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Abstract

Background: Infectious diseases are responsible for considerable morbidity and mortality worldwide,
and coronavirus disease 2019 (COVID-19) is one of these infections. Because of the substantial bur-
den on the healthcare system, considerable efforts have been made to immunize the population
against severe acute respiratory syndrome coronavirus 2 through vaccination. However, there are
considerations regarding the efficacy of vaccines in autoimmune patients. The current study revealed
the immunogenicity of inactivated COVID-19 vaccines among the Iranian population with rheumatic
diseases.

Methods: As the first report from Iran, in this descriptive cross-sectional study, 196 patients were sam-
pled; 98 of whom had an autoimmune disease and 98 of whom served as controls. Blood samples
were collected and tested with IgM and IgG ELISA kits for COVID-19 antibody (Ab) levels. Some demo-
graphic characteristics were recorded.

Results: This study revealed an Ab response after inactivated COVID-19 vaccination among 196 par-
ticipants, including 98 healthy individuals and 98 autoimmune patients. Our analysis revealed that
the case group had a profoundly lower percentage of IgG- and IgM-positive individuals, at 37.7% and
13.2%, respectively, than the control group, which had significantly greater percentages of IgG and
IgM Abs, at 86.7% and 65.3%, respectively.

Conclusion: Individuals with autoimmune conditions, especially women, presented considerable
decreases in IgG levels after vaccination with the inactivated COVID-19 vaccine. It seems that those
with autoimmune disorders may experience immune system fatigue, leading to lower Ab levels fol-
lowing COVID-19 vaccination. Several potential factors, such as the use of immunosuppressive medi-
cations, could explain the reduced Ab response after COVID-19 vaccination. As a result, individuals
with compromised immune systems, including those with autoimmune disorders, should be closely
monitored and prioritized for additional COVID-19 vaccine doses to improve protection. Furthermore,
the possible effects of repeated vaccinations on immune exhaustion and reduced defense against
microbial infections highlight the need for further research in this patient population. It can be con-
cluded that special vaccine protocols for all kinds of vaccinations should be approved for patients
with autoimmune diseases.
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Introduction

Infections are still considered a major burden to public health, and they are responsible for numerous
disasters worldwide."” For example, coronavirus disease 2019 (COVID-19) is an infection that has led to
a catastrophic pandemic and has caused millions of deaths following its outbreak.® Because COVID-19 is
responsible for multiple morbidities and mortalities and is an enormous encumbrance to the healthcare
system, a reasonable approach to decrease the struggle and adverse effects caused by COVID-19 is to
immunize the population against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) through
vaccination.* Since the beginning of the COVID-19 outbreak, considerable efforts have been made to pro-
duce SARS-CoV-2 vaccines, and significant seroconversion has been reported after COVID-19 vaccination
regardless of the type of infection in the general population; nevertheless, the results regarding immu-
nocompromised patients have remained controversial>® Since this group constitutes approximately 3%
of the adult population, their immune systems are dysregulated, and they are more susceptible to severe


http://orcid.org/0009-0006-3172-1072
http://orcid.org/0000-0002-5249-209X
http://orcid.org/0000-0002-3764-2168
http://orcid.org/0009-0007-0664-7728
http://orcid.org/0009-0004-8553-3814
http://orcid.org/0000-0002-9928-8627
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Aminzadeh et al. COVID-19 Vaccination in Autoimmune Patients

infections; obtaining data regarding vaccine
efficacy in this group is highly important.>
People with rheumatic diseases and those
who are receiving immunosuppressive ther-
apy constitute a part of this immunocompro-
mised population, and as these cases were
not included in the vaccine trials, there were
concerns about the safety of using the vaccine
in this group and the efficacy of the vaccine
in patients who were receiving immunosup-
pressive medications.* The fact that some stud-
ies have revealed lower antibody (Ab) levels
after influenza vaccination in those receiving
anti-CD20 medications supports our concern
related to the efficacy of COVID-19 vaccina-
tion in patients with an impaired immune sys-
tem.”® Autoimmune diseases produce autoAbs
that can activate the complement system
and cause systemic inflammation.” There are
considerations in regard to the influence of
COVID-19 on autoimmune patients for 2 rea-
sons: first, the immunosuppressants they use
for their iliness, and second, the nature of their
disease itself, which increases their susceptibil-
ity to infection.? In this study, we attempted to
estimate the immunogenicity of an inactivated
COVID-19 vaccine in lranian patients with
autoimmune diseases to improve the effec-
tiveness of vaccination in people with autoim-
mune diseases to decrease the adverse effects
caused by COVID-19 infection. To the best of
our knowledge, this is the first study in which
the immunogenicity of COVID-19 vaccination

* There are concerns regarding the immu-
nogenicity of an inactivated coronavirus
disease 2019 (COVID-19) vaccine in auto-
immune patients because of the nature
of their disease and the immunosup-
pressants they use.

To evaluate the immunological response
after COVID-19 vaccination, the levels of
IgM and IgG antibodies (Abs) were esti-
mated after two doses of vaccination in
autoimmune patients.

Our results revealed that individuals with
rheumatic disease had a markedly lower
percentage of IgG- and IgM-positive
individuals than did those in the control
group (IgG: 37.7% vs. 86.7% and IgM:
13.2% vs. 65.3%).

Furthermore, our results revealed that
the percentage of participants who
tested positive for IgM and IgG Abs var-
ied across different age ranges, and male
participants had a greater percentage
of positive results for IgG than did their
female counterparts (86.9% vs. 67.1%).

in patients with rheumatic diseases has been
reported in an Iranian population.

Material and Methods

Patient Selection

This cross-sectional research took place at the
Asia laboratory in llam, Iran, in December 2021.
Adults with autoimmune diseases who had
been vaccinated with the COVID-19 vaccine
and were referred to the laboratory for any rea-
son were included in the study via convenience
sampling. All patients had medical records, and
their disease status was determined by physi-
cians according to the American College of
Rheumatology criteria. A total of 98 individuals
with autoimmune diseases were selected as
the case group, while 98 healthy adult Iranian
blood donors with no clinical evidence or fam-
ily history of autoimmune diseases served as
the control group. The healthy donors were
matched for age and sex. All the information
was handled, examined, and documented
confidentially, and all the COVID-19 Ab tests
were conducted at no cost to the participants.
The ethics committee of Shiraz University of
Medicine, Shiraz, Iran, granted ethical per-
mission for this research with the certificate
reference number IRSUMS.REC.1403.064. All
patients provided written informed consent
according to the guidelines of the Declaration
of Helsinki and its subsequent updates. The
local Ethics Committee of Shiraz University of
Medical Sciences in Shiraz, Iran, approved the
research protocol.

Specimen Collection

Five-milliliter peripheral blood samples were
taken in a non-heparin tube and allowed to
clot. The serum fraction was separated by spin-
ning the tubes at 3000 rpm for 5 minutes and
was kept at —70°C for further analyses. IgG
and IgM Abs against COVID-19 were assessed
according to the guidance of the manufac-
turer of a kit (Pishtaz Teb, Iran; SARS-CoV-2 IgG
& SARS-CoV-2 IgM, Tehran, Iran) that targets
the N antigen. Values above 1.1 and below 0.9
were considered positive and negative, respec-
tively, according to the manufacturer’s instruc-
tions. A volume of 100 pL for each individual
serum sample was aliquoted in antigen-coated
96-well plates specific to the SARS-CoV-2 N
antigen. This step was followed by incubation
of the plate for 30 minutes at 37°C and wash-
ing 5 times with an ELISA washer. Then, 100
pL of conjugated enzyme was added to each
well, and the plate was incubated for an addi-
tional 30 minutes, after which the liquid was
removed, and the wells were washed 3 times.
The next step consisted of adding the dye
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mixture (100 pl) and incubating the plates in
the dark for 15 minutes at room temperature
(RT). Afterward, 100 plL of stop solution was
added to stop the reaction. The absorbance
of the plates was thereafter compared to that
of the blank by adding 100 pL of the dye solu-
tion and incubating the plate in the dark for
15 minutes at RT. Then, 100 pL of stop solution
was added to each well, and the absorbance
was assessed via an ELISA reader at A=450
nm. Importantly, the sensitivity and specificity
of SARS-CoV-2 ELISA kits are 79.4% and 97.3%
for IgM and 98.3% and 94.1% for IgG, respec-
tively.'® After the dye solution was added to the
wells, it produced a blue color, the intensity of
which was directly proportional to the number
of immune complexes formed in the wells. The
450 nm wavelength is the optimum for light
absorption, where the yellow color results from
the addition of the stop solution to the blue
solution. Values above 1.1 are set positive, and
values below 0.9 are set negative with the use
of this kit.

Data Analysis

Statistical analysis was performed via SPSS ver-
sion 26.0. Continuous variables are expressed
as means * standard deviations, and categori-
cal variables are expressed as numbers and
percentages. The normality of continuous vari-
ables was analyzed by the Shapiro-Wilk test.
Differences between groups for normally dis-
tributed continuous variables were analyzed
by the independent samples t-test, whereas
the Mann-Whitney U test was used for non-
normally distributed continuous  variables.
Associations between categorical variables
were examined via Pearson’s chi-squared test
or Fisher's exact test, as appropriate. Multiple
logistic regression analysis was executed to
determine the independent factors associated
with the outcome, and the results are reported
as odds ratios (ORs) with 95% Cls. A 2-tailed
P-value <.05 was considered to indicate statis-
tical significance.

Results

The current study investigated the immuno-
logical response to COVID-19 vaccination in
participants with and without autoimmune
disease. The study was conducted with 196
participants divided into 2 groups, namely,
cases and controls, on the basis of their auto-
immune status. The groups were comparable
in size, and their demographic characteristics
were similar. Females comprised the majority
of the participants, accounting for 77.5% of
the sample, with a similar distribution across
both groups. Most of the participants were
under 50 years of age (58.1%), and the greatest
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number of participants were between the ages
of 30 and 50 years (80.7%) (Table 1). Among the
participants in the case group, 51% were diag-
nosed with Rheumatoid arthritis (RA), whereas
other autoimmune diseases were less preva-
lent. Additional details regarding each autoim-
mune disease can be found in Table 2.

Following vaccination, we evaluated the
amounts of IgM and IgG Abs in the partici-
pants. Our results revealed that the case group
had significantly lower percentages of IgG-
and IgM-positive individuals (37.7% and 13.2%,
respectively) than the control group, which
had significantly greater percentages of 1gG
and IgM Abs (86.7% and 65.3%, respectively).
The statistical analysis revealed a considerable
difference between the 2 groups (P=.000), as
shown in Figure 1.

Moreover, we examined the correlations
between the levels of IgM and IgG Abs and the
age and sex of the participants. Our findings
indicated that the percentage of participants
who tested positive for IgM and IgG Abs var-
ied across different age ranges, with Pearson
chi-square values of 0.103 for IgG and 0.001 for
IgM. Most of the positive patients were above
50 years of age for both IgG and IgM, whereas
most of the negative patients were between
30 and 50 years of age, as shown in Figure 2. In
addition, male participants had a greater per-
centage of positive IgG results (86.9%) than
their female counterparts (67.1%), and the
Pearson correlation analysis was significant
(P=.014). Furthermore, sex did not have a
notable effect on IgM levels (P=.241).
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Discussion

In this study, we explored the immunological
response to COVID-19 vaccination among 196
participants, which included 98 participants
with autoimmune diseases and 98 healthy
individuals. The case group included mostly
patients with RA (51%), but there were also
individuals with other autoimmune conditions,
such as Systemic lupus erythematosus (SLE) ,
ankylosing spondylitis, scleroderma, osteopo-
rosis, dermatomyositis, psoriatic arthritis, uve-
itis, Sjogren’s syndrome, and Wagner vasculitis.
To evaluate the immunological response after
COVID-19 vaccination, the levels of IgM and
IgG Abs were estimated after 2 doses of vac-
cination. Our results revealed that individuals
with rheumatic disease had a markedly lower
percentage of IgG- and IgM-positive individu-
als than did those in the control group (IgG:
37.7% vs. 86.7% and IgM: 13.2% vs. 65.3%).

Similar to our findings, in a study that analyzed
the Ab response after BNT162b2 vaccina-
tion among 134 patients (61 with SLE and 73
with RA), detectable Abs were found in 77%
of the patients (compared to 100% in healthy
individuals)."" In another prospective phase4
controlled trial evaluating anti-COVID-19 IgG
seroconversion among 910 patients with
autoimmune disease and 182 healthy adults as
the control group, seroconversion was 70.4%
in autoimmune patients (contrary to 95.5% in
the control group, P < .001) after CoronaVac
vaccination.” In addition, in an observational
survey investigating the immunogenicity of
mRNA COVID-19 vaccines in 478 autoimmune

Table 1. Demographic and Clinical Characteristics of the Participants

Autoimmune Group Healthy Donors

Characteristics (n=98) (n=98) P
Mean age (years) 475+12.3 45.2 +10.8 .15
Sex (female, n [%]) 75(76.5) 72(73.5) .62
I9G positive (n [%]) 37(37.7) 85 (86.7) <.001
IgM ositive (n [%]) 13(13.2) 64 (65.3) <.001
Autoimmune disease type

Rheumatoid arthritis 50(51.0%) N/A N/A

Systemic lupus erythematosus 10(10.2%) N/A N/A

Ankylosing spondylitis 10(10.2%) N/A N/A

Others 28(28.6%) N/A N/A
Current/past treatments

Corticosteroids (n [%]) 40 (40.8) N/A N/A

Anti-CD20 therapies (n [%]) 15(15.3) N/A N/A

Methotrexate (n [%]) 25(25.5) N/A N/A

Other immunosuppressants (n [%]) 18(18.4) N/A N/A

patients, the nonresponse rate was signifi-
cantly greater in the case group than in the
control group (13.2% compared with 2.8%; P
<.0001).”

There are reviews that have evaluated vaccine
effectiveness for treating COVID-19, severe
disease, and COVID-19-related hospital admis-
sions. In a survey evaluating vaccine efficiency
against COVID-19 infection, vaccine effective-
ness was 529%-90% in immunocompromised
populations vs. 90%-95% in the entire study
group." Dagan et al'® and Barda et al reported
100% effectiveness of the BNT162b2 vaccine
against severe disease in an immunocompro-
mised group, in contrast to 95% in the general
population. In a study guided by Tenforde
et al'® the effectiveness of mRNA vaccines
against COVID-19-related hospitalization was
63% in immunocompromised patients versus
87% in the overall study group.

Finally, Furer et al'” in a survey including 686
participants vaccinated with the Comirnaty
Pfizer vaccine, reported a markedly lower
immune response in patients treated with
rituximab and a moderately lower immune
response in patients treated with CCS, abata-
cept, and mycophenolate mofetil; on the other
hand, only slight impairment of the immune
response was observed due to methotrexate
(MTX). A cohort survey analyzing the immu-
nogenicity of SARS-CoV-2 mRNA vaccines in
autoimmune patients and immunocompetent
controls revealed that the greatest impact on
the Ab response was caused by B-cell deplet-
ing therapies and GCs.'®

According to previous studies, several pos-
sible risk factors may be responsible for the
decreased Ab response after COVID-19 vac-
cination. The most important risk factors that
have been reported are immunosuppressive
medications, especially rituximab.' Rituximab
has been reported to repress humoral immu-
nity; therefore, adjusting the duration of ritux-
imab use to achieve the best Ab results after
COVID-19 vaccination is important.'”? With
respect to the impact of vaccine type on Ab
production, according to an observational
study, the Ab response was not strongly
affected by vaccine type. In addition, the asso-
ciation between increasing age and a low Ab
response was reported only in a monocentric
cohort study.” There is a settlement among
the European League Against Rheumatismand
the American College of Rheumatology (ACR)
that treatment with corticosteroids (CCSs) and
anti-CD20 monoclonal Abs is associated with a
noticeably reduced Ab response.?!
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Table 2. Information on Each Autoimmune Disease in the Patient Group

Number of 1gG Positive

Number of IgM Positive

(% of Patients with the (% of Patients with the  Total Number (%
Disease Disease) Disease) of Case Group)
Rheumatoid arthritis 20 (40) 9(18) 50(51)
Systemic lupus 5(50) 1(10) 10(10.2)
erythematosus
Ankylosing spondylitis 5(50) 1(10) 10(10.2)
Osteoporosis 0(0) 0(0) 2(2)
Scleroderma 2 (50) 0(0) 4(4)
Dermatomyositis 1(50) 0(0) 2(2)
Psoriatic arthritis 1(50) 0(0) 2(2)
Uveitis 1(50) 0(0) 2(2)
Sjogren syndrome 0(0) 0(0) 2(2)
Wagner vasculitis 0(0) 0(0) 2(2)
Two of above diseases 2(16.6) 2(16.6) 12(12.6)
Total 37(37.7) 13(13.2) 98 (100)

Moreover, patients with autoimmune diseases
may experience immune system exhaustion,
leading to lower levels of Abs after COVID-19
vaccination, as indicated by a study assessing
humoral and cellular responses in autoim-
mune patients post-booster dose.?? Therefore,
patients with deficient immune responses,
including those with autoimmune disease,
should be monitored closely and prioritized for
additional COVID-19 vaccine doses to enhance
protection. Additionally, considerations have
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been raised with respect to the potential influ-
ence of repeated vaccinations on immune
exhaustion and reduced protection against
microbial infections, emphasizing the need for
further research in this area.”®

In contrast to our results, in an observational
survey that determined the immunogenicity
of the inactivated COVID-19 vaccine in patients
with rheumatic diseases, no statistically signifi-
cant difference in the seropositivity rate was
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Figure 1. (A) IgM distribution in each group and (B) IgG distribution in each group.
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reported between patients with rheumatic
diseases and the control group. However,
in this study, as well as in our study, patients
who were treated with rituximab had no Ab
response, and those who were treated with
MTX or iguratimod had a considerably lower
Ab response.*

Furthermore, our results revealed that the per-
centage of participants who tested positive for
IgM and IgG Abs varied across different age
ranges, and male participants had a greater
percentage of positive results for IgG than did
their female counterparts (86.9% vs. 67.1%).

In a study that compared vaccine efficacy
among immunocompetent and immunocom-
promised participants, among the immuno-
competent group, males had a lower risk of
contracting COVID-19; however, among the
immunocompromised group, the risk was
similar in both sexes? On the other hand, in
another study that revealed an Ab response
in SLE patients, men had considerably
lower Ab levels.?

Regardless, in an observational study compar-
ing post-COVID-19 vaccination seroconver-
sion among ASD patients and a control group,
no difference in age or sex distribution was
reported among ASD responders and nonre-
sponders.” Despite the findings of most stud-
ies, the impact of increasing age on decreasing
Ab response was reported in another cohort
study similar to our study."”

Some surveys have compared local and sys-
temic adverse effects and the rate of illness flar-
ing after COVID-19 vaccination among patients
with autoimmune diseases and healthy indi-
viduals. A study that investigated adverse
effects post-vaccination among 505 auto-
immune cases and 203 healthy participants
revealed that adverse reactions to COVID-19
vaccination were comparable among the case
and control groups, independent of vaccine
type?” In another study investigating adverse
effects after COVID-19 vaccination, the results
demonstrated an increased risk of certain spe-
cific minor adverse effects and a greater risk of
major adverse effects among participants with
autoimmune diseases than among the control
group. However, COVID-19 vaccination is rela-
tively safe for these patients.”®

In this report, individual serology results were
reported in positive/negative numbers rather
than presenting the data as Ab levels. This
approach indeed offers a more granular view
of the immunological responses; therefore, the
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Figure 2. (A) IgM levels in each age range and (B) IgG levels in each age range.

results as positive/negative were based on the
following rationale:

Simplified data interpretation: the primary aim
of this study was to compare the overall immu-
nogenicity between autoimmune patients and
healthy donors. Reporting seropositivity rates
(positive/negative) allows readers to easily
understand the key differences in the immune
response without delving into the variability of
individual Ab levels.

Standard reporting in similar studies: compa-
rable studies in the field use positive/nega-
tive categorization, as it aligns with the clinical
significance of achieving detectable Ab levels,
which are directly related to immunity.?

Limitations of serology variability: Individual
Ab levels may vary owing to numerous factors
(e.g. test timing, baseline immune status, and
assay sensitivity), which could introduce noise
without adding substantial value to the con-
clusions. By focusing on positivity thresholds,
we maintain a clear and actionable narrative.

The discrepancy between our study and oth-
ers could indeed be linked to various factors,
such as the vaccine type, age of the individu-
als, presence of comorbidities, timing of break-
through infections post-vaccination, genetic
factors, and population dynamics.

Despite some limitations in this study, such as
the lack of prior sample size estimation, large
sample size, and insufficient demographic
and laboratory data, no study has assessed
the immunogenicity of the COVID-19 vac-
cine in patients with autoimmune diseases in
Iran. However, there are general restrictions
on studies focusing on autoimmune cases.
Although COVID-19 vaccines have proven

effective at reducing severe outcomes globally,
their efficacy among individuals with autoim-
mune diseases remains less clear due to sev-
eral limitations, including heterogeneous study
designs, underrepresentation in clinical trials,
variability in patient characteristics/treatment
regimens, lack of long-term data, varying qual-
ity of evidence across studies, and challenges
posed by emerging variants. Addressing these
limitations through well-designed, high-qual-
ity randomized controlled trials focusing on
this subgroup, along with tailored vaccination
strategies, will be essential.

Patients with autoimmune conditions, par-
ticularly female individuals, exhibited a nota-
bly diminished IgG Ab reaction subsequent
to receiving inactivated COVID-19 vaccina-
tion. Individuals with autoimmune disorders
may experience immune system exhaustion,
resulting in decreased Ab levels after COVID-
19 vaccination. Various potential risk factors,
such as the use of immunosuppressive drugs,
could account for the reduced Ab response
after COVID-19 vaccination. Consequently,
individuals with impaired immune responses,
which may include autoimmune conditions,
should be closely monitored and given pri-
ority for additional COVID-19 vaccine doses
to enhance protection. Furthermore, the
potential consequences of repeated vacci-
nations on immune fatigue and decreased
defense against microbial infections under-
score the necessity for further exploration in
this patient population.
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