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Abstract

Early reports on coronavirus disease 2019 (COVID-19) vaccines presented the short-term adverse events (AEs). This follow-up study
investigated a standard regimen based on protein subunit vaccines, PastoCovac and PastoCovac Plus, and the combinational vaccine
regimens including AstraZeneca/PastoCovac Plus and Sinopharm/PastoCovac Plus. The participants were followed up to 6 months
post the booster shot. All the AEs were collected through in-depth interviews using a valid researcher-made questionnaire and were
evaluated regarding the association with the vaccines. Of the 509 individuals, 6.2% of the combinational vaccine participants had late
AEs, of whom 3.3% suffered from cutaneous manifestations, followed by 1.1% arthralgia complaints, 1.1% with neurologic disorders,
0.3% ocular problems and 0.3% metabolic complications, with no significant difference between the vaccine regimens. For the standard
regimen, 2% of the individuals experienced late AEs as (1%), neurological disorders (0.3%), metabolic problems (0.3%) and involvement
of joints (0.3%). Notably, 75% of the AEs were persistent up to the end of the study. A low number of late AEs were captured in
18 months as 12 improbable, 5 unclassifiable, 4 possible and 3 probable associated AEs with the vaccine regimens. The benefits of

COVID-19 vaccination far exceed the potential risks and late AEs seem to be uncommon.
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Background

There have been massive efforts toward vaccine development
against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). The recent coronavirus disease 2019 (COVID-19) pandemic
has hopefully been controlled by quite rapidly well-developed
vaccines in a relatively fast time. The well immunogenicity profile
of the manufactured vaccines has led to a significant reduction in
related COVID-19 death and therefore public trust regarding vac-
cination (Zhou et al. 2020, Chapin-Bardales et al. 2021, Wu et al.
2021).

Early reports on COVID-19 vaccines described the adverse
events (AEs) mostly as local ones at the injection site, as well as
some temporary systemic manifestations that lasted from 1 to 10
days, among which fever, fatigue and headache were highlighted
(Polack et al. 2020, Kataria et al. 2021, Montalti et al. 2021, Zhang
et al. 2021).

The vaccine safety profile is a crucial factor for the distribu-
tion process among eligible individuals. Along with the growing
range of vaccine applications through different platforms, con-
cerns about the potential side effects over time have come to pub-
lic attention, as well as the long-term effects of COVID-19 infec-
tion (Salehi-Vaziri et al. 2021, Sadat Larijani et al. 2022).

Several reports have been published on the short-term AEs
of COVID-19 vaccines (Gras-Champel et al. 2021, Konu et al.
2021, Menni et al. 2021). However, the delayed effects of vac-
cines are quite neglected. Moreover, case reports cover the de-
layed vaccine-related effects, including very rare and unso-
licited events, have also indicated the importance of long-term
studies.

Public trust in terms of COVID-19 vaccines has been affected
by several factors, including a relatively rapid release process and
a lack of long-term safety data. What is more, booster doses are
needed due to new SARS-CoV-2 variants and also because of the
decline in induced immunity responses (Papachristodoulou et al.
2020, Dar-Odeh et al. 2022).

Hence, any gap regarding the vaccine safety profile could pos-
sibly highlight probable obstacles against the huge effort towards
vaccine development by vaccine hesitancy among populations
(Lee et al. 2020, Dodd et al. 2021).

The associated data should be clearly provided as an evidence-
based and continuous tracking approach. In fact, at this stage of
the COVID-19 era, vaccination maintenance among society seems
to be a priority. Moreover, valid and sufficient data are needed re-
garding different vaccine platforms.
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Protein subunit vaccines have been shown to be safe and ef-
fective in heterologous platforms in different studies against in-
fectious diseases (Larijani et al. 2020, Mona et al. 2020, Gao 2021).
AEs might be late, and newly launched vaccines need to be in-
vestigated more (Sadat Larijani et al. 2023, Wu et al. 2023). The
effectiveness of a heterologous strategy needs to be more investi-
gated regarding COVID-19 in order to achieve a safe heterologous
prime-boost regimen, preferably with the lowest rate of AEs.

PastoCovac (Soberana 02) is a recombinant protein vaccine
composed of an immunogenic region of SARS-CoV-2 RBD conju-
gated to the tetanus toxin (Toledo-Romani et al. 2021). PastoCo-
vac Plus (Soberana Plus) is based on dimerized RBD (d-RBD) (Gorry
2020, Toledo-Romani et al. 2021, SOBERANA). Both vaccines have
been administrated in the Iranian population as the standard pro-
tein vaccine regimen (Mostafavi et al. 2023) and also as the com-
binational regimen with inactivated virus-based (Ramezani et al.
2023) and Adenovirus-based vaccines (data under review).

In the present study, COVID-19 vaccine platforms through stan-
dard and combinational regimens were investigated in one-year
and half follow-ups to assess the unsolicited AEs, as well as the
safety comparison between the vaccine regimens.

Methods

Study population

This study was conducted from April 2021 to October 2022 and
included COVID-19 vaccine study participants under different
standard and combinational regimens who responded to the 18-
month follow-up. Combinational regimens included three cate-
gories as: (a) two doses of Sinopharm and one dose of PastoCovac
Plus (BBIP/Plus); (b) two doses of Sinopharm and one dose of Pasto-
Covac (BBIP/PCovac); and (c) two doses of AstraZeneca (ChAdOx1
nCoV-19) and one dose of PastoCovac Plus (ChAd/Plus). Two doses
of PastoCovac and one dose of PastoCovac Plus (PCovac/Plus) was
the standard regimen. Fig. 1 presents the study design.

All the individuals provided informed consent prior to enrol-
ment and the protocol was performed according to the Declara-
tion of Helsinki (Fortaleza, 13 October 2013). The study protocol
was approved by the Pasteur Institute of Iran National Commit-
tee for Ethics (ethics code numbers: IR.PIL.REC.1400.077 [standard
vaccine regimen study] and IR.PILREC.1400.076 [combinational
vaccine regimen study]).

Data collection

Information regarding AEs during an 18-month period (6 months
after the booster dose) was collected through an in-depth inter-
view using a researcher-made, valid and reliable questionnaire.
This included any complications, disorders, new onsets or wors-
ening of a previous medical condition after each dose of vaccina-
tion.

For the identified AEs, injection of extra doses/other vaccines
and COVID-19 infection/hospitalisations, the start and end dates
were recorded. The dates were then aligned with the dates of orig-
inal COVID-19 vaccine injections in order to determine the tempo-
rality of events, and to identify the duration of identified complica-
tion(s). The data regarding the temporality of AEs were used to in-
fer the causal association between the vaccine and the identified
complication. For every reported complication, a complementary
causal assessment form was also completed by the physician.

A full medical history of all the identified cases was investi-
gated by the AEs assessment committee, based upon which causal
inference about the association of (Adverse drug reactions) with

the vaccine was made by committee members, who were expertin
different topics such as immunology, infectious diseases, internal
medicine, medical biotechnology, epidemiology and clinical phar-
macology. Case-based consultations with other specialists were
carried out where needed.

Descriptive statistics are reported as means (SD) for quantita-
tive variables and as frequency (percentage) for categorical vari-
ables. Chi-square was used to evaluate associations between qual-
itative demographic and clinical variables and the vaccination
regimens. The difference in the frequency of AEs between differ-
ent vaccination regimens was assessed using the Kruskal-Wallis
test. All statistical analyses were performed with an alpha level of
0.05 in Stata software (version 17).

Results

Demographic characteristics

In total, 509 individuals were included in this study; 271 indi-
viduals received combinational vaccine regimens as BBIP/PCovac
Plus recipients (n = 110), ChAd/Plus recipients (n = 71) and
BBIP/PCovac (n = 90). The standard group, the PCovac/Plus recip-
ients, accounted for 288 individuals.

There was no significant difference between the groups re-
garding age, gender and comorbidities (Table 1). Hyperthyroidism
(6.6%), hypertension (4.4%) and hyperlipidaemia (3.6%) were the
most common comorbidities among the participants.

Data collection

COVID-19 history was recorded in four different periods and
showed that there was a significant difference between COVID-
19 incidence after the first dose between the regimens (P < 0.001),
among which the BBIP/PCovac group did not develop the infection
post first dose (Table 1). Furthermore, all the COVID-19 infections
were recorded before the booster dose.

Evaluation of AEs

The incidence of AEs including the defined duration of the first
7 days was fully investigated. Pain at the injection site was the
only local AE and it accounted for 44.5%, 58.8% and 23.9% among
BBIP/Plus, BBIP/PastoCovac and ChAd/Plus, respectively. Notably,
among the participants who had this local reaction, one case ex-
perienced it for nearly 1 month after the PastoCovac booster shot,
before it was then resolved without requiring medical care.

Systemic AEs among the BBIP/Plus and BBIP/PCovac Plus re-
cipients mostly included headache and fatigue. Nevertheless,
ChAd/Plus led to higher rates of AEs including fever (57.7%), body
pain (50.7%), chill (33.8%) and headache (30.2%), mostly caused by
priming vaccine shots.

Long-term assessment of unsolicited AEs

The long-term assessment after the vaccination included any late
unsolicited AEs that occurred 7 days post vaccination. After each
dose of vaccine, the participants were followed to record any dis-
order. This schedule included any complaint post day 7 of injec-
tions up to at least 6 months after the booster shot. The relation
of each recorded disorder to the administrated vaccine/regimen
was carefully discussed by an independent committee based on
the cases’ medical history, COVID-19 history and complementary
clinical and preclinical assessments.

The results showed that almost 3% of the total population ex-
perienced late AEs during the 18-month follow-up. Notably, of 308
females who participated in the follow-up, 7.1% reported men-
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Figure 1. Summary of the follow-up study.

strual abnormalities, which are fully discussed elsewhere and the
associated data are excluded from this study (paper under re-
view). In order to compare the vaccine regimens, the AEs in the
long-term schedule are presented for the combinational vaccine
regimens versus the standard one in Tables 2 and 3.

Combinational vaccine regimens

According to Table 2, 17 cases (6.2%) of the combinational vaccine
regimens experienced long-term unsolicited AEs. Skin was the
most affected organ, accounting for 52.9% (nine cases), particu-
larly in the form of hair loss, which in total occurred in 2% of com-
binational vaccine regimen recipients. There was no significant
difference between the vaccine regimens regarding hair loss fre-
quency (P = 0.66). Other captured incidences were joints involve-
ment in three cases (1.1%), neurological disorder in three individ-
uals (1.1%), ocular involvement in one case (0.3%) and metabolic
complications in one person (0.3%), with no significant difference
between the vaccine regimens (P > 0.05). Notably, 70% of AEs were
persistent up to the end of the study (6 months after the booster
shot). Furthermore, other AEs resolved after at least 3 months post
onset.

The assessment of correlation between the vaccine regimens
to the unsolicited AEs was also investigated according to the ex-
istence of comorbidities, COVID-19 history or co-incidence, pre-
vious history of similar problems and other demographics. More
than one-half of the AEs (64.7%) were evaluated as an improba-
ble outcome of the vaccine/regimen. Four (23.5%) incidences were

evaluated as possible and only one event was a probable outcome
of the vaccine/regimen (5.8%). There was also an unclassified AE
related to optic which is being investigated for diagnosis.

Standard vaccine regimens recipients

In total, six (2%) individuals who received PCovac/Plus vaccines
experienced late AEs, among whom one case had two different
disorders (Table 3). Cutaneous problems were seen in three indi-
viduals (1.04%), from which two incidences of skin rashes were
assessed as probable vaccine consequences that required medical
treatment. Most of the unsolicited AEs occurred post booster shot.
Four incidences required additional follow-up and thus the un-
classifiable reported AEs are still being investigated or have been
resolved after treatment.

Discussion

Several studies have reported acute AEs of COVID-19 vaccines,
mostly in short-term follow-ups post vaccination. As the number
of vaccinated individuals increases over time, the late unsolicited
AEs come to attention. Thus, investigating the late onset of disor-
ders which are potentially vaccine outcomes seems to be a critical
issue. There is no clear vision of future SARS-CoV-2 trends and so
booster vaccines might be required as an annual programme.
The present study addressed some unsolicited AEs that were
mostly persistent during the 18-month follow-up. In total, unso-
licited AEs were reported for 3% of the study population in the
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Table 1. Demographic characteristics of the study participants.

Combinational regimens Standard regimen P-value
Vaccine groups BBIP/PCovac Plus! ChAd/Plus? BBIP/PCovac? PastoCovac/Plus*
Population (n) 110 71 90 288
Gender n (%) 0.043
Male 61 (55.4) 26 (36.6) 41 (54.4) 190 (66.0)
Female 49 (44.5) 45 (63.3) 49 (45.5) 98 (34.0)
Age
Mean sp) 422 (13.1) 42.7 (11.15) 39.3 (12.7) 39.2 (11.3) 0.951
Min, Max 19,77 25,70 18,81 19,71 -
<50 85 (77.2) 55 (77.4) 71(78.8) 225 (80.1) 0.959
> 50 25 (22.2) 16 (22.5) 19 (21.1) 56 (19.9)
BMI
Mean (p) 26.26 (6.6) 22.62 (9.3) 26.7 (4.7) 26.3 (3.9) 0.021
<25 40 (36.3) 32 (66.1) 38 (42.2) 118 (42.0) 0.755
25-30 47 (42.7) 24 (45.0) 33 (33.6) 117 (41.6)
> 30 23(20.9) 15 (21.1) 19 (21.1) 46 (16.4)
COVID-19 history n
(%)
Before vaccine 39 (35.45) 25 (35.21) 35 (38.88) 94 (32.6) 0.850
After the first dose 1(9.09) 6 (8.45) 0 25 (8.6) 0.001
After the second 12 (10.90) 7 (9.85) 17 (18.88) 3(1.0) 0.015
dose
After the third - - - - -
dose
Comorbidity n (%) 33 (Aquino et al. 2022) 22 (32.3) 20 (22.2) 49 (17.4) 0.364

IBBIP/Plus: Two doses of Sinopharm (inactivated virus-based vaccine) and a booster dose of PastoCovac Plus (protein subunit-based vaccine).

?BBIP/PCovac: Two doses of Sinopharm (inactivated virus-based vaccine) and a booster dose of PastoCovac (subunit protein-based vaccine).
3ChAd/Plus: Two doses of AstraZeneca (Adenovirus-based vaccine) and a booster dose of PastoCovac Plus (protein subunit-based vaccine).

4PCovac/Plus: Two doses of PastoCovac and a booster dose of PastoCovac Plus (protein subunit-based vaccines).

Table 2. Unsolicited AEs regarding combinational vaccine regimens (of the 271 total population).

Association with

Organ involved Disorder type Regimen Time of disorder onset Status the vaccine
Skin Hair loss BBIP/PCovac* After the booster shot Persistent Improbable
BBIP/PCovac After each dose Persistent Improbable
BBIP/Plus” After the booster shot Resolved after few Improbable
months
ChAd/Plus? After the booster shot Persistent Improbable
ChAd/Plus After each dose Persistent Improbable
ChAd/Plus After the booster shot Resolved after 9 Possible
months
Rash BBIP/Plus After the booster shot Persistent Possible
BBIP/Plus After the booster shot Persistent Improbable
Morphea onset BBIP/Plus After the booster shot Persistent Possible
Joints Pelvic pain ChAd/Plus After the booster shot Resolved after 3 Improbable
months
Upper extremity pain BBIP/Plus After each dose Persistent Improbable
Aggravation of backache and BBIP/Plus After the booster shot Persistent Improbable
arthralgia
Neurological system Headache BBIP/PCovac After the booster shot Persistent Possible
Neuritis BBIP/Plus After the booster shot Persistent Probable
Dizziness, sleepiness and ChAd/Plus After each dose Resolved after 6 Improbable
headache months
Eyes Blurred vision BBIP/PCovac After the booster shot Persistent Unclassifiable
Endocrine system Aggravation of BBIP/PCovac After the booster shot Persistent Improbable

hypothyroidism

*BBIP/PCovac: Two doses of Sinopharm (inactivated virus-based vaccine) and a booster dose of PastoCovac (subunit protein-based vaccine).

#BBIP/Plus: Two doses of Sinopharm (inactivated virus-based vaccine) and a booster dose of PastoCovac Plus (protein subunit-based vaccine).

$ChAd/Plus: Two doses of AstraZeneca (Adenovirus-based vaccine) and a booster dose of PastoCovac Plus (protein subunit-based vaccine).
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Table 3. Unsolicited AEs regarding the standard vaccine regimen (of the 288 total population).

Association with

Organ involved Disorder type Regimen Time of disorder onset Status the vaccine
Skin Rash PCovac/Plus* After the first dose Persistent Probable
After the booster shot Persistent Probable
Canker sores (on and off) After the first dose Partial improvement Unclassifiable
Joints Aggravation of arthralgia After the booster shot Persistent Unclassifiable
Neurological system Neuropathy After the booster shot Persistent Unclassifiable
Gastrointestinal Pain at right upper side After the booster shot Partial improvement Unclassifiable
system of the abdomen
Endocrine system Worsening of After the second Persistent Improbable

hypothyroidism

booster shot

*PCovac/Plus: Two doses of PastoCovac and a booster dose of PastoCovac Plus (protein subunit-based vaccines).

form of cutaneous disorders, musculoskeletal pain and aggrava-
tion of metabolic disorder, neuropathy and ocular difficulty. The
most important point might be the persistency of the AEs, apart
from those which were transient. The exact mechanism by which
late AEs appear is not clear yet. Further studies are required in the
same context to identify the possible relation of late incidences to
COVID-19 vaccines.

Fundamentally, vaccinations are applied to prevent an infec-
tion or to decrease its burden. Adjuvants that are usually incorpo-
rated in the vaccine formula could possibly trigger inflammatory
or autoimmune responses, as well as immunity stimulation (Ng et
al. 2021). One of the possible mechanisms through which an acute
autoimmune response could be stimulated is molecular mimicry
between the spike proteins and the host’s antigens (Akinosoglou
et al. 2021).

In a study conducted by Dar-Odeh et al, the long-term AEs
of COVID-19 vaccines were explored among 498 practitioners
who were vaccinated with Pfizer-BioNtech, Sinopharm and As-
traZeneca through a survey. In total, 16.0% of the included popula-
tion experienced late AEs that lasted for more than 1 month. Sim-
ilar to our study, the short-term AEs included fatigue, dizziness,
myalgia, arthralgia and headache (Dar-Odeh et al. 2022). Men-
strual disturbances in females accounted for 4.8% as the most fre-
quently reported vaccine outcome in females, in agreement with
our data, which showed that 7.1% of the females had a similar
complaint.

A comparative cross-sectional study was conducted on 606
vaccinated healthcare professionals in Nepal with ChAdOx1 and
BBIBP-CorV vaccines. The rate of AEs was slightly higher after
the first dose of both vaccine types (Rayamajhi et al. 2022). The
present study indicates that late disorders could be triggered af-
ter injection of each dose, although almost 74% of all detected AEs
were set after receiving the booster shot.

According to recent review data, most delayed reactions to
applied vaccines included cutaneous involvements, which could
present from local nodules to systemic rashes. Although the man-
ifestation is usually within a few days, some delayed ones have
also been captured (Aquino et al. 2022). We found hair loss and
skin rashes to be the most frequent cutaneous disorders, which
might seem unimportant, although their persistence could result
in serious concerns. In addition to hair loss, persistent skin rashes
in the form of rash and a case with morphea were identified. Mor-
phea, as a serious systemic unsolicited AE, manifested 1 month
after the booster shot in a healthy 52-year-old man. Environmen-
tal factors including COVID-19 vaccination can cause immune
system dysregulation and consequently the pathogenesis of mor-
phea. Other vaccines against SARS-CoV-2, including BNT162b2,

mRNA-1273 and AstraZeneca, have also been reported as associ-
ated with morphea (Antofianzas et al. 2022, Aryanian et al. 2022).

The otheridentified serious AE in this study was an ocular com-
plication, which the 38-year-old man described as blurred vision
that had no previous medical history. In fact, visual impairment
was not detected in this case after optical examination. Thus he
has been followed up. In a study by Nyankerh CAN, of 55 313
reported AEs, 26.69% and 19.77% were classified as blurred vi-
sion and visual impairment, respectively (Nyankerh et al. 2022).
Ad26.COV2.S, Sinopharm, Pfizer-BioNTech and AstraZeneca vac-
cines have also led to ocular complications (Elnahry et al. 2021,
Garcia-Estrada et al. 2022, Raxwal et al. 2022). A specific mono-
clonal antigen in response to the vaccination could be the proba-
ble response of this complication, as well as a pro-inflammatory
condition or post viral inflammatory syndrome (Raxwal et al.
2022).

New onset of neuropathic symptoms was captured through
an observational study by Safavi et al., who showed neuropathic
manifestations within 1 month after COVID-19 vaccination in 23
cases. The symptoms included serious paresthesia, heat intoler-
ance, palpitations and orthostasis (Safavi et al. 2022). Anti-spike
immune responses might be linked to post vaccine syndromes be-
cause all COVID-19 vaccines encode or include spike protein. In
addition to spike protein, which can directly interact with neu-
rons, the related anti-idiotypic antibodies might bind to the ACE-
2 receptor as well (Arthur et al. 2021). Furthermore, autoantibody
generation stemming from molecular mimicry and independent
immune-dysregulation may both contribute (Dutta et al. 2022).

Hereby, the crucial finding is quite uncommon late AEs, as a
total incidence of 24 among 509 individuals (the menstrual dis-
orders in females are discussed elsewhere and so the associ-
ated data are excluded). In total, 6.2% of the combinational vac-
cine regimens participants had late AEs, of whom 3.3% suffered
from cutaneous manifestations, followed by 1.1% arthralgia com-
plaints, 1.1% with neurologic disorders, 0.3% with an ocular prob-
lem and 0.3% with a metabolic complication, with no significant
differences between the vaccine regimens (P > 0.05). Of the stan-
dard vaccine recipients, 2% of individuals experienced late AEs in
the form of cutaneous manifestation (1%), neurological disorders
(0.3%), a metabolic problem (0.3%) and involving joints (0.3). No-
tably, 75% of the AEs were persistent up to the end of the study.

The association between the unsolicited consequences and the
vaccine/regimen were as 12, 5, 4, improbable, unclassifiable, pos-
sible and 3 probable ones, respectively. Considering the number in
the study population, 7 of 288 standard vaccine regimen partici-
pants experienced late AEs, of whom 2 individuals achieved par-
tial improvement, while the other 5 cases had a persistent con-
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dition. Seventeen of the combinational vaccine regimen partici-
pants complained of an AE: 5 improved, while the other 12 still
suffer from AEs. Therefore, from a comparative point of view, the
standard vaccine regimen, of PCovac/Plus based on a protein sub-
unit vaccine regimen, resulted in a lower rate of late AEs. Never-
theless, there were no significant differences between the combi-
national vaccine regimens regarding the triggering of AEs. COVID-
19 infection/re-infection and also vaccinations still require to be
investigated due to their possible effect on immune system activ-
ity and responses.

The next step of this study is following up the cases with pos-
sible and probable associated AEs. In addition, individuals with
underlying diseases will be assessed regarding COVID-19 vaccine
immunogenicity and AEs.

Conclusions

There are limited and insufficient immunological data on unso-
licited AEs and their association with COVID-19 vaccines, particu-
larly in long-term follow-ups. Hence, large-scale epidemiological
studies regarding late unsolicited AEs are necessary to confirm
or deny the causal relations between immune-mediated compli-
cations and COVID-19 vaccination. Currently, it is clear that ev-
ery SARS-CoV-2 vaccine combination could lead to late outcomes,
even after booster doses. Nevertheless, the protein-based vaccine
that was mainly administered in this study population led to a
lower rate of serious events compared with other studies of differ-
ent vaccine types. COVID-19 vaccination benefits far exceed the
potential risks and the late AEs appear to be uncommon condi-
tions ,which confirms vaccination pbeing a riority in communi-
ties.
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