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Background: The global vaccination campaign against COVID-19 has necessitated monitoring vaccine-related adverse events among
healthcare workers. This study aims to elucidate the relationship between ABO blood groups and the prevalence and perception of
post-vaccination symptoms in this cohort.

Methods: A cross-sectional survey was conducted among 379 healthcare workers to collect demographic data, blood group
information, vaccination status, symptom onset and duration, the impact of symptoms on work, and the efficacy of symptom relief
measures.

Results: A total of 61.5% of participants reported post-vaccination symptoms, with those of blood group O showing the highest
impact on work performance (51.2%). The chi-square test revealed no statistically significant association between blood group and the
effect on work performance (p = 0.638). Although 7.9% of respondents reported being unable to perform surgeries due to symptoms,
most continued working. Symptom onset varied without a significant difference across blood groups (p = 0.176). Vomiting was the
only symptom significantly associated with ABO blood group (p = 0.012). The majority of respondents (77.2%) found analgesics, such
as paracetamol or nonsteroidal anti-inflammatory drugs (NSAIDs), helpful in managing their symptoms, with no significant differences
observed by blood group (p = 0.875). Regarding immune response expectations, 47.2% of participants felt their symptoms aligned
with the expected vaccine effects, while 39.4% felt the symptoms were worse than anticipated.

Conclusion: Healthcare workers, especially those with Type O blood, reported greater disruption to work following COVID-19
vaccination. While most symptoms were not significantly associated with blood type, vomiting was an exception. These findings
support the need for targeted post-vaccination monitoring and improved communication to manage expectations and side effects.
Keywords: COVID-19 vaccine, healthcare workers, ABO blood group, post-vaccination symptoms, symptom management, vaccine

side effects, analgesics, immune response

Introduction
The coronavirus disease 2019 (COVID-19) pandemic has highlighted the vital role of vaccines in controlling infectious
discases. With the global rollout of COVID-19 vaccines, monitoring and understanding post-vaccination side effects have
become imperative, especially among healthcare workers who are at the frontline of the pandemic response.' Post-
vaccination symptoms can range from mild, transient effects to more severe reactions, potentially affecting work capacity
and healthcare service delivery.'*

The ABO blood group system has been hypothesised to play a role in infectious diseases, with some studies
suggesting blood-type-specific susceptibilities to specific pathogens. However, the association between ABO blood
types and the prevalence or severity of COVID-19 vaccine side effects remains poorly understood.”’ This is particularly

relevant in countries like Saudi Arabia, where healthcare workers not only contend with the demands of their profession
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but also with the added pressure of pandemic-related healthcare challenges.” Understanding these relationships is critical
not only for enhancing the well-being of healthcare workers but also for informing vaccination protocols, post-
vaccination care, and workplace policies that can support this essential workforce. Insights gleaned from this research
may contribute to the broader knowledge base surrounding vaccine pharmacovigilance. They could potentially influence
strategies to mitigate side effects in populations at high risk of exposure to severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2).

This study aims to investigate the relationship between ABO blood groups and the occurrence of post-vaccination
side effects among healthcare workers in Saudi Arabia. It further examines the impact of these side effects on the
professional duties of healthcare workers, including their ability to work and perform critical tasks, such as surgeries. In
addition, the study examines the effectiveness of common symptom relief measures, such as the use of paracetamol and
nonsteroidal anti-inflammatory drugs (NSAIDs), as well as the workers’ perceptions of their immune response to the

vaccine.

Method
Study Design and Participants

This cross-sectional study was conducted across multiple healthcare institutions in five regions of Saudi Arabia (Western,
Central, Northern, Southern, and Eastern) between January and December 2023, targeting healthcare workers employed
in government, private, and non-profit hospitals. Participants were recruited from both clinical and pre-hospital settings,
including emergency units, operating rooms, and general wards. The participants included both medics and paramedics
who had received at least one dose of a COVID-19 vaccine. Healthcare workers who had not been vaccinated or had not
been diagnosed with COVID-19 within 30 days before the survey were excluded to eliminate the possibility of
confounding symptoms from active infections. The final sample consisted of 379 Saudi healthcare workers, both male
and female, aged 20 years and older. The age group of 20 years and above was selected to ensure inclusion of
professionally active healthcare workers who are legally eligible to provide informed consent. In Saudi Arabia,
individuals typically enter the healthcare workforce at this age or older, making them relevant to the study’s focus on
vaccine response and occupational health. This criterion also helped minimise variability related to age-dependent
immune responses and ensured ethical participation. Participants were selected through a cluster random sampling
method.

Sample Size Calculation

The sample size was determined based on a 95% confidence level and a 5% margin of error. Given the target population
of healthcare workers across Saudi Arabia, a minimum sample size of 370 was calculated, which was subsequently
rounded to 379 to account for potential non-responses.

Questionnaire Design and Data Collection

Data were collected through a self-administered questionnaire distributed electronically via internal hospital commu-
nication channels and professional social media networks, enabling a broad reach within the healthcare worker commu-
nity. Participation was entirely voluntary, and reminders were issued two months after the initial distribution to enhance
response rates.

The structured questionnaire was developed to gather detailed data on the participants’ demographic profiles and their
experiences following COVID-19 vaccination. The first section collected demographic information, such as age, gender,
marital status, professional designation (medic or paramedic), years of experience, educational background, and monthly
income. The second section focused on the specifics of the COVID-19 vaccination, including the type of vaccine
received, the number of doses administered, and the date of the last dose to account for any time-dependent side effects.
Participants were also asked to report their ABO blood group.

In the post-vaccination symptoms section, participants were asked to detail any adverse reactions they experienced,
including the onset, duration, and nature of the symptoms. Further questions explored how these symptoms impacted
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their professional duties, particularly for those performing tasks like surgery. Participants also provided information on
any measures they took to alleviate symptoms, such as using over-the-counter medications like paracetamol or NSAIDs,
taking rest, or seeking medical advice. Participants also provided information on any measures they took to alleviate
symptoms, such as using over-the-counter medications like paracetamol or NSAIDs, taking rest, or seeking medical
advice. Additionally, the survey included questions regarding participants’ expectations of the vaccine’s efficacy and
whether their immune response post-vaccination aligned with these expectations. It is essential to note that the perception
of a “proper immune response” was based solely on the participants’ subjective self-assessment, rather than on any
clinical or laboratory confirmation, such as antibody testing. Therefore, participants’ impressions of whether their
symptoms matched or exceeded expectations reflect personal interpretation rather than validated immunological out-
comes. The questionnaire featured multiple-choice and yes/no questions to simplify completion and ensure clarity of
responses.

Immunology, epidemiology, and survey methodology experts reviewed and validated the questionnaire to ensure the
content was relevant and precise. A pilot test with a small group of healthcare workers helped refine the questions,
estimate the time required for completion, and assess the user-friendliness of the survey. The reliability of the
questionnaire was measured using Cronbach’s alpha coefficient (o = 0.061), ensuring internal consistency and stability.

Ethical Considerations

This study was approved by the Institutional Review Board at the Faculty of Medicine, King Saud University, Riyadh,
Saudi Arabia (approval number: E-22-7389). It was conducted in accordance with the principles outlined in the
Declaration of Helsinki. Participation was entirely voluntary. All participants provided electronic informed consent
before beginning the survey, after being fully informed of the study’s objectives, data confidentiality measures, and their
right to withdraw at any time. All responses were anonymous and used exclusively for research purposes.

Statistical Analysis

Descriptive statistics were used to summarise demographic characteristics and responses to the questionnaire. Age was
categorised into nine groups to capture differences across career stages (eg, early, mid, and late-career professionals) and
to explore potential age-related variability in immune response and perception of side effects Associations between ABO
blood groups and key variables, such as vaccine type, post-vaccination symptoms, work impact, and effectiveness of
symptom relief measures, were evaluated using the Chi-square (y?) test. For variables where a statistically significant
association was identified (p < 0.05), post hoc pairwise comparisons were conducted using the Bonferroni correction to
control for Type I error across multiple comparisons. All analyses were performed using IBM SPSS Statistics for Mac,
Version 29.0 (Armonk, NY, USA). A p-value less than 0.05 was considered statistically significant.

Results
Demographic, Professional, and COVID-19 Related Characteristics of Medical

Professionals

The demographic and professional profiles of 386 medical professionals were assessed. The age distribution revealed that
most participants were relatively young, with 36% aged between 20 and 25 years old, 21.4% in the 26-30 age group, and
13. % in the 31-35 years. Those aged 3640 constituted 12.7%, while 7.5% were 41-45 years old. The remaining were
over 45, with the least 1.8% above 60. Females accounted for 56.5% of the participants, while males represented 43.5%.
When examining the residential area, the Western Region had the highest representation at 47.4%, followed by the
Middle Region at 31.3%. The Northern, Southern, and Eastern regions had 6.7%, 3.9%, and 10.6% representation,
respectively. Most participants were single (61.7%), with married individuals making up 35.8%. Participants who were
divorced were notably fewer, (2.6%). Regarding education, most participants held a bachelor’s degree (62.2%), followed
by those with a master’s degree (20.5%), and a minority had either a Ph.D. or a Medical Board (6.7%). Those with
a diploma represented 10.6%. Income levels varied, with 44.3% of respondents earning up to 8699 Riyals per month.
A similar proportion of participants earned between 8700 and 11999 Riyals (13.2%) and 12000 and 15299 Riyals
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(13.0%). Those earning between 15,300 and 20,159 Riyals comprised 14.2%, and the remaining earned more than 20,160
Riyals. Most participants were paramedics (80.3%), followed by medics. A significant majority (77.5%) worked in
government hospitals, while private and non-profit hospitals employed 18.4% and 4.1%, respectively. The majority of
participants had less than one year of work experience (early career, 34.7%), while 21% were in late career experience,
with more than 10 years of work experience. The remaining participants were in mid-career. Regarding blood group
distribution, it was O>A>B>AB (50.4%, 31.1%, 14.5% and 3.9%). The history of COVID-19 infection was reported by
53.9% of participants, while 45.1% did not report any previous infection. Notably, 97.9% of the participants had received
the COVID-19 vaccine, while 2.1% had not received the vaccine (Table 1).

Table | Characteristics of the Study Participants (n=386)

Characteristic n %
Age (20 to 64 years), mean 30.6 years + 8.7 (SD). median 29 years.
20-25 Years 139 36.0
26-30 Years 8l 21.0
31-35 Years 50 13.0
36-40 Years 49 12.7
41-45 Years 29 7.5
46-50 Years 14 3.6
51-55 Years 6 1.6
55-60 Years I 2.8
Above 60 Years 7 1.8
Sex Female 218 56.5
Male 168 43.5
Marital Status Single 238 61.7
Married 138 35.8
Divorced 10 2.6
Widowed 0 0.0
Education Level Diploma 41 10.6
BSc 240 62.2
MSc 79 20.5
Ph.D/Medical Board 26 6.7
Residence Area Northern Region 26 6.7
Southern Region 15 39
Middle Region 121 313
Western Region 183 474
Eastern Region 41 10.6
Monthly Income (Riyal) 0-8699 171 44.3
8700-11,999 51 13.2
12,000-15,299 50 13.0
15,300-20, 160 55 14.2
> 20,160 59 15.3
Specialty Medics 76 19.7
Paramedics 310 80.3
Type of Hospital Governmental 299 77.5
Private 71 18.4
Non-Profit 16 4.1
(Continued)
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Table | (Continued).

Characteristic n %
Work experience (Years) I. Less than | Year 134 347
2. From 2-3 Years 73 18.9
3. From 3-5 Years 44 1.4
4. From 5-10 Years 54 14.0
5. More than 10 Years 8l 21.0
ABO blood group Type A 120 311
Type B 56 14.5
Type O 195 50.5
Type AB 15 39
History of COVID-19 Infection | |. Yes 208 53.9
2. No 178 46.1
Receiving COVID-19 Vaccine Yes 378 97.9
No 8 2.1

Vaccination Patterns and Blood Group Distribution Among Healthcare Workers

A total of 378 participants were included in the analysis of vaccine dose and type by ABO blood group (Table 2). The

distribution of the number of COVID-19 vaccine doses received varied significantly across blood groups (y* = 17.129,

p = 0.047). The majority of participants (82.8%) received three doses, with the highest proportion among individuals with
blood group O (43.9%), followed by group A (25.1%), group AB (11.4%), and group B (2.4%). Only a small fraction
(5.6%) received four doses, with minimal variation between blood groups. Notably, Bonferroni-adjusted pairwise

comparisons revealed that the proportion of participants with blood group O who received four doses was significantly

higher than those with blood group AB (p < 0.05). Participants receiving only one dose represented 1.6% of the total

sample, with no significant pairwise differences observed.

Table 2 Distribution of COVID-19 Vaccine Doses Received and Vaccine Types Administered Among Medical

Professionals Categorised by ABO Blood Group (n=378)

Blood Group x2 p
Type A® | Type AB® | Type B (@ | Type 0 @ Total
n % n % n % n % n %
Vaccine Dose
Number of doses received One | 0.3 2 0.5 2 0.5 | 0.3 6 1.6 17.129 | 0.047
Two 16 42 5 1.3 16 4.2 | 0.3 38 | 10.1
Three | 95 25.1 43 11.4 166 | 43.9 9 24 | 313 | 828
Four | 6 1.6 5 1.3 7 19 [ 3© |08 21 | 56
Vaccine type
Pfizer Yes 104 | 275 | 44 1.6 174 | 46.0 13 34 | 335 | 886 | 5497 | 0.139
No 14 37 Il 2.9 17 4.5 | 03 | 43 1.4
AstraZeneca Yes 46 122 | 26 6.9 67 17.7 3 08 | 142 | 37.6 | 4.369 | 0.224
No 72 19.0 | 29 77 124 | 32.8 Il 29 | 236 | 624
Moderna Yes 20 53 4 1.1 28 74 3 08 | 55 14.6 | 3.424 | 0.331
No 98 | 259 51 13.5 163 | 43.1 Il 29 | 323 | 854

Notes: p-value: Chi-Square (X?) test. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column
proportion appears in the category with the larger column proportion. Significance level for upper case letters (A, B, C and D): 0.05". *Tests are adjusted

for all pairwise comparisons within a row of each innermost subtable using the Bonferroni correction.
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In terms of vaccine type, most participants received the Pfizer-BioNTech vaccine (88.6%), followed by the
AstraZeneca vaccine (37.6%) and the Moderna vaccine (14.6%). The distribution of vaccine types across ABO blood
groups did not show statistically significant differences (p > 0.05). No significant pairwise differences were observed
between blood groups in relation to the type of vaccine received after Bonferroni correction.

Post-Vaccination Adverse Events and Their Correlation with ABO Blood Groups

Among Healthcare Workers

Among the 378 healthcare professionals included in the analysis (Table 3), 60.3% (n = 228) reported experiencing at
least one symptom after receiving the COVID-19 vaccination. The distribution of post-vaccination symptoms did not
significantly differ across ABO blood groups (x> = 1.759, p = 0.624). Regarding the onset period of symptoms, although
the most common time frames were 24 hours (15.1%) and more than 48 hours (15.3%) post-vaccination, the differences
across blood groups were not statistically significant (x> = 30.464, p = 0.170). Analysis of individual adverse events

Table 3 Prevalence of Adverse Events Post-COVID-19 Vaccination in Relation to ABO Blood Groups Among Healthcare
Professionals (n=378)

ABO Blood Group X2 p
Type A ® Type B ® Type O © Type AB ® Total
n % n % n % n % n %

Symptoms After vaccination Yes 67 17.7 32 85 119 315 10 2.6 228 | 60.3 1.759 0.624
No 51 13.5 23 6.1 72 19.0 4 I 150 | 397

Symptoms onset period Two hours 3 0.8 2 0.5 5 1.3 0 0.0 10 2.6 30464 | 0.170
Four hours 9 2.4 3 0.8 7 1.9 | 0.3 20 53
Six hours 3 0.8 | 0.3 14 37 2 0.5 20 53
Eight hours 5 1.3 | 0.3 9 2.4 0 0.0 15 4.0
Twelve hours 3 0.8 2 0.5 7 1.9 2 0.5 14 37
Twenty-Four hours 17 45 14 37 26 6.9 0 0.0 57 15.1
Forty-Eight hours 10 2.6 3 0.8 21 5.6 0 0.0 34 9.0
> 48 hours 17 4.5 6 1.6 30 79 5 1.3 58 15.3

Allergic rash Yes 5 1.3 0 0.0 8 2.1 0 0.0 13 34 3.157 0.368
No 62 16.4 32 85 1 29.4 10 2.6 215 | 56.9

Syncope Yes | 0.3 0 0.0 0 0.0 0 0.0 | 0.3 2414 0.491
No 66 17.5 32 8.5 119 315 10 2.6 227 | 60.1

Diarrhea Yes 3 0.8 0 0.0 5 1.3 0 0.0 8 2.1 1.882 0.597
No 64 16.9 32 85 114 30.2 10 2.6 220 | 582

Vomiting Yes 8@ | 21 0 00 | 3™ | 08 0 0.0 I 29 | 10892 | 0.012
No 59 15.6 32 85 16 30.7 10 2.6 217 | 574

Nausea Yes I 29 3 0.8 il 29 0 0.0 25 6.6 3716 0.294
No 56 14.8 29 77 108 28.6 10 2.6 203 | 537

Joint pain (arthralgia) Yes 20 53 10 2.6 39 10.3 6 1.6 75 19.8 3.650 0.302
No 47 12.4 22 5.8 80 21.2 4 I 153 | 405

Body ache (myalgia) Yes 16 42 13 34 41 10.8 3 0.8 73 19.3 3.470 0.325
No 51 13.5 19 5.0 78 20.6 7 1.9 155 | 41.0

Severe local pain at the injection site | Yes 32 85 13 34 60 15.9 7 1.9 112 | 29.6 2.798 0.424
No 35 9.3 19 5.0 59 15.6 3 0.8 6 | 307

Headache Yes 37 9.8 17 4.5 59 15.6 6 1.6 19 | 315 0.828 0.843
No 30 79 15 4.0 60 15.9 4 1.1 109 | 288

Tiredness Yes 40 10.6 22 5.8 66 17.5 8 2.1 136 | 36.0 3.689 0.297
No 27 7.1 10 26 53 14.0 2 0.5 92 243

Fever Yes 50 132 21 5.6 77 20.4 8 2.1 156 | 41.3 2.691 0.442
No 17 4.5 1l 29 42 1.1 2 0.5 72 19.0

Notes: p-value: Chi-Square (X?) test. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appears in
the category with the larger column proportion. Significance level for upper case letters (A, B, C and D): 0.05% *Tests are adjusted for all pairwise comparisons within a row
of each innermost subtable using the Bonferroni correction.
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revealed that vomiting was the only symptom with a statistically significant association with ABO blood group (¥* =
10.892, p = 0.012). Bonferroni-adjusted post hoc comparisons indicated that participants with blood group A reported
vomiting more frequently than those with blood group O. No cases of vomiting were reported among blood group AB or
B participants. Other adverse events, such as headache (31.5%), tiredness (36.0%), fever (41.3%), body ache (19.3%),
and joint pain (19.8%), were commonly reported but did not show statistically significant differences across blood groups
(all p > 0.05). Similarly, rarer side effects such as allergic rash, syncope, and diarrhoea showed no significant variation by
blood type.

These findings suggest that while most adverse symptoms post-vaccination were evenly distributed among ABO
blood groups, vomiting may be more prevalent in certain blood types, affirming further investigation.

Impact of Post-Vaccination Symptoms on Work and Symptom Relief Measures by
ABO Blood Group in Healthcare Workers

Out of 378 participants, 127 healthcare workers (55.7%) reported that post-vaccination symptoms affected their work
(Table 4). The distribution across blood groups was not statistically significant (%> = 0.987, p = 0.804), with the highest
proportion in blood group O (28.5%).

Among those affected, workplace fatigue was the most frequently reported impact (32.9%), especially among
participants with blood group O (16.7%). However, the association between blood group and workplace fatigue was
not statistically significant (y* = 2.288, p = 0.515). Similarly, worker performance limitations were reported by 10
participants (4.4%), with no significant difference across blood groups (3> = 5.692, p = 0.128). In terms of symptom relief
measures, 25.0% of affected individuals reported taking two to three days of rest, and 6.1% visited a doctor. Paracetamol
was the most used remedy (30.7%), with the highest usage reported among individuals with blood group O (17.5%).
None of these measures showed a significant association with blood group (rest: p = 0.422, doctor visit: p = 0.506,
paracetamol use: p = 0.735).

Table 4 Association of ABO Blood Group with Work-Related Impact and Symptom Relief Strategies Post-COVID-19

Vaccination
ABO Blood Groups X2 p
Type A® | Type AB® | Type B © | Type 0 @ Total
n % n % n % n % n %

Did the symptoms affect your work? | Yes | 40 17.5 6 2.6 16 7.0 65 285 | 127 | 55.7 | 0.987 | 0.804
No | 27 11.8 4 1.8 16 7.0 54 | 237 | 10l | 443

Work impact Among Affected Workers (n=127)

Workplace Fatigue Yes | 26 11.4 2 0.9 9 39 38 167 | 75 | 329 | 2.288 | 0.515
No | 14 6.1 4 1.8 7 3.1 27 1.8 | 52 | 228

Work Performance Limitation Yes 3 1.3 2 0.9 | 0.4 4 1.8 10 44 | 5.692 | 0.128
No | 37 16.2 4 1.8 15 6.6 | 6l 268 | 117 | 51.3

Symptom Relief Measures Among Affected Workers (n=127)

| took two to three days of rest Yes | 22 9.6 3 1.3 7 3.1 25 1.0 57 | 25.0 | 2.810 | 0.422
No | I8 7.9 3 1.3 9 39 | 40 17.5 70 | 307

| needed to visit a doctor Yes 3 1.3 0 0.0 3 1.3 8 35 14 6.1 | 2.333 | 0.506
No | 37 16.2 6 2.6 13 5.7 57 | 250 | 113 | 49.6

| took paracetamol Yes | 18 7.9 3 1.3 9 39 | 40 17.5 70 | 30.7 | 1.277 | 0.735
No | 17 7.5 3 1.3 8 35 35 154 | 63 | 27.6

Notes: p-value: Chi-Square (X?) test. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion
appears in the category with the larger column proportion. Significance level for upper case letters (A, B, C and D): 0.05% *Tests are adjusted for all pairwise
comparisons within a row of each innermost subtable using the Bonferroni correction.
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These findings suggest that while a considerable proportion of vaccinated healthcare workers experienced temporary
work-related impact due to symptoms, these effects were not significantly associated with ABO blood type.

Symptom Management and Immune Response Perception by ABO Blood Group
Among the 288 vaccinated healthcare workers analysed, 44.3% (n = 101) reported not taking any symptomatic relief
medications such as NSAIDs (Table 5). The distribution across ABO blood groups was not statistically significant (y? =
4.109, p = 0.662), with the highest proportions in blood groups A (11.8%) and O (7.0%).

When asked whether the post-vaccination symptoms matched their expectations of an immune response, 26.3% of
participants (n = 60) responded positively, stating they were satisfied with their body’s reaction. This perception was most
commonly reported among individuals with blood group A (9.6%) and O (11.4%). A smaller proportion (7.5%) expected
more symptoms than they experienced, while 21.9% (n = 50) indicated the symptoms were worse than anticipated. These
differences in perception were not statistically significant across blood groups (p > 0.05 for all comparisons).

These findings suggest that there was no significant association between ABO blood group and either the choice to
use symptom-relief medications or the perceived alignment of symptoms with expectations of immune response
expectations.

Discussion
This study sheds light on the critical issue of post-vaccination adverse effects among healthcare workers in Saudi Arabia,
with a focus on the role of ABO blood groups in influencing these outcomes. The findings have significant implications
for healthcare management, particularly in environments where the workforce has been heavily relied upon during the
COVID-19 pandemic. Understanding how vaccination impacts healthcare workers is crucial for developing effective
support systems, maintaining productivity, and ensuring the well-being of these essential professionals.>®

The fact that 32.9% of participants reported fatigue during work hours post-vaccination indicates that even mild or
moderate side effects could affect daily operational efficiency in healthcare settings. Fatigue and other symptoms, such as
severe local pain (29.6%) and headaches (31.5%), have the potential to reduce the performance of healthcare workers,
especially those in high-pressure roles like paramedics and medics, who made up the bulk of this study’s participants.
Similarly, a Saudi Arabian study involving general surgeons found a critical issue of post-vaccination adverse effects
among health workers.>® These findings align with the current results, which suggest that this presents a critical
challenge for hospital administrators and healthcare policymakers, as reduced workforce efficiency can hinder patient
care quality and slow down essential healthcare services.”'° In response to these findings, healthcare systems should
consider implementing short-term workforce management strategies, such as flexible work hours, temporary workload
reductions, or additional paid leave for staff who report significant post-vaccination symptoms. "'

Additionally, the study’s finding that 4.4% of participants reported being unable to perform surgical procedures due to
vaccine-related symptoms raises concerns about the potential for disruption in critical care services. Although the number

Table 5 Effectiveness of Symptomatic Treatment and Expectations of Immune Response by ABO Blood Group in Post-Vaccination
Healthcare Workers (n=288)

Blood Group x? P
Type A® Type Type B Type 0 ® Total
AB ® ©
n % n % n % n % n %

Effectiveness of Symptomatic Treatment and Expectations of Immune Did not take medication (Paracetamol or 27 1.8 4 1.8 16 70 54 237 101 443 4.109 0.662
Response NSAID)
Matched expectations 22 9.6 3 1.3 9 39 26 1.4 60 263
Expected more symptoms 4 1.8 I 04 3 1.3 9 39 17 75

Symptoms were worse than expected 14 6.1 2 09 4 1.8 30 132 50 219

Notes: p-value: Chi-Square (X?) test. Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column proportion appears in
the category with the larger column proportion. Significance level for upper case letters (A, B, C): 0.05% *Tests are adjusted for all pairwise comparisons within a row of each
innermost subtable using the Bonferroni correction.
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appears small, in a healthcare environment already strained by the demands of the pandemic, even a slight reduction in
capacity for performing surgeries or other high-skill tasks can exacerbate backlogs and negatively affect patient
outcomes.'' This reinforces the importance of monitoring healthcare workers’ post-vaccination health closely, offering
targeted support when needed, and ensuring that staffing levels can accommodate potential reductions in workforce
availability during vaccination periods.'?

Healthcare administrators must also pay attention to the fact that many participants chose self-care measures, such as
using over-the-counter medications (49.6%) and rest (44.9%), rather than seeking medical consultation (only 11.0% did
s0). This reliance on self-management may indicate a reluctance among healthcare workers to further burden an already
stretched healthcare system.'*'* However, it could also reflect an underestimation of the importance of addressing post-
vaccination symptoms through professional medical guidance. This highlights the need for healthcare management to
promote better awareness among staff about the importance of seeking appropriate medical care and support, rather than
relying solely on self-care, to ensure they recover fully and can return to work at full capacity.

While previous studies have suggested that individuals with blood group O may have a lower susceptibility to SARS-
CoV-2 infection and milder disease progression,’* the findings show that this group reported a higher rate of post-
vaccination symptoms that impacted work performance. The reason for this discrepancy is not fully understood. One
possible explanation may relate to innate immune response differences or inflammatory mediators associated with ABO
antigens; however, these mechanisms were not evaluated in the current study or in other studies. Currently, there is
limited literature directly supporting an increased susceptibility to vaccine-related adverse effects among individuals with
blood group O. Some studies have indicated differing immune responses or symptom profiles post-infection or
vaccination,”'> but the findings remain inconsistent and inconclusive. Therefore, this unexpected trend observed in
our study warrants further investigation in larger cohorts with immunological profiling to better understand the biological
basis and clinical relevance of ABO blood group-related vaccine reactogenicity. Another nationwide study in Saudi
Arabia reinforced these conclusions, finding no significant correlation between ABO blood group and the severity of
vaccine-related adverse events, but highlighting other factors (such as gender, education level, and general health status)
as more significant predictors of severe side effects. Both studies recommend further research to clarify these relation-
ships in broader healthcare populations.'® These findings also align with international investigations that have reported
that adverse events following vaccination were equally distributed across all ABO blood groups, with no significant
differences in side effect profiles.'’

This knowledge has critical implications for vaccine distribution and follow-up care strategies. Healthcare providers
and policymakers could consider ABO blood groups when designing vaccination protocols or post-vaccination monitor-
ing systems, allowing for more personalised care approaches.’ For instance, if further studies corroborate a heightened
vulnerability to specific side effects in certain blood groups, those individuals could receive more targeted advice and
care following their vaccinations. This approach could also help alleviate some of the hospital’s workload pressures by
proactively addressing issues that may cause workers to take time off due to vaccine-related symptoms.'®'?

The results of this study are of particular importance in the context of ongoing and future mass vaccination
campaigns, whether related to COVID-19 boosters, new strains, or other vaccines. Several studies emphasise the need
for a similar approach where they suggest a robust evaluation of AEFI protects both public health and healthcare staff,
ensuring the smooth rollout of booster and future vaccination campaigns while maintaining public confidence.?® The
lessons learned from how healthcare workers, the backbone of any healthcare system, respond to vaccination can inform
broader public health strategies to minimise disruptions to essential services. Healthcare institutions can use this data to
improve vaccine education programs, ensuring that healthcare workers have realistic expectations about post-vaccination
symptoms and are prepared to manage them appropriately. Improved understanding and management of vaccine side
effects could lead to higher vaccine uptake, especially in populations where hesitancy may be driven by fear of adverse
reactions.'®

The relatively low correlation between symptoms and ABO blood groups (p-values above 0.05 for most symptoms)
also reinforces the need for comprehensive research that incorporates other variables, such as gender, genetic factors,

environmental influences, or prior health conditions, in understanding individual responses to vaccination.'''*!*? By
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expanding the scope of inquiry beyond blood types, future research could uncover a more detailed understanding of the
factors contributing to vaccine response variability.”'?

Another area that deserves further exploration is the discrepancy between healthcare workers’ expectations of
immune responses and their actual experiences.''*?>** A substantial proportion of participants felt their adverse effects
were more severe than expected, which could indicate gaps in culture and communication or education about the
expected side effects of vaccination.'® Strengthening the education and communication around vaccine safety,
particularly for healthcare professionals, is critical to ensuring informed consent and maintaining trust in vaccination

programs.

Conclusion

This study found no statistically significant association between ABO blood groups and most post-COVID-19 vaccina-
tion symptoms among healthcare workers in Saudi Arabia. However, individuals with blood group O reported a higher
frequency of symptoms that negatively impacted their work performance, including fatigue, headache, and reduced
ability to perform tasks such as surgery. Vomiting was the only symptom with a statistically significant correlation to
blood group (p = 0.012).

Most participants used over-the-counter medications, such as paracetamol or NSAIDs, for symptom relief, and the
majority found these effective, regardless of their blood type. Self-reported perceptions of immune response varied, with
nearly half of the participants feeling that their symptoms matched expectations; however, this perception did not differ
significantly by blood group.

These findings highlight the complexity of post-vaccination responses and the importance of recognising individual
variability, even within a professional population. While ABO blood group may not be a decisive factor in vaccine-
related side effects, the trend observed in blood group O suggests the need for further research into genetic or
immunological factors influencing vaccine reactogenicity. Healthcare systems should consider proactive monitoring
and supportive interventions for staff experiencing side effects to maintain workforce resilience and service continuity
during mass vaccination efforts.
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