod IV or SC: 
MG patients who participated in MG studies ADAPT, ADAPT 
+ or ADAPT-SC+ and that received influenza or COVID-19 
vaccines (T-cell dependent vaccines) during treatment were 
able to mount antigen-specific humoral responses regardless 
of treatment with efgartigimod and even when total IgG levels 
were maximally suppressed.20–22 In the controlled healthy 
volunteer vaccination study, the established safety profile of 
efgartigimod was maintained, and there was no increased risk 
of infections. Similar observations were reported in MG 
patients who received vaccinations during the ADAPT, 
ADAPT+, and ADAPT-SC+ studies. Based on the clinical 
safety and immune response assessments, vaccines, except 
live or live-attenuated vaccines, may be administered as 
needed at any time during treatment with efgartigimod.19

Although vaccine efficacy against viral challenge was not 
affected by the reduction in antibody levels, it is important to 
note that the animals were challenged 10 days after the boost 
vaccination. At this time, antibody levels are expected to be 
relatively high compared to real-world situations, where anti
body levels gradually decline over time, and memory responses 
play a more significant role in viral protection.34–36 

Nevertheless, this study assessed the most extreme condition, 
characterized by maximum antibody reduction by mFc-ABDEG 
during both vaccination and viral challenge. In real-world situa
tions, persistent memory responses are crucial for protection 
against infections. As previously discussed, efgartigimod does 
not impair the reactivation of memory cells, as demonstrated in 
the TDAR study. Additionally, in the phase 2 trial with efgarti
gimod in pemphigus patients, preexisting autoantibodies (anti- 
varicella zoster virus (VZV), anti-pneumococcal capsular poly
saccharide (PCP) and anti-tetanus toxin (TT) antibodies) were 
measured. Upon efgartigimod treatment, anti-VZV and anti- 
PCP antibodies reached nadir between Days 22 and 36, whereas 
anti-TT IgG exhibited a somewhat slower decline. Total IgG and 
evaluated antibody titers (anti-VZV, anti-PCP, anti-TT) 
remained stably suppressed for as long as patients were dosed 
with biweekly efgartigimod. Following the last infusion (Day 
238), a gradual return of total IgG and evaluated antibodies to 
baseline levels was observed. The subsequent return to normal 
levels upon cessation of efgartigimod treatment indicated no 
negative effect on long-lived plasma cell (LLPC) responses.20 

The viral challenge data further supports that protective anti
body levels from vaccination can be preserved, even when total 
IgG levels are reduced to nadir levels by efgartigimod. These 
results are translatable to the human situation in principle, 
though, in humans immune responses elicited by vaccination 
can vary based on preexisting immunity, concomitant immu
nosuppressive therapies and the presence of chronic underlying 
conditions, as well as the age and sex of the patients, while in the 
presented controlled animal studies de novo immune responses 
were assessed without studying the impact of the cited factors.

In conclusion, mFc-ABDEG treatment did not affect the 
generation of protective vaccine-induced immune responses 
in both COVID-19 and influenza vaccination models. mFc- 
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ABDEG treatment reduced the levels of virus-binding and 
neutralizing IgG, but not IgM, in line with the mode of 
action of mFc-ABDEG. Protective immunity against viral 
challenge was fully maintained in both models despite the 
lowered anti-virus IgG titers caused by mFc-ABDEG treat
ment. Findings from these vaccination studies and previous 
observations indicate that FcRn antagonism does not inter
fere with the underlying mechanisms of the immune 
system’s response to vaccination. By comparison, immuno
suppressive or immunomodulating agents adversely affect 
the essential immune components needed to generate vac
cine-induced responses. FcRn antagonism selectively targets 
IgG recycling in a transient manner, without impacting IgG 
production by plasma cells or cellular activity.

Disclosure statement

The M.S. laboratory has received unrelated research funding in sponsored 
research agreements from Moderna, 7Hills Pharma and Phio 
Pharmaceuticals which has no competing interest with this work.

All authors declare no other competing interests except that MM, OB, 
HW, PV, MN, NE, KA, SS, PU, JB are or were employees of argenx and 
hold argenx stock options.

GS, PW, LC, GL, MS are or were employees of Icahn School of 
Medicine at Mount Sinai at the time of study. 

Funding

This study was sponsored and funded by Argenx, argenx BV· Zwijnaarde, 
Flanders, East Flanders, BE.

Notes on contributors

Prajakta Warang is an experienced scientist, formerly in the Schotsaert 
Laboratory (Icahn School of Medicine at Mount Sinai), specializing in 
infectious disease research and vaccine development, with a focus on 
SARS-CoV-2, influenza, and monkeypox virus. She has led collaborative 
efforts to evaluate vaccine efficacy in the context of comorbidities such as 
obesity and diabetes using in-vivo models. She has independently con
ducted pre-clinical investigations of drug-vaccine interactions in BSL-3 
environments and spearheaded studies on the role of adjuvants in 
immune responses. She is skilled in quantifying humoral and cellular 
responses using flow cytometry, ELISA, and immunoassays, and has 
contributed to virus cultivation and next-generation sequencing for emer
ging virus variants. In her current position at Scripps Research, she 
applies her expertise to conduct fundamental and translational research 
to accelerate the development of innovative, new medicines.

Gagandeep Singh is an Associate Scientist at the Schotsaert laboratory 
(Icahn School of Medicine at Mount Sinai). He is an early-stage researcher 
with expertise in molecular biology, forensic genetics, biochemistry, and 
bioinformatics. His research has focused on genetic diversity among 
ethnic groups in India using molecular markers. Currently, his interests 
lie in infectious diseases, particularly SARS-CoV-2 and influenza, as well 
as vaccinology.

Mahan Moshir is a Senior Translational Scientist, currently at argenx, 
with over 20 years of experience in research and development, focusing on 
antibody discovery, preclinical and translational research. He has actively 
supported the development of therapeutic antibodies for cancer and 
autoimmune diseases, with expertise in immunology and 
pathophysiology.

Ornella Binazon is a leading principal scientist at argenx. As safety 
toxicologist, she has over a decade of experience in risk assessment, 
pharmacovigilance and non-clinical toxicology in the pharmaceutical 

and biotechnology industries. She is an expert in evaluating drug safety 
and dedicated to ensuring the protection of human health throughout the 
development of drug candidates.

Gabriel Laghlali is a Research Associate at the Schotsaert laboratory 
(Icahn School of Medicine at Mount Sinai), focusing on the role of 
adjuvants in the development of influenza and SARS-CoV-2 vaccines 
and their induced protection against infection. His research interests 
include vaccination, respiratory viruses, and the induction of cell death 
during infection.

Lauren A. Chang is a graduate student at the Schotsaert laboratory (Icahn 
School of Medicine at Mount Sinai), researching the role of eosinophils 
and other granulocytes in respiratory viral infections and vaccinations, 
with a focus on their interactions with lung immune cells. She has devel
oped advanced spectral flow cytometry panels for characterizing immune 
cells across various mouse tissues and is involved in the preclinical 
evaluation of influenza and SARS-CoV-2 vaccines and antivirals in ani
mal models.

Heidi Wouters is a biostatistician at argenx, specializing in the design and 
analysis of clinical and preclinical studies for therapeutic antibody devel
opment. With nearly two decades of experience in biostatistics, she 
applies her expertise in statistical modeling and data interpretation to 
ensure robust, data-driven decision-making that advances innovative 
treatments.

Peter Vanhoenacker is Director of Bioanalytics at argenx, bringing nearly 
two decades of experience in developing and implementing bioanalytical 
strategies for therapeutic antibody programs. Prior to argenx he worked 
in academica on eukaryotic expression systems and GPCRs. With exper
tise in assay development, regulatory compliance, and data interpretation, 
he plays a key role in ensuring the quality of innovative biologics.

Margo Notebaert is an Associate scientist in Bioanalytics at argenx, 
specializing in developing and validating bioanalytical assays for thera
peutic antibody programs. With extensive experience in data analysis and 
laboratory techniques, she contributes to ensuring the accuracy and 
reliability of critical bioanalytical data.

Nadia Elhemdaoui is a Senior Research Associate in Bioanalytics at 
argenx, specializing in developing and validating bioanalytical assays for 
therapeutic antibody programs. With extensive experience in data analy
sis and laboratory techniques, she contributes to ensuring the accuracy 
and reliability of critical bioanalytical data.

Kateřina Augustynková is a Senior Research Associate in Bioanalytics at 
argenx, specializing in developing and validating bioanalytical assays for 
therapeutic antibody programs. With extensive experience in data analy
sis and laboratory techniques, she contributes to ensuring the accuracy 
and reliability of critical bioanalytical data. She also has a strong back
ground in immunocytokines and immuno-oncology.

Sophie Steeland is a leading principal clinical scientist for efgartigimod at 
argenx. Her research focuses on clinical development of therapeutic anti
bodies for treatment of autoimmune diseases. With a strong background 
in clinical research and a particular interest in immunology and neurol
ogy, she is dedicated to ensuring that promising antibody therapies are 
effectively developed for patient use. She was scientific lead on the MG 
program of efgartigimod and supported regulatory approval of Vyvgart 
and Vyvgart hytrulo in MG in multiple regions.

Peter Ulrichts is the Chief Scientific Officer at argenx. His innovative 
work has contributed to the development of various therapeutic antibo
dies for the treatment of cancer and autoimmune diseases. He headed the 
development of argenx’ FcRn antagonist efgartigimod until the first-in- 
human study, after which he transitioned to become the lead scientist of 
the efgartigimod program. In his current role, he oversees the develop
ment of all clinical and pre-clinical compounds within argenx’s pipeline.

Judith Baumeister is the Head of Toxicology & Non-Clinical 
Pharmacology at argenx, with 30 years of experience in drug safety and 
efficacy evaluation. Prior to argenx she has worked in academia and 
industry on virology, vaccines and biotherapeutics. Key activity and 
expertise are nonclinical safety of biotherapeutics, physiology of 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 15



nonclinical species, responses to vaccines. She has been a key contributor 
to regulatory submissions for efgartigimod.

Michael Schotsaert is an immunologist and vaccinologist specializing in 
influenza, ZIKA, and SARS-CoV-2. With over 20 years of experience in 
host-pathogen interactions, he develops and evaluates vaccines, adju
vants, and antiviral treatments using preclinical infection models. Since 
2020, he has led a research team at the Icahn School of Medicine at Mount 
Sinai, studying immune responses to infection and vaccination, particu
larly in the context of comorbidities like obesity, diabetes, and aging.

Acknowledgments

MS wants to thank Dr. Randy Albrecht for management of the BSL3 
facilities at the Icahn School of Medicine at Mount Sinai.

Authors’ contributions

PW, GS, MS, MM, OB, and JB designed the study. PW, GS, and LAC 
conducted animal models and sample analysis. PW, GS, LAC, MS, MM, 
and OB performed data analyses and interpretation. PV, MN, NE, and KA 
contributed to IgG sample analysis and data interpretation. HW con
ducted statistical analysis and interpretation. PW, GS, LAC, MS, and MM 
wrote the initial draft of the manuscript. PW, GS, LAC, MS, MM, OB, SS, 
HW, PV, PU, and JB contributed to the writing, and all authors reviewed 
the manuscript.

Biographical note

The Schotsaert laboratory uses viruses, adjuvants and vaccines to study 
host immune responses to infection and vaccination in preclinical mod
els. The outcome of the Schotsaert lab research contributes to a better 
understanding of host-pathogen interactions and is important for adju
vant and vaccine development, and to better understand the impact of 
immunological or antiviral interventions on host immunity.

argenx* is a global immunology company committed to improving the 
lives of people suffering from severe autoimmune diseases. Partnering 
with leading academic researchers through its Immunology Innovation 
Program (IIP), argenx aims to translate immunology breakthroughs into 
a world-class portfolio of novel antibody-based medicines. argenx devel
oped and is commercializing the first approved neonatal Fc receptor 
(FcRn) blocker, globally in the U.S., Japan, the EU, the UK, China and 
Canada. The Company is evaluating efgartigimod in multiple serious 
autoimmune diseases and advancing several earlier stage experimental 
medicines within its therapeutic franchises.

*Mahan Moshir, Ornella Binazon, Heidi Wouters, Peter 
Vanhoenacker, Margo Notebaert, Nadia Elhemdaoui, Kateřina 
Augustynková, Sophie Steeland, Peter Ulrichts, Judith Baumeister

Ethics

The animal studies were reviewed and approved by IACUC of the Icahn 
School of Medicine at Mount Sinai.

References

1. Wolfe GI, Ward ES, de Haard H, Ulrichts P, Mozaffar T, 
Pasnoor M, Vidarsson G. IgG regulation through FcRn blocking: 
a novel mechanism for the treatment of myasthenia gravis. 
J Neurol Sci. 2021 Nov 15;430:118074. doi:10.1016/j.jns.2021. 
118074  .

2. Ulrichts P, Guglietta A, Dreier T, van Bragt T, Hanssens V, 
Hofman E, Vankerckhoven B, Verheesen P, Ongenae N, 
Lykhopiy V, et al. Neonatal fc receptor antagonist efgartigimod 
safely and sustainably reduces IgGs in humans. J Clin 
Investigation. 2018;128(10):4372–4386. doi:10.1172/JCI97911  .

3. Howard JF, Bril V, Burns TM, Mantegazza R, Bilinska M, 
Szczudlik A, Beydoun S, Garrido FJRDR, Piehl F, Rottoli M, 
et al. Randomized phase 2 study of FcRn antagonist efgartigimod 
in generalized myasthenia gravis. Neurol. 2019;92(23):e2661– 
e2673. doi:10.1212/WNL.0000000000007600  .

4. Goebeler M, Bata-Csörgő Z, De Simone C, Didona B, Remenyik E, 
Reznichenko N, Stoevesandt J, Ward ES, Parys W, de Haard H, 
et al. Treatment of pemphigus vulgaris and foliaceus with efgarti
gimod, a neonatal Fc receptor inhibitor: a phase II multicentre, 
open-label feasibility trial. Br J Dermatol. 2022;186(3):429–439. 
doi:10.1111/bjd.20782  .

5. Howard JF, Bril V, Vu T Jr., Karam C, Peric S, Margania T, 
Murai H, Bilinska M, Shakarishvili R, Smilowski M, et al. Safety, 
efficacy, and tolerability of efgartigimod in patients with general
ised myasthenia gravis (ADAPT): a multicentre, randomised, 
placebo-controlled, phase 3 trial. Lancet Neurol. 2021;20 
(7):526–536. doi:10.1016/S1474-4422(21)00159-9  .

6. Newland AC, Sánchez-González B, Rejtő L, Egyed M, 
Romanyuk N, Godar M, Verschueren K, Gandini D, Ulrichts P, 
Beauchamp J, et al. Phase 2 study of efgartigimod, a novel FcRn 
antagonist, in adult patients with primary immune 
thrombocytopenia. Am J Hematol. 2020;95(2):178–187. doi:10. 
1002/ajh.25680  .

7. Georgiev T, Angelov AK. Complexities of diagnosis and manage
ment of COVID-19 in autoimmune diseases: potential benefits 
and detriments of immunosuppression. World J Clin Cases. 2020 
Sep 6;8(17):3669–3678. doi:10.12998/wjcc.v8.i17.3669  .

8. Velikova T, Georgiev T. SARS-CoV-2 vaccines and autoimmune 
diseases amidst the COVID-19 crisis. Rheumatol Int. 2021 Mar;41 
(3):509–518. doi:10.1007/s00296-021-04792-9  .

9. Fugger L, Jensen LT, Rossjohn J. Challenges, progress, and pro
spects of developing therapies to treat autoimmune diseases. Cell. 
2020 Apr 2;181(1):63–80. doi:10.1016/j.cell.2020.03.007  .

10. Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and 
clinical outcomes of COVID-19 in patients with autoimmune 
diseases: a systematic review and meta-analysis. Ann Rheum Dis. 
2021 Mar;80(3):384–391. doi:10.1136/annrheumdis-2020-218946  .

11. Bruscoli S, Puzzovio PG, Zaimi M, Tiligada K, Levi-Schaffer F, 
Riccardi C. Glucocorticoids and COVID-19. Pharmacol Res. 2022 
Nov;185:106511. doi:10.1016/j.phrs.2022.106511  .

12. Widhani A, Hasibuan AS, Rismawati R, Maria S, Koesnoe S, 
Hermanadi MI, Ophinni Y, Yamada C, Harimurti K, Sari ANL, 
et al. Efficacy, immunogenicity, and safety of COVID-19 vaccines 
in patients with autoimmune diseases: a systematic review and 
meta-analysis. Vaccines (Basel). 2023 Sep 4;11(9):1456. doi:10. 
3390/vaccines11091456  .

13. De Santis M, Motta F, Isailovic N, Clementi M, Criscuolo E, 
Clementi N, Tonutti A, Rodolfi S, Barone E, Colapietro F, et al. 
Dose-dependent impairment of the immune response to the 
moderna-1273 mRNA vaccine by mycophenolate mofetil in 
patients with rheumatic and autoimmune liver diseases. Vaccines 
(Basel). 2022 May 18;10(5):801. doi:10.3390/vaccines10050801  .

14. Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, 
Tomblyn M, Bousvaros A, Dhanireddy S, Sung L, Keyserling H, 
et al. Infectious diseases society of America. 2013 IDSA clinical 
practice guideline for vaccination of the immunocompromised 
host. Clin Infect Dis. 2014 Feb;58(3):e44–100. doi:10.1093/cid/ 
cit684  .

15. Furlan A, Forner G, Cipriani L, Vian E, Rigoli R, Gherlinzoni F, 
Scotton P. COVID-19 in B cell-depleted patients after rituximab: 
a diagnostic and therapeutic challenge. Front Immunol. 2021 Nov 
3;12:763412. doi:10.3389/fimmu.2021.763412  .

16. Vairavan KS, Tan L-H, Law J-F, Pusparajah P, Letchumanan V. 
Exploring the safety and effects of COVID-19 vaccination in 
patients with autoimmune disease. Prog Microbes Mol Biol. 2022 
Nov 16;5(1). doi:10.36877/pmmb.a0000277  .

17. Grifoni A, Weiskopf D, Ramirez SI, Mateus J, Dan JM, 
Moderbacher CR, Rawlings SA, Sutherland A, Premkumar L, 
Jadi RS, et al. Targets of T cell responses to SARS-CoV-2 corona
virus in humans with COVID-19 disease and unexposed 

16 P. WARANG ET AL.

https://doi.org/10.1016/j.jns.2021.118074
https://doi.org/10.1016/j.jns.2021.118074
https://doi.org/10.1172/JCI97911
https://doi.org/10.1212/WNL.0000000000007600
https://doi.org/10.1111/bjd.20782
https://doi.org/10.1016/S1474-4422(21)00159-9
https://doi.org/10.1002/ajh.25680
https://doi.org/10.1002/ajh.25680
https://doi.org/10.12998/wjcc.v8.i17.3669
https://doi.org/10.1007/s00296-021-04792-9
https://doi.org/10.1016/j.cell.2020.03.007
https://doi.org/10.1136/annrheumdis-2020-218946
https://doi.org/10.1016/j.phrs.2022.106511
https://doi.org/10.3390/vaccines11091456
https://doi.org/10.3390/vaccines11091456
https://doi.org/10.3390/vaccines10050801
https://doi.org/10.1093/cid/cit684
https://doi.org/10.1093/cid/cit684
https://doi.org/10.3389/fimmu.2021.763412
https://doi.org/10.36877/pmmb.a0000277


individuals. Cell. 2020 June 25;181(7):1489–1501.e15. doi:10.1016/ 
j.cell.2020.05.015  .

18. Dalakas MC, Spaeth PJ. The importance of FcRn in 
neuro-immunotherapies: from IgG catabolism, FCGRT gene poly
morphisms, IVIg dosing and efficiency to specific FcRn inhibitors. 
Ther Adv Neurol Disord. 2021 Feb 26;14:1756286421997381. 
doi:10.1177/1756286421997381  .

19. Vyvgart 20 mg/mL concentrate for solution for infusion - sum
mary of product characteristics (SmPC) - (emc) (medicines.Org. 
uk).

20. Guptill JT, Sleasman JW, Steeland S, Sips M, Gelinas D, de 
Haard H, Azar A, Winthrop KL. Effect of FcRn antagonism on 
protective antibodies and to vaccines in IgG-mediated autoim
mune diseases pemphigus and generalised myasthenia gravis. 
Autoimmun. 2022 Dec;55(8):620–631. doi:10.1080/08916934. 
2022.2104261  .

21. Howard JF, Sleasman JW, Steeland S, Gelinas D, de Haard H, 
Guptill JT, Azar A, Winthrop K. Response to coronavirus 2019 
vaccination in patients receiving efgartigimod. Poster presented at 
the American Association of Neuromuscular & Electrodiagnostic 
Medicine (AANEM) Annual Meeting; 2022 Sep 21–24; Nashville 
(TN), USA.

22. Steeland S, Saccà F, Howard JF, Sleasman JW, Gistelinck F, 
Duncombe P, Van Hoorick B, Mantegazza R, De Bleecker JL, 
Azar A, et al. COVID-19 vaccination response in participants 
receiving efgartigimod IV or efgartigimod PH20 SC in ADAPT+ 
or ADAPT-SC+. Poster presented at 10th Congress of the 
European Academy of Neurology (EAN); 2024 June 29-July 2; 
Helsinki, Finland.

23. Azar A, Sleasman JW, Verhamme FM, Winthrop K. Humoral 
immune response to polyvalent pneumococcal vaccine in healthy 
participants receiving efgartigimod. Poster presented at the 
Myasthenia Gravis Foundation of America (MGFA) Scientific 
Session at the American Association of Neuromuscular & 
Electrodiagnostic Medicine (AANEM) Annual Meeting; 2023 
Nov 1; Phoenix (AZ), USA.

24. Jangra S, De Vrieze J, Choi A, Rathnasinghe R, Laghlali G, Uvyn A, 
Van Herck S, Nuhn L, Deswarte K, Zhong Z, et al. Sterilizing 
immunity against SARS-CoV-2 infection in mice by a single-shot 
and lipid amphiphile imidazoquinoline TLR7/8 agonist-adjuvanted 
recombinant spike protein vaccine. Angew Chem Int Ed Engl. 2021 
Apr 19;60(17):9467–9473. doi:10.1002/anie.202015362. Epub 2021 
Mar 11. Erratum in: Angew Chem Int Ed Engl. 2021 
Jul 26;60(31):16741-16742.

25. Pigors M, Patzelt S, Reichhelm N, Dworschak J, Khil’chenko S, 
Emtenani S, Bieber K, Hofrichter M, Kamaguchi M, Goletz S, et al. 
Bullous pemphigoid induced by IgG targeting type XVII collagen 
non-NC16A/NC15A extracellular domains is driven by Fc gamma 
receptor- and complement-mediated effector mechanisms and is 
ameliorated by neonatal Fc receptor blockade. J Pathol. 2024 Nov 
6;262(2):161–174. doi:10.1002/path.6220  .

26. Rathnasinghe R, Jangra S, Ye C, Cupic A, Singh G, Martínez- 
Romero C, Mulder LCF, Kehrer T, Yildiz S, Choi A, et al. 
Characterization of SARS-CoV-2 spike mutations important for 
infection of mice and escape from human immune sera. Nat 
Commun. 2022 Jul 7;13(1):3921. doi:10.1038/s41467-022-30763-0  .

27. Rathnasinghe R, Strohmeier S, Amanat F, Gillespie VL, 
Krammer F, García-Sastre A, Coughlan L, Schotsaert M, 
Uccellini MB. Comparison of transgenic and adenovirus hACE2 
mouse models for SARS-CoV-2 infection. Emerg Microbes Infect. 
2020 Dec;9(1):2433–2445. doi:10.1080/22221751.2020.1838955  .

28. Winkler ES, Chen RE, Alam F, Yildiz S, Case JB, Uccellini MB, 
Holtzman MJ, Garcia-Sastre A, Schotsaert M, Diamond MS, et al. 
SARS-CoV-2 causes lung infection without severe disease in 
human ACE2 knock-in mice. J Virol. 2022 Jan 12;96(1): 
e0151121. doi:10.1128/JVI.01511-21  .

29. Klein SL, Flanagan KL. Sex differences in immune responses. Nat 
Rev Immunol. 2016 Oct;16(10):626–638. doi:10.1038/nri.2016.90  .

30. Latvala S, Jacobsen B, Otteneder MB, Herrmann A, Kronenberg S. 
Distribution of FcRn across species and tissues. J Histochem 
Cytochem. 2017 June;65(6):321–333. doi:10.1369/00221554 
17705095  .

31. Jangra S, Laghlali G, Choi A, Rathnasinghe R, Chen Y, Yildiz S, 
Coughlan L, García-Sastre A, De Geest BG, Schotsaert M. Rig-I 
and TLR-7/8 agonists as combination adjuvant shapes unique 
antibody and cellular vaccine responses to seasonal influenza 
vaccine. Front Immunol. 2022 Nov 8;13:974016. doi:10.3389/ 
fimmu.2022.974016  .

32. Everson CA. Clinical assessment of blood leukocytes, serum cyto
kines, and serum immunoglobulins as responses to sleep depriva
tion in laboratory rats. Am J Physiol Regul Integr Comp Physiol. 
2005;289(4):R1054–R1063. doi:10.1152/ajpregu.00021.2005  .

33. Binazon O, Cocco M, Thwaites D, Cooper C, Moshir M, 
Vanhoenacker P, Defever D, Van de Sompel A, Steeland S, 
Pynaert G, et al. Effects of efgartigimod treatment on humoral 
and cellular immune responses: analysis of T-cell-dependent anti
body response in cynomolgus monkeys. J Immunotoxicol. 2025 
Dec;22(1):2459934. doi:10.1080/1547691X.2025.2459934  .

34. Salvagno GL, Henry BM, Pighi L, de Ns, Lippi G, de N. Total 
anti-SARS-CoV-2 antibodies measured 6 months after 
pfizer-BioNTech COVID-19 vaccination in healthcare workers. 
J Med Biochem. 2022 Apr 8;41(2):199–203. doi:10.5937/jomb0- 
33999  .

35. Terreri S, Piano Mortari E, Vinci MR, Russo C, Alteri C, Albano C, 
Colavita F, Gramigna G, Agrati C, Linardos G, et al. Persistent 
B cell memory after SARS-CoV-2 vaccination is functional during 
breakthrough infections. Cell Host & Microbe. 2022 Mar 9;30 
(3):400–408.e4. doi:10.1016/j.chom.2022.01.003  .

36. Vashishtha VM, Kumar P. The durability of vaccine-induced 
protection: an overview. Expert Rev Vaccines. 2024 Jan;23 
(1):389–408. doi:10.1080/14760584.2024.2331065.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 17

https://doi.org/10.1016/j.cell.2020.05.015
https://doi.org/10.1016/j.cell.2020.05.015
https://doi.org/10.1177/1756286421997381
https://doi.org/10.1080/08916934.2022.2104261
https://doi.org/10.1080/08916934.2022.2104261
https://doi.org/10.1002/anie.202015362
https://doi.org/10.1002/path.6220
https://doi.org/10.1038/s41467-022-30763-0
https://doi.org/10.1080/22221751.2020.1838955
https://doi.org/10.1128/JVI.01511-21
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1369/0022155417705095
https://doi.org/10.1369/0022155417705095
https://doi.org/10.3389/fimmu.2022.974016
https://doi.org/10.3389/fimmu.2022.974016
https://doi.org/10.1152/ajpregu.00021.2005
https://doi.org/10.1080/1547691X.2025.2459934
https://doi.org/10.5937/jomb0-33999
https://doi.org/10.5937/jomb0-33999
https://doi.org/10.1016/j.chom.2022.01.003
https://doi.org/10.1080/14760584.2024.2331065

	Abstract
	Introduction
	Materials and methods
	Mice
	Mouse surrogate of efgartigimod
	COVID-19 vaccine
	Influenza vaccine
	Viruses and virus challenge
	COVID-19 model used in this study
	Mouse study design – administration protocol
	Serology
	Anti-SARS-CoV-2 spike and anti-HA IgG and IgM ELISA
	SARS-CoV-2 microneutralization assay
	Hemagglutination inhibition assay (H1N1 virus neutralizing antibodies)
	Lung virus titers (plaque assay)
	IFNγ ELISpot assay
	Intracellular Cytokine Staining (ICS)
	Multiplex cytokine ELISA
	Histology
	Total IgG levels

	Statistical analysis
	Titers of specific IgG and IgM, and neutralizing antibodies
	Histology
	IFNγ ELISpot assay, ICS and multiplex cytokine ELISA


	Results
	mFc-ABDEG treatment does not affect the generation of a protective humoral COVID-19 vaccine response in the described model
	mFc-ABDEG treatment does not affect the generation of a cellular COVID-19 vaccine response in the described model
	mFc-ABDEG treatment does not affect vaccine-mediated protection upon SARS-CoV-2 challenge in the described model
	mFc-ABDEG treatment does not affect the generation of a protective humoral influenza vaccine response in the described model
	mFc-ABDEG treatment does not affect the generation of a cellular influenza vaccine response in the described model
	mFc-ABDEG treatment does not affect vaccine-mediated protection upon IVR-180 H1N1 challenge in the described model
	mFc-ABDEG treatment results in reduced total IgG levels

	Discussion
	Disclosure statement
	Funding
	Notes on contributors
	Acknowledgments
	Authors’ contributions
	Biographical note
	Ethics
	References

