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Abstract 

Earl y r e ports on cor onavirus disease 2019 (COVID-19) v accines pr esented the short-term adv erse ev ents (AEs). This follo w-up stud y 
investigated a standard regimen based on protein subunit vaccines, P astoCo vac and P astoCo vac Plus, and the combinational vaccine 
regimens including AstraZeneca/P astoCo vac Plus and Sinopharm/P astoCo vac Plus. The participants w ere follow ed up to 6 months 
post the booster shot. All the AEs were collected through in-depth interviews using a valid resear c her-made questionnaire and were 
ev aluated r egarding the association with the vaccines. Of the 509 individuals, 6.2% of the combinational vaccine participants had late 
AEs, of whom 3.3% suffer ed fr om cutaneous manifestations, followed by 1.1% arthralgia complaints, 1.1% with neurologic disorders, 
0.3% ocular pr ob lems 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%). Nota b l y, 75% of the AEs were persistent up to the end of the stud y. A lo w number of late AEs were captured in 

18 months as 12 impr oba b le, 5 unclassifia b le, 4 possib le and 3 pr oba b le associated AEs with the v accine r egimens. The benefits of 
COVID-19 vaccination far exceed the potential risks and late AEs seem to be uncommon. 

Ke yw ords: COVID-19, vaccine, safety, late adv erse ev ents, long-term AEs 
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Bac kgr ound 

T here ha ve been massive efforts to w ar d vaccine development 
a gainst se v er e acute r espir atory syndr ome cor onavirus 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 . T he 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 ). 

Earl y r eports on COVID-19 vaccines described the adverse 
e v ents (AEs) mostl y as local ones at the injection site, as well as 
some temporary systemic manifestations that lasted from 1 to 10 
da ys , among whic h fe v er, fatigue and headac he wer e 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 
r ange of v accine a pplications thr ough differ ent 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 ). 
Recei v ed 19 April 2023; revised 10 May 2023; accepted 23 May 2023 
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Se v er al r eports hav e been published on the short-term AEs
f COVID-19 vaccines (Gras-Champel et al. 2021 , Konu et al.
021 , Menni et al. 2021 ). Ho w e v er, the delayed effects of vac-
ines are quite neglected. Moreover, case reports cover the de-
ayed v accine-r elated effects, including v ery r ar e and unso-
icited e v ents , ha ve also indicated the importance of long-term
tudies. 

Public trust in terms of COVID-19 vaccines has been affected
y se v er al factors, including a r elativ el y r a pid r elease pr ocess and
 lack of long-term safety data. What is more, booster doses are
eeded due to new SARS-CoV-2 variants and also because of the
ecline in induced imm unity r esponses (P a pac hristodoulou et al.
020 , Dar-Odeh et al. 2022 ). 

Hence, an y ga p r egarding the v accine safety pr ofile could pos-
ibly highlight probable obstacles against the huge effort to w ar ds
 accine de v elopment by v accine hesitancy among populations
Lee et al. 2020 , Dodd et al. 2021 ). 

The associated data should be clearly provided as an evidence-
ased and continuous tr ac king a ppr oac h. In fact, at this stage of
he COVID-19 er a, v accination maintenance among society seems
o be a priority. Mor eov er, v alid and sufficient data are needed re-
arding different vaccine platforms. 
ights r eserv ed. For permissions, please e-mail: 
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Pr otein subunit v accines hav e been shown to be safe and ef-
ectiv e in heter ologous platforms in differ ent studies a gainst in-
ectious diseases (Larijani et al. 2020 , Mona et al. 2020 , Gao 2021 ).
Es might be late, and ne wl y launc hed v accines need to be in-
 estigated mor e (Sadat Larijani et al. 2023 , Wu et al. 2023 ). The
ffectiveness of a heterologous strategy needs to be more investi-
ated regarding COVID-19 in order to ac hie v e a safe heterologous
rime-boost r egimen, pr efer abl y with the lo w est rate of AEs. 

P astoCov ac (Sober ana 02) is a r ecombinant pr otein v accine
omposed of an immunogenic region of SARS-CoV-2 RBD conju-
ated to the tetanus toxin (Toledo-Romani et al. 2021 ). PastoCo-
ac Plus ( Soberana Plus ) is based on dimerized RBD (d-RBD) (Gorry
020 , Toledo-Romani et al. 2021 , SOBERANA). Both vaccines have
een administrated in the Iranian population as the standard pro-
ein v accine r egimen (Mostafavi et al. 2023 ) and also as the com-
inational regimen with inactivated virus-based (Ramezani et al.
023 ) and Adenovirus-based vaccines (data under review). 

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

ethods 

tudy population 

his study was conducted from April 2021 to October 2022 and
ncluded COVID-19 vaccine study participants under different
tandard and combinational regimens who responded to the 18-
onth follow-up. Combinational regimens included three cate-

ories as: (a) two doses of Sinopharm and one dose of P astoCov ac
lus (BBIP/Plus); (b) two doses of Sinopharm and one dose of Pasto-
o vac (BBIP/PCo vac); and (c) two doses of AstraZeneca (ChAdOx1
CoV-19) and one dose of P astoCov ac Plus (ChAd/Plus). Two doses
f P astoCov ac and one dose of P astoCov ac Plus (PCov ac/Plus) was
he standard regimen. Fig. 1 presents the study design. 

All the individuals provided informed consent prior to enrol-
ent and the protocol was performed according to the Declara-

ion of Helsinki (Fortaleza, 13 October 2013). The study protocol
as a ppr ov ed by the P asteur Institute of Ir an National Commit-

ee for Ethics (ethics code numbers: IR.PII.REC.1400.077 [standard
 accine r egimen study] and IR.PII.REC.1400.076 [combinational
 accine r egimen study]). 

ata collection 

nformation regarding AEs during an 18-month period (6 months
fter the booster dose) was collected through an in-depth inter-
iew using a researcher-made, valid and reliable questionnaire.
his included any complications, disorders, new onsets or wors-
ning of a pr e vious medical condition after each dose of vaccina-
ion. 

For the identified AEs, injection of extra doses/other vaccines
nd COVID-19 infection/hospitalisations, the start and end dates
er e r ecorded. The dates were then aligned with the dates of orig-

nal COVID-19 vaccine injections in order to determine the tempo-
ality of events, and to identify the duration of identified complica-
ion(s). The data regarding the temporality of AEs were used to in-
er the causal association between the vaccine and the identified
omplication. For e v ery r eported complication, a complementary
ausal assessment form was also completed by the physician. 

A full medical history of all the identified cases was investi-
ated by the AEs assessment committee, based upon which causal
nference about the association of (Adverse drug reactions) with
he vaccine was made by committee members, who were expert in
ifferent topics such as immunology, infectious diseases, internal
edicine, medical biotechnology, epidemiology and clinical phar-
acology. Case-based consultations with other specialists were

arried out where needed. 
Descriptive statistics are reported as means (SD) for quantita-

iv e v ariables and as fr equenc y (per centa ge) for categorical v ari-
bles. Chi-square was used to evaluate associations between qual-
tativ e demogr a phic and clinical v ariables and the v accination
egimens . T he difference in the frequency of AEs between differ-
nt v accination r egimens was assessed using the Kruskal–Wallis
est. All statistical analyses were performed with an alpha level of
.05 in Stata software (version 17). 

esults 

emogr aphic char acteristics 

n total, 509 individuals were included in this study; 271 indi-
iduals r eceiv ed combinational v accine r egimens as BBIP/PCov ac
lus recipients (n = 110), ChAd/Plus recipients (n = 71) and
BIP/PCovac (n = 90). The standard group, the PCov ac/Plus r ecip-

ents, accounted for 288 individuals. 
There was no significant difference between the groups re-

arding age, gender and comorbidities (Table 1 ). Hyperthyroidism
6.6%), hypertension (4.4%) and hyperlipidaemia (3.6%) were the

ost common comorbidities among the participants. 

ata collection 

OVID-19 history w as recor ded in four different periods and
ho w ed that there was a significant difference between COVID-
9 incidence after the first dose between the regimens ( P < 0.001),
mong which the BBIP/PCovac group did not develop the infection
ost first dose (Table 1 ). Furthermore, all the COVID-19 infections
er e r ecorded befor e the booster dose. 

v alua tion of AEs 

he incidence of AEs including the defined duration of the first
 days was fully inv estigated. P ain at the injection site was the
nly local AE and it accounted for 44.5%, 58.8% and 23.9% among
BIP/Plus , BBIP/PastoCo vac and ChAd/Plus, respectively . Notably ,
mong the participants who had this local reaction, one case ex-
erienced it for nearly 1 month after the P astoCov ac booster shot,
efore it was then resolved without requiring medical care. 

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

ong-term assessment of unsolicited AEs 

he long-term assessment after the vaccination included any late
nsolicited AEs that occurred 7 days post vaccination. After each
ose of vaccine, the participants were follo w ed to record any dis-
rder. This schedule included any complaint post day 7 of injec-
ions up to at least 6 months after the booster shot. The relation
f eac h r ecor ded disor der to the administr ated v accine/r egimen
as car efull y discussed by an independent committee based on

he cases’ medical history, COVID-19 history and complementary
linical and preclinical assessments. 

The results sho w ed that almost 3% of the total population ex-
erienced late AEs during the 18-month follow-up. Notably, of 308
emales who participated in the follow-up, 7.1% reported men-



Sadat Larijani et al. | 3 

Figure 1. Summary of the follow-up study. 
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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 sc hedule ar e pr esented for the combinational v accine 
r egimens v ersus the standard one in Tables 2 and 3 . 

Combina tional v accine 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 . T here was no significant 
difference between the vaccine regimens regarding hair loss fre- 
quency ( P = 0.66). Other ca ptur ed 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 demogr a phics. Mor e 
than one-half of the AEs (64.7%) wer e e v aluated as an improba- 
ble outcome of the v accine/r egimen. Four (23.5%) incidences were 
 v aluated as possible and only one e v ent was a probable outcome
f the v accine/r egimen (5.8%). Ther e was also an unclassified AE
elated to optic which is being investigated for diagnosis. 

tandard vaccine regimens recipients 

n total, six (2%) individuals who r eceiv ed PCov ac/Plus v accines
xperienced late AEs, among whom one case had two different
isorders (Table 3 ). Cutaneous problems were seen in three indi-
iduals (1.04%), fr om whic h two incidences of skin r ashes wer e
ssessed as probable vaccine consequences that required medical 
reatment. Most of the unsolicited AEs occurred post booster shot.
our incidences r equir ed additional follow-up and thus the un-
lassifiable reported AEs are still being investigated or have been
 esolv ed after treatment. 

iscussion 

e v er al studies hav e r eported acute AEs of COVID-19 vaccines,
ostly in short-term follow-ups post vaccination. As the number 

f vaccinated individuals increases over time, the late unsolicited 

Es come to attention. T hus , in vestigating the late onset of disor-
ers whic h ar e potentiall y v accine outcomes seems to be a critical

ssue . T here is no clear vision of future SARS-CoV-2 trends and so
ooster vaccines might be required as an annual programme. 

The present study addressed some unsolicited AEs that were 
ostly persistent during the 18-month follow-up. In total, unso- 

icited AEs wer e r eported for 3% of the study population in the
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Table 1. Demogr a phic c har acteristics of the study participants. 

Combinational regimens Standard regimen P -value 

Vaccine groups BBIP/PCo v ac Plus 1 ChAd/Plus 2 BBIP/PCo v ac 3 PastoCo v ac/Plus 4 

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 (SD) 42.2 (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 (SD) 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 
(%) 

Befor e v accine 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 

dose 
12 (10.90) 7 (9.85) 17 (18.88) 3 (1.0) 0 .015 

After the third 
dose 

- - - - - 

Comorbidity n (%) 33 (Aquino et al. 2022 ) 22 (32.3) 20 (22.2) 49 (17.4) 0 .364 

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

Organ involved Disorder type Regimen Time of disorder onset Status 
Association with 

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 

months 
Improbable 

ChAd/Plus $ After the booster shot Persistent Improbable 
ChAd/Plus After each dose Persistent Improbable 
ChAd/Plus After the booster shot Resolved after 9 

months 
Possible 

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 

months 
Improbable 

Upper extremity pain BBIP/Plus After each dose Persistent Improbable 
Aggr av ation of bac kac he and 

arthralgia 
BBIP/Plus After the booster shot Persistent Improbable 

Neurological system Headache BBIP/PCovac After the booster shot Persistent Possible 
Neuritis BBIP/Plus After the booster shot Persistent Probable 

Dizziness, sleepiness and 
headache 

ChAd/Plus After each dose Resolved after 6 
months 

Improbable 

Eyes Blurred vision BBIP/PCovac After the booster shot Persistent Unclassifiable 
Endocrine system Aggr av ation of 

h ypoth yroidism 

BBIP/PCovac After the booster shot Persistent Improbable 

∗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). 

Organ involved Disorder type Regimen Time of disorder onset Status 
Association with 

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 P artial impr ov ement Unclassifiable 
Joints Aggr av ation of arthralgia After the booster shot Persistent Unclassifiable 
Neurological system Neuropathy After the booster shot Persistent Unclassifiable 
Gastrointestinal 
system 

Pain at right upper side 
of the abdomen 

After the booster shot P artial impr ov ement Unclassifiable 

Endocrine system Worsening of 
h ypoth yroidism 

After the second 
booster shot 

Persistent Improbable 

∗PCovac/Plus: Two doses of PastoCovac and a booster dose of PastoCovac Plus (protein subunit-based vaccines). 
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form of cutaneous disorders, musculoskeletal pain and a ggr av a- 
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. 

Fundamentall y, v accinations ar e a pplied to pr e v ent 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 
autoimm une r esponse could be stim ulated 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- 
tr aZeneca thr ough a surv ey. 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 ,
myalg ia, arthralg ia and headache (Dar-Odeh et al. 2022 ). Men- 
strual disturbances in females accounted for 4.8% as the most fre- 
quentl y r eported v accine outcome in females, in a gr eement with 

our data, which sho w ed that 7.1% of the females had a similar 
complaint. 

A compar ativ e cr oss-sectional study was conducted on 606 
v accinated healthcar e pr ofessionals in Nepal with ChAdOx1 and 

BBIBP-CorV vaccines . T he 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 r ecent r e vie w data, most delayed reactions to 
a pplied v accines included cutaneous involv ements, whic h could 

pr esent fr om local nodules to systemic rashes. Although the man- 
ifestation is usually within a few da ys , some dela yed ones ha ve 
also been ca ptur ed (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 v accines a gainst SARS-CoV-2, including BNT162b2,
RNA-1273 and Astr aZeneca, hav e also been reported as associ-
ted with morphea (Antoñanzas et al. 2022 , Aryanian et al. 2022 ).

The other identified serious AE in this study was an ocular com-
lication, which the 38-year-old man described as blurred vision 

hat had no pr e vious medical history. In fact, visual impairment
as not detected in this case after optical examination. Thus he
as been follo w ed up. In a study b y Ny ankerh CAN, of 55 313
eported AEs, 26.69% and 19.77% were classified as blurred vi-
ion and visual impairment, r espectiv el y (Nyankerh et al. 2022 ).
d26.COV2.S, Sinopharm, Pfizer -BioNT ech and AstraZeneca vac- 
ines have also led to ocular complications (Elnahry et al. 2021 ,
arcía-Estrada et al. 2022 , Raxwal et al. 2022 ). A specific mono-
lonal antigen in response to the vaccination could be the proba-
le response of this complication, as well as a pro-inflammatory 
ondition or post viral inflammatory syndrome (Raxwal et al.
022 ). 

New onset of neuropathic symptoms was captured through 

n observational study by Safavi et al., who sho w ed neuropathic
anifestations within 1 month after COVID-19 vaccination in 23 

ases . T he symptoms included serious paresthesia, heat intoler-
nce, palpitations and orthostasis (Safavi et al. 2022 ). Anti-spike
mm une r esponses might be linked to post v accine syndr omes be-
ause all COVID-19 vaccines encode or include spike protein. In
d dition to spik e pr otein, whic h can dir ectl y inter act with neu-
 ons, the r elated anti-idiotypic antibodies might bind to the ACE-
 receptor as well (Arthur et al. 2021 ). Furthermore, autoantibody
eneration stemming from molecular mimicry and independent 
mm une-dysr egulation may both contribute (Dutta et al. 2022 ). 

Hereby, the crucial finding is quite uncommon late AEs, as a
otal incidence of 24 among 509 individuals (the menstrual dis-
rders in females are discussed elsewhere and so the associ-
ted data are excluded). In total, 6.2% of the combinational vac-
ine regimens participants had late AEs, of whom 3.3% suffered
rom cutaneous manifestations, follo w ed b y 1.1% arthralgia com-
laints, 1.1% with neurologic disorders, 0.3% with an ocular prob-

em and 0.3% with a metabolic complication, with no significant
ifferences between the vaccine regimens ( P > 0.05). Of the stan-
ard vaccine recipients, 2% of individuals experienced late AEs in
he form of cutaneous manifestation (1%), neurological disorders 
0.3%), a metabolic problem (0.3%) and involving joints (0.3). No-
ably, 75% of the AEs were persistent up to the end of the study. 

The association between the unsolicited consequences and the 
 accine/r egimen wer e as 12, 5, 4, improbable , unclassifiable , pos-
ible and 3 probable ones, respectively. Considering the number in
he study population, 7 of 288 standard vaccine regimen partici-
ants experienced late AEs, of whom 2 individuals ac hie v ed par-
ial impr ov ement, while the other 5 cases had a persistent con-
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ition. Se v enteen of the combinational v accine r egimen partici-
ants complained of an AE: 5 impr ov ed, while the other 12 still
uffer from AEs . T herefore , from a comparative point of view, the
tandard v accine r egimen, of PCov ac/Plus based on a protein sub-
nit v accine r egimen, r esulted in a lo w er r ate of late AEs. Ne v er-
heless, ther e wer e no significant differences between the combi-
ational v accine r egimens r egarding the triggering of AEs. COVID-
9 infection/re-infection and also vaccinations still require to be
nvestigated due to their possible effect on immune system activ-
ty and responses. 

The next step of this study is following up the cases with pos-
ible and probable associated AEs. In ad dition, indi viduals with
nderlying diseases will be assessed regarding COVID-19 vaccine

mmunogenicity and AEs. 

onclusions 

her e ar e limited and insufficient imm unological data on unso-
icited AEs and their association with COVID-19 vaccines, particu-
arly in long-term follow-ups . Hence , large-scale epidemiological
tudies regarding late unsolicited AEs are necessary to confirm
r deny the causal relations between immune-mediated compli-
ations and COVID-19 v accination. Curr entl y, it is clear that ev-
ry SARS-CoV-2 vaccine combination could lead to late outcomes,
 v en after booster doses. Ne v ertheless, the pr otein-based v accine
hat was mainl y administer ed in this study population led to a
o w er rate of serious events compared with other studies of differ-
nt vaccine types. COVID-19 vaccination benefits far exceed the
otential risks and the late AEs appear to be uncommon condi-
ions ,which confirms vaccination pbeing a riority in communi-
ies. 
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