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ABSTRACT 

Since the emergence of COVID-19 disease, more than 600 million people have 

been affected. However, the severity and the risk of mortality of the disease 

were shown to depend on whether the infected individual was suffering from 

any other comorbidities. The present study is designed to determine a group 

of people with comorbidities who are more susceptible to developing severe 

symptoms after infection with COVID-19. We also aim to compare the side 

effects of different COVID-19 vaccines in the Saudi population. Here we 

report a statistically significant difference between the chronic medical 

condition of the participants and their COVID-19 status (p = 0.03). We also 

observed a statistically significant difference between vaccine status and 

COVID-19 infection, as more than 70% of the participants (n=195) were 

unvaccinated when they tested positive for COVID-19. In our study, most of 

the participants (n=856, 77.5%) took the Pfizer-BioNTech vaccine, while 14.7% 

(n=162) and 4.5% (n=50) of the participants took Oxford–Astra Zeneca and 

Moderna Vaccines, respectively. There were also statistically significant 

differences in the severity of side effects between different vaccines (p=0.001). 

In conclusion, severe side effects were reported after the Oxford-AstraZeneca 

vaccine. In addition, the side effects, including fever, tiredness, headache, 

nausea, chills, pain, swelling at the injection site, body pain, and muscle pains, 

were reported more frequently after the vaccine's first dose, and participants 

with either one or more comorbidities. 

 

Keywords: COVID-19, vaccination, comorbidities, severity of the disease 

 

 

1. INTRODUCTION 

The world has been fighting a global health problem since the first case of the 

newly discovered Coronavirus strain in Wuhan, China, on December 31, 2019, 

has been reported. The coronavirus disease has quickly spread across various 
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countries, causing death and taking down the economies of many countries (Zhu et al., 2020). The SARS-CoV-2 viruses are 

transmitted primarily by respiratory droplets with a reproduction number of around ~2.2 (Li et al., 2020). Since the rapid spread of 

the virus across the world and according to the World Health Organization (WHO) data, till August 2022, there have been nearly 

six hundred million confirmed cases and more than six million deaths (WHO 2021).  

Persons with COVID-19 have symptoms ranging from mild to critical conditions. Milder symptoms are usually non-specific and 

include fever, fatigue, cough (with or without sputum), anorexia, malaise, muscle pain, sore throat, dyspnea, nasal congestion, 

diarrhea, nausea, vomiting, and headache without abnormal chest imaging findings. In contrast, persons with moderate infections 

have chest images showing pneumonia manifestation. A critical patient has rapid disease progression due to respiratory failure, 

which might require mechanical ventilation. Children under the age of 10 years were also affected but their symptoms were milder 

than in adults. In addition, persons with no clinical symptoms after infection with SARS-CoV-2 require no hospital visits or 

treatment (WHO, 2020). Since the treatment of the patients usually depends upon the symptoms, it is crucial to understand and 

classify the risk factors for severe outcomes. Stratifying the infected persons based on their symptoms and associated risk factors 

will help better treatment intervention strategies, thus decreasing the hospital burden and mortality rates in those patients.  

The COVID-19 pandemic has established its effect on many aspects internationally. An immediate response to COVID-19 was 

needed to reduce the burden of the disease. Therefore, several possible vaccine candidates against SARS-CoV-2 have been 

developed, but only a few were authorized for emergency use authorization (Dal-Re et al., 2021). Immunization is a safe and 

effective process to protect against infections, as it enhances the immune system to form antibodies. Given how easily and quickly 

the coronavirus can spread, the importance of these vaccines lies in decreasing the burden of the disease by allowing the body to 

develop an immune response against the coronavirus safely. Currently, in Saudi Arabia (as of August 2021), three vaccine 

candidates have been approved by the Saudi food and drug administration (SFDA), which are Pfizer BioNTech (BNT162b2 mRNA), 

Oxford AstraZeneca (ChAdOx1 nCoV-19), and Moderna (mRNA-1273) (Saudi CDC, 2021).  

Pfizer-BioNTech was the first COVID-19 vaccine to get FDA emergency use authorization in December 2020 (US-FDA, 2021). In 

August 2021, it was also the first COVID-19 vaccine to receive full FDA approval for ages 16 and older (US-FDA, 2021). It is an 

mRNA-lipid nanoparticle encoding the viral spike glycoprotein of SARS-CoV-2 (WHO, 2021). The vaccine is administered in two 

doses of 30 μg each with an interval of 21-28 days. Its efficacy against symptomatic disease is about 91% at six months post the 

second dose (Liu et al., 2021). The Moderna vaccine was authorized for emergency use by the FDA in December 2020, about a week 

after the Pfizer-BioNTech vaccine (Self et al., 2021). Moderna and Pfizer-BioNTech vaccines share the same mRNA technology with 

similar efficacy rates at preventing symptomatic disease (WHO, 2021). Its effectiveness against symptomatic disease can reach 

91.9% after one dose and 94.1% after two doses given in two doses that contain a 100 μg mRNA, 28 days apart (WHO, 2021). 

Oxford-AstraZeneca is a viral vector COVID-19 vaccine. It is a recombinant simian adenovirus vector expressing S glycoprotein 

with a tissue plasminogen activator (tPA) leader sequence. It is administered as 2.5–5 × 1010 viral particles, taken in 2 doses, 4-

12 weeks apart. It has an efficacy of 76% against symptomatic disease after 22 days from the first dose (WHO, 2021). Longer dose 

intervals are associated with greater vaccine efficacy. The second dose efficacy is about 81% with more than 12-week interval and 

55% with less than 6-week interval (WHO, 2021).  

All these vaccines have proven their safety and efficacy in clinical trials (Polack et al., 2020; Baden et al., 2021; Voysey et al., 

2021) and are beneficial in reducing the morbidity and mortality of the disease (Swan et al., 2021). During the clinical trials of these 

vaccines, mild to moderate local and systemic post-vaccination adverse effects have been documented (Polack et al., 2020; Baden et 

al., 2021; Voysey et al., 2021). The present study is designed to investigate the severity of symptoms after COVID-19 infection 

among the Saudi population suffering from chronic conditions and to determine the group of people with comorbidities who are 

more susceptible to developing severe symptoms after COVID-19 infections. The study also aims to compare the side effects of each 

vaccine in the Saudi population. 

 

2. METHODOLOGY 

Research survey design and target population 

The present research is a cross-sectional study design and is conducted between December 2021 and March 2022 in Saudi Arabia. 

The general city population, medical and dental students, and faculty members of the University of Hail are included as study 

participants.  
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Sampling technique, sample size, and study variables 

The participants are selected through a convenient sampling technique. For determining the sample size, Raosoft Inc software is 

used. (http://www.raosoft.com/samplesize.html). Parameters for sample size calculation are a margin of error of 5%, 95% 

confidence of interval, and 50% response distribution. The minimum sample size required for this study is 1104. The dependent 

variable is the patient's status as COVID-19 positive or negative.Independent variables are age, gender, education level, smoking 

status, chronic medical condition, COVID-19 vaccine status, side effects, and vaccine type.  

 

Data collection 

Data is collected using an online self-administered questionnaire. The structured questionnaire consisted of respondents' 

demographic info and focused on questions related to their experience of COVID-19 disease and the side effects after being 

administered with various COVID-19 vaccines. The questionnaire was designed using Google Forms, and its link was shared 

through social media apps. The questionnaire is prepared in English and Arabic languages. 

 

Study questionnaire 

The e-survey questionnaire is grouped into two sections: socio-demographic information of the respondents and their experience of 

COVID-19 vaccines' side effects. While answering the questionnaire, age, gender, nationality, residence, occupation, educational 

level, monthly family income, and past smoking history are acquired in the demographic section. In the COVID-19 vaccines section, 

12 questions are included. The questions inquire about the comorbidities, the symptoms of COVID-19 disease, and the side effects 

experienced by the respondents for each vaccine, whether it is Pfizer BioNTech, Oxford AstraZeneca, or Moderna with each dose. 

 

Statistical analysis 

The data is analyzed by Microsoft Excel and IBM SPSS V.23 software. Descriptive statistics are presented as mean scores, standard 

deviations, or medians. Histogram and Kolmogorov–Smirnov test was used to determine the normal distribution of data.  

Inferential statistical analysis (Chi-square test) is used to test the association strength between COVID-19 vaccines' side effects and 

comorbidities. A P-value of <0.05 was considered statistically significant. 

 

3. RESULTS 

Characteristics of the participants included in the study 

A total of 1104 individuals participated in the present study. The socio-demographic profiles of the survey cohort are shown in 

Table 1. Around 98% of the participants were Saudi nationals. Nearly 60% of the study participants are males (59.3) in the present 

study. More than 50% of the study participants are in the age group of 35-70 years (50.2%) and are married (55.2%). Most 

participants have higher education (75.6%), while 35.8% are government and private companies' employees, and only 21.2% were 

ever smokers. 31.5% of participants had either one or multiple chronic medical problems; diabetes (30.3%), obesity (21.6%), 

hypertension (14.1%), and chronic lung diseases (11%) constituted more than 75% of the diseases reported by the participants 

(Figure 1a).  

 

Table 1 Socio-Demographic Characteristics of Study Participants. (n=1104) 

S.No Characteristics Frequency n (%) 

1. Age (Years) (Mean ±SD)  

 15-34 550 (49.8) 

 35-70 554 (50.2) 

2. Gender  

 Male 655 (59.3) 

 Female 449 (40.6) 

3. Marital Status  

 Single 495 (44.8) 

 Married 609 (55.1) 

4. Nationality  

 Saudi 1083 (98) 

 Non-Saudi 21 (2) 
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5. Education level  

 Basic Education 270 (24.5) 

 Higher Education  834 (75.5) 

6. Occupation  

 Healthcare worker 97 (8.8) 

 Employee(Government and Private sector) 396 (35.8) 

 Students 243 (31) 

 Others# 269 (24.3) 

7. Smoking  

 Ever 233 (21.2) 

 Never 871 (78.8) 

8. Monthly income (SAR)  

 Less than 15000  604 (54.8) 

 More than 15000 500 (45.2) 

9. Chronic Medical Condition  

 No 757 (68.6) 

 Yes 347 (31.4) 

10. Infection with Covid-19  

 No 833 (75.5) 

 Yes 271 (24.5) 

# un-employed, disabled 

 

 

 
Figure 1 A) Chronic diseases in the survey cohort, B) COVID-19 infection status, and C) COVID-19 Vaccination status in COVID-19 

positive participants at the time of infection 

 

Correlation between socio-demographic variables and COVID-19 infection status 

In our study, a quarter of the participants (271, 24.5%) were previously infected with COVID-19 (Table 1). Most of them were not 

vaccinated (n=195, 72%) at the time of infection, and only 19.2% and 8.9% of participants were vaccinated with one dose (n=52) and 

doses (n=24), respectively, at the time of infection (Figure 1b). The correlation of socio-demographic variables with COVID-19 

infection status was also investigated. There were no statistically significant differences between age, gender, educational level, 

occupation, and smoking status with COVID-19 infection status (p ˃0.2, Table 2). However, there was a statistically significant 

difference between the chronic medical condition of the participants and their COVID-19 status (p = 0.03, Table 2). We also observed 

that more than 70% of the participants (n=195) were unvaccinated when they tested positive for COVID-19 (Figure 1c). In contrast, 

more than 92% of the participants (n=770) who took the vaccine were negative for COVID-19, and this difference between vaccine 

status and COVID-19 infection was statistically significant (p˂0.000, Table 2).  
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Table 2 Relationship between Socio-demographic characteristics and COVID-19 status 

Characteristics Covid-19 Positive Covid-19 Negative p-value 

Age 

15-45 140 (51.7%) 410 (49.2%) 
0.529 

46-70 131 (48.3%) 423 (50.8%) 

Gender 

Male 163 (60.1%) 492 (59.1%) 
0.205 

Female 108 (39.9%) 341 (40.9%) 

Education level 

Basic Education 67 (24.8%) 203 (75.2%) 
0.935 

High Education  204 (24.6%) 630 (75.4%) 

Smoking 

Ever 51 (21.8%) 183 (78.2%) 
0.231 

Never 221 (25.4%) 650 (74.6%) 

Chronic Medical Condition 

No 184 (67.9%) 573 (68.8%) 
0.030 * 

Yes 87 (32.1%) 260 (31.2%) 

Vaccine Status at the time of COVID-19 infection 

Unvaccinated 195 (72.0%) 63 (7.6%) 
0.000 ** 

Vaccinated 76 (28%) 770 (92.4%)  

Severity of side-effects after vaccine second dose 

Mild 79 (29.2%) 224 (26.9%) 

0.000 ** 
Moderate 72 (26.6%) 241 (28.9%) 

Severe 44 (16.2%) 58 (7.0%) 

No side effects 76 (28%) 310 (37.2%) 

 

Vaccine status, type and its side effects 

At the time of this survey, almost all the participants (99.3%) were vaccinated with two doses of the vaccines. The majority of the 

participants (n=856, 77.5%) were administered the Pfizer-BioNTech vaccine, while 14.7% (n=162) and 4.5% (n=50) of the participants 

took Oxford–AstraZeneca and Moderna Vaccines, respectively. 2.5% of the participants were not sure about the vaccine type they 

took (Table 3, Figure 2a). At the time of this survey, more than 90% of the participants did not take their booster dose, as only 9.9% 

were administered with a booster dose (Table 3). More than 60% of the participants had side effects after vaccination. These side 

effects were fever, tiredness, headache, nausea, chills, pain, swelling at the site of injection, body pain, and muscle pains (data not 

shown). After the first dose, 68.7% of the participants experienced some side effects, whereas 65.1% experienced side effects after 

the second dose. Though this difference is slight, it was statistically significant (p˂0.000, Figure 2b). Moreover, most of these vaccine 

side effects were observed among participants with comorbidity (62%, Figure 2c).  

 

Table 3 Type of vaccine administered at the time of the survey 

Vaccine type First Dose Second Dose Booster Dose 

No Vaccine 5 (0.5%) 8 (0.7%) 995 (90.1%) 

Pfizer-BioNTech 894 (81%) 856 (77.5%) 98 (8.9%) 

Oxford-AstraZeneca 174 (15.8%) 162 (14.7%) 0 

Moderna 6 (0.5%) 50 (4.5%) 2 (0.2%) 

Not sure which vaccine 25 (2.3%) 28 (2.5%) 9 (0.8%) 

Total 1104 1104 1104 
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Figure 2 A) Type of vaccine at the time of the survey, B) percentage of participants experiencing side effects after the first and 

second dose of the vaccine, C) the percentage of participants with comorbidity experiencing side effects after vaccination. 

 

 

The severity of the side effects after the vaccine's second dose was also evaluated. We observed that9.2% of the participants 

experienced severe side effects, and 27.4% and 28.4% experienced mild and moderate side effects. At the same time, 35% of the 

study participants did not report any side effects after the vaccine's second dose (Figure 3a). We also investigated if different types 

of vaccines would have different effects on the severity of the side effects. In our study, 77.5% of the participants were administered 

with Pfizer-BioNTech vaccine as the second dose. After the double dose with the Pfizer-BioNTech vaccine, only 7.4% of the 

participants complained about the severe side effects. In comparison, 28.5% and 29.3% of the participants reported mild and 

moderate side effects after the second vaccination dose (Figure 3b). In contrast, the corresponding numbers for severe, mild, and 

moderate side effects were 13.6%, 27.8%, and 21.0%, respectively, after the Oxford-AstraZeneca vaccine (Figure 3c). These 

differences in the severity of side effects between different vaccines were statistically significant (p=0.001). 

 

 
Figure 3 Severity of side effects after different vaccine administration 

 

Prior COVID infection and severity of the side effects 

Next, we evaluated the severity of COVID-19 side effects in those participants who had earlier tested positive for the virus. We 

found that severe vaccine side effects were present in 16.2% of those participants who were earlier positive for COVID-19 compared 

to 7% in earlier COVID-19 negative participants. Moreover, no side effects were reported in 37.2% of the COVID-19 negative 
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participants compared to 28% of COVID-19 positive participants, and these differences between the COVID-19 side effects and 

prior COVID-19 infection were statistically significant (p ˂0.000, Table 2).  

 

4. DISCUSSION 

COVID-19 vaccinations are intended to elicit an immunological response, boosting neutralizing antibodies against the SARS-CoV-

2's spike protein. In the present research survey, we performed a cross-sectional, community-based survey of more than 1100 

individuals with or without chronic conditions and investigated the side effects they experienced after the COVID-19 vaccination. 

Our study cohort included male and female participants from different age groups and educational backgrounds. The side effects 

were evaluated after being administered with any of the three vaccines currently in use in KSA: Pfizer BioNTech (BNT162b2 

mRNA), Oxford AstraZeneca (ChAdOx1 nCoV-19), and Moderna (mRNA-1273). Several vaccines, including mRNA and 

adenoviral-vectored, have shown effectiveness in phase III clinical trials, and many have been given emergency permission in 

several countries. Ministry of Health in KSA has approved BNT162b2 mRNA (Pfizer-BioNTech/), mRNA-1273 (Moderna), and 

ChAdOx1 nCoV-19 (University of Oxford-AstraZeneca) vaccines for use (as of September 2021) (Saudi CDC, 2021). All these 

vaccines have proven their safety and ability to prevent or reduce COVID-19 symptoms. 

In the present study, nearly a quarter of the participants had contacted the SARS-CoV2 virus earlier. We found that participants 

with diabetes, hypertension, obesity, chronic lung diseases, and thyroid diseases were more prone to get COVID-19 infection than 

those without comorbidities. This result is in line with several other studies on patients with comorbidities (Yadav et al., 2021; Zhou 

et al., 2020; Ahmad Malik et al., 2022; Wang et al., 2020). Ahmed Malik et al., (2022) noticed that persons with comorbidities, 

including diabetes, obesity, cardiovascular disorders, and chronic lung diseases, were more likely to get COVID-19 infections. 

Another study by Radha Yadav et al., (2021) reported that persons over 60 years of age, suffering from diabetes and hypertension, 

had a significantly higher risk of infection with the SARS-CoV2virus (Yadav et al., 2021). This association between the SARS-CoV2 

virus and hypertension can be explained by the virus entering the cells by interacting with ACE2 receptors, critical in regulating 

blood pressure, wound healing, and inflammation processes. Some studies have shown that administration of antihypertensive 

drugs like ACE inhibitors (Ferrario et al., 2005) and angiotensin receptor blockers (Klimas et al., 2015) may be involved with 

enhanced ACE2 receptor expression at the cell membrane, so it supplies SARS-COV-2 with an increased number of entrances to 

infect the cells.  

In our study, more than 70% of the COVID-19-positive participants were unvaccinated at the time of infection. In contrast, 19.2% 

of COVID-19-positive participants were vaccinated with one dose of the vaccine, and8.9% were vaccinated with two doses of the 

vaccine at the time of COVID-19 infection, indicating that the vaccine has a protective role against the SARS-CoV2 virus infection, 

as shown in several other studies earlier (Cohn et al., 2022; Hall et al., 2022). In our study, most participants took the Pfizer-

BioNTech vaccine, followed by Oxford-AstraZeneca and Moderna vaccines. This may be due to the wider availability of the Pfizer-

BioNTech vaccine compared to the other two vaccines. This can also be due to the dissimilar distribution and online accessibility of 

the questionnaire.  

We also investigated the side effects in the participants after being administered different vaccines. Mild to moderate side effects 

are not uncommon after vaccination. However, experiencing severe side effects will undermine the value of COVID-19 vaccination. 

A larger number of participants reported severe side effects with the Oxford-AstraZeneca vaccine compared to the Pfizer-BioNTech 

vaccine after the second dose. The adverse effects of all the COVID-19 vaccines are quite similar; the most reported post-vaccination 

adverse effects were headache, fever, myalgia, fatigue, pain at the injection site, and chills (Hatmal et al., 2021; Kadali et al., 2021; 

Kadali et al., 2021; Riad et al., 2021; Abuqudairi et al., 2022). Although adverse effects have been reported on both doses, it has been 

found that participants who received BNT162b2 and mRNA-1273 vaccines reported more adverse effects on the second dose 

compared to the first dose (Chapin-Bardales et al., 2021). But for the ChAdOx1 nCov-19 vaccine, the first dose has reported more 

adverse effects than the double dose (Jeon et al., 2021). Also, both vaccines, BNT162b2 and mRNA-1273, can cause various adverse 

effects, but these reactions that have been reported are found to be less frequent in the BNT162b2 vaccine compared to the mRNA-

1273 COVID-19 vaccine (Meo et al., 2021). Participants after the first dose of the ChAdOx1 nCov-19 vaccine have reported 

significantly more adverse effects than the first dose of the BNT162b2 vaccine (Andrzejczak-Grzadko et al., 2021).  

Many self-reported studies have been performed on the extent of side effects experienced in the surveys. A prospective 

observational self-reported study has been made to evaluate the adverse effects of BNT162b2 mRNA and ChAdOx1 nCoV-19 

vaccines (Menni et al., 2021). Around 25% of vaccinated individuals reported one or more systemic adverse effects. In addition, 

66.2% have reported one or more local side effects. Fatigue and headache were the most common systemic side effects, whereas 

tenderness and local pain around the injection site were the most common local side effects. Systemic adverse effects were higher in 
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individuals receiving one dose of the ChAdOx1 nCov-19 vaccine than those receiving one dose of the BNT162b2. Participants who 

received the two doses of the BNT162b2 vaccine reported more systemic and fewer local adverse effects than the first dose. A study 

from Saudi Arabia by Alhazmi Abdulaziz et al., (2021) also reported similar data in a retrospective, cross-sectional survey for both 

Pfizer-BioNTech and Oxford-AstraZeneca adverse effects. The most reported adverse effects were fatigue, pain at the injection site, 

fever, and headache. Moreover, the individuals who received the two doses had more adverse effects on the second dose. The 

adverse effects reported by the participants who received the ChAdOx1 nCoV-19 vaccine are higher than those who received the 

BNT162b2 vaccine.  

Similar findings were found in another study by Adam et al., (2021). Another study showed that individuals with chronic 

diseases are more prominent to have adverse effects (Alghamdi et al., 2021). Also, several studies regarding BNT162b2 and 

ChAdOx1 have reported more side effects in females (Alghamdi et al., 2021; El-Shitany et al., 2021) and previously infected 

individuals (El-Shitany et al., 2021). 

 

Study limitations and conclusions 

We used self-reported data, which can produce bias. Also, the subjective judgment of how severe the side effects were, and the 

recall of the vaccine's side effects may lead to inaccurate data. In conclusion, the most common side effects of COVID-19 vaccines 

were fever, tiredness, headache, nausea, chills, pain, swelling at the injection site, body pain, and muscle pains. These side effects 

were reported more frequently after the first dose and participants with either one or more comorbidities. Moreover, severe side 

effects were reported among the participants who received the Oxford-AstraZeneca vaccine. 

 

Acknowledgment 

The authors thank all the participants who responded to the study questionnaire. 

 

Author Contributions 

Conception and study design: ASSK. Data collection: MA, HA, and IA. Data analysis and interpretation: ASSK and MZ. Manuscript 

drafting: MA, HA, IA, and ASSK. Manuscript revision: ASSK, MS. All authors approved the final version of the manuscript.  

 

Informed Consent 

Obtaining written informed consent is difficult inonline surveys. However, we included a consent question at the beginning of the 

online questionnaire, taking respondents' consent. The responses were collected from only those participants who agreed to take 

part in the study. The participants had the option to either agree or decline to participate in this survey. 

 

Ethical approval 

The study was performed after approval by the Medical Ethics Committee of the University of Hail (Ethical approval code.H-2020-

649-23749). 

 

Funding 

This study has not received any external funding. 

 

Conflicts of interest 

The authors declare that there are no conflicts of interests. 

 

Data and materials availability 

All data associated with this study are present in the paper. 

 

REFERENCES AND NOTES 

1. Abuqudairi SI, Mobaideen DH, Albatayneh MA, Al-hjouj D, 

Daradkeh A, Abualnadi T, Youssef H, Aldala,en SM, 

Hussein Y. Post COVID-19 vaccination side effects among 

Mutah University's students, Jordan. Medical Science 2022; 

26:ms348e2317. doi: 10.54905/disssi/v26i126/ms348e2317 

2. Adam M, Gameraddin M, Alelyani M, Alshahrani MY, 

Gareeballah A, Ahmad I, Azzawi A, Komit B, Musa A. 

Evaluation of Post-Vaccination Symptoms of Two Common 

COVID-19 Vaccines Used in Abha, Aseer Region, Kingdom 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms382e2459 (2022)                                                                                                                                          9 of 11 

of Saudi Arabia. Patient Prefer Adherence 2021;15:1963-70. 

doi: 10.2147/PPA.S330689.  

3. Ahmad Malik J, Ahmed S, Shinde M, Almermesh MHS, 

Alghamdi S, Hussain A, Anwar S. The Impact of COVID-19 

On Comorbidities: A review of recent updates for 

combating It. Saudi J Biol Sci 2022; 29(5):3586-99 doi: 10.1016 

/j.sjbs.2022.02.006. 

4. Alghamdi A, Ibrahim A, Almutairi R, Joseph M, Alghamdi 

G, Alhamza A. A cross-sectional survey of side effects after 

COVID-19 vaccination in Saudi Arabia: male versus female 

outcomes. J Adv Pharm Edu Res 2021; 11(2):51-6 doi: 10.5184 

7/bCwca2qGfP. 

5. Alghamdi AN, Alotaibi MI, Alqahtani AS, Al Aboud D, 

Abdel-Moneim AS. BNT162b2 and ChAdOx1 SARS-CoV-2 

Post-vaccination Side-Effects Among Saudi Vaccinees. Front 

Med (Lausanne) 2021; 8:760047 doi: 10.3389/fmed.2021.76 

0047. 

6. Alhazmi A, Alamer E, Daws D, Hakami M, Darraj M, 

Abdelwahab S, Maghfuri A, Algaissi A. Evaluation of Side 

Effects Associated with COVID-19 Vaccines in Saudi Arabia. 

Vaccines (Basel) 2021; 9(6) doi: 10.3390/vaccines9060674. 

7. Andrzejczak-Grzadko S, Czudy Z, Donderska M. Side 

effects after COVID-19 vaccinations among residents of 

Poland. Eur Rev Med Pharmacol Sci 2021; 25(12):4418-21 

doi: 10.26355/eurrev_202106_26153. 

8. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak 

R, Diemert D, Spector SA, Rouphael N, Creech CB, 

McGettigan J, Khetan S, Segall N, Solis J, Brosz A, Fierro C, 

Schwartz H, Neuzil K, Corey L, Gilbert P, Janes H, Follmann 

D, Marovich M, Mascola J, Polakowski L, Ledgerwood J, 

Graham BS, Bennett H, Pajon R, Knightly C, Leav B, Deng 

W, Zhou H, Han S, Ivarsson M, Miller J, Zaks T, Group CS. 

Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. 

N Engl J Med 2021; 384(5):403-16 doi: 10.1056/NEJMoa 

2035389. 

9. Chapin-Bardales J, Gee J, Myers T. Reactogenicity Following 

Receipt of mRNA-Based COVID-19 Vaccines. JAMA. 2021; 

325(21):2201-2 doi: 10.1001/jama.2021.5374. 

10. Cohn BA, Cirillo PM, Murphy CC, Krigbaum NY, Wallace 

AW. SARS-CoV-2 vaccine protection and deaths among US 

veterans during 2021. Science 2022; 375(6578):331-6 doi: 

10.1126/science.abm0620. 

11. Dal-Re R, Caplan AL, Gluud C, Porcher R. Ethical and 

Scientific Considerations Regarding the Early Approval and 

Deployment of a COVID-19 Vaccine. Ann Intern Med 2021; 

174(2):258-60 doi: 10.7326/M20-7357. 

12. El-Shitany NA, Harakeh S, Badr-Eldin SM, Bagher AM, Eid 

B, Almukadi H, Alghamdi BS, Alahmadi AA, Hassan NA, 

Sindi N, Alghamdi SA, Almohaimeed HM, 

Mohammedsaleh ZM, Al-Shaikh TM, Almuhayawi MS, Ali 

SS, El-Hamamsy M. Minor to Moderate Side Effects of 

Pfizer-BioNTech COVID-19 Vaccine Among Saudi 

Residents: A Retrospective Cross-Sectional Study. Int J Gen 

Med 2021; 14:1389-401 doi: 10.2147/IJGM.S310497. 

13. Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan 

KB, Tallant EA, Diz DI, Gallagher PE. Effect of angiotensin-

converting enzyme inhibition and angiotensin II receptor 

blockers on cardiac angiotensin-converting enzyme 2. 

Circulation. 2005; 111(20):2605-10 doi: 10.1161/CIRCULATI 

ONAHA.104.510461 

14. Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, 

Wellington E, Khawam J, Munro K, Cole M, Tranquillini C, 

Taylor-Kerr A, Hettiarachchi N, Calbraith D, Sajedi N, 

Milligan I, Themistocleous Y, Corrigan D, Cromey L, Price 

L, Stewart S, de Lacy E, Norman C, Linley E, Otter AD, 

Semper A, Hewson J, D'Arcangelo S, Chand M, Brown CS, 

Brooks T, Islam J, Charlett A, Hopkins S, Group SS. 

Protection against SARS-CoV-2 after Covid-19 Vaccination 

and Previous Infection. N Engl J Med 2022; 386(13):1207-20 

doi: 10.1056/NEJMoa2118691 

15. Hatmal MM, Al-Hatamleh MAI, Olaimat AN, Hatmal M, 

Alhaj-Qasem DM, Olaimat TM, Mohamud R. Side Effects 

and Perceptions Following COVID-19 Vaccination in Jordan: 

A Randomized, Cross-Sectional Study Implementing 

Machine Learning for Predicting Severity of Side Effects. 

Vaccines (Basel) 2021; 9(6) doi: 10.3390/vaccines9060556 

16. Jeon M, Kim J, Oh CE, Lee JY. Adverse Events Following 

Immunization Associated with the First and Second Doses 

of the ChAdOx1 nCoV-19 Vaccine among Healthcare 

Workers in Korea. Vaccines (Basel) 2021; 9(10) doi: 

10.3390/vaccines9101096. 

17. Kadali RAK, Janagama R, Peruru S, Gajula V, Madathala 

RR, Chennaiahgari N, Malayala SV. Non-life-threatening 

adverse effects with COVID-19 mRNA-1273 vaccine: A 

randomized, cross-sectional study on healthcare workers 

with detailed self-reported symptoms. J Med Virol 2021; 

93(7):4420-9 doi: 10.1002/jmv.26996. 

18. Kadali RAK, Janagama R, Peruru S, Malayala SV. Side 

effects of BNT162b2 mRNA COVID-19 vaccine: A 

randomized, cross-sectional study with detailed self-

reported symptoms from healthcare workers. Int J Infect Dis 

2021; 106:376-81 doi: 10.1016/j.ijid.2021.04.047. 

19. Klimas J, Olvedy M, Ochodnicka-Mackovicova K, Kruzliak 

P, Cacanyiova S, Kristek F, Krenek P, Ochodnicky P. 

Perinatally administered losartan augments renal ACE2 

expression but not cardiac or renal Mas receptor in 

spontaneously hypertensive rats. J Cell Mol Med 2015; 

19(8):1965-74 doi: 10.1111/jcmm.12573.  

20. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung 

KSM, Lau EHY, Wong JY, Xing X, Xiang N, Wu Y, Li C, 

Chen Q, Li D, Liu T, Zhao J, Li M, Tu W, Chen C, Jin L, Yang 

R, Wang Q, Zhou S, Wang R, Liu H, Luo Y, Liu Y, Shao G, Li 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms382e2459 (2022)                                                                                                                                          10 of 11 

H, Tao Z, Yang Y, Deng Z, Liu B, Ma Z, Zhang Y, Shi G, 

Lam TTY, Wu JTK, Gao GF, Cowling BJ, Yang B, Leung GM, 

Feng Z. Early Transmission Dynamics in Wuhan, China, of 

Novel Coronavirus-Infected Pneumonia. N Engl J Med 2020 

doi: 10.1056/NEJMoa2001316. 

21. Liu Y, Liu J, Xia H, Zhang X, Fontes-Garfias CR, Swanson 

KA, Cai H, Sarkar R, Chen W, Cutler M, Cooper D, Weaver 

SC, Muik A, Sahin U, Jansen KU, Xie X, Dormitzer PR, Shi 

PY. Neutralizing Activity of BNT162b2-Elicited Serum. N 

Engl J Med 2021; 384(15):1466-8. doi: 10.1056/NEJMc2102017. 

22. Menni C, Klaser K, May A, Polidori L, Capdevila J, Louca P, 

Sudre CH, Nguyen LH, Drew DA, Merino J, Hu C, 

Selvachandran S, Antonelli M, Murray B, Canas LS, Molteni 

E, Graham MS, Modat M, Joshi AD, Mangino M, Hammers 

A, Goodman AL, Chan AT, Wolf J, Steves CJ, Valdes AM, 

Ourselin S, Spector TD. Vaccine side-effects and SARS-CoV-

2 infection after vaccination in users of the COVID Symptom 

Study app in the UK: a prospective observational study. 

Lancet Infect Dis 2021; 21(7):939-49.  doi: 10.1016/S1473-3099 

(21)00224-3. 

23. Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC. 

COVID-19 vaccines: comparison of biological, 

pharmacological characteristics and adverse effects of 

Pfizer/BioNTech and Moderna Vaccines. Eur Rev Med 

Pharmacol Sci 2021; 25(3):1663-9 doi: 10.26355/eurrev_2021 

02_24877. 

24. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, 

Lockhart S, Perez JL, Perez Marc G, Moreira ED, Zerbini C, 

Bailey R, Swanson KA, Roychoudhury S, Koury K, Li P, 

Kalina WV, Cooper D, Frenck RW, Jr., Hammitt LL, Tureci 

O, Nell H, Schaefer A, Unal S, Tresnan DB, Mather S, 

Dormitzer PR, Sahin U, Jansen KU, Gruber WC, Group 

CCT. Safety and Efficacy of the BNT162b2 mRNA Covid-19 

Vaccine. N Engl J Med 2020; 383(27):2603-15 doi: 10.1056/ 

NEJMoa2034577. 

25. Riad A, Pokorna A, Attia S, Klugarova J, Koscik M, Klugar 

M. Prevalence of COVID-19 Vaccine Side Effects among 

Healthcare Workers in the Czech Republic. J Clin Med 2021; 

10(7) Epub 20210401. doi: 10.3390/jcm10071428. 

26. Saudi CDC. Interim guidelines for the use of SARS-CoV-2 

vaccine 2021 [cited 2021 31 August 2021]. Available from: 

https://covid19.cdc.gov.sa/professionals-health-

workers/interim-guidelines-for-the-use-of-sars-cov-2-

vaccine/. 

27. Self WH, Tenforde MW, Rhoads JP, Gaglani M, Ginde AA, 

Douin DJ, Olson SM, Talbot HK, Casey JD, Mohr NM, 

Zepeski A, McNeal T, Ghamande S, Gibbs KW, Files DC, 

Hager DN, Shehu A, Prekker ME, Erickson HL, Gong MN, 

Mohamed A, Henning DJ, Steingrub JS, Peltan ID, Brown 

SM, Martin ET, Monto AS, Khan A, Hough CL, Busse LW, 

Ten Lohuis CC, Duggal A, Wilson JG, Gordon AJ, Qadir N, 

Chang SY, Mallow C, Rivas C, Babcock HM, Kwon JH, 

Exline MC, Halasa N, Chappell JD, Lauring AS, Grijalva CG, 

Rice TW, Jones ID, Stubblefield WB, Baughman A, Womack 

KN, Lindsell CJ, Hart KW, Zhu Y, Mills L, Lester SN, 

Stumpf MM, Naioti EA, Kobayashi M, Verani JR, Thornburg 

NJ, Patel MM, Network IVY. Comparative Effectiveness of 

Moderna, Pfizer-BioNTech, and Janssen (Johnson & 

Johnson) Vaccines in Preventing COVID-19 Hospitalizations 

Among Adults Without Immunocompromising Conditions - 

United States, March-August 2021. MMWR Morb Mortal 

Wkly Rep 2021; 70(38):1337-43. doi: 10.15585/mmwr.mm703 

8e1.  

28. Swan DA, Bracis C, Janes H, Moore M, Matrajt L, Reeves 

DB, Burns E, Donnell D, Cohen MS, Schiffer JT, Dimitrov D. 

COVID-19 vaccines that reduce symptoms but do not block 

infection need higher coverage and faster rollout to achieve 

population impact. Sci Rep 2021; 11(1):15531 doi: 

10.1038/s41598-021-94719-y. 

29. US-FDA. FDA Approves First COVID-19 Vaccine - 

Approval Signifies Key Achievement for Public Health 2021 

[08/23/2021]. Available from: https://www.fda.gov/news-

events/press-announcements/fda-approves-first-covid-19-

vaccine. 

30. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti 

PM, Aley PK, Angus B, Baillie VL, Barnabas SL, Bhorat QE, 

Bibi S, Briner C, Cicconi P, Collins AM, Colin-Jones R, 

Cutland CL, Darton TC, Dheda K, Duncan CJA, Emary 

KRW, Ewer KJ, Fairlie L, Faust SN, Feng S, Ferreira DM, 

Finn A, Goodman AL, Green CM, Green CA, Heath PT, Hill 

C, Hill H, Hirsch I, Hodgson SHC, Izu A, Jackson S, Jenkin 

D, Joe CCD, Kerridge S, Koen A, Kwatra G, Lazarus R, 

Lawrie AM, Lelliott A, Libri V, Lillie PJ, Mallory R, Mendes 

AVA, Milan EP, Minassian AM, McGregor A, Morrison H, 

Mujadidi YF, Nana A, O'Reilly PJ, Padayachee SD, Pittella 

A, Plested E, Pollock KM, Ramasamy MN, Rhead S, 

Schwarzbold AV, Singh N, Smith A, Song R, Snape MD, 

Sprinz E, Sutherland RK, Tarrant R, Thomson EC, Torok 

ME, Toshner M, Turner DPJ, Vekemans J, Villafana TL, 

Watson MEE, Williams CJ, Douglas AD, Hill AVS, Lambe T, 

Gilbert SC, Pollard AJ, Oxford CVTG. Safety and efficacy of 

the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-

CoV-2: an interim analysis of four randamised controlled 

trials in Brazil, South Africa, and the UK. Lancet 2021; 

397(10269):99-111. doi: 10.1016/S0140-6736(20)32661-1.  

31. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the 

risk of patients with COVID-19: evidence from meta-

analysis. Aging (Albany NY). 2020; 12(7):6049-57 doi: 

10.18632/aging.103000. 

32. WHO. Background document on the AZD1222 vaccine 

against COVID-19 developed by Oxford University and 

AstraZeneca 2021 [5 March 2021]. Available from: 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms382e2459 (2022)                                                                                                                                          11 of 11 

https://www.who.int/publications/i/item/background-

document-on-the-azd1222-vaccine-against-covid-19-

developed-by-oxford-university-and-astrazeneca. 

33. WHO. Background document on the mRNA vaccine 

BNT162b2 (Pfizer-BioNTech) against COVID-192021. 

Available from: https://www.who.int/publications/i/item/ 

background-document-on-mrna-vaccine-bnt162b2-(pfizer-

biontech)-against-covid-19. 

34. WHO. Background document on the mRNA-1273 vaccine 

(Moderna) against COVID-19 2021 [3 February 2021]. 

Available from: https://www.who.int/publications/i/item/ba 

ckground-document-on-the-mrna-1273-vaccine-(moderna)-

against-covid-19. 

35. WHO. Interim recommendations for use of the ChAdOx1-S 

[recombinant] vaccine against COVID-19 (AstraZeneca 

COVID-19 vaccine AZD1222 Vaxzevria™, SII 

COVISHIELD™) 2021 [30 July 2021]. Available from: 

https://www.who.int/publications/i/item/WHO-2019-nCoV-

vaccines-SAGE_recommendation-AZD1222-2021.1. 

36. WHO. Interim recommendations for use of the Moderna 

mRNA-1273 vaccine against COVID-19 2021 [19 November 

2021]. Available from: https://www.who.int/publications/i/ 

item/interim-recommendations-for-use-of-the-moderna-

mrna-1273-vaccine-against-covid-19. 

37. WHO. Weekly epidemiological update on COVID-19 - 11 

May 20222021. Available from: https://www.who.int/pub 

lications/m/item/weekly-epidemiological-update-on-covid-

19---11-may-2022. 

38. World Health O. Clinical management of severe acute 

respiratory infection (SARI) when COVID-19 disease is 

suspected: interim guidance, 13 March 2020. Geneva: World 

Health Organization, 2020 2020. Report No.:  Contract No.: 

WHO/2019-nCoV/clinical/2020.4. 

39. Yadav R, Acharjee A, Salkar A, Bankar R, Palanivel V, 

Agrawal S, Shastri J, Sabnis SV, Srivastava S. Mumbai 

mayhem of COVID-19 pandemic reveals important factors 

that influence susceptibility to infection. EClin Med 2021; 35 

doi: 10.1016/j.eclinm.2021.100841. 

40. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, 

Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S, Zhang 

Y, Chen H, Cao B. Clinical course and risk factors for 

mortality of adult inpatients with COVID-19 in Wuhan, 

China: a retrospective cohort study. Lancet 2020; 

395(10229):1054-62. doi: 10.1016/S0140-6736(20)30566-3. 

41. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, 

Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, 

Wu G, Gao GF, Tan W, China Novel Coronavirus I, 

Research T. A Novel Coronavirus from Patients with 

Pneumonia in China, 2019. N Engl J Med 2020; 382(8):727-33 

doi: 10.1056/NEJMoa2001017. 


