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Abstract

Introduction: Recent studies have proposed various COVID-19 vaccines to control the disease and protect susceptible
individuals. However, immunogenicity and safety of COVID-19 vaccines in various populations are not well identified yet.
Therefore, this study aimed to elucidate the efficacy and safety of the BBIBP-CorV (Sinopharm) and ChAdOxI| nCoV-19
(Oxford-AstraZeneca) vaccines in healthy subjects and patients with autoimmune diseases.

Methods: Study population included 121 healthy subjects and 100 patients with autoimmune diseases. Immunization was
performed based on the national vaccination protocols. Of the 221 volunteers, 20| subjects received Sinopharm and
20 cases were vaccinated with Oxford-AstraZeneca. During a |-year follow-up, the immunogenicity was measured by
ELISA before primary vaccination and | to 3 months after secondary immunization. Side effects were studied before
entering the study and | week after the second dose.

Results: Vaccination had a positive impact on the induction of immunogenic response (p < .0001). The rates of sero-
positive vaccine responses were 80% and 75% in subjects vaccinated with the Sinopharm and Oxford-AstraZeneca,
respectively. The neutralizing antibody values were significantly higher in subjects with autoimmune diseases than those
without autoimmunity (p < .05). The rate of adverse events were 38% and 42% in subjects vaccinated with the Sinopharm
and Oxford-AstraZeneca, respectively. The rates of immunogenic responses induced with the Sinopharm and Oxford-
AstraZeneca were, respectively, 76% and 81.5% in seropositive subjects, while they were 63.8% and 79.1% in seronegative
subjects vaccinated with the Sinopharm and Oxford-AstraZeneca, respectively. Individuals previously infected with SARS-
CoV-2 showed a significant reduction in the value of SARS-CoV-2 neutralizing antibodies compared with seronegative
subjects (p < .01-.05). Seropositive individuals vaccinated with the Sinopharm had significantly higher the percentages of
vaccine-related adverse events than seronegative persons (p < .05). There was no significant difference between sero-
negative and seropositive individuals vaccinated with the Oxford-AstraZeneca.

Conclusion: Our findings revealed that the Sinopharm and Oxford-AstraZeneca vaccines are effective in the production
of neutralizing antibodies in healthy subjects and patients with autoimmune disorders undergoing immunosuppressive
therapies without considerable reactogenicity.
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Introduction

On March 11,2020, COVID-19 was considered as a global
pandemic by the World Health Organization (WHO)." The
Ministry of Health announced the spread of COVID-19 in
Iran on February 18, 2020, and the virus quickly spread to
every province in the country.” There is currently no solid
evidence for the efficacy of current antiviral medications.
Thus, additional studies are needed to confirm their efficacy
and potential * >

Today, vaccination has been proposed as the most ef-
fective approach for controlling the disease, especially in
patients with autoimmune diseases.®” These patients are
usually more susceptible to infectious diseases and expe-
rience COVID-19 with more severity, possibly due to
immunomodulatory impacts of immunosuppressive treat-
ments. Thus, SARS-CoV-2 vaccination and follow-up in
patients with autoimmune disorders are critical.'”

Until now, a number of temporarily licensed COVID-19
vaccines is available to prevent the disease through producing
safe and effective responses.'' The most frequent vaccines
proposed to prevent COVID-19 are included mRNA vaccines
(Moderna and Pfizer-BioNTech), viral vector vaccines (Ox-
ford-AstraZeneca, Sputnik V, Convidecia, and Johnson &
Johnson), and inactivated vaccines (CoronaVac, BBIBP-
CorV, Covaxin, CoviVac, and WIBP-CorV).12

Despite a great number of proposed vaccines, several
investigations have highlighted the discrepancies in the
immunogenicity and adverse effects of the COVID-19
vaccination in different populations and various
diseases.*!” Side effects of the immune responses fol-
lowing vaccination are possible. These potential post-
vaccine side effects are considered as the major reason
for vaccine reluctance in the general population.'® Im-
provement of vaccination acceptability is required to in-
crease public awareness of vaccine efficacy and its negative
effects.'” Therefore, further research is necessary to de-
termine vaccine side effects and its effectiveness during
general vaccination.

The genetic diversity of the world’s populations is
considered as a main reason for variations in the immu-
nogenicity and adverse effects of various vaccines in
different populations.’™?' It is indicated that different
genetic polymorphisms and HLA variations affect virus
pathogenicity and host immunity, which may have im-
portant implications for comprehending and illustrating the
issue of genetics in SARS-CoV-2 infection and for pro-
viding individualized integrative medical care according to
population research.?**

Although various studies have been carried out to in-
vestigate the immunogenicity and reactogenicity of
COVID-19 vaccines in various populations,”> ' the effi-
cacy and adverse events of these vaccines in the Iranian
population are not well identified so far. Therefore, the aim
of this study was to investigate whether the Oxford-
AstraZeneca- and Sinopharm vaccines, as the most fre-
quent vaccines used in the national vaccination protocols,
had immunogenicity and side effects in healthy individuals
and patients with autoimmune disorders in Kashan, Iran.

Materials and methods

Study population

A retrospective cohort study included 221 individuals who
vaccinated with two doses of COVID-19 vaccines. Partici-
pants were randomized according to a permuted block ran-
domization scheme with a block size of four and selected from
the western, north, east, south, and central districts of Kashan
(Iran). Notably, Kashan University of Medical Sciences ex-
tended healthcare facilities to these above-mentioned regions.
The electronic national vaccination registration system was
used to collect data from individuals. This system was es-
tablished before the start of COVID-19 vaccination to monitor
the uptake of the second dose. The database included other
electronic health records of individuals received vaccinations
and was updated after offering health services, such as
vaccination. This information is available at the level of the
University of Medical Sciences and Ministry of Health
Sciences. The data from the Kashan University of Medical
Sciences (KAUMS) branch of this system was used to obtain
the vaccination information of participants. The study was
conducted from January 2021 to February 2022. All exper-
iments and protocols were approved by the Ethics Committee
of the Kashan University of Medical Sciences (IR.-
KAUMS.MEDNT.REC.1400.217). This study was per-
formed according to the Helsinki Declaration. Inclusion
criteria were: 1) negative for pregnancy and allergic reactions
after vaccination; 2) the healthy subjects and patients without
health problems and other diseases influencing immune re-
sponses; and 3) vaccination with two doses of COVID-19
vaccines. Exclusion criteria included: 1) the healthy volun-
teers undergoing immunosuppressive therapy; and 2) the
presences of health problems, malignancy and other disorders
affecting the immune system and antibodies production. All
participants gave the written informed consent prior to study
initiation.
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Disease diagnosis

Patients with autoimmune disorders were referred to an
internal medicine clinic of Shahid Beheshti hospital, Ka-
shan, Iran. RA, SLE, AS, and SSc were, respectively,
diagnosed by the internal medicine specialist according to
ACR/EULAR criteria,”® Systemic Lupus International
Collaborating Clinics classification criteria,”® Spondy-
loarthritis International Society (ASAS) classification
criteria,>®®! and the 2013 ACR/EULAR classification
criteria.*?

Vaccination procedure

All participants received the two-dose regimen of the
COVID-19  vaccines  (Sinopharm and  Oxford-
AstraZeneca) based on national protocols. Vaccination
was done by trained health staff in the hospitals or other
government health care services. Of the 221 volunteers,
201 subjects received the Sinopharm and 20 cases were
vaccinated with the Oxford-AstraZeneca. Some subjects
previously infected with SARS-CoV-2 had lower values of
antibodies than the threshold (2.5 pg/ml) for positive de-
tection of SARS-CoV-2 neutralizing antibodies prior to the
entering study. Each dose of COVID-19 vaccines was
given as an intramuscular injection in the deltoid muscle.

Subjects received one of two types of vaccines (Sino-
pharm or Oxford-AstraZeneca). The first and second doses
of the Sinopharm and Oxford-AstraZeneca vaccines were,
respectively, administered at 4-weeks and 12-weeks
intervals.

The immunogenicity and safety of COVID-19
vaccines

To assess the immunogenicity of COVID-19 vaccines, the
serum samples (2 mL) of individuals were collected before
primary immunization and 1-3 months after secondary
immunization. The serum levels of SARS-CoV-2 neutral-
izing antibodies were measured by an enzyme-linked
immunosorbent assay (ELISA) kit (Ideal Tashkhis, Iran)
according to the manufacturer’s protocol. Adverse events
were studied 7 days after secondary immunization. A
questionnaire was used to collect the demographic char-
acteristics and other information, including type of used
vaccines, history of previous SARS-CoV-2 infection, ad-
verse effects of vaccination, and other reported variables.

Statistical analysis

The data were analyzed by GraphPad Prism 6 (Graph-
Pad, USA) and presented as the mean + standard error of
the mean (SEM) and mean + standard deviation (SD).
The normal distribution of data was determined by

Kolmogrov—Smirnov test. The results with the normal
distribution were analyzed by one-way analysis of
variance (ANOVA) and unpaired t-tests, while those
with non-normal distribution were analyzed by Kruskal—
Wallis and Mann—Whitney tests. Correlation coefficients
of the data were studied using the Spearman’s and
Pearson’s tests in case of non-normal and normal dis-
tribution of data, respectively. The comparison of the
ratios was evaluated by Fishers exact and Chi-square
tests. p values <0.05 were considered statistically
significant.

Results

Description of subjects

A total of 221 COVID-19 vaccine recipients (83 males and
138 females, mean age = SD 0f43.6 + 9, aged 18-90 years)
were enrolled for assessing immunogenicity and re-
actogenicity of the vaccination. Of 201 subjects vaccinated
with the Sinopharm, 70 cases were male and 131 were
female. Of 20 individuals received the Oxford-
AstraZeneca, 13 subjects were male and seven cases
were female. The mean age £SD of subjects vaccinated
with the Sinopharm was 44.21 + 12.37, while it was
38.34 + 14.51 for individuals received the Oxford-
AstraZeneca. Of the 221 recipients, 38 had rheumatoid
arthritis (RA), 26 had systemic lupus erythematosus (SLE),
15 had systemic sclerosis (SSc), 21 had ankylosing
spondylitis (AS), 19 had smoking history, nine had dia-
betes, eight had hypertension and hyperlipidemia, four had
other metabolic disorders, and one had anemia. After a 6-
month follow-up, 25 subjects immunized with the Sino-
pharm experienced the mild and moderate forms of
COVID-19, while two individuals vaccinated with the
Oxford-AstraZeneca experienced the mild form of the
disease. Of 27 recipients infected with SARS-CoV-2, none
of the subjects did need hospitalization. Table 1 shows the
clinical characteristics and demographic information of
participants.

The immunogenicity of COVID-19 vaccines

To clarify the efficiency of COVID-19 vaccines, the values
of SARS-CoV-2 neutralizing antibodies were studied.
Vaccination had a positive impact on the induction of
immunogenic response (p < .0001, Figure 1(a)). The rates
of SARS-CoV-2 neutralizing antibody responses to
COVID-19 vaccines were 80% in subjects vaccinated with
the Sinopharm, while it was 75% in those received the
Oxford-AstraZeneca. Other data revealed that there was a
significant difference in the level of neutralizing antibody
between subjects with and without autoimmunity (SLE,
RA, SSc, and AS) (p < .05, Figure 1(b)). The means + SD
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Figure 1. The immunogenicity of the Sinopharm and
AstraZeneca vaccines in healthy subjects and patients with
autoimmune diseases. SARS-CoV-2 neutralizing antibody values
in subjects were measured by ELISA. A and B) The depicted
results are representative of 100 independent experiments for
healthy individuals and 22| independent experiments for patients
with autoimmune disorders (26 SLE subjects, 38 RA subjects,
15 SSc subjects, and 21 AS subjects). The results are shown as
mean + SD. *p < .05, *p < .01.
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Figure 2. The immunogenicity of COVID-19 vaccines in
seropositive and seronegative persons. SARS-CoV-

2 neutralizing antibody titers in seropositive and seronegative
subjects were assessed by ELISA. Data are representative of
126 independent experiments for subjects previously infected
with SARS-CoV-2 and 95 independent experiments for those
without a history of COVID-19. All data are shown as mean + SD.
*p < .05, ¥p < .0I.

Table 2. Side effects of the COVID-19 vaccines were documented 7 days after secondary immunization.

Healthy subjects  Patients with SLE  Patients with SSc  Patients with as  Patients with

(n=121) (n=26) (n=15) (n=21) RA (n = 38)
Fever 238.0°C, n (%) 12 (9.91%) 2 (7.5%) 3 (20%) 4 (23.8%) I (2.63%)
Myalgia, n (%) 8 (6.61%) 5 (20.9%) 0 (0.0%) 4 (23.8%) 7 (19.7%)
Headache, n (%) 14 (11.57%) 2 (7.5%) 0 (0.0%) 2 (13.3%) 6 (17.78%)
Joint swelling, n (%) | (0.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) | (2.63%)
Shortness of breath, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) I (2.63%)
Hypoglycemia, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) | (2.63%)
Skin lesions, n (%) 0 (0.0%) | (3.84%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Gastrointestinal disorders, n (%) | (0.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Lethargy, n (%) | (0.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

SLE: systemic lupus erythematosus; SSc: systemic sclerosis; AS: ankylosing spondylitis; RA, rheumatoid arthritis.

of neutralizing antibody values observed in subjects with
and without autoimmunity were 17.58 + 20.2 and 22.78 +
20.9, respectively (Figure 1(b)). To support this data,
natural history of COVID-19 showed an increase in pa-
tients with autoimmune diseases compared to healthy in-
dividuals, although it was not statistically significant.

The safety of COVID-19 vaccines in participants

To determine the safety of COVID-19 vaccines, adverse
events were documented 7 days after secondary im-
munization. Side effect rate was 38% in subjects vac-
cinated with the Sinopharm, while it was 42% in those

received the Oxford-AstraZeneca. Of 221 cases, 76 and
9 cases suffered from adverse events of the Sinopharm
and Oxford-AstraZeneca, respectively. The most com-
mon side effects of the COVID-19 vaccines among
participants were fever, headache, and myalgia. Other
adverse events of COVID-19 vaccination were joint
swelling, breathing problems, hypoglycemia, skin le-
sions, gastrointestinal disorders, lethargy, which were
observed in one case. After a 1-year follow-up, mucosal
membrane pemphigoid (MMP) was reported in one case
vaccinated with the Sinopharm. Table 2 indicates ad-
verse events of the Oxford-AstraZeneca and Sinopharm
in participants.
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The immunogenicity and reactogenicity of
COVID-19 vaccines in SARS-CoV-2 seropositive and
seronegative subjects

The efficiency of COVID-19 vaccines was investigated in
SARS-CoV-2-non infected and-infected individuals. The
rate of Sinopharm-induced positive immunogenic response
was 76% in subjects with a history of SARS-CoV-2 in-
fection, while it was 81.5% for Oxford-AstraZeneca-
induced positive immunogenic response in subjects pre-
viously infected with SARS-CoV-2. These rates in sero-
negative subjects vaccinated with the Sinopharm and
Oxford-AstraZeneca were 63.8% versus 79.1%, respec-
tively. The titers of SARS-CoV-2 neutralizing antibodies
were significantly higher in healthy subjects and patients
with autoimmune disorders, who had a SARS-CoV-2-in-
duced positive immunogenic response, than seronegative
subjects (Figure 2, P < .01-.05).

In the next step, vaccine reactogenicity was evaluated in
seronegative and seropositive individuals. Seropositive
individuals vaccinated with the Sinopharm showed a
significant enhancement in the frequency of vaccine-
related side effects compared to those without a history
of COVID-19 (p < .05, 95% confidence interval: 0.250 to
0.9543, odds ratio: 0.3660), while there was no significant
difference between seronegative and seropositive indi-
viduals vaccinated with the Oxford-AstraZeneca.

Discussion

Although there are several studies showing the efficacy and
reactogenicity of COVID-19 vaccines in diverse pop-
ulations, the immunogenicity and reactogenicity of
COVID-19 vaccination in the Iranian populations are not
well understood yet. The current study was therefore fo-
cused on illustrating whether the two-dose Sinopharm and
Oxford-AstraZeneca vaccination regimens, as the most
frequent vaccines used in the COVID-19 vaccination
protocols in Iran, are effective in producing SARS-CoV-
2 neutralizing antibodies with acceptable reactogenicity in
healthy individuals and subjects with autoimmune
diseases.

In the current study, immunization of Iranian subjects
with the Sinopharm and Oxford-AstraZeneca vaccines
provided sufficient immunity against SARS-CoV-2 infec-
tion. The result revealed that the Sinopharm had more the
ability to produce neutralizing antibodies than the Oxford-
AstraZeneca, which is in contrast with previous studies.*?
In a study conducted in Argentina, the antibody responses
of volunteers were investigated at day 0 (primary immu-
nization) and at 21-25 days after the second doses of the
Oxford—AstraZeneca and Sinopharm injections. The de-
tection of antibody (IgG) against the Spike protein and
Receptor Binding Domain (RBD) indicated that the

administration of the second dose of the vaccines induced
considerable humoral responses in the majority of the
immunized individuals.”® After secondary immunization,
the percentage of immunization was 100% for the As-
traZeneca, while it was 88% in case of the Sinopharm.’’
Another study conducted in Vietnam, the rate of Oxford-
AstraZeneca-induced positive immunogenic response was
reported 98.1%, 14 days after secondary immunization.**
In addition to these findings, the second dose of the Oxford-
AstraZeneca increased safety against COVID-19 among
United Kingdom people from 65% to 70%.>° This dis-
crepancy observed between previous reports and our study
could be attributed to low sample size used to determine the
immunogenicity of the Oxford-AstraZeneca vaccine in the
present study.

Given that some participants suffered from autoim-
munity, the immunogenicity of COVID-19 vaccines was
assessed in these individuals. Patients with autoimmune
diseases showed a significant reduction in the titer of
neutralizing antibodies compared to healthy subjects, al-
though they had suitable level of neutralizing antibodies. In
line with the efficiency of COVID-19 vaccines in pro-
ducing neutralizing antibodies, few reports have indicated
that mRNA SARS-CoV-2 vaccines are unable to induce an
adequate immune response in patients with autoimmune
diseases undergoing immunosuppressive therapy.”® These
findings are consistent with other studies indicating the
immunogenicity of COVID-19 vaccines against SARS-
CoV-2 in these patients.’*” It is reported that immunization
with SARS-CoV-2 mRNA and inactivated CoronaVac
vaccines provided a suitable titer of neutralizing antibody
in the majority of patients with autoimmune diseases,
however, the patients had a reduction in antibody response
compared to the healthy individuals.”**>*° These ob-
servations propose that the reduction in production of
SARS-CoV-2 neutralizing antibodies may correlate to
the undesirable effects of immunosuppressive treatments
on the immunogenicity of COVID-19 vaccines.

Unlike the immunogenicity of the Oxford-AstraZeneca
which was lower than immunization with the Sinopharm,
our results indicated that the two-dose Oxford-AstraZeneca
vaccination regimen had higher occurrence of side effects
(42%) than the Sinopharm (38%). This prevalence is
similar to those reported for a Phase 1/2 clinical trial
conducted on the Sinopharm (39.0%) and other previous
studies.***' Furthermore, a recent meta-analysis study on
inactivated vaccines has shown lower incidence of side
effects of the Sinopharm than SARS-CoV-2 mRNA vac-
cines.* In regard to adverse events of COVID-19 vaccines,
there are some studies pointing to higher prevalence of side
effects of COVID-19 vaccines than our study. A study
conducted in Jordan revealed that the rates of adverse
reactions of the Oxford-AstraZeneca and Sinopharm
vaccines were 98.3% and 52.8%, respectively.®’ It is
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reported that 67.0% of Ethiopian healthcare professionals
experienced side effects after the second dose of the
Oxford-AstraZeneca.* Others have reported that 86% of
the population of the United Arab Emirates had adverse
events after receiving the second dose of the Sinopharm.**
Moreover, adverse effect rate of the Sinopharm was 61.1%
in the Iragi population.*’ The discrepancy observed be-
tween this study and others may be attributed to sample
size, study design, population heterogeneity, and
ethnicity.*®

In our study, the most frequent adverse events of the
Oxford-AstraZeneca and Sinopharm were fever, headache,
and myalgia after secondary vaccination which are con-
sistent with the findings of a large-scale study undertaken in
the United Kingdom showing headache, weariness, and
fever as the most prevalent systemic side effects of
COVID-19 vaccines.*” Zhu FC et al. reported that over half
of subjects suffered from headache following receiving the
second dose of a recombinant adenovirus type-5-vectored
COVID-19 vaccine.*® Taken together, the Sinopharm and
Oxford-AstraZeneca vaccines had the ability to induce
immune responses against SARS-CoV-2 which may be
accompanied by systemic and local adverse events.

Although the results of the present study aligns with
other studies suggesting the lower incidence of side effects
of the Sinopharm than the Oxford-AstraZeneca, a 1-year
follow-up demonstrated that one person vaccinated with
the Sinopharm developed MMP after 1 year. This obser-
vation proposes further studies to illustrate the vaccination
with COVID-19 vaccines, especially the Sinopharm, may
act as a risk factor in long-term development of
autoimmunity.

In the next step, the impacts of COVID-19 vaccination
on inducing immune response in seronegative and sero-
positive subjects were investigated. Our data revealed that
persons previously infected with SARS-CoV-2 had more
success in enhancing the titer of SARS-CoV-2 neutralizing
antibodies than seronegative people. This finding is con-
sistent with some reports showing the first dose of mRNA
vaccine produced antibody responses in seropositive
subjects, which were sometimes exceeded titers observed
in seronegative subjects received two doses of the mRNA
vaccines.”*’ Tt is shown that the BNT162b2 SARS-CoV-
2 vaccine had the ability to induce IgG level in both se-
ropositive and seronegative individuals; however, only
individuals with pre-existing immunity showed the in-
creased levels of IgM and IgA after primary vaccination. In
line with the impacts of the Oxford-AstraZeneca, subjects
already contracted SARS-CoV-2 produced neutralizing
antibodies against alpha, D614 G, beta, delta, and gamma
variants.’™' It was indicated that history of COVID-19
infection played a fundamental role in enhancing IgG titer
in Iraqi people vaccinated with the Oxford-AstraZeneca
and Sinopharm. Furthermore, this study demonstrated that

the Oxford-AstraZeneca had more effective in raising IgG
in seropositive subjects than the Sinopharm.’” This phe-
nomenon may be correlated to hybrid immunity. It is
suggested that antibodies produced by previous SARS-
CoV-2 infection combine with post-vaccination antibodies
to develop “hybrid immunity.”>*->* Thus, combination of
acquired natural immunity to SARS-CoV-2 with vaccine-
generated protection can provide a larger-than-expected
immunological response.”® These findings propose that
pre-existing immunity investigation before vaccination is
needed to obtain a satisfactory antibody response against
COVID-19.

Conclusions

Overall, vaccination with the Oxford-AstraZeneca and
Sinopharm vaccines can provide a humoral response with
an acceptable safety in the majority of healthy subjects and
patients with autoimmune diseases undergoing immuno-
suppressive therapy. These findings may be reassurance for
administering the Oxford-AstraZeneca and Sinopharm
vaccines with the short-term immunogenicity and ac-
ceptable safety in the Iranian population. However, there
are several limitations for this study, for example, the
relatively small sample size of subjects vaccinated with the
Oxford-AstraZeneca, which may not exactly represent the
immunogenicity and safety in overall population. More-
over, adverse events could be investigated after primary
immunization. Finally, cellular immunity was not inves-
tigated, which can offer more evidence in regard to immune
responses, especially in seronegative subjects who had
already contracted SARS-CoV-2. Therefore, these limita-
tions should be addressed in future studies.
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