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Abstract 

This study aimed to investigate the serological responses to COVID-19 vaccines in the Saudi population post pandemic, a 

period characterized by presumed hybrid immunity, and to assess demographic and clinical factors influencing antibody 

responses. IgG antibody responses to the SARS-CoV-2 spike protein were assessed using chemiluminescent immunoassay 

(CLIA) in 401 individuals from the Saudi population. Of the 401 participants, 395 were vaccinated and 397 (99%) were 

positive for anti-SARS-CoV spike protein antibodies, including five of the six unvaccinated individuals. Antibody 

positivity peaked in ages 20-29 and was lowest in children (0-9 years) and adults over 80 years. IgG levels differed 

between vaccinated and unvaccinated participants (P < 0.0001) and between sexes (P = 0.0072), but not by vaccine type, 

dose, or comorbidities. Unexpectedly, vaccinated individuals without prior infection had higher IgG than those with prior 

infection, challenging the presumed advantage of hybrid immunity. In this Saudi cohort, age and sex significantly 

influenced spike IgG responses, while vaccine type, dosage, and comorbidities had no effect. Unexpectedly, hybrid 

immunity showed no advantage, indicating altered immune dynamics at the pandemic’s end. These findings provide 

valuable insights into population-level COVID-19 immunity and can inform public health strategies and vaccine policies in 

settings with widespread prior infection or vaccination. 
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1. Introduction 

Since its onset, the COVID-19 pandemic has posed an unprecedented challenge to the global public health, driven by 

the virus. This situation has led to widespread morbidity, mortality, and socioeconomic disruption worldwide. The disease 

has exhibited diverse clinical manifestations, from silent infections to severe illness characterized by interstitial pneumonia 

and respiratory failure [1]. This crisis has required significant efforts in prevention, treatment, and vaccine development. 

Emerging variants have complicated vaccine strategies [2, 3]. 

Vaccination has been central to reducing COVID-19 severity and mortality, though immune responses vary [4]. 

Factors such as age, sex, comorbidities, and prior infection influence antibody levels. Elderly individuals often exhibit 

reduced responses due to immunosenescence [5] while females typically mount stronger vaccine responses, attributed to 

hormonal and genetic differences [6, 7]. 

Prior SARS-CoV-2 infection contributes to “hybrid immunity,” which may provide stronger and longer-lasting 

protection than vaccination or infection alone through reactivation of memory B and CD4+ T cells [8]. However, evidence 

is mixed, with some studies showing superior antibody levels and others finding no difference [9]. Vaccine regimen also 

matters: heterologous (mixed) vaccination has been associated with higher antibody titers and broader protection than 

homologous regimens, though responses to different combinations remain under investigation [10, 11]. 

The impact of pre-existing health conditions on immune response to COVID-19 vaccines has also attracted attention. 

Individuals with chronic diseases or conditions requiring immunosuppressive treatment, such as organ transplant recipients, 

have been found to exhibit weaker responses to vaccination [12]. Comorbidities, including obesity and diabetes, have 

similarly been associated with attenuated antibody production following vaccination [13, 14]. However, not all studies have 

found significant associations between comorbidities and antibody responses, suggesting that additional research is 

necessary to clarify these relationships. 

In the Saudi Arabian context, assessing the serological response to COVID-19 vaccines is particularly important given 

the diverse demographic and health characteristics of the population [15, 16]. The present study aims to contribute to this 

understanding by examining spike IgG antibody levels among vaccinated and unvaccinated individuals within a Saudi 

cohort. This includes evaluating the influence of variables such as age, sex, vaccination status, and comorbidities on 

antibody response. By exploring these factors, the study seeks to provide insight into the effectiveness of vaccination and 

identifying vulnerable populations and shaping policies to maximize vaccine efficacy and coverage. 

 

2. Materials and Methods 
2.1. Ethics 

This study was reviewed and approved by the Institutional Review Board (Approval Number: IRB-PGS-2022-03-526). 

All procedures followed institutional guidelines and the ethical standards of the responsible committee on human 

experimentation, in accordance with the Declaration of Helsinki (1975, revised 2013). Participation was voluntary, with 

written informed consent obtained from all adult participants and assent from children over 7 years in line with national 

regulations. Confidentiality was strictly maintained by anonymizing all identifying information. 

 

2.2. Study Design and Participants 

We retrospectively analyzed prospectively collected data from 401 Saudi individuals between January 15 and March 

21, 2023. Clinical samples, vaccination histories, and infection status (asymptomatic/symptomatic) were obtained through 

structured interviews and forms during the presumed peak of hybrid immunity. 

 

2.3. Sample Collection and Storage 

Venous blood samples (4 mL) were collected from all participants using EDTA vacutainer tubes. A total of 401 

samples were collected and were centrifuged at 3000 rpm for 10 minutes to separate plasma, which was then aliquoted into 

2 mL microcentrifuge tubes and stored at -80°C. 

 

2.4. Immunoassay Analysis 

Detection of SARS-CoV-2 Spike IgG using Chemiluminescence Immunoassay (CLIA): A total of 401 plasma samples 

was tested for SARS-CoV-2 Spike IgG using the LIAISON® XL Analyzer (DiaSorin, Italy) and commercial kits, 

following manufacturer instructions.  

 

2.5. Statistical Analysis 

Data distribution was assessed using the D'Agostino–Pearson test with QQ plots (α = 0.05). Group comparisons 

employed Mann–Whitney and Kruskal–Wallis tests. Spearman correlation was classified as weak (0–0.25), moderate 

(0.25–0.75), or strong (0.75–1). Categorical data were expressed as frequencies/percentages and continuous data as 

medians (IQR). Analyses were performed with GraphPad Prism 10 and IBM SPSS 28. 

 

3. Results 
3.1. Baseline Characteristics of the Study Population 

Table 1 summarizes baseline characteristics of 401 participants: 69.8% were female, median age 35 years. Most 

(98.5%) received ≥2 vaccine doses, mainly Pfizer-BioNTech; 47.4% had prior infection, and 45.9% reported comorbidities. 
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Table 1. 

Baseline Characteristics of the Study Population. 

Characteristics (n) Number (%) 

Sex (n=401) Female 280 (69.8%) 

Male 121 (30.2%) 

Age (n=401) 

 

0-9  3 (0.7%) 

10-19 30 (7.5%) 

20-29  172 (42.9%) 

30-39 51 (12.7%) 

40-49 57 (14.2%) 

50-59  49 (12.2%) 

60-69 28 (7.0%) 

70-79 9 (2.2%) 

>80 2 (0.5%) 

SARS-Cov-2 Vaccination status (n=401) Vaccinated 395 (98.5%) 

Unvaccinated 6 (1.5%) 

Administered vaccine doses (n=401) Zero 6 (1.5%) 

Two 28 (7.0%) 

Three 360 (89.8%) 

Four 7 (1.7%) 

1st vaccine type (n=401) Pfizer-BioNTech 329 (82.0%) 

Oxford-AstraZeneca 57 (14.2%) 

Maderna 4 (1.0%) 

Sinopharm 1 (0.2%) 

Janssen 0 (0%) 

Un-known 4 (1.0%) 

None 6 (1.5%) 

2nd vaccine type (n=401) 

 

 

 

 

Pfizer-BioNTech 340 (84.8%) 

Oxford-AstraZeneca 41 (10.2%) 

Maderna 8 (2.0%) 

Sinopharm 1 (0.2%) 

Janssen 0 (0%) 

Un-known 5 (1.2%) 

None 6 (1.5%) 

3rd vaccine type (n=401) Pfizer-BioNTech 314 (78.3%) 

Oxford-AstraZeneca 13 (3.2%) 

Maderna 25 (6.2%) 

Sinopharm 0 (0%) 

Janssen 2 (0.5%) 

Un-known  13 (3.2%) 

None 34 (8.5%) 

4th vaccine type (n=401) Pfizer-BioNTech 7 (1.7%) 

Oxford-AstraZeneca 0 (0%) 

Maderna 0 (0%) 

Sinopharm 0 (0%) 

Janssen 0 (0%) 

None 394 (98.3%) 

Two identical doses administered 

according to vaccine type (n=27)  

Pfizer-BioNTech  18 (66.6%) 

Oxford-AstraZeneca 4 (14.8 %) 

Mix types 5 (18.5 %) 

Three identical doses administered 

according to vaccine type (n=347) 

Pfizer-BioNTech  259 (74.6%) 

Oxford-AstraZeneca 5 (1.4%) 

Mix types 83 23.9%) 

History of previous COVID-19 infection 

(n = 401) 

Yes  189 (47.4%) 

No 212 (52.6%) 

COVID-19 symptoms (n=189) Asymptomatic 21 (11.1%) 

Symptomatic (hospitalized) 6 (3.2 %) 

Symptomatic (home isolation) 162 (85.7%) 

Vaccinated individuals with a history of 

COVID-19 infection (n=395) 

Vaccinated with previous Covid19 infection 187 (47.3%)  

Vaccinated with no previous Covid19 infection 208 (52.6%) 

Comorbidities (n=401) Yes   184 (45.9%) 
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  No  217 (54.1) 

Healthy individuals with a history of 

COVID-19 infection (n=298) 

Healthy with no previous  

Covid-19 

112(37.4%) 

Comorbidities with no previous Covid-19 97 (32.6%)  

Comorbidities with previous Covid-19 infection 89 (30%)  
Note: Individuals aged 0-9 were not included in the vaccination schedule based on national and international guidelines.  

 

3.2. COVID-19 Infection History and Health Status 

Overall, 52.6% had no prior COVID-19, while 47.4% were infected-mostly symptomatic at home (85.7%), with 3.2% 

hospitalized and 11.1% asymptomatic. Nearly half of vaccinated participants had prior infection, and 45.9% had 

comorbidities. Combined, 37.4% were healthy/uninfected, 32.6% had comorbidities only, and 30.0% had both. 

 

3.3. SARS-CoV-2 Spike IgG Antibody Seroprevalence 

The SARS-CoV-2 Spike IgG antibody levels among the study participants ranged between 4.81 and 2080 BAU/mL, 

with 33.8 BAU/mL set as the positivity threshold according to the manufacturer’s guidelines. Among the 401 participants, 

397 (99.0%) tested positive for Spike IgG antibodies, with varying levels above the cut-off. Only 4 participants (1.0%) 

were seronegative.  

 

3.4. Effect of Vaccination on Spike IgG Antibody Levels 

The study included 395 vaccinated participants and 6 unvaccinated individuals as controls. The distribution of 

antibody levels significantly deviated from normality, as indicated by the D’Agostino-Pearson normality test (p < 0.0001). 

Nearly all vaccinated participants were seropositive, with only three testing negatives. Among the unvaccinated controls, 

one individual tested negative, while five tested positive with antibody levels above the 33.8 BAU/mL cutoff. Analysis 

revealed a significant difference in Spike IgG antibody levels between the groups (p < 0.0001), with the vaccinated group 

showing a significantly higher median antibody level (Fig. 1). 

 

3.5. Sex- based Differences in Spike IgG Antibody Levels 

The study population was divided into male and female groups. The D'Agostino and Pearson tests confirmed that 

Spike IgG antibody levels were not normally distributed (P < 0.0001) in both groups. CLIA results showed that 99.0% of 

participants were positive for Spike IgG antibodies, with only 4 individuals (1.0%) testing negative (2 males and 2 

females). The analysis demonstrated a statistically significant difference in antibody levels between sexes (p = 0.0072), 

with females displaying higher Spike IgG levels than males (Fig. 2). 

 

3.6. Age- Related Variations in Spike IgG Antibody Levels 

Spike IgG positivity was highest in the 20–29 group (43.1%) and lowest in the 0–9 and >80 groups (0.5% each). All 

participants in the 10–19, 30–39, 60–69, 70–79, and ≥80 groups were positive, with varying antibody levels; only one 

individual in the 0–9, 20–29, 40–49, and 50–59 groups tested negative. Antibody levels differed significantly across age 

groups (Kruskal–Wallis, P = 0.001). Dunn’s test showed significantly lower levels in 0–9 compared with several groups, 

and between 30–39 and 50–59; other comparisons were not significant (Fig. 3). 

 

3.7. Relationship Between Number of Vaccine Doses and Spike IgG Antibody Levels 

Participants were grouped by vaccine doses: none (n=6), two (n=28), three (n=360), and four (n=7). Nearly all 

vaccinated individuals were IgG-positive, except one in the two-dose group and two in the three-dose group. Antibody 

levels differed significantly across groups (Kruskal-Wallis, P < 0.0001). Dunn’s test showed the zero-dose group had 

significantly lower levels than all vaccinated groups, while no significant differences were observed among the two-, three-

, and four-dose groups (Fig. 4). 

 

3.8. Comorbidities and SARS-CoV-2 Spike IgG Antibody Levels 

Two hundred ninety-eight vaccinated participants were grouped based on their health status and history of COVID-19 

infection: those with comorbidities but no prior COVID-19 infection (n = 97), healthy individuals with no prior COVID-19 

infection (n = 112), and those with comorbidities and a history of COVID-19 infection (n = 89). CLIA results showed that 

all participants from these groups had IgG antibody levels above the cut-off of 33.8 BAU/mL against the Spike antigen, 

except for one participant from the comorbidities group (with a kidney transplant history) and two participants from the 

healthy group, all without previous COVID-19 infections. The Kruskal-Wallis test was used to compare antibody levels 

among the three groups, revealing no significant difference in antibody levels (P = 0.2616). 

 

3.9. Effect of Vaccine Type and Dose on Spike IgG Antibody Levels 

Most participants (n=286) received two or three doses of Pfizer-BioNTech or Oxford-AstraZeneca, while 87 received 

mixed regimens (Pfizer, Oxford-AstraZeneca, Moderna, Sinopharm, Janssen). They were grouped into six categories (two 

or three doses of Pfizer, Oxford-AstraZeneca, or mixed vaccines). All groups were above the 33.8 BAU/mL cut-off, except 

for three negatives in Pfizer groups (two in three-dose, one in two-dose). Antibody levels did not differ significantly across 

groups (Kruskal–Wallis, P=0.1221). 
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3.10. Hybrid Immunity and Spike IgG Antibody Levels 

The 395 vaccinated individuals were categorized into two groups based on their history of COVID-19 infection: those 

who were vaccinated and had a prior COVID-19 infection (n=187) and those who were vaccinated without any prior 

COVID-19 infection (n=208). The CLIA findings indicated that Spike IgG antibody was positive in all subjects tested from 

both groups, with varying levels of positivity. However, three individuals from the group of vaccinated individuals with no 

history of prior COVID-19 infection showed negative results below the cut-off. The statistical analysis revealed a 

significant difference in Spike IgG antibody levels between the groups, with a P-value of 0.0257. Notably, the vaccinated 

group without a history of COVID-19 infection had significantly higher levels of Spike IgG antibodies compared to the 

vaccinated group with a history of COVID-19 infection. This unexpected pattern indicates that, contrary to prevailing 

assumptions, hybrid immunity may not always result in superior levels- particularly in populations exposed to multiple 

vaccine doses over time. 

 

3.11. COVID-19 Clinical Outcome and Spike IgG Antibody Levels 

Individuals previously infected with COVID-19 (n=189) were classified into two groups according to their disease 

outcomes: asymptomatic (n=21) and symptomatic (n=168). CLIA results showed that all 189 individuals were positive for 

Spike IgG antibodies, with levels above the cut-off, though the degree of positivity varied. The Mann–Whitney U test was 

used to compare antibody levels between the asymptomatic and symptomatic groups, revealing a significant difference in 

Spike IgG antibody levels, with a P-value of 0.0004. Notably, the symptomatic group exhibited markedly elevated Spike 

IgG antibody levels compared to the asymptomatic group (Fig. 5). 

 

3.12. Correlation Between COVID-19 Clinical Outcome and Spike IgG Antibody Level 

Among previously infected individuals, outcomes were classified as protected (asymptomatic, n=21) or susceptible 

(symptomatic, n=168). Based on antibody levels, four subgroups emerged: asymptomatic–moderate (n=2), asymptomatic–

high (n=19), symptomatic–moderate (n=4), and symptomatic–high (n=164). Spearman’s correlation showed a weak, non-

significant positive association between higher antibody levels and asymptomatic outcomes (r = 0.128, P = 0.078). As 

antibody levels may derive from vaccination, infection, or both, results reflect total Spike IgG and should not be attributed 

solely to vaccination. 

 

4. Discussion  
This study evaluated Spike IgG antibodies in vaccinated and unvaccinated Saudi participants. The findings showed a 

high seropositivity rate (99.0%) for Spike IgG antibodies. Vaccinated participants, as expected, had significantly higher 

antibody levels compared to unvaccinated individuals, reinforcing the effectiveness of COVID-19 vaccines in generating 

protective immune responses, in line with current literature [17, 18]. 

Interestingly, five out of six unvaccinated participants showed varying levels of Spike IgG antibodies. This presence of 

antibodies in the unvaccinated group is likely due to previous virus exposure. Only one of these five participants had a 

known history of COVID-19, consistent with studies indicating that unvaccinated individuals with prior infections can have 

detectable levels of Spike IgG antibodies [19, 20]. The other four unvaccinated participants had no documented history of 

infection, suggesting the possibility of asymptomatic cases where individuals do not exhibit symptoms and remain unaware 

of their infection. Such asymptomatic carriers can still spread the virus, with viral loads comparable to those of 

symptomatic individuals [21, 22]. The 99.0% antibody positivity observed in this representative Saudi cohort suggests that 

herd immunity may have been reached at the population level.  

The finding showed a significant sex difference in Spike IgG antibody levels (p = 0.0072), with females exhibiting 

higher levels than males. This finding aligns with recent research conducted in Saudi Arabia [23]. It is well-documented 

that adult females generally mount stronger immune responses, leading to higher vaccine efficacy compared to males. 

Additionally, females have shown better immune responses to vaccinations against viruses such as hepatitis and influenza 

[6, 7].  

Sex differences in COVID-19 outcomes have also been reported, including a large US-based cohort study that 

indicated higher mortality in males, attributed primarily to lifestyle-related risk factors rather than direct correlations with 

Spike IgG antibody levels [24]. This implies that the observed differences in COVID-19 outcomes between males and 

females may be influenced by a range of confounding factors beyond antibody levels, such as underlying health conditions 

and behavioural differences. 

While it is evident that females have a stronger vaccine-induced antibody response to the virus, how these differences 

translate into variations in immune responses to the virus and COVID-19 outcomes remains unclear. The exact mechanism 

behind this phenomenon is not yet fully understood [25-27]. 

Our study revealed age-related differences in the humoral immune responses, with a decline in immune response 

observed as age increased. The highest antibody positivity was noted in the 20-29 age group, making them the most 

immunocompetent demographic. Children aged 0-9 years showed detectable but significantly lower Spike IgG antibody 

levels compared to older age groups, likely due to prior virus exposure and their unvaccinated status. The oldest (≥70 

years) age group exhibited lower positivity rates, attributed to immunosenescence in older adults [28]. 

During the global COVID-19 vaccination campaign, significant debate emerged over the efficacy of vaccine doses and 

the protective effect of different vaccine brands against the disease. The present study found that in the studied Saudi 

cohort, Spike IgG levels were not significantly influenced by the number of COVID-19 vaccine doses received, whether it 

was two, three, or four doses. This suggests that receiving at least two vaccine doses is sufficient to elicit adequate immune 



 
 

               International Journal of Innovative Research and Scientific Studies, 8(12) 2025, pages: 156-168
 

161 

protection against COVID-19. This finding contrasts with previous studies [29, 30] which reported that higher levels of 

Spike IgG were typically associated with an increased number of vaccine doses. Notably, individuals who received at least 

two doses exhibited significantly higher antibody levels compared to unvaccinated individuals, implying that two doses can 

induce a robust antibody response. 

The debate over the effectiveness of different types of the vaccines has been longstanding. In this study, Spike IgG 

levels did not significantly differ among participants who received different vaccine types. While a recent study indicated 

that the efficacy of AstraZeneca and Pfizer vaccines after the second dose was 67% and 93%, respectively, with mRNA-

based vaccines showing the highest overall efficacy [31] the present study found no significant difference in antibody 

levels among vaccine types. Although the Oxford-AstraZeneca vaccine elicited the lowest median Spike IgG level after 

two doses, its antibody response was comparable to other vaccines when three doses were administered, showing no 

significant difference from mRNA-based vaccines. This discrepancy may be attributed to the relatively small cohort size in 

the present study. Overall, the findings suggest that all vaccines were effective in inducing antibodies against the virus, 

regardless of the vaccine brand or number of doses received. 

The mixed-vaccine approach, combining different COVID-19 vaccines, has been associated with strong immune 

responses. Unlike some reports, heterologous vaccines did not enhance IgG levels in our cohort [8, 9]. 

The COVID-19 pandemic resulted in varied clinical outcomes, from severe illness and hospitalization to asymptomatic 

cases, raising questions about immune response differences. This study found that symptomatic individuals had 

significantly higher Spike IgG antibody levels compared to asymptomatic individuals (p = 0.0004), suggesting a 

hyperactive immune response that may contribute to severe disease. Research has linked immune hyperactivation in 

COVID-19 to potential long-term effects, such as long COVID, marked by ongoing symptoms post-infection. This aligns 

with findings that asymptomatic individuals generally exhibit lower anti-spike IgG levels [32]. 

Additionally, the correlation between COVID-19 outcomes and antibody protection from vaccination was weakly 

positive (r = 0.128) and not significant between symptomatic and asymptomatic individuals previously infected with 

COVID-19 (p = 0.078), which is in line with findings from Feng, et al. [33]. This suggests that while higher antibody levels 

are associated with symptomatic cases, the relationship between antibody levels and protection from severe outcomes 

remains complex and influenced by multiple factors. 

Patient comorbidities are significant factors influencing COVID-19 outcomes and increasing mortality risk [34]. While 

comorbidities can affect immune function and vaccine responses, this study found that they did not significantly impact 

Spike IgG antibody levels in the Saudi cohort, regardless of prior infection. However, one participant, who had undergone a 

kidney transplant and was on immunosuppressive therapy, had undetectable antibody levels, highlighting impaired immune 

response.  

Although hybrid immunity has been associated with enhanced antibody responses [35] our data showed unexpectedly 

higher IgG levels in individuals who were vaccinated without prior infection. This may be due to variability in the interval 

between natural infection and vaccination, which was not uniformly controlled in our cohort. It is possible that some 

individuals with hybrid immunity were infected earlier during the pandemic resulting in waning antibody levels by the time 

of sampling.  Additionally, repeated antigen exposure may, in some cases, lead to immune tolerance or altered memory 

responses. These factors could explain the unexpected inverse trend observed in our study. This observation, taken from a 

Saudi cohort sampled at the end of the pandemic, suggests potential alteration in immune priming or waning that merit 

further investigation. It challenges the notion of hybrid immunity as universally superior and underscores the need for time-

contextualized immune profiling. 

 

5. Conclusion 
Vaccinated individuals without prior infection showed higher IgG than those with hybrid immunity, suggesting altered 

immune dynamics. Age and sex affected responses, while vaccine type, dose, and comorbidities did not. These end-

pandemic findings highlight the need for time-sensitive immune profiling and challenge the presumed superiority of hybrid 

immunity. 
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Figure 1. 

SARS-CoV-2 Spike IgG Antibody Levels Among Vaccinated and Unvaccinated Groups: (A) QQ normality test shows a significant deviation from the 

reference normal distribution line, indicating that the data is not normally distributed. (B) Individual Spike IgG antibody levels are plotted on the y-axis in 

BAU/mL, with a seropositivity threshold is indicated by a horizontal dotted line. (C) Median and interquartile range (IQR) of antibody levels are 
represented, with statistical comparison performed using the Mann–Whitney test. ****P < 0.0001. 
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Figure 2. 

SARS-CoV-2 Spike IgG Antibody Levels by Sex: (A). plot of the normality test shows a significant deviation from the reference normal distribution line, 
indicating non-normally distributed data. (B) Individual Spike IgG antibody levels are shown as dots for both female and male groups. Antibody levels are 

plotted on the y-axis in BAU/mL, with a cutoff value of 33.8 BAU/mL (the horizontal dotted line). (C) Comparison of median Spike IgG antibody levels 

between female and male groups using the Mann–Whitney U test, demonstrated a significant P value of 0.0072. 
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Figure 3. 

Spike IgG Antibody Levels by Age Group: (A).QQ plot of the normality test shows a significant deviation from the reference normal distribution line, 

indicating non-normally distributed data. (B) Individual antibody levels for each age group are displayed as dots. Antibody levels are shown on the y-axis 

in BAU/mL. (C) Median antibody levels across age groups, analyzed using the Kruskal-Wallis test. Multiple age group comparisons were performed 
using Dunn’s Test. Significance levels indicated are as follows: *P = 0.0332, **P = 0.0021. 
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Figure 4. 

Influence of Vaccine Doses on Spike IgG Antibody Levels.(A) QQ plot of the normality test shows a significant deviation from the reference normal 

distribution line, indicating non-normally distributed data. (B) Individual antibody levels are shown as dots across groups based on the number of vaccine 
doses received. Antibody levels are plotted on the y-axis in BAU/mL, with a cutoff value marked by a horizontal dotted line. (C) Median Spike IgG 

antibody levels with interquartile range (IQR) for each dose group, analysed using the Kruskal-Wallis test. Significance between dose groups were 

determined by Dunn’s Test: ****P < 0.0001; ns, not significant. 
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Figure 5. 

COVID-19 Outcome and Spike IgG Antibody Levels. (A) QQ plot of the normality test showing a significant deviation from the reference normal 

distribution line, indicating non-normally distributed data. (B) Individual values (dots) of Spike IgG antibody levels among asymptomatic and 

symptomatic groups are presented. Antibody levels are displayed on the y-axis in BAU/mL, with the cutoff value marked by the dotted horizontal line. (C) 
Median Spike IgG antibody levels for asymptomatic and symptomatic groups. The results are presented as medians with interquartile ranges (IQR) and 

analysed using the Mann–Whitney U test. ***P-value = 0.0004. 
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