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Abstract: The global pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), commonly known as
COVID-19, poses significant risk to human health worldwide. The primary strategy for controlling the disease is through vaccination.
However, there is an urgent need to establish confidence in the safety of global vaccination efforts, particularly among populations
with allergies, as evidence on the adverse effects of SARS-CoV-2 vaccines in this group remains limited. To address this gap, our
study aimed to evaluate the safety of inactivated SARS-CoV-2 vaccines in individuals with food and/or drug allergies. The study
enrolled a total of 150 participants, who were subjected to a series of questionnaires to evaluate local and systemic reactions within 7
days after each dose. The results revealed that the most prevalent adverse reactions were pain at the injection site (30%) and fatigue
(16%) following the initial vaccination. Notably, the incidence of both local and systemic adverse reactions decreased after the second
vaccination, which was unexpected. The food allergy and drug allergy subgroups exhibited a similar phenomenon. Furthermore, the
incidence of adverse events observed in this study was consistent with the range reported in Phase III clinical trials of inactivated
SARS-CoV-2 vaccines. Our findings suggest that individuals with pre-existing food and/or drug allergies have a favorable safety
profile when receiving inactivated SARS-CoV-2 vaccination.
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Introduction

The COVID-19 pandemic has had a global impact, with 767,518,723 confirmed cases and 6,947,192 deaths reported
worldwide as of 28 June 2023. Faced with the highly transmissible, pathogenic nature of the SARS-CoV-2 virus and
a population-wide susceptibility to the virus, universal COVID-19 vaccination have emerged as the most effective
strategy to manage the outbreak.'” Phase I-III clinical trials provided the pre-marketing evidence on the safety,
immunogenicity and protective effects of a vaccine.* ® Nevertheless, the real-world coverage of SARS-CoV-2 vaccina-
tion in general populations was not as high as expected. Among these, vaccine hesitancy was found to be responsible for
it. Hence, enhancing the public’s acceptance of vaccination is imperative, with safety concerns being the primary
determinant of vaccine hesitancy.’

In routine clinical work, we often encounter person come to consult on the safety of COVID-19 vaccines and most of
them expressed their concern about the vaccines: “Is the vaccine appropriate for me? What are the potential adverse
reactions following vaccination?”. Especially the people who have allergic diseases, such as asthma, allergic dermatitis,
or have a history of food or drug allergies. Cumulative researches had focused on the safety of various COVID-19
vaccines, including the incidence and severity of adverse reactions.'®'* Our previous study found that more local and
systemic reactions to inactivated SARS-CoV-2 vaccine were reported in patients with allergic disease (asthma, allergic
rhinitis, allergic dermatitis) than controls."* Overall, the inactivated SARS-CoV-2 vaccine was well tolerated and safe for
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these patients. Although Canadian Society of Allergy and Clinical Immunology (CSACI) provided theoretical
suggestion'” that individuals with a history of allergies to food and drug can receive SARS-CoV-2 vaccine without
any special precautions, actually these individuals are mostly reluctant to receive vaccination.

To the best of our knowledge, there are no study on the safety of vaccines in individuals with a history of food or drug
allergies. It is imperative to establish confidence in global vaccination through the provision of safety data. Thus, the
objective of this study is to investigate the safety of the inactivated SARS-CoV-2 vaccine in healthcare workers with
a history of food and/or drug allergies.

Methods
Study Design and Population

The Ethics Committee of the First Affiliated Hospital of Ningbo University granted approval for our study protocol (the
ethical approval number is 2021-R062-03). Our target populations were staff worked at the First Affiliated Hospital of
Ningbo University. The volunteers aged 18—59 years and had received the first dose of inactivated COVID-19 vaccine
developed by Sinovac or Sinopharm (Beijing) were invited to complete a questionnaire containing: (1) demographic
information, namely their age, sex, comorbidities; (2) Allergic status; (3) relevant information pertaining to established
Food Allergy (FA) and Drug Allergy (DA), including allergen and anaphylaxis; (4) local adverse reactions, such as pain
at the injection site, redness, swelling, and pruritus, as well as systemic adverse events, including but not limited to
vomiting/nausea, diarrhea, skin rash, headache, vertigo, fatigue, chills, sore throat, cough, chest tightness, palpitation of
heart, new or worsened muscle pain, new or worsened joint pain, fever, somnolence, stuffy nose, abdominal pain, chest
pain, and lymphadenopathy. The occurrence and grade of these adverse events were evaluated within the first week
following each vaccination dose based on the FDA Center for Biologics Evaluation and Research (CBER) guidelines,

and the grading scales for local and systemic events were shown in Supplement Table 1. The exclusion criteria were as

follows: 1. previous SARS-CoV-2 infection; 2. Severe allergic status; 3. diagnosis of immunocompromising or immu-
nodeficiency disorder, or receiving immunosuppressant therapy; 4. Combined with severe liver and kidney failure, tumor
or uncontrolled chronic medical disorder; 5. pregnant or lactating women. Prior to participation, all subjects provided
informed consent.

Vaccines

The inactivated SARS-CoV-2 vaccines referred in our study were CoronaVac (Sinovac Life Sciences, Beijing, China)
and BBIBP-CorV (Sinopharm vaccine, Sinopharm, Beijing, China) which were initially used in China. Both the
CoronaVac (CZ02 strain) and BBIBP-CorV (HBO02 strain) were inactivated whole virus, aluminum-hydroxide-

adjuvanted COVID-19 vaccines. Two-dose-schedule of the two vaccines are recommended and applied in this study.

Definitions of Food Allergy and Drug Allergy

Food and drug remain the most common elicitors of anaphylaxis. The diagnosis of anaphylaxis is still based on the
clinical evaluation, of course, laboratory examine, such as serum allergen-sIgE is conducive to diagnosis. Food Allergy
and Drug Allergy means food and drug-induced anaphylactic reactions. After exposure to a likely allergen (food or drug),
clinical symptoms occurred with involvement of the skin, mucosal tissue, respiratory compromise, cardiovascular
associated symptoms or persistent gastrointestinal symptoms according to EAACI (European Academy of Allergy and
Clinical Immunology) anaphylaxis guidelines.'®

Statistical Analysis

The numerical and percentage representations were utilized to present the categorical variables. The statistical analysis
was conducted using the SPSS 25.0 software. Continuous variables were expressed as mean (standard deviation). All
data were graphically performed using GraphPad Prism (v 6.1 GraphPad Software, Inc., San Diego, CA, USA).
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Results
Participants Characteristics

Our study comprised 150 employees aged 18—59 years who had reported food and/or drug allergy and had received the

first dose of inactivated COVID-19 vaccine in the above institution. Of the participants, 50 participants have FA, 91

participants have DA and 9 possess a history of both food and drug allergies. Subsequently, a routine follow-up was

carried out, resulting in three participants (one with both food and drug allergies, two with only drug allergy) declining to

receive the second dose without providing a reason. The summary of participants’ demographic characteristics,

comorbidities and allergy information is provided in Table 1. In the study, seafood and fruits are the leading eliciting

Table | Baseline Characteristics of the Participants

Variable Total, N=150 FA, N=50 DA, N=91
Age (year), mean (SD) 33.909.7) 33.009.7) 33.84(9.65)
Sex, n (%)
Male 30(20) 14(28) 15(16.5)
Female 120(80) 36(72) 76(83.5)
Comorbidities, n (%)
Allergic disease 67(44.7) 24(48) 36(39.6)
Hypertension 6(4) 2(4) 4(4.4)
Diabetes 1(0.7) 0(0) 1(1.1)
Thyroid disease 3(2) 2(4) 1(1.1)
Chronic gastritis 5(3.3) 3(6) 2(2.2)
Anaemia 1(0.7) 0(0) 1(1.1)

Allergic disease, n (%)

Asthma 4(2.7) 0(0) I1(1.1)

Allergic rhinitis 41(27.3) 12(24) 24(26.4)

Atopic dermatitis 31(20.7) 14(28) 14(15.4)
Food Allergy, n (%) 59(39.3)

Seafood 21(14) 18(36)

Fruits 23(15.3) 18(36)

Red meat 2(1.3) 2(4)

Egg 1(0.7) 1(2)

Milk 3(2) 2(4)

Alcohol 4(2.7) 4(8)

Peanut 1(0.7) 1(2)

Others 8(5.3) 7(14)

Drug Allergy, n (%) 100(66.7)

Antibiotic allergy 96(64) 87(95.6)
Penicillin 70(46.7) 64(70.3)
Cephalosporin 22(14.7) 19(20.9)
Sulfonamide 4(2.7) 4(4.4)
Fluoroquinolone 6(4) 6(6.6)
Macrolide 1(0.7) 1(1.1)
Aminoglycosides 1(0.7) 0(0)
Chloramphenicol 2(1.3) 2(2.2)
Clindamycin 1(0.7) 1(1.1)
Fosfomycin 1(0.7) 1(1.1)

Vaccines? 4(2.7) 4(4.4)

Others 3(2) 3(3.3)

Note: *Tetanus vaccine/influenza vaccine.
Abbreviations: FA, food allergy; DA, drug allergy.
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allergens in FA. Drug-induced anaphylaxis is mainly caused by antibiotics, especially the beta-lactam antibiotics

(Penicillin, Cephalosporin).

Adverse Reactions

The findings of our study indicated that the vast majority of participants did not experience any significant local or systemic

adverse reactions, and hospitalization was not required for any of them. Table 2 showed the local and systemic adverse reactions

Table 2 Adverse Reactions Following Vaccination in Patients with Food and/or Drug Allergies

n (%) After First Dose After Second Dose®
Total, N=150 FA, N=50 DA, N=91 Total, N=147 FA, N=50 DA, N=89
No symptoms 66(44) 27(54) 38(42) 86(58.5) 33(66) 51(57.3)
Local reactions 47(31.3) 12(24) 28(30.8) 33(224) 7(14) 21(23.6)
Pain 45(30) 11(22) 27(29.7) 33(224) 6(12) 21(23.6)
Grade | 36(24) 7(14) 25(27.5) 30(20.4) 6(12) 20(22.5)
Grade 2 9(6) 4(8) 2(2.2) 3(2) 0(0) I(1.1)
Redness 2(1.3) 1(2) 0(0) 2(1.4) 1(2) 0(0)
Grade | 2(1.3) 1(2) 0(0) 2(1.4) 1(2) 0(0)
Swelling 3(2) 0(0) 2(2.2) 4(2.7) 1(2) 2(2.2)
Grade | 2(1.3) 0(0) I1(1.1) 4(2.7) 1(2) 2(2.2)
Grade 2 1(0.7) 0(0) I1(1.1) 0(0) 0(0) 0(0)
Pruritus 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Grade | 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Systemic reactions 52(34.7) 15(30) 32(35.2) 37(25.2) 12(24) 22(24.7)
Vomiting/Nausea 4(2.7) 1(2) 3(3.3) 1(0.7) 1(2) 0(0)
Grade | 4(2.7) 1(2) 3(3.3) 1(0.7) 1(2) 0(0)
Diarrhea 9(6) 4(8) 3(3.3) 2(1.4) 1(2) I(1.1)
Grade | 7(4.7) 3(6) 2(2.2) 2(1.4) 1(2) I(1.1)
Grade 2 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Grade 3 1(0.7) 0(0) (1.1 0(0) 0(0) 0(0)
Skin rash 7(4.7) 2(4) 5(5.5) 3(2) 2(4) I(1.1)
Grade | 5@3.3) 1(2) 4(4.4) 1(0.7) 1(2) 0(0)
Grade 2 2(1.7) 1(2) 0(0) 2(1.4) 1(2) I(1.1)
Headache 6(4) 1(2) 5(5.5) 5(3.4) 3(6) 2(2.2)
Grade | 5@3.3) 1(2) 4(4.4) 5(3.4) 3(6) 2(2.2)
Grade 2 1(0.7) 0(0) I(1.1) 0(0) 0(0) 0(0)
Vertigo 11(7.3) 4(8) 6(6.6) 9(6.1) 4(8) 5(5.6)
Grade | 8(5.3) 3(6) 4(4.4) 8(5.4) 4(8) 4(4.5)
Grade 2 3(2) 1(2) 2(2.2) 1(0.7) 0(0) I(1.1)
Fatigue 24(16) 7(14) 13(14.3) 20(13.6) 6(12) 12(13.5)
Grade | 22(14.7) 6(12) 12(13.2) 19(12.9) 6(12) 11(12.4)
Grade 2 3(1.3) 1(2) I1(1.1) 1(0.7) 0(0) I(1.1)
Chills 3(2) 0(0) 2(2.2) 0(0) 0(0) 0(0)
Grade | 3(2) 0(0) 2(2.2) 0(0) 0(0) 0(0)
Sore throat 9(6) 5(10) 4(4.4) 7(4.8) 3(6) 4(4.5)
Grade | 6(4) 4(8) 2(2.2) 7(4.8) 3(6) 4(4.5)
Grade 2 1(0.7) 0(0) (1.1 0(0) 0(0) 0(0)
Grade 3 2(1.3) 1(2) I1(1.1) 0(0) 0(0) 0(0)
Cough 8(5.3) 3(6) 5(5.5) 6(4.1) 3(6) 3(3.4)
Grade | 53.3) 2(4) 3(3.3) 5(3.4) 3(6) 2(2.2)
Grade 2 2(1.3) 0(0) 2(2.2) 1(0.7) 0(0) I(1.1)
(Continued)
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Table 2 (Continued).

n (%) After First Dose After Second Dose®
Total, N=150 FA, N=50 DA, N=91 Total, N=147 FA, N=50 DA, N=89

Grade 3 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Chest tightness 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Palpitation of heart 0(0) 0(0) 0(0) 1(0.7) 0(0) I(1.1)
Grade | 0(0) 0(0) 0(0) 1(0.7) 0(0) I(1.1)
New or worsened muscle pain 7(4.7) 4(8) 3(3.3) 4(2.7) 1(2) 2(2.2)
Grade | 6(4) 3(6) 3(3.3) 4(2.7) 1(2) 2(22)
Grade 2 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
New or worsened joint pain 1(0.7) 0(0) 1(1.1) 1(0.7) 1(2) 0(0)
Grade | 1(0.7) 0(0) I(1.1) 1(0.7) 1(2) 0(0)
Fever 4(2.7) 3(6) I(1.1) 3(2) 2(4) I(1.1)
Grade | 2(1.3) 2(4) 0(0) 1(1.4) 2(4) 0(0)
Grade 2 2(1.3) 1(2) 0(0) 1(0.7) 0(0) I(1.1)
Somnolence 2(1.3) 1(2) I(1.1) 0(0) 0(0) 0(0)
Grade | 2(1.3) 1(2) I(1.1) 0(0) 0(0) 0(0)
Stuffy nose 3(2) 0(0) 3(3.3) 2(1.4) 0(0) 2(2.2)
Grade | 2(1.3) 0(0) 2(2.2) 1(0.7) 0(0) I(I.1)
Grade 2 1(0.7) 0(0) I(1.1) 1(0.7) 0(0) I(1.1)
Abdominal pain 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Grade | 1(0.7) 1(2) 0(0) 0(0) 0(0) 0(0)
Chest pain 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Lymphadenopathy 1(0.7) 0(0) 0(0) 0(0) 0(0) 0(0)
Grade | 1(0.7) 0(0) 0(0) 0(0) 0(0) 0(0)

Notes: The data are presented as n (%). *After first vaccination, follow-up was carried out, finally 3 participants (one from “Food Allergy” and two from “Drug Allergy”
subgroup) declined to receive the second dose of inactivated vaccine.
Abbreviations: FA, food allergy; DA, drug allergy.

occurred after first and second doses of inactivated SARS-CoV-2 vaccines administration among these participants. Analysis of
Table 2 revealed that pain at the injection site was the most prevalent local adverse event, accounting for 30% of the total, followed
by local swelling (2%), local redness (1.3%), and pruritus (0.7%) after the initial vaccination. Additionally, 34.7% of the
participants reported systemic events, with fatigue being the most commonly reported symptom (16%). The following adverse
effects were observed: vertigo (7.3%), diarrhea (6%), sore throat (6%), cough (5.3%), muscle pain (4.7%), skin rash (4.7%),
headache (4%), fever (2.7%), vomiting/nausea (2.7%), chills (2%), stuffy nose (2%), abdominal pain (0.7%), joint pain (0.7%),
and lymphadenopathy (0.7%). Notably, other discomforts such as chest tightness, chest pain, and cardiopalmus were not reported.
Upon analysis, it was observed that the frequency of both local and systemic adverse events exhibited a decline subsequent to
the second vaccination, as depicted in Figure 1. A significant proportion of participants, ie, 58.5%, remained unaffected by any
adverse reactions. Pain at the injection site continued to be the most frequently reported local adverse reaction, accounting for
22.4% of cases. Systemic reactions were reported by only 25.2% of participants, with fatigue being the most commonly reported
symptom (13.6%). The incidence of other symptoms, such as vertigo, headache, sore throat, cough, and others was also lower than
that observed after the first vaccination. For further investigation, we performed a comparable analysis on two distinct subgroups,
namely FA and DA (Table 2, Figures 2 and 3). And in subgroup exploration, the 9 participants who have both food and drug
allergic experience were excluded for academic rigour. Our findings demonstrated that the incidence of adverse reactions in FA
group and DA group are 46% and 58%, respectively. Within the FA group, 24% of participants experienced local reactions, while
28% experienced systemic discomforts. The most commonly reported local and systemic reactions were pain at the injection site
(22%) and fatigue (14%), respectively. In the DA group, the most commonly reported local reaction was also the pain at the
injection site (29.7%), while fatigue (14.3%) was the most frequently reported systemic event. Furthermore, a decrease in the
incidence of adverse events was observed after the second dose of inactivated vaccine in comparison to the first dose. In addition,

the aforementioned adverse reactions in our study are of mild or moderate severity and are well tolerated, without necessitating
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Figure | Local and systemic reactions after receiving the inactivated COVID-19 vaccine in the participants with food and/or drug allergies.
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Figure 2 Local and systemic reactions after receiving the inactivated COVID-19 vaccine in the participants with food allergy.

hospitalization or specialized medical intervention. Table 2 provided further details regarding the occurrence of other adverse
reactions.

Discussion

In our survey, a total of 150 hospital staff members with a documented history of food or drug allergy were enrolled to
investigate the incidence of local and systemic adverse reactions following the first and second doses of the vaccine.
Following the initial vaccination, 56% of the participants had adverse effects, the most prevalent local adverse reaction
was pain at the injection site (30%), while systemic events were reported by 34.7% of the participants, with fatigue being
the most frequently reported symptom (16%). Following the second vaccination, the frequency of both local and
systemic adverse reactions exhibited a decline. Notably, the most prevalent local discomfort was pain at the injection
site, affecting 22.4% of the population. Systemic adverse events were reported by 25.2% of the participants, with fatigue
being the most commonly reported symptom, affecting 13.6% of the population. Further analysis of the adverse reactions
in FA and DA groups indicate that the prevailing local and systemic adverse effects observed in the FA group were in line
with those of the DA group, namely injection site pain and fatigue. Furthermore, these adverse effects were mitigated
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Figure 3 Local and systemic reactions after receiving the inactivated COVID-19 vaccine in the participants with drug allergy.

after the second vaccination in comparison to the first, as anticipated. The incidence rate of adverse events displayed in
our research did not exceed the range reported in phase III clinical trials of the two vaccines.®™®

One clinical trial of CoronaVac® showed that the rate of adverse events after first and second dose vaccination were
65.5% and 60.1% in respective. Either after the first vaccination or the second vaccination, the incidence of pain at the
injection site was the highest (44.4%, 46%) among the local adverse reactions, and the incidence of systemic adverse
reactions, which were mainly the headache (31.4%, 24.7%) and fatigue (13.9%, 9.1%). In the clinical trial of Sinopharm
vaccine,” only 24.4% of the subjects had no adverse reactions. After first vaccination, the incidence of pain at the
injection site (44.8%) and Fatigue (12.2%) had been the top one symptom among local and systemic adverse reactions,
respectively. And after the second vaccination, 86% of the participants had adverse reactions, among which the incidence
of pain and fatigue were 47.6% and 16.3%. In addition, the aforementioned adverse reactions in our study are of mild or
moderate severity and are well tolerated, without necessitating hospitalization or specialized medical intervention. Our
study suggests that individuals with pre-existing food and/or drug allergies exhibit a favorable safety profile in the
context of inactivated SARS-CoV-2 vaccination, which is in line with our recent clinical report on the safety of said
vaccination in those with allergic conditions.

As a single-arm trial, the inadequacy is mainly the subjects in our study and the external control group are not from
the same subject population. And, it is imperative to acknowledge the potential presence of recall bias and the limited
sample size, which require further validation. It is noteworthy that the screening criterion of the subjects in these clinical
trials mentioned above were healthy participants or history of anaphylaxis was listed as the main exclusion criterion
factors; Moreover, the participants enrolled in our study are healthcare professionals, which enhances the credibility of
this empirical investigation.

Currently, there are 199 vaccines undergoing preclinical trials and 180 vaccines that have received approval for
clinical development. When examining the neutralization capabilities of vaccines, it is important to prioritize vaccine
safety. Given that COVID-19 vaccination is an essential preventative measure, it is crucial to conduct extensive and
practical investigations on the safety of diverse vaccine types across various demographic groups. Such studies are
necessary for the future.

Conclusion
Amidst the unparalleled COVID-19 pandemic, the primary means of safeguarding against infection continues to be the
administration of an effective vaccine. However, apprehensions regarding the safety of vaccines have emerged. Our

research demonstrates that individuals with a prior history of food or drug allergy exhibit an acceptable level of tolerance
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towards the inactivated SARS-CoV-2 vaccine. To confirm the safety of COVID-19 vaccines and convince people to
receive vaccination, further large-scale real-world studies in various populations are in urgent need.
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