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 COVID-19 induces a hyper-inflammatory immune response in cells, such as neutrophils 

and monocytes, and the release of various cytokines. Bronchoconstriction is one of the 

complications after a COVID-19 infection and mediated by hypersensitivity-inducing 

components, including immunoglobulin E (IgE) and specific IgE. Thus, this study explored 

the effects of some factors on some blood cells (basophils, monocytes, and eosinophils) and 

some immune mediators in patients who had COVID-19 infection. The study included 163 

adult convalescent patients who had COVID-19 and complained of bronchial spasm and 75 

healthy volunteer participants as controls. The patients visited Ramadi and Fallujah 

Teaching Hospitals, Anbar Province, Iraq, from September 2022 to May 2023. Complete 

cell blood count, anti-COVID-19 immunoglobulin M, immunoglobulin G, and interleukin 5, 

total IgE, and IgE specific for COVID-19 antigen were measured for each participant. 

Gender, severity, history of vaccination, and smoking status were reported. The effects of 

these factors on serological parameters were determined through data analysis. Results 

revealed that patients with severe COVID-19 infections had higher basophil counts and total 

IgE, specific IgE, and IL5 levels than patients with mild infections and the control. No 

significant differences were found between males and females in all the studied serological 

parameters. The same observation was found between smokers and nonsmokers. 

Vaccination had no effect on the studied parameters except IgG. 
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Introduction  

COVID-19 is an infectious contagious disease 

caused by the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which was first 

diagnosed in Wuhan, China, in December 2019 and 

spread globally [1] . Many studies reported a clear 

relation between COVID-19 infection and 

hypersensitivity reactions, which are abnormal 

immunologic reactions caused by an allergen or antigen 

response. Furthermore, researchers found detectable 

immunoglobulin E (IgE) antibodies specific to bacteria 

and viruses in the sera of infected patients ]2, 3, 4[. 

COVID-19 might shift immunity toward allergic 

inflammation based on elevated levels of mediators, 

such as IgE, eosinophils, mast cell tryptase, and 

cytokines linked to allergy post-infection [1, 2].    

 
*Corresponding author at: Department of Microbiology, College 

of Medicine, University of Anbar,Ramadi,Iraq; 

ORCID:https:// https://orcid.org/0000-0000-0000-0000 ,                              

Tel: +9647805776727 

Email: khalafalaa1994@gmail.com  

 

 

 

Indeed, in vitro studies have shown that the 

production of specific IgE antibodies for different 

viruses and the ability of IgE to suppress some viruses 

plays an important role in IgE or a specific IgE antibody 

expression against viruses during viral pathogenesis [3-

6]. High levels of IgE are an advantage for protecting 

against SARS-CoV-2. However, the protective effects 

related to higher expression of IgE in asthmatic patients 

are the result of the activity of their humeral immune 

system rather than higher levels of IgE, as the increasing 

IgE expression can lead to exacerbation of various 

syndromes [5,6].  Regarding the cell immunity 

associated with COVID-19 infection, blood samples 

with eosinopenia are detected in a high percentage of 

patients with acute COVID-19 infections in severe and 

less severe cases. The normalization of eosinophil 

counts showed improvement in clinical status in other 

cases [7]. Eosinopenia is inversely related to 

inflammatory markers and can be associated with the 

severity of COVID-19 [8]. The relationship between 

COVID-19 and allergic inflammatory response requires 
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characterization [9]. Therefore, the aim of the present 

study is to study the factors affecting some cells and 

immune mediators in patients infected with COVID-19 

in Anbar Governorate. 

 

Materials and Methods  

Patients and Control individuals 

A total of 163 adult participants representing 

adult convalescent COVID-19 patients showing the 

symptoms of respiratory bronchial spasm and 75 healthy 

participants as controls were included. The patients were 

visiting Ramadi and Fallujah Teaching Hospitals in 

Anbar Province, Iraq. The study was performed from 

September 2022 to May 2023. A questionnaire was used 

for data collection. Adult vaccinated or unvaccinated 

male and female patients who had recovered from 

COVID-19 and who still had respiratory bronchospasm 

were selected. Patients with asthma, chronic obstructive 

pulmonary disease, history of allergic bronchitis, history 

of skin allergy, allergic sinusitis, connective tissue 

diseases and those taking steroid medications were 

excluded. Venous blood sample (5 ml) was collected 

from each individual through venipuncture with a 10 ml 

sterile plastic disposable syringe. Each blood sample 

was divided into two portions: 2 ml of the sample was 

drawn using an EDTA tube for complete blood count 

(CBC), and the second (3 ml) was allowed to clot at 

room temperature and then centrifuged at 3000 rpm for 

15 min. The serum was collected, immediately stored in 

a sterile plastic white tube, and stored at −20 °C to be 

used further for immunological tests. 

 

Ethical Approval and Consent 

The study was approved by the ethical approval 

committee at University of Anbar. Consent was obtained 

from each patient. 

 

Complete Blood Count (CBC) Test 

CBC tests were performed for blood specimens 

in EDTA tubes with an XN-350 Sysmex automated 

hematology analyzer and the results were reported. 

 

Detection of IgM and IgG antibodies to the COVID-

19 virus 

The serum levels of IgM and IgG antibodies 

were quantitatively determined in the sera of patients 

and healthy individuals with a quantitative two-step 

sandwich enzyme immunoassay technique and the final 

fluorescence detection with VIDAS SARS-COV-2 IgG 

kit (Biomerieux, France).  

 

Detection of Total IgE Antibodies 

The serum levels of total IgE antibodies were 

quantitatively determined in the sera of patients and 

healthy individuals with an enzyme linked 

immunosorbent assay (ELISA) kit (DiaMetra UK). 

 

Detection of Specific COVID-19 IgE Antibodies 

Specific COVID-19 IgE Antibodies were qualitatively 

determined in the sera of patients and healthy subjects 

with a previously described method [10]. The IgE 

antibody specific for the COVID-19 antigen was 

identified through ELISA.  

 

Preparation of COVID-19 Antigen Discs 

Whatman filter paper No. 1 and a puncturing 

tool were used for preparing blank discs. The paper discs 

were kept in a sterile petri dish and sterilized with a UV 

light illuminator overnight. Sterility test was performed 

on each disc. The sterilized discs were immersed in a 

solution containing COVID-19 antigen (COVID-19 

vaccine; Vero Cell) and inactivated COVID-19 antigen 

(Beijing Institute of Biological Products (China). The 

paper disks were dried in an incubator at 37 °C for 1 h. 

Dry discs were kept overnight in a refrigerator and in 

determining the specific IgE antibody on the next day. 

 

Detection of the IgE Antibody Specific for the 

COVID-19 Antigen 

A blank microtiter plate (96 wells) was 

employed. Wells 1–6 were used as controls. The other 

wells were used in testing specimens from patients and 

control sera: 1) Test discs were transferred and 

distributed on the microplate wells with sterile forceps. 

2) Serum sample (50 µl) from each patient was added to 

a well. 3). The plate was covered with a plastic film, 

gently shaken for 30 s at 200 rpm with a microplate 

shaker, and incubated at room temperature for 90 min. 

4) The wells were washed three times using a washing 

solution 5). An anti-IgE HRP conjugate (50 µl) was 

added to each well, and the plate was incubated 

overnight at room temperature. 6)  The wells were 
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washed as in step 4. 7) An aliquot of a TMB substrate 

(100 μl) was added to each well, and the plate was 

incubated for 15 min at room temperature in the dark. 

After incubation, A stop solution (50 μl) was added to 

each well, and the solutions were mixed thoroughly. The 

paper disks were removed from the plate with sterile 

forceps, and then the optical density of each well was 

determined immediately with a microplate reader at 450 

nm. The result was reported and plotted. The same 

procedures were performed for the control sera, and the 

results were reported and analyzed. 

 

Results And Discussion  

Factors affecting serological parameters in the study 

Severity of COVID-19 infection in patients 

Patients with severe COVID19 infection showed 

higher total and specific IgE levels (P < 0.001) and IL-5 

level (P < 0.0017) than patients with mild infections and 

control individuals. This finding was in accordance with 

previous findings [11, 12]. This significant difference in 

the above parameters was due to the status of patients 

who were suffering from complicated COVID-19 

infections leading to bronchoconstriction because of 

increases in total IgE and IL-5 levels and the release of 

the IgE antibody specific to COVID-19 antigens in 

atopic patients [10, 13]. This result was inconsistent with 

the findings [14, 15] ( Table-1).  

 

Table 1. Serological markers in the control and severely 

and mildly infected patients 

IL-5 Specific IgE Total IgE Case of 

Patient +ve -ve 

276.2± 223.5 33% 67% 
188.0 ± 

119.2 
Severe 

135.3± 137.5 2% 98% 92.38± 79.0 Mild 

62.67± 38.6 - - 60.91± 34.9 
Control 

Individuals 

< 0.0001 ** < 0.0001 ** < 0.0001 ** P Value 

 

Vaccination of individuals 

The proportion of vaccinated male patients (36; 

69%) was higher than that of females (33; 49%). 

Significant difference (P ≤ 0.0230) was found between 

them (Table-2). 

Table 2. Vaccinated versus unvaccinated individuals 

Vaccination Male 

(N, %) 

Female 

(N, %) 

Chi- 

Square 

Sig. p- 

Value 

Yes 36 (69%) 33 (49%) 5.167 * 0.0230 

No 16 (31%) 35 (51%) 

Total 52 (100%) 68 (100%)    

 

The number of males that preferred taking a 

COVID-19 vaccine was significantly higher than that of 

females. Other studies revealed similar findings 

regarding COVID-19 vaccination [16]. No significant 

differences in the values of the studied serological 

parameters except IgG were found between the serum 

samples of the vaccinated and unvaccinated patients 

(Table-3). 

 

Table 3. Serological parameters in COVID-19 post-

infected cases with respect to vaccination 

Param- 

eter 

Mean value ± SD Sig. p-Value 

None 

Vaccinated 

Vaccinated  

IL-5 222.7 ± 194.4 226.7 ± 207.4 NS 0.   9141 

IgM 0.5333 ± 0.2519 0.5203 ± 0.237 NS 0.   7724 

IgG 18.48 ± 10.81 26.74 ± 9.328 ** <0.0001 

IgE 142.5 ± 118.1 152.4 ± 112.0 NS 0.   6400 
 

Consistent results were obtained for specific IgE 

(Figure 1). However, a study [17] showed that COVID-

19 vaccines induce immediate hypersensitivity reactions 

in vaccinated individuals. Our findings  were in 

accordance with those of another study [18], which 

revealed no significant difference in IgE result between 

the samples obtained from vaccinated and unvaccinated 

individuals. Moreover, no correlation was found 

between the specific IgE results after COVID-19 

infection and vaccination status [19]. 

 
Figure 1. Specific IgE results in vaccinated and 

unvaccinated individuals. 

Smoking habit 

A total of 36 male patients (69%) were smokers, 

whereas only 3 females (4%) (Table 4). This difference 

might be due to the social habits in our community. 
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Table 4. Smoking habit in males and females 

Smoking Male 

(N, %) 

Female 

(N, %) 

Chi- 

Square 

Sig. p- 

Value 

Smoker 36 (69%) 3 (4%) 56.44 ** <0.0001 

Non-Smoker 16 (31%) 65 (96%) 

Total 52 (100%) 68 (100%)    

 

No significant differences in the values of the 

studied serological parameters were found. The mean 

values of IL-5, total IgE, and specific IgE are shown in 

Table 4 and Figure 2. This indicated that smoking habit 

does not appear to affect post –COVID immunological 

recovery and function. The virulence and inflammatory 

effects of COVID19 may override more subtle smoking 

induced effects [20]. 

 
Figure 2. Effect of smoking on the specific IgE results 

of the studied individuals. 

The present findings are not in accordance with 

the fact that exposure to tobacco smoke can influence 

innate immunity toward a pattern of respiratory diseases 

achieved by Th2 type and atopy and increase the risk of 

IgE-mediated allergen sensitization. It can also cause a 

worsening in symptoms and severity of asthma and 

rhinitis [21]. Smokers have higher IgE serum titers than 

nonsmokers [11, 20, 22]. 

 

Gender effect on the serological parameters of the studied 

individuals  

Table-5 shows the results of the serological 

parameters in males and females. No significant 

differences in all the values of the studied serological 

parameters were found. The same observation was found 

in the results of specific IgE in males and females 

(Table-6). 

 

Table 5. Serological parameters in males and females 

Parameter Mean Value ± SD Sig. p-Value 

Male Female 

IL-5 224.2 ± 213.0 199.8 ± 183.6 NS 0.2329 

IgM 0.531 ± 0.234 0.52 ± 0.26 NS 0.7956 

IgG 23.6 ± 11.03 22.7 ± 10.5 NS 0.6650 

IgE 145.6 ± 116.8 139.7 ± 111.4 NS 0.4818 

 

Table 6. Specific IgE in males and females 

Specific 

IgE 

Male  

(N, %) 

Female  

(N, %) 

Chi-

Square 

Sig. p-Value 

-ve 42 (81%) 54 (79%) 0.03394 NS 0.8538 

+ ve 10 (19%) 14 (21%)    

Total 52 (100%) 68 (100%)    

 

The present findings are consistent with the 

results of previous studies [23, 24], which found no 

statistically significant differences between males and 

females in terms of IL-5, IgM, IgG, and IgE levels. 

However, the findings varied from those obtained by 

one study [25].  

 

Conclusion 

The number of vaccinated male smokers was 

larger than that of vaccinated female worker. Basophil 

counts and IgE levels were higher in patients with severe 

COVID-19, and vaccinated COVID-19 patients had 

higher eosinophil and basophil levels than unvaccinated 

patients. Regarding studied immune factors, no 

significant differences were found between smoking and 

nonsmoking COVID-19 patients. IgE is one of the most 

important components of sensitivity and production of 

specific IgE antibodies for COVID-19 antigens, playing 

an important role in post-infection allergies and 

activating mast cells and basophils. 

 

Acknowledgments 

The authors acknowledge all individuals included in this 

study. 

 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

References 

[1] Eggert LE, He Z, Collins W, Lee AS, Dhondalay G, 

Jiang SY, et al. Asthma phenotypes, associated 

comorbidities, and long‐ term symptoms in 

COVID‐ 19. Allergy. 2022;77(1):173-85. 

[2] Wünsch K, Anastasiou OE, Alt M, Brochhagen L, 

Cherneha M, Thümmler L, et al. COVID-19 in 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     

2024,(18), (02):83 – 38                                              

 

42 
 

elderly, immunocompromised or diabetic patients—

from immune monitoring to clinical management in 

the hospital. Viruses. 2022;14(4):746. 

[3] Bonilla H, Peluso MJ, Rodgers K, Aberg JA, 

Patterson TF, Tamburro R, et al. Therapeutic trials 

for long COVID-19: A call to action from the 

interventions taskforce of the RECOVER initiative. 

Frontiers in immunology. 2023;14:1129459. 

[4] Blauer B, Brownstein JS, Gardner L, Kraemer MU, 

Rioja ZBL, Mathieu E, et al. Innovative platforms 

for data aggregation, linkage and analysis in the 

context of pandemic and epidemic intelligence. 

Eurosurveillance. 2023;28(24):2200860. 

[5] Allan M, Lièvre M, Laurenson-Schafer H, de Barros 

S, Jinnai Y, Andrews S, et al. The World Health 

Organization COVID-19 surveillance database. 

International journal for equity in health. 

2022;21(Suppl 3):167. 

[6] Burki TK. Coronavirus in china. The Lancet 

Respiratory Medicine. 2020;8(3):238. 

[7] Jesenak M, Banovcin P, Diamant Z. COVID-19, 

chronic inflammatory respiratory diseases and 

eosinophils-Observations from reported clinical case 

series. Allergy. 2020:1819-22. 

[8] Oprea Y, Ferastraoaru D. Association Between IgE 

Levels and COVID-19 Mortality. Journal of Allergy 

and Clinical Immunology. 2022;149(2):AB128. 

[9] Akelew Y, Andualem H, Ebrahim E, Atnaf A, 

Hailemichael W. Immunomodulation of COVID‐

19 severity by helminth co‐ infection: Implications 

for COVID‐ 19 vaccine efficacy. Immunity, 

Inflammation and Disease. 2022;10(3):e573. 

[10] Lafi S. Study on some immunological and 

bacteriological aspects of bronchial asthma: PhD. 

Thesis, Microbiology Department, College of 

Medicine, Al-Mustansiriya …; 2004. 

[11] Farmani AR, Mahdavinezhad F, Moslemi R, 

Mehrabi Z, Noori A, Kouhestani M, et al. Anti-IgE 

monoclonal antibodies as potential treatment in 

COVID-19. Immunopharmacology and 

immunotoxicology. 2021;43(3):259-64. 

[12] Hamad NA, Lafi SA, Abed HD. Respiratory 

Hypersensitivity Concomitant with Covid 19 

Infection. HIV Nursing. 2023;23(3):1363–8-–8. 

[13] Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt's 

essential immunology: John Wiley & Sons; 2017. 

[14] Khan SH, Park SS, Sirajuddin IA, Grayson MH. 

Respiratory virus and asthma: the role of 

immunoglobulin E. Clinical therapeutics. 

2008;30:1017-24. 

[15] Zhang J-j, Dong X, Cao Y-y, Yuan Y-d, Yang Y-b, 

Yan Y-q, et al. Clinical characteristics of 140 

patients infected with SARS‐ CoV‐ 2 in Wuhan, 

China. Allergy. 2020;75(7):1730-41. 

[16] Cordina M, Lauri MAJPP. Attitudes towards 

COVID-19 vaccination, vaccine hesitancy and 

intention to take the vaccine. 2021;19(1). 

[17] Hung S-I, Preclaro IAC, Chung W-H, Wang C-W. 

Immediate hypersensitivity reactions induced by 

COVID-19 vaccines: Current trends, potential 

mechanisms and prevention strategies. 

Biomedicines. 2022;10(6):1260. 

[18] Campagna D, Russo C, Trovato E, Bridgeman J, 

Polosa R. Different death rates between COVID-19 

waves among unvaccinated patients: moving beyond 

lessons learned. Internal and Emergency Medicine. 

2023;18(1):7-9. 

[19] Chirumbolo S, Bjørklund G, Sboarina A, Vella A. 

The role of basophils as innate immune regulatory 

cells in allergy and immunotherapy. Human 

vaccines & immunotherapeutics. 2018;14(4):815-31. 

[20] Salehi Z, Motlagh Ghoochani BFN, Hasani Nourian 

Y, Jamalkandi SA, Ghanei M. The controversial 

effect of smoking and nicotine in SARS-CoV-2 

infection. Allergy, Asthma & Clinical Immunology. 

2023;19(1):49. 

[21] Arnson Y, Shoenfeld Y, Amital H. Effects of 

tobacco smoke on immunity, inflammation and 

autoimmunity. Journal of autoimmunity. 

2010;34(3):J258-J65. 

[22] Abate BB, Kassie AM, Kassaw MW, Aragie TG, 

Masresha SA. Sex difference in coronavirus disease 

(COVID-19): a systematic review and meta-

analysis. BMJ open. 2020;10(10):e040129. 

[23] Gadi N, Wu SC, Spihlman AP, Moulton VR. 

What’s sex got to do with COVID-19? Gender-

based differences in the host immune response to 

coronaviruses. Frontiers in immunology. 

2020;11:2147. 

[24] Somiya M, Mine S, Yasukawa K, Ikeda S. Sex 

differences in the incidence of anaphylaxis to LNP-



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     

2024,(18), (02):83 – 38                                              

 

43 
 

mRNA COVID-19 vaccines. Vaccine. 

2021;39(25):3313. 

[25] Zheng Y, Zhang Q, Ali A, Li K, Shao N, Zhou X, 

et al. Sustainability of SARS-CoV-2 induced 

humoral immune responses in COVID-19 patients 

from hospitalization to convalescence over six 

months. 2021:1-10. 

 

 

 
 

 
khalafalaa1994@gmail.com: Email 

 

 IgEIgE 

 (CBC) IgMIgG
 IL-5IgE  IgE 

 IgE  E  (IL5) 

 IgG.
IgEEIL5

IgG
IgE 

 

 

mailto:khalafalaa1994@gmail.com

