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Background: It is not known whether the viral load and the number of days to negative nucleic acid increased in patients with
a history of allergy during the COVID-19 pandemic.

Objective: To investigate the impact of allergy labels on SARS-CoV-2 Omicron outcomes.

Methods: This retrospective cohort study included 62,293 patients with mild Omicron infection between April 9, 2022, and May 31,
2022. Using 1:2 propensity score matching, we identified 2177 COVID-19 patients with a history of allergy and 4254 COVID-19
patients with no history of allergy. The differences in viral load, days to nucleic acid turning negative, and clinical symptoms were
compared between the two groups.

Results: Compared with the group with no allergies, the number of days before negative nucleic acid conversion of COVID-19
patients with allergies was significantly higher, the viral load was significantly higher, and the cumulative negative conversion rates at
5-10 days were all lower (p < 0.01). Patients with a history of allergy to antibiotics had higher viral load and more days with negative
nucleic acid levels (p < 0.001). Subgroup analysis revealed that the viral load in penicillin-allergic and cephalosporins-allergic patients
was significantly compared to patients without any history of allergies (p < 0.05).

Conclusion: Patients with a history of allergy have a more significant viral load and a longer duration of nucleic acid negative
conversion upon COVID-19 infection, particularly those allergic to antibiotics.
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Introduction

The World Health Organization has recognized the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) as a variation of concern.' The variation contains up to 36 spikes known to avoid neutralizing antibodies created by the
coronavirus disease 2019 (COVID-19) vaccine, raising concerns about the virus’ potential to dodge infection or the efficacy of
vaccine-induced antibodies.? Previous research has demonstrated that the intensification of COVID-19 is closely related to
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changes in the immune system’s defense. The overstress response of the immune system is likely to trigger the inflammatory
storm after COVID-19, resulting in further deterioration of the patient’s condition and even death.?

The association between allergic disorders and the prognosis of COVID-19 has garnered growing interest, as allergic
diseases are regarded as placing an undue burden on the immune system.*> At present, it is controversial whether allergic
diseases are related to the severe clinical results of COVID-19. According to some reports, there may not be a connection
between asthma and the elevated risk of COVID-19.%7 However, there is a correlation between allergic rhinitis and
adverse COVID-19 clinical outcomes (eg, intensive care or death).*'! There is little information on the behavior of
Omicron variants in patients with allergic diseases. Due to the characteristics of mild symptoms and strong transmissi-
bility, the Omicron variant is bound to have new immune response features, so it is worth studying the clinical changes of
Omicron-infected allergic patients and their relationship. During the COVID-19 global pandemic, people with a history
of allergies are relatively vulnerable and easily overlooked due to the imbalance of the immune system. For Omicron-
infected patients with allergic history, it is of great importance to clarify their clinical features and the severity of the
disease outcome.'? We hypothesized that the number of days of negative nucleic acid and viral load of COVID-19
patients with a history of allergy were significantly different from those without a history of allergy.

At the end of March 2022, another outbreak of Omicron appeared in Shanghai, China. In this study, mildly affected patients
with a history of allergies were the main subjects admitted to The Convention Center (Shanghai) Fangcang shelter hospital. We
evaluated the clinical manifestations, viral load, and the days of nucleic acid negative conversion in patients with Omicron
infection, to identify the relationship between Omicron infection, allergic status, and viral load. The aim was to offer further
clinical and prognostic information for COVID-19 patients with a history of allergy or anaphylaxis.

Method

Patients’ Enrollment

This retrospective study involved patients with the Omicron variant infection who had mild symptoms and were admitted
to The Convention Center (Shanghai) Fangcang shelter hospital from April 29 to May 31, 2022. The hospital is
Shanghai’s largest Fangcang shelter hospital for treating Omicron-infected people. It only treats patients with mild
symptoms diagnosed with COVID-19. If the condition worsens, the patient will be transferred to another designated
hospital for further treatment. Screening for SARS-CoV-2 nucleic acids was carried out using real-time reverse
transcription polymerase chain reaction (RT-PCR) tests in all patients who had been exposed to confirmed or suspected
COVID-19 cases. The RT-PCR test results were confirmed by ORFlab and N genes according to the Guidelines for the
Diagnosis and Treatment of Coronavirus Disease 2019 (Trial 9th edition)."® In our study, we only included adult patients
with mild COVID-19 symptoms and a history of allergies or anaphylaxis. All individuals enrolled in this study tested
positive. All patients admitted to Fangcang hospitals were discharged after two negative PCR tests. The deadline for
follow-up is the closing date of the Fangcang shelter hospital.

This research was conducted in accordance with the principles outlined in the Helsinki Declaration. The Ethics
Review Committee of the Southwest Hospital of the Army Medical University waived the requirement for patient
consent as this study involved a retrospective analysis of de-identified data (approval number KY2022114). We place on
safe guarding patient data confidentiality and all patient data are confidential.

Data Collection

The data include demographic information, clinical manifestations, past disease history, and nucleic acid testing
information. These data come from epidemiological investigations and medical record systems, which are
examined independently by Dr. Li and Dr. Wang’s researchers. The medical record system recorded the PCR
test results and circulatory threshold (Ct) values of each SARS-CoV-2 positive sample. The nucleic acid Ct value
refers to the number of cycles corresponding to the detection of fluorescent signals. A smaller Ct value means
fewer cycles. That is, the presence of a virus can be detected in a short time, indicating a large number of viruses.
The larger the Ct value, the more cycles, and the more challenging it is to detect the virus. We measured the Ct
value of nucleic acid (ORFlab and N genes). The average value based on all positive results represented the
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average viral load of the patient, and the minimum of all positive results represented the highest viral load. We
calculated the nucleic acid turning-negative-time (the time from the first positive result of the SARS-CoV-2 gene
test to the first negative result). Allergy was defined as a patient’s self-reported history of allergies.

The COVID-19 vaccination status includes whether or not the patient has been vaccinated, the vaccination brand
(adenovirus-vectored, inactivated, recombinant protein subunit vaccines), and whether or not booster injections have
been administered; the data was gathered from the patient’s self-report. The presence of allergies is determined before the
event of COVID-19 diagnostic indicators, including antibiotic allergy, Chinese herbal medicine allergy, foodborne
allergy, and antipyretic analgesic drug allergy.

Two Cohorts Studied

Our study included a total of two cohorts: (1) Cohort A included 2369 COVID-19 patients with an allergy history
and 62,293 COVID-19 patients without an allergy history among mild-symptom patients admitted to The
Convention Center (Shanghai) Fangcang shelter hospital from April 9 to May 31; Match two groups of patients
in cohort A by 1:2 propensity score matching (PSM) (2177 COVID-19 patients with a history of allergy based on
the medical record system and 4254 COVID-19 patients without allergies), and (2) cohort B included 1675
COVID-19 patients with a history of antibiotic allergy and 3271 COVID-19 patients without an allergy history
after 1:2 tendency matching. A diagram of the two queues is shown in Figure 1.

68193 COVID-19 patients, April 9, 2022, and May 31, 2022

Exclusion criteria
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Figure | Flow chart of the inclusion and exclusion criteria of the study sample.
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Control Variables

PSM was used to minimize bias when comparing differences in viral load and days to negative nucleic acid in the
cohort study. This has been widely used in the medical literature.'* The control variables in the study cohort
matched based on demographic differences, vaccination status (vaccine availability, vaccine brand, and booster
availability), and comorbidities (including hypertension, diabetes, cardiovascular disease, cerebrovascular disease,
respiratory disease, renal insufficiency, other inflammation, and tumor). The study results were the days of
negative conversion and the virus load of COVID-19 patients who were admitted to the Fangcang shelter hospital.
The viral load was measured by the mean and minimum values of the ORFlab and N genes with positive results
in the fangcang shelter hospital; the mean value represented the average viral load, and the minimum value
represented the highest viral load. We explored the viral load, negative nucleic acid, and clinical signs risk of
allergic patients.

Statistical Analyses

Continuous variables were described by mean and variance (SD) values, and categorical variables were expressed in
frequency and percentage (%). The #-test was used for continuous variables, and the y* test or Fisher exact test was used
for categorical variables. We estimated the results of different study cohorts for absolute risk, odds ratios (OR), and 95%
confidence interval (CI). Through logistic regression modeling, we determined a propensity score for each patient. Patients
were then matched 1:2, with the caliper width set to 0.01 for the SD."” To assess the balance, standardized mean differences
were calculated before and after matching, and a value of less than 0.1 was regarded as not being significant between groups.
The mean viral load, maximum viral load, and the time for nucleic acid to turn negative were compared between the two
groups by the independent sample #-test. Analysis of variance was used to compare the average and maximum viral loads of
different allergens and the difference in the time for nucleic acid to turn negative. With a Log rank test, the Kaplan—Meier
method was used to calculate the time to the primary endpoint. Statistical analysis was performed using SPSS version 26.0
and R language version 4.2. For all analyses, p < 0.05 was the level of statistical significance.

Results

Cohort A

We identified 2369 COVID-19 patients with a history of allergies (age:47.55 (15.56), male:45.3%) and 62,293 COVID-
19 patients with no history of allergies (age:44.92 (14.77), male:61.6%) in Fangcang shelter hospitals. Compared to
patients with no history of allergies, those with a history of allergies have a higher incidence of hypertension, diabetes,
cardiovascular diseases, cerebrovascular diseases, respiratory diseases, renal insufficiency, other inflammation, and
tumors (p < 0.01). The vaccination rates of COVID-19 patients with allergic history were significantly lower than
those without an allergic history (75.1 vs 77.7, p < 0.01). After 1:2 PSM, there were no significant imbalances in baseline
characteristics in the PSM-matched cohort of 2177 COVID-19 patients with a history of allergies and 4254 COVID-19
patients with no history of allergies (Table 1; Supplementary Figure 1; all p > 0.05).

Relationship Between the History of Allergy and Days of Nucleic Acid Negative Conversion and Viral Load
The number of days for nucleic acid to turn negative in COVID-19 patients with previous allergic history was significantly higher
than that in non-allergic patients (5.65 vs 5.17, p <0.001). Compared with patients without allergy history, the mean Ct values of
the ORF1ab gene and N gene were significantly higher than those in patients with allergy history (ORF1ab gene, 32.91 vs 32.5;
N gene, 30.88 vs 30.53; p <0.001); the minimum Ct values of the ORF1ab gene and N gene were significantly higher than those in
patients with an allergy history (ORF1ab gene, 30.85 vs 29.82; N gene, 28.92 vs 27.98; p <0.001); Table 2 lists the differences in
viral load and negative nucleic acid conversion among COVID-19 patients with and without allergy labels.

The cumulative negative conversion rates at 5, 6, 7, 8, 9, and 10 days in the allergy group were all lower than those in
the non-allergy group (55.8% vs 62.6%; 67.7% vs 73.6%; 76.1% vs 82.4%; 82.5% vs 88.5%; 88.5% vs 92.4%; and
92.7% vs 95.6%; all p < 0.001) (Table 3). Log-rank analysis showed that patients with allergy history had approximately
0.867-fold (95%, CI 0.823-0.913, p < 0.001) lower conversion rates than those without allergy history (Figure 2).
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Table | Baseline Characteristics of COVID-19 Patients with and without Allergy History Before and After PSM Matching

Before PSM Matching After PSM Matching

Characteristic No-Allergy Allergy P No-Allergy Allergy P

(n=62,293) (n=2369) (n=4254) (n=2177)
Age (mean (SD)) 44.92(14.77) 47.55(15.56) <0.001 46.34(15.23) 46.59(15.33) 0.549
Sex (%)
Female 23,922(38.4) 1294(54.7) <0.001 2260(53.1) 1166(53.6) 0.762
Male 38,371(61.6) 1073(45.3) 1994(46.9) 1011(46.4)
Vaccine (%)
Unvaccinated 13,881(22.3) 589(24.9) 0.003 970(22.8) 508(23.3) 0.653
Vaccinated 48,412(77.7) 1778(75.1) 3284(77.2) 1669(76.7)
Bvaccine (%)
Unvaccinated 13,881(22.3) 589(24.9) 0.026 970(22.8) 508(23.3) 0.96
Adenovirus-vectored vaccines 1202(1.9) 42(1.8) 71(1.7) 38(1.7)
Inactivated vaccines 46,450(74.6) 1711(72.3) 3171(74.5) 1610(74.0)
Recombinant protein subunit 760(1.2) 25(1.1) 42(1.0) 21(1.0)
vaccines
Svaccine (%)
Unvaccinated 13,881(22.3) 589(24.9) <0.001 970(22.8) 508(23.3) 0.89
Booster vaccination 20,553(33.0) 832(35.1) 1530(36.0) 779(35.8)
Unbooster vaccination 27,859(44.7) 946(40.0) 1754(41.2) 890(40.9)
Chronic diseases (%)
Hypertension 6621(10.6) 499(21.1) <0.001 765(18.0) 403(18.5) 0.627
Diabetes 2324(3.7) 187(7.9) <0.001 253(5.9) 141(6.5) 0.434
Cardiovascular 2514(4.0) 264(11.2) <0.001 304(7.1) 174(8.0) 0.24
Cerebrovascular 468(0.8) 43(1.8) <0.001 10(0.2) 7(0.3) 0.702
Respiratory 388(0.6) 67(2.8) <0.001 33(0.8) 24(1.1) 0.237
Kidney 201(0.3) 28(1.2) <0.001 4(0.1) 6(0.3) 0.157
Other_inflammation 515(0.8) 82(3.5) <0.001 58(1.4) 35(1.6) 0.505
Oncology 221(0.4) 30(1.3) <0.001 7(0.2) 5(0.2) 0.789

Table 2 Differences in Days to Negative Conversion and Viral Load Between COVID-19 Patients with and without Allergy History

Outcome No_Allergy Allergy t P value
Average Omicron variant ORFlab gene cycle threshold (ct Value)(mean (SD)) 3291 (2.65) 32.50 (2.64) 5914 <0.001
Average Omicron variant N gene cycle threshold (ct Value)(mean (SD)) 30.88 (2.44) 30.53 (2.48) 5.442 <0.001
Minimum Omicron variant ORFlab gene cycle threshold (ct Value)(mean (SD)) 30.85 (4.06) 29.82 (4.39) 9.126 <0.001
Minimum Omicron variant ORFlab gene cycle threshold (ct Value)(mean (SD)) 28.92 (3.83) 27.98 (4.22) 8.763 <0.001
Time of nucleic acid PCR from positive to negative (Days) (mean (SD)) 5.17 (2.79) 5.65 (3.15) —5.978 <0.001

Notes: Results are after 1:2 propensity score matching for baseline variables. The bold value indicated a statistical significance with p < 0.001.

Differences in Days for Nucleic Acid to Turn Negative and Viral Load in Patients with Different Allergens
Further, we classify the allergens into the following categories: antibiotic allergy, Chinese herbal medicine allergy, foodborne

allergy, antipyretic analgesic drug allergy, and NA (unknown allergen). As shown in Supplementary Table 1, the results of

multiple comparisons and corrections showed that nucleic acid negative conversion days in patients with antibiotic allergy were
significantly higher than in those with no history of allergy (5.61 vs 5.17, p <0.001). The mean and lowest Ct values (ORF1ab and
N genes) of patients with a history of allergy were significantly lower than those of COVID-19 patients without a history of allergy
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Table 3 Cumulative Negative Conversion Rates of SARS-CoV-2 Between COVID-19 Patients with and without

Allergy History

At Day 5
At Day 6
At Day 7
At Day 8
At Day 9
At Day 10

2663/4254 (62.6)
3133/4254 (73.6)
3504/4254 (82.4)
3765/4254 (88.5)
3932/4254 (92.4)
4068/4254 (95.6)

1215/2177 (55.8)
1473/2177 (67.7)
1657/2177 (76.1)
1797/2177 (82.5)
1926/2177 (88.5)
2017/2177 (92.7)

27.727 P<0.001
25.391 P<0.001
35.558 P<0.001
43.772 P<0.001
27.828 P<0.001
25.074 P<0.001

Note: The bold value indicated a statistical significance with p < 0.001.

(p <0.001). The minimum value of ORF1ab in COVID-19 patients with foodborne allergies was significantly lower than that in

patients with no history of allergies (p < 0.01). Compared with patients without a history of allergy, there was no significant

difference in viral load and nucleic acid turning negative days between patients with an allergy to traditional Chinese medicine and

patients with an allergy to antipyretic and analgesic drugs (Supplementary Table 2; p > 0.05).

The Relationship Between Allergy and Clinical Signs in the Early Stage of Infection
At the initial stage of entering the Fang shelter hospital, 916 (42.1%) COVID-19 patients with a history of allergy
showed positive signs, and 1345 (31.6%) patients in the non-allergic group showed positive signs (Supplementary

Table 3). The proportion of cough, sputum, fatigue, fever, myalgia, sore throat, and stuffy nose symptoms in COVID-19

patients with an allergy history was higher than that in patients without an allergy history (p < 0.05).

Cumulative negative conversion rates
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Figure 2 Overall survival analysis performed in the allergy group and non-allergy groups. The Kaplan—Meier method is used to analyze the time to the primary endpoint
using a Log rank test.
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Cohort B

Among COVID-19 patients with a history of allergies, there were 1832 patients with antibiotic allergies (age:47.64
(15.69), female:55.5%), and 62,293 patients with no history of allergies (age:44.92 (14.77), female:38.4%). After 1:2
PSM, there were 1675 COVID-19 patients with a history of antibiotic allergy and 3281 without an allergy history. There
was no significant difference in the baseline characteristics of the cohort after PSM matching (Supplementary Table 4;

Supplementary Figure 2; all p > 0.05).

Relationship Between Antibiotic Allergy and Viral Load and Days of Nucleic Acid Negative Conversion

The viral load and the days of nucleic acid negative conversion in patients with antibiotic allergy were significantly higher
than those in non-allergic patients (p <0.01) (Table 4). We divided antibiotics into six categories: penicillin, cephalosporins,
sulfonamides, macrolides, quinolones, and NA (allergic to antibiotics, but the exact type is unknown). Compared with
patients with no history of allergy, there were significant differences in days for nucleic acid to turn negative and viral load
among patients with different kinds of antibiotic allergies (Supplementary Table 5). The results of multiple comparisons

showed that the number of days for nucleic acid to turn negative in patients with penicillin allergy was significantly higher
than that in patients with no history of penicillin allergy (5.63 vs 5.17, p < 0.01). The mean and lowest Ct values (ORFlab
and N genes) of patients with a history of penicillin allergy were significantly lower than those of COVID-19 patients
without a history of allergy (p < 0.01). Patients with penicillin allergy had significantly higher viral loads than those with no
history of allergy. There was no statistically significant difference in viral load or the number of days of negative nucleic
acid conversion between patients with cephalosporin allergies, sulfonamides allergies, macrolides allergies, and quinolones

allergies and those without allergy history (Supplementary Table 6; p > 0.05).

The cumulative negative conversion rates at 5, 6, 7, 8, 9, and 10 days in the antibiotic allergy group were all lower than those
in the non-allergy group (56.6% vs 62.6%; 67.6% vs.73.3%; 76.3% vs 82.4%; 82.8% vs 88.8%; 88.7% vs 92.7%; and 93% vs
95.8%; all p <0.001) (Table 5). Log-rank analysis showed that patients with antibiotic allergy history had approximately 0.876-
fold (95% CI 0.825-0.929, p < 0.001) lower conversion rates than those without allergy history (Figure 3).

Table 4 Differences in Days to Negative Conversion and Viral Load Between COVID-19 Patients with and without a History of
Antibiotic Allergy

Outcome No_Allergy | Allergy to Antibiotics t P value
Average Omicron variant ORFlab gene cycle threshold (ct Value) 32.93 (2.63) 32.50 (2.67) 5.449 <0.001
Average Omicron variant N gene cycle threshold (ct Value) 30.90 (2.42) 30.52 (2.51) 5.127 <0.001
Minimum Omicron variant ORFlab gene cycle threshold (ct Value) | 30.87 (4.05) 29.84 (4.43) 7.943 <0.001
Minimum Omicron variant ORFlab gene cycle threshold (ct Value) | 28.94 (3.83) 28.00 (4.25) 7619 <0.001
Time of nucleic acid PCR from positive to negative (Days) 5.17 (2.72) 5.60 (3.05) —4.827 <0.001

Notes: Results are after |:2 propensity score matching for baseline variables. The bold value indicated a statistical significance with p < 0.05.

Table 5 Cumulative Negative Conversion Rates of SARS-CoV-2 Between COVID-19 Patients with and without
a History of Antibiotic Allergy

At Day 5 2054/3281 (62.6) 945/1675 (56.6) 17.752 P<0.001
At Day 6 2406/3281 (73.3) 1133/1675 (67.6) 17.581 P<0.001
At Day 7 2703/3281 (82.4) 1278/1675 (76.3) 25.98 P<0.001
At Day 8 2912/3281 (88.8) 1387/1675 (82.8) 34.11 P<0.001
At Day 9 3040/3281 (92.7) 1485/1675 (88.7) 22.32 P<0.001
At Day 10 3144/3281 (95.8) 1557/1675 (93) 18.71 P<0.001

Note: The bold value indicated a statistical significance with p < 0.001.
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Figure 3 Overall survival analysis performed in the antibiotic allergy group and non-allergy group. The Kaplan—Meier method is used to analyze the time to the primary
endpoint using a Log rank test.

Relationship Between Antibiotic Allergy and Clinical Signs at the Beginning of Infection
In the early stages of infection, 709 (42.3%) patients in the antibiotic allergy group and 1053 (32.1%) patients in the non-
allergy group showed positive signs (Supplementary Table 7). The proportion of cough, sputum, fatigue, fever, myalgia,

sore throat, and stuffy nose symptoms in COVID-19 patients with antibiotic allergic history was higher than that in
patients without allergic history (p < 0.05).

Discussion

This study investigated the association between allergic history and mild SARS-CoV-2 Omicron infection in 64,662
patients. We studied the association between clinical symptoms of COVID-19, viral load, days to negative nucleic acid,
and allergic disease in 6430 Omicron-infected mild-symptom patients after 1:2 PSM matching. The history of allergy
was related to the days of nucleic acid negative conversion and viral load in patients with Omicron mutant infection, and
the allergic constitution was related to the prolongation of the duration for nucleic acid to turn negative. For people with
a history of allergy, COVID-19 infection resulted in a higher SARS-CoV-2 viral load, more significant clinical
symptoms, and longer days for nucleic acid negative conversion. This is a large retrospective cohort study designed to
investigate the influence of various past allergens on the clinical outcomes of patients with mild Omicron variant
infection.

The existing research on COVID-19 and allergic diseases mainly focuses on allergic asthma, allergic rhinitis, and
allergic reactions to vaccines. It has been hypothesized that a pre-existing allergy may increase a person’s vulnerability to
SARS-CoV-2 infection through various pathophysiological processes, which facilitates the entry of respiratory viruses
into the bronchial epithelium of the upper and lower airways, resulting in a local inflammatory cascade.”'® The
vulnerability to hypersensitivity is triggered by neutrophil recruitment, T-lymphocyte translocation, and activation of
resident monocytes, which results in a breakdown of the bronchial defense system, by stimulating the production of
cytokines in epithelial cells such as IL-25 and IL-33.” Eosinophilia, increased secretion of pro-inflammatory cytokines
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(ie, IL-4, IL-5, and IL-13), and elevated mucin synthesis are all results of TH2 activation through the SARS-CoV-2
pathway.” These immunochemical alterations ultimately exacerbate respiratory symptoms.8 Innate interferon (IFN)
secretion, including IFN-I and IFN-III, is impaired in allergic patients’ monocytes and airway epithelium, making
them more vulnerable to respiratory viruses.'”'® These stimulate the expression of genes associated with antiviral
activity through the well-known Janus kinase/signaling transducers and transcriptional activator pathways in bronchial
epithelial and alveolar cells."”

We theorized that SARS-CoV-2 could make allergies worse, which in turn could increase the risk of viral infections
and, ultimately, the devastating effects of COVID-19.2%?! Although they are both allergic diseases, it is worth noting that
there is no potential association between atopic dermatitis and the clinical outcome of COVID-19.?* This means that
when an infection progresses, the local immunological milieu of the respiratory system undergoes modifications. Patients
with respiratory allergic diseases have a higher risk of deterioration of COVID-19 clinical outcomes, and the effects of
the disease on the upper and lower respiratory tract appear to be more important than the systemic immunological
effect.”® Therefore, spray-inhaled COVID-19 vaccine may be more suitable for allergic patients to protect them from
infection.

We observed a significant association between food-borne allergy and penicillin allergy and lower Ct values,
suggesting a potential link between immune system responses to viral infections in individuals with food-borne allergy.
Notably, patients with food-borne allergy exhibit the presence of a specific immune cell type called mast cells in their
blood. Currently, food allergy is known to involve IgE cross-linking, which triggers the activation of mast cells and
basophils leading to the release of inflammatory mediators. Furthermore, chronic allergic inflammation resulting from
eosinophil activation is believed to be associated with helper T lymphocytes 2 (TH2 cells), CD8 T cells, CD4 T cells, and
basophils.** ¢ However, it is worth noting that mast cells can also play a role in combating viral infections by releasing
substances such as interferons, which inhibit viral replication. In the case of patients with foodborne allergies, however, it
is possible that mast cells have been depleted or impaired, leading to a compromised defense against novel coronavirus
infection and consequently, an increase in viral load. In response to penicillin allergy resulting in lower Ct values and
longer negative nucleic acid days, As demonstrated by Lauren et al, the presence of penicillin allergy has been associated
with an increased risk of adverse COVID-19 outcomes. Specifically, patients with penicillin allergy have shown a higher
likelihood of experiencing infection recurrence and an extended duration of stay in the intensive care unit (ICU). These
findings suggest that penicillin allergy may contribute to the worsening of COVID-19 outcomes in affected individuals.'®
Although the exact molecular mechanism remains unclear, the presence of penicillin allergy poses limitations on
antibiotic choices and may necessitate the use of broad-spectrum or alternative antibiotics during the course of the
disease. This, in turn, can increase the likelihood of drug-related side effects. Moreover, the presence of penicillin allergy
has been associated with a higher risk of adverse COVID-19 outcomes in affected patients.”” Our results show that
patients with penicillin allergy have more days of negative conversion and higher viral load. Previous studies have shown
that penicillin allergy labels increase the risk of deterioration of COVID-19 clinical results.'®*® Antibiotic use is
widespread among COVID-19 patients; numerous studies have demonstrated that over 60% of patients (varying from
6% to 95%) utilize antibiotics.'®* Commonly used antibiotics include moxifloxacin, azithromycin, cephalosporin, and
penicillin. The influence of this extended and substitute antibiotic treatment may regulate the elevated risk of worse
outcomes in patients with penicillin allergy in COVID-19.%° Due to the risk of penicillin allergy, including broader use of
antibiotics, patients can experience more extended hospital stays, worse response to treatment, and increased resistance to
antibiotics. Therefore, the position of the American Society of Allergy, Asthma, and Immunology supports further
examination and testing of patients with documented penicillin allergy, and more than 90% of patients can clear the
history of penicillin allergy after proper evaluation.®!

Although the emergence of our study provides new insights into the relationship between allergic histories, days to
nucleic acid turning negative, and viral load during COVID-19, this study has some limitations. First, the allergy history
was obtained from the medical record system. The history of allergy and allergens were described by the patient
according to the history of allergy, without allergen testing. There may be some undiscovered allergens in our inclusion
of people without any allergic predisposition, which may influence the results. Second, since our data only included
Omicron-infected patients, there may be a selection bias compared with the general population. Third, although we have
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taken into account confounding variables as much as possible, PSM is used to compensate confounding variables to
make our results as reliable as possible, we most likely have not taken into account relevant confounding variables that
are still unknown. Fourth, our study subjects were mainly mild patients. The relationship between allergy and disease
progression has yet to be studied and validated for patients with more severe clinical conditions. In this study, although
we observed a slight disparity in viral load and the number of nucleic acid negative days among patients with different
allergies compared to non-allergic patients, it is crucial to interpret the findings cautiously. The underlying causes for
these variances should be substantiated through prospective clinical studies and animal-based experiments to ensure the
reliability of the results. Nonetheless, the outcomes of this study hold significant clinical and scientific value in guiding
future basic experiments.

Conclusion

Based on these findings, allergic patients have higher viral load and more days of nucleic acid negative conversion after
being infected by SARS-CoV-2 Omicron BA.2. Strategies to reduce these increased risks for allergic patients, especially
those with antibiotic allergies, include early treatment to reduce immune overreaction and early vaccination, which may
enhance the protective effect of allergic patients during the epidemic.
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