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Background: There have been safety concerns regarding the COVID-19 
vaccines because of their unprecedented speed of development. Therefore, 
systematic reviews are necessary to address these concerns and reduce public 
hesitancy regarding COVID-19 vaccines. This study aims to systematically 
review the reported adverse events related to viral vector COVID-19 vaccines. 
Materials and Methods: We performed a systematic search in the databases of 
PubMed, Scopus, Web of Science, and Cochrane on September 15th, 2021. This 
study adheres to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) checklist. The records underwent two-step 
title/abstract and full-text screenings, and the eligible records were included in 
the data extraction process. We used the Newcastle-Ottawa Scale (NOS) for the 
Bias Assessment of included articles. 
Results: The adenovirus vector-based COVID-19 vaccines, including the 
Janssen COVID-19 vaccine, the AstraZeneca COVID-19 vaccine, and the 
Sputnik V vaccine were included in this review. Among these vaccines, the 
AstraZeneca has presented enormous side effects with most being systemic and 
a few sporadic cases of life-threatening events such as thrombosis and capillary 
leak syndrome and even death in a few cases. Prominent systemic side effects of 
the adenovirus vaccines include fever, fatigue, malaise, arthralgia, myalgia, 
sweating, and dizziness. Erythema, swelling, tenderness, itching, and 
numbness at the injection site are the most common local reactions. 
Conclusion: It appeared that the frequency of serious adverse events is 
negligible, and vaccination to prevent severe COVID-19 and mortality has 
greater benefits than adverse events in the general population. 
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INTRODUCTION 

Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), a novel positive-sense and single-stranded 

RNA virus, first broke out in December 2019 in Wuhan, 

China. Since then, the Coronavirus disease 2019 (COVID-

19) rapidly spread and resulted in the ongoing pandemic 

which was first declared by the World Health Organization 

(WHO) on March 11th, 2020. As of January 17th, 2022, 

COVID-19 has claimed the lives of more than 5.5 million 

people and over 326 million cases have been confirmed by 

WHO globally (1,2). The COVID-19 pandemic substantially 

burdened healthcare practitioners, hospitals, researchers, 
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the global economy, and social life and forced 

governments to develop prevention and treatment 

modalities to control the devastating situation. From the 

beginning, the most effective tool for halting extremely 

rapid COVID-19 transmission was the development of 

vaccines since there is no specific therapy for the disease. 

As a result, various health sectors came together to quickly 

develop effective vaccines to curb the number of new cases 

and mortality rates (3, 4).  

Therefore, after the publication of the first SARS-CoV-2 

genomic sequence (5), various vaccines were developed 

and granted emergency approval by the US Food and 

Drug Administration (FDA) and WHO within less than a 

year after the official declaration of the pandemic (6-8). 

Currently, WHO has granted safety approval to 10 

vaccines including; two mRNA vaccines (Pfizer-BioNTech 

and Moderna), three adenoviral-vector vaccines 

(Oxford/AstraZeneca, Johnson & Johnson, and 

Covishield), three inactivated vaccines (Bharat Biotech, 

Sinopharm Beijing, and Sinovac), and two Protein Subunit 

vaccines (Novavax and COVOVAX). Moreover, according 

to the latest WHO reports on 18 January 2022, 194 vaccines 

were included in pre-clinical trials and there were 140 

vaccines in clinical development (9, 10). 

COVID-19 vaccines effectively prevent SARS-CoV-2 

transmission, severe illness, hospitalization, and associated 

complications (11, 12). From December 2020 to January 

2022, 60.3% of the global population have been vaccinated 

with at least one dose of COVID-19 vaccines, and 

approximately 9.82 billion doses have been administrated 

worldwide (13). However, from the beginning, there have 

been safety concerns regarding the COVID-19 vaccines 

because of their unprecedented speed of development, and 

currently, many clinical trials are investigating the safety of 

these vaccines. The most common adverse effects 

following vaccination comprise local reactions including 

pain, swelling, and redness at the injection site, and 

systemic reactions including fever, chills, headache, 

fatigue, and myalgia that mostly occur within days after 

vaccination and resolve shortly after (14). 

Among the aforementioned vaccines, rare cases of 

thrombotic events in uncommon sites like cerebral venous 

sinus have occurred mainly among recipients of 

Adenovirus vector vaccines such as AstraZeneca 

(ChAdOx1 nCoV-19), and Johnson & Johnson 

(Ad26COVS1) with an incidence rate of one in 100,000 to 

one in 1,000,000 (15). Therefore, to reduce public hesitancy 

regarding COVID-19 vaccines, and provide better 

information about possible rare adverse events of COVID-

19 adenovirus vector vaccines, we conducted a systematic 

review to determine the adverse events following 

vaccinations with Adenovirus vector vaccines from 

published literature.   

 

MATERIALS AND METHODS 
This study is a systematic review of scientific literature 

conducted on September 15th, 2021. The authors studied 

the safety and adverse effects related to COVID-19 viral 

vector vaccines. Our study adheres to the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) checklist to ensure the reliability and 

validity of this study and its results. 

Data sources 
Through the application of a systematic search and 

using the keywords in the online databases of PubMed, 

Scopus, Web of Science, and Cochrane on September 15th, 

2021. We downloaded and imported all the search results 

into EndNote 9 application. We also looked for other 

sources such as other online databases and references of 

retrieved studies to find all the relevant studies that 

concern the aims of the present review. The keywords 

were adapted from the medical subject headings (MeSH) 

websites and the previous studies. Supplementary material 

1 contains search terms for all the databases. The PubMed 

search term is mentioned below:   

((((((COVID-19[Title]) OR (SARS-CoV-2[Title])) OR 

(SARS-CoV2[Title])) OR (2019-nCoV[Title])) OR (Novel 

Coronavirus[Title])) AND ((((Vaccine*[Title]) OR 

(Vaccination[Title])) OR (Vaccinated[Title])) OR 

(Immunization[Title]))) AND (((((Safety[Title]) OR (Side 
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effect*[Title])) OR (Adverse event*[Title])) OR (Adverse 

effect*[Title])) OR (Adverse reaction*[Title])) 

Study selection 
Three independent investigators retrieved the most 

relevant studies by titles and abstract screening. 

Subsequently, the full texts of the retrieved papers were 

reviewed and the most relevant papers were selected 

according to the eligibility criteria. Then, we extracted the 

appropriate data and organized them into a table. 

Additionally, original papers that were peer-reviewed and 

published in English, and fulfilled the eligibility criteria 

were included in the final report. 

The exclusion criteria were as follows: (1) Conference 

abstracts or papers in which their full texts were not 

available; (2) non-original studies: reviews, systematic 

reviews, meta-analyses, and opinions; (3) non-human 

studies; (4) Case reports; and (5) studies on other types     

of vaccines. 

Data extraction 
After summarizing, we transferred the name of the first 

author, year of publication, country/ethnic group, type of 

study (e.g., clinical trial), manufacturer, phase, sample 

population, age, gender, serious adverse event (name and 

frequency), time from injection to the appearance of 

adverse events, and side effects (local and systemic) to a 

data extraction sheet. Four independent investigators 

gathered this information and subsequently organized 

them into the table. Finally, to ensure no duplications or 

overlaps exist in the content, all the selected articles were 

cross-checked by other authors. 

Quality and Bias Risk Assessment 
The PRISMA checklist was used to ensure the quality 

and reliability of selected articles. Two independent 

researchers evaluated the consistency and quality of the 

articles and the bias risk. In either case of discrepancy in 

viewpoints, a third independent researcher resolved the 

issue. The full texts of selected articles were fully read, and 

the key findings were extracted for this qualitative 

synthesis. Furthermore, we used the Newcastle Ottawa 

Scale (NOS) to evaluate the studies. This scale consists of 

three items: selection, comparability, and exposure/ 

outcome. These items have a maximum score of 4, 2, and 3 

respectively. By adding these values, a top score of 9 is 

assigned for individual studies (Table 1). 

 
Table 1. Newcastle-Ottawa Scale (NOS) bias risk assessment of the studies 

 
Reference Selection  

(out of 4) 
Comparability 
(out of 2) 

Exposure/ 
Outcome (out of 3) 

Total  
(out of 9) 

(18) *** ** *** 8 
(20) **** ** ** 8 
(19) *** * ** 6 
(21) **** ** *** 9 
(22) **** ** * 7 
(24) **** ** * 7 
(25) **** ** *** 9 
(32) **** * *** 8 
(26) ** ** ** 6 
(38) *** * ** 6 
(16) **** ** *** 9 
(34) ** * *** 6 
(23) **** ** ** 8 
(27) **** * ** 7 
(39) *** * ** 6 
(28) **** ** *** 9 
(29) *** ** ** 7 
(33) *** ** ** 7 
(35) **** * * 6 
(30) *** ** *** 8 
(17) *** ** *** 8 
(36) *** * *** 7 
(37) **** ** *** 9 
(31) *** * ** 6 

 

RESULTS 
A total of 1064 records were retrieved from the initial 

search in online databases and manual searching of other 

sources. In the initial screening, 547 duplicates were 

removed. From the remaining 515 records, 171 were 

removed in the title and abstract screening phase and a 

total of 346 studies entered the full-text screening (344 from 

database searching and two from other sources). In full-

text screening, 322 articles were excluded as they did not 

meet the eligibility criteria. A total of 24 studies met the 

inclusion criteria and were eventually used in the 

qualitative analyses. The PRISMA flow diagram in Figure 1 

provides an extensive illustration of this process. 
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Figure 1. PRISMA 2020 flow diagram of the selection process for this systematic 
review. 

The study design aimed to systematically review the 
various reports concerning the safety and adverse events 
specifically related to the adenovirus COVID-19 vaccines 
approved by the WHO. Phases 1, 2, and 3 RCTs, cohort, 
and cross-sectional studies that reported the adverse 
events of the adenovirus COVID-19 vaccines (mainly 
AstraZeneca, Janssen COVID vaccine, Sputnik V) were 
used in this synthesis. Studies with scores from 7 to 9 had 
high quality, 4 to 6 had high risk, and 0 to 3 had a very 
high risk of bias. Consequently, 17 (70 %) of the studies 
included had high quality and 7 (30 %) had a high risk of 
bias. However, there were no studies with a very high risk 
of bias involved in this qualitative synthesis as seen in 
Table 1.  
Significant Adverse Effects 
Janssen COVID-19 vaccine 

The Janssen COVID-19 vaccine is one of the 
adenovirus-vector-based vaccines that has been described 
in this study. Few studies (16, 17) exist related to the side 
effects of this vaccine. Notable significant adverse events 
(Figure 2) include neuromuscular & skeletal: Myalgia (10% 
to 39%) (16), systemic: Fever (0% to 13%), local: Erythema 
at the injection site (0% to 9%), swelling at the injection site 
(0% to 7%), pain at the injection site (21% to 60%)(16, 17), 
gastrointestinal: Nausea (2% to 16%), and the nervous 
system: Fatigue (30% to 52%), headache (27% to 44%) (17). 
Gillian-Barre syndrome and hypersensitivity reactions 
such as anaphylaxis, angioedema, and urticaria were also 
reported in some studies (Table 2). The onset of these 
reactions is often within 3 weeks after injection. Local 
reactions that were associated with this vaccine include 

pain, swelling, and erythema at the injection site (17). 
Patients reporting local side effects are mostly between 18 
to 59 years (17). The onset of these prominent local side 
reactions has been reported to be a few hours to about 7 
days after injection. Additionally, they may persist for up 
to 2 days after onset (17). The Janssen COVID-19 vaccine 
could also be associated with some systemic reactions such 
as headache, myalgia, nausea, fatigue, fever, and asthenia. 
The onset of these reactions is a few hours to 
approximately 7 days after injection. Similar to the local 
side effects, the systemic reactions usually persist for 2 
days after taking the vaccine. Sporadic adverse reactions 
include thrombocytopenia syndrome (TTS) (17) which 
could present after 2 weeks of injection. 
AstraZeneca COVID-19 vaccine 

The Vaxzevria (AstraZeneca) vaccine side effects have 
been extensively reviewed and reported in the previous 
literature (Figure 3). The significant adverse reactions from 
this vaccine could be systemic such as fever (≤12%; 
feverishness: 4% to 39%), sweating, nasal discharge, cough, 
asthenia(18-23); or local such as pain at injection site (10% 
to 60%), tenderness at injection site (32% to 79%), warm 
sensation at injection site (4% to 17%), erythema at 
injection site (≤3%), induration at injection site (≤3%), 
injection site pruritus (2% to 7%), swelling at injection site 
(≤3%) (16, 18-31); gastrointestinal including nausea (6% to 
24%), vomiting (≤2%), diarrhea, decreased appetite (18, 19, 
21, 32, 33);nervous system including chills (2% to 37%), 
fatigue (27% to 65%), headache (20% to 61%), malaise (10% 
to 48%), shortness of breath, syncope, anxiety, dizziness, 
and drowsiness (16, 18-26, 34-37); neuromuscular & 
skeletal including arthralgia (7% to 28%), bone pain, 
myalgia (14% to 52%); dermatologic including diaphoresis, 
pruritus, and skin rash (16, 19, 20, 22-31, 33). Notably, life-
threatening events that occurred with this vaccine include 
pulmonary embolism, thrombocytopenia syndrome (TTS), 
high fever of 40.5℃, severe angina, anaphylaxis, acute 
transverse myelitis, thrombosis and capillary leak 
syndrome with death in few cases (18, 21, 23, 29, 32, 34-37). 
The presentation of these adverse effects is almost rapid, 
thus, a few hours to about one-week post-injection. 
Additionally, most of the studies indicated that people 
between 18 to 64 years had a higher frequency of systemic 
and local AEs. Further details are presented in Table 2. 
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Table 2. Severe adverse events, local and systemic side effects of adenovirus COVID-19 vaccines 
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Figure 2. A bar graph illustrates common adverse effects of the Janssen COVID-
19 vaccine 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. A graphical illustration of the common adverse effects of the 
AstraZeneca COVID-19 vaccine 

 

Sputnik V COVID-19 vaccine 
This type of vaccine was described by two studies 

included in our analysis (38, 39). The side effects associated 

with this vaccine are mostly mild to moderate (Figure 4). 

Sputnik V vaccine elicits systemic reactions such as 

headache, asthenia, fever, chills, myalgia, cough, and flu-

like illness (38, 39). The onset of these systemic reactions is 

mostly seen in less than 8 days post-vaccination. Pain and 

erythema are the local side effects associated with this 

vaccine (38). Few cases (<1%) are considered severe, 

prominently syncope (39) is linked with the vaccine. The 

AEs usually resolve within 2-5 days after onset.  

Additionally, these side effects are frequently observed in 

people between 24 to 45 years (38, 39). Table 2 summarizes 

the AEs related to the Sputnik V, AstraZeneca, and Janssen 

COVID-19 vaccines. 

 

 

 

 

 

 

 

 

 
 
 
Figure 4 A bar graph showing common adverse effects of the Sputnik V COVID-
19 vaccine 

 
DISCUSSION 

The safety and adverse effects related to COVID-19 

viral vector vaccines, summarizing the findings from 24 

published articles, were reported in this study. It appeared 

that serious adverse events of adenovirus vaccines are few 

and the side effects were often mild to moderate. In about 

14 articles, at least one case of serious adverse events was 

reported. The AstraZeneca vaccine was investigated in 

most of the studies and the adverse events reported after 

the AstraZeneca vaccine were higher than other vaccines 

which could be attributed to its widespread and early 

usage. Cardiovascular complications and neurological 

events were the more frequently reported serious adverse 

events.  

Serious Adverse Events 
Serious adverse events were reported differently across 

studies. The synthesis of this study typically presents these 

SAEs as follows: 

Cardiovascular Events 
The studies in this analysis assessed the possible 

cardiovascular adverse events after vaccination. Chest pain 

(14,36), thrombocytopenia syndrome (30,37), pulmonary 

embolism (17, 21), thrombosis (34, 36), and hematologic 

complications (21) were reported in individuals who 

received AstraZeneca. In addition, syncope was reported 

in those who received Sputnik V(39). No significant 

relationship has been found between the adenovirus vector 

vaccines of COVID-19 and cardiovascular adverse events. 
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The findings of a similar systematic review were consistent 

with our study as cardiovascular events were reported in 

0.01% of those who received the vaccine (40). Thrombosis 

is a challenging side effect reported by some recipients of 

the AstraZeneca vaccine. was mentioned by two studies 

with large populations in our synthesis. However, it seems 

that it is more probable to occur within the first month of 

injection (34, 36). Since cardiovascular events are serious 

and may be life-threatening, more research on different 

populations and ages is suggested to determine the 

relationship between cardiovascular events and COVID-19 

vaccination. 

Allergic 
One of the studies reported allergic reactions following 

AstraZeneca and Pfizer receivers (0.2/per thousand doses) 

(29). This incidence rate was higher than the findings of a 

systematic review and meta-analysis that reported allergic 

adverse events with an incidence rate of 7.91per million 

cases (41). 

Neurologic 
The results from included studies showed that post-

vaccination neurological adverse events are rare and there 

is no relationship between the vaccination and 

neurological events. In two studies, transverse myelitis was 

reported as one of the neurological adverse events after the 

vaccination with AstraZeneca with an incidence rate of 43 

in 86,000,000 between 10 days to 6 weeks after vaccination 

(35) and 3 in 23,848 between 10-14 days after 

vaccination(37). Also, some neurological events were 

reported several days after vaccination with AstraZeneca 

in other studies (21). The coincidence of neurological 

adverse events and COVID-19 vaccination should be 

assessed carefully. 

Mortality 

There is no direct relationship between the COVID-19 

vaccination and mortality and more detailed studies are 

needed to clarify the possible relationship. In two studies, 

deaths of AstraZeneca and Pfizer vaccine recipients have 

been reported; 3 deaths in AstraZeneca recipients (36) and 

one death in Pfizer recipients (29).  

Local and systemic side effects 
The most common local adverse reaction was injection 

site pain, followed by injection site swelling and injection 

site redness. Generally, all systemic adverse effects were 

substantially more prevalent among recipients of viral 

vector-based vaccines than mRNA-based vaccines. The 

EMA's safety report on the ChAdOx1 nCoV-19 vaccine 

revealed that 52.7% of vaccination recipients experienced 

headaches, followed by fatigue (53%), malaise (44.4%), 

muscular discomfort (43.9%), fever (41.1%), chills (32.2%), 

and joint pain (26.6%) (42). Our systematic review results 

demonstrated that headache and fatigue were the most 

prevalent systemic adverse events among viral vector-

based vaccine users, followed by chills, muscle pain, 

malaise, fever, and joint pain, within 7 days after injection. 

The rates of adverse effects after vaccination with 

ChAdOx1 nCoV-19 were lower than anticipated. The 

phase 2–3 trial of the ChAdOx1 nCoV-19 vaccine (42)  

revealed systemic adverse effects in 88% of people aged 

18–55 years who got the first injection. Individuals who 

received the ChAdOx1 nCoV-19 vaccine were more likely 

to experience systemic side effects than those who received 

the BNT162b2 vaccine. 

Individuals with evidence of prior SARS-CoV-2 

infection are likewise more likely to have adverse effects 

from both vaccinations than those without such evidence. 

It has to be determined if this higher reactogenicity 

correlates with enhanced immunogenicity. Vaccines have 

greater immunogenicity in persons with a history of 

infection, and these individuals have higher levels of 

antibodies than those without a history of infection (43-

45).In contrast to the abovementioned studies, a cohort 

study in Korea by Wi et al. shows that all the adverse 

reactions following AstraZeneca injection are mild to 

moderate and they mostly occur during the first week after 

injection (31). 

The 24 studies included in this systematic review were 

from various populations and ages. These studies revealed 

a variety of vaccine-related adverse effects. However, we 

encountered limitations in terms of populations and 
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studies on some specific adverse events. Some of these 

adverse events are more significant and require further 

examination, hence, future investigations should be 

focused on these adverse events in larger populations. 

Additionally, in acute situations like the COVID-19 

pandemic, case reports may be included in systematic 

reviews to gather sufficient scientific evidence in drawing 

concrete consensus for clinical practice. 

   

CONCLUSION 
Some adverse events were observed among the 

recipients of adenovirus vector vaccines, but no reliable 

relationship between these adverse events and vaccination 

was established. The benefits of the vaccination in 

preventing COVID-19 progression to more severe stages 

and death are far greater than its adverse events, and this 

can be understood from the few serious adverse events and 

mortality reported from the vaccination as demonstrated in 

this study. 
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