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Abstract | In resource‑limited settings, the burden of prior Severe Acute Respiratory Syndrome Coronavirus 
2 (ARS‑CoV‑2) infection and the influence of demographic and immunogenetic factors remain insufficiently 
characterized. This study aimed to determine the seroprevalence of prior SARS‑CoV‑2 (COVID‑19) infection 
and identify the demographic and immunohematologic predictors, particularly ABO and Rhesus (Rh) blood 
groups in an unvaccinated cohort from Northern Egypt. Between June 2023 and June 2024, 200 healthy, 
non‑smoking participants aged 17-40 years were recruited at Alexandria University Hospital. Assays for 
Human Immunodeficiency Virus (HIV), Hepatitis B Virus (HBV), Hepatitis C Virus (HCV), and syphilis 
for all participants were performed, and individuals with chronic comorbidities or current smoking were 
excluded. Anti‑nucleocapsid IgG for SARS‑CoV‑2, unaffected by spike‑based vaccination, was quantified 
using a high‑sensitivity ELISA. Additionally, demographic and immunohematologic data were analyzed 
by multivariable logistic regression. The obtained seroprevalence was 76.0%, exceeding previous regional 
estimates. Multivariate analysis identified several independent predictors of SARS‑CoV‑2 nucleocapsid IgG 
seropositivity, including male sex (adjusted odds ratio [aOR] = 2.8, p < 0.001), blood group A (aOR = 2.1, 
p = 0.001), Rh‑positive status (aOR = 2.4, p = 0.030), and blood group AB (aOR= 1.7, p = 0.047). In contrast, 
blood groups B and O, and age were not remarkably associated with seropositivity. To our knowledge, this 
is the first study in Northern Egypt to integrate high‑sensitivity N protein serology with ABO/Rh profiling 
in an unvaccinated cohort. The current findings indicate a substantial reservoir of previously undiagnosed 
SARS‑CoV‑2 infections and highlight host‑related susceptibility markers with potential public health 
implications. The obtained results supported the use of ABO and Rh blood typing as low‑cost, accessible 
tools to guide targeted vaccination strategies. They also underscored the need for multi‑center, longitudinal 
studies that integrate genomic surveillance with comprehensive immunological profiling.
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Introduction

The emergence of coronavirus disease 2019 
(COVID-19) in late 2019 triggered an 

unprecedented global public health crisis. By mid-
2020, over 5 million cases and 330,000 deaths had been 
reported worldwide. As of July 2025, the cumulative 
number of confirmed infections has exceeded 770 
million, with 6.9 million fatalities (WHO, 2025). 
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2); an enveloped Betacoronavirus 
measuring 120–160 nm in diameter, possesses one of 
the largest known RNA viral genomes (27-32 kb). Its 
spike (S) glycoprotein mediates ACE2-dependent cell 
entry, while the nucleocapsid (N) protein responsible 
for packaging viral RNA is abundantly expressed and 
highly immunogenic. These features render anti-N 
assays particularly valuable for distinguishing natural 
infections from vaccine-induced immunity (Burbelo 
et al., 2020).

Although reverse transcription‑polymerase chain 
reaction (RT‑PCR) remains the diagnostic gold 
standard for acute SARS-CoV-2 infection; however, 
it can’t detect prior, asymptomatic, or resolved cases. 
Serological assays; therefore, provide critical insight 
into true population exposure and can inform public 
health interventions (Cao et al., 2020; Alahmari 
et al., 2021). However, most published serosurveys 
have focused on S-based platforms or high-risk 
cohorts, risking underestimation of silent transmission 
and conflation of infection‑ versus vaccine-derived 
immunity (Ripperger et al., 2020; Demmer et al., 
2021; Duarte et al., 2022; Arkell et al., 2022; Vicentini 
et al., 2022). In low-resource settings such as Egypt, 
reported seroprevalence estimates (34-63%) have 
been largely derived from convenience samples, often 
without consistent adjustment for confounders such 
as smoking or blood-borne infections, limiting their 
validity (Younas et al., 2020; Eldesoukey et al., 2022).

Beyond assay design, host immunohematologic 
factors may influence susceptibility to SARS-CoV-2 
(Zhao et al., 2020; Butler et al., 2023). Evidence from 
SARS-CoV-1 and early SARS-CoV-2 (COVID-19) 
cohorts suggests increased infection risk among 
individuals with blood group A and relative protection 
in group O, while associations with Rhesus (Rh) 
status remain inconclusive (Cheng et al., 2005; Li 
et al., 2020; Muñiz-Díaz et al., 2021). To date, no 
study in Northern Egypt has systematically evaluated 

these blood group phenotypes alongside highly 
specific N-protein serology in a rigorously screened, 
healthy population.

To address these knowledge gaps, this study aimed to 
determine the seroprevalence of prior SARS‑CoV‑2 
infection in a rigorously screened, unvaccinated 
Egyptian cohort and evaluate demographic and blood 
group predictors, particularly ABO and Rhesus (Rh) 
blood groups. 

By integrating rigorous serological screening with 
host‑factor analysis in a resource‑limited context, this 
study provided the first comprehensive evaluation 
of blood group-related predictors of SARS‑CoV‑2 
exposure in Egypt, refined estimates of silent 
transmission, elucidated blood group-related risk 
profiles, and informed targeted public health strategies 
where diagnostic and vaccination resources remain 
constrained.

Materials and Methods

Study design and sample size
This cross-sectional comparative study was conducted 
between June 2023 and June 2024, enrolling 200 
healthy, unvaccinated adult blood donors from 
Alexandria University Teaching Hospital. Alexandria, 
Egypt. A priori sample-size calculation using 
G*Power v3.1 demonstrated that 200 participants 
would provide 80% power to detect an odds ratio 
of 1.8 for SARS-CoV-2 seropositivity across ABO 
blood groups at a significance level of α=0.05 (Faul 
et al., 2007). This estimation was consistent with the 
World Health Organization (WHO) formula for 
cross-sectional studies, which yielded an approximate 
sample size of 196 when assuming a prevalence (p) 
of 0.5, a 95% confidence interval, and a 7% margin 
of error (Lwanga and Lemeshow, 1991). All study 
procedures complied with the ethical principles 
outlined in the Declaration of Helsinki (2013) 
(World Medical Association. 2013).

Participant recruitment and data collection
Participants were recruited from voluntary blood 
donors under strict eligibility criteria to ensure a 
healthy and homogeneous study population:
•	 Inclusion criteria were adults aged ≥ 18 years, 

in apparent good health; with no history of 
COVID-19 vaccination, and who were non-
smokers.
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•	 Exclusion criteria encompassed history of 

COVID-19 vaccination, active or past infectious 
diseases, malignancies, autoimmune disorders, 
or chronic metabolic conditions (e.g., diabetes, 
hypertension, and atherosclerosis), and current or 
former smokers.

After eligibility confirmation, all participants 
completed a structured questionnaire capturing 
demographic details (i.e., age, sex, and residence), 
comorbidities, smoking history, and prior COVID-19 
infection history, including severity and complications. 
Both smoking and comorbidities were specifically 
documented, as they are known to influence immune 
responses and COVID-19 outcomes. These measures 
minimized confounding and enabled precise 
evaluation of the ABO association with SARS-
CoV-2 seropositivity.

Blood sampling and processing
From each participant, two venous blood specimens 
(total volume = 5 mL) were obtained under aseptic 
conditions. For ABO and Rh(D) phenotyping, 
0.5 mL of whole blood was collected into an EDTA-
anticoagulant tube to maintain red cell integrity for 
agglutination testing (CLSI, 2020a; Cohn et al., 
2020). The remaining 4.5 mL were drawn into a 
sterile plain tube, allowed to clot at room temperature 
for 30 min, and centrifuged at 3,000 × g for 5 min. 
The resulting serum was aliquoted for serological 
screening and SARS-CoV-2 antibody assays. All 
specimens were processed within 2h of collection and 
stored at ≤ -20°C until analysis (CLSI, 2020b). 

Serological assays
Serological screening for confounding infections: 
To rule out confounding blood-borne infections, 
all sera were screened using qualitative ELISA kits 
with manufacturer’s-provided positive and negative 
controls.
•	 Anti Treponema pallidum IgG was detected 

using the Aria Syphilis Ab ELISA Kit (CTK 
Biotech, 2017). Samples with OD ratio < 1.0 
were considered negative, those ≥ 1.0 positive, 
and borderline results were retested. The kit 
demonstrated 100% sensitivity and 99.8% 
specificity (Henao‑Martínez and Johnson, 2014).

•	 Anti‑HCV IgG was tested using the NANBASE 
C‑96 V4.0 Anti‑HCV ELISA Kit (General 
Biologicals Corporation, 2023a). Samples with 
OD < cutoff were negative, those with ≥ cutoff 

positive, and borderline results were retested. The 
kit demonstrated 100% sensitivity and 99.8% 
specificity (Tabll et al., 2015).

•	 HBsAg was detected using the SURASE 
B‑96 TMB ELISA Kit (General Biologicals 
Corporation, 2023b). Specimens with OD < 
cutoff were negative; those ≥ cutoff were retested 
in duplicate, and only repeat‑reactive samples were 
considered positive. The kit demonstrated 100% 
sensitivity and 99.6% specificity (De Almeida 
Pondé, 2022).

•	 HIV IgG/Ag was tested using the GB HIV Ag‑Ab 
COMB Kit (General Biologicals Corporation, 
2023c). Samples with OD < cutoff were negative, 
those with ≥ cutoff positive, and borderline results 
were retested; only repeat‑reactive samples were 
confirmed positive. The kit demonstrated 100% 
sensitivity and high specificity (Bangalee et al., 
2021).

Samples that were reactive in any of these screening 
tests were excluded from further analysis.

SARS-CoV-2 serology
Sera that displayed negative results in all pre-
screening assays were analyzed for SARS-CoV-2  
nucleocapsid (N) protein IgG antibodies using the 
RayBio® COVID-19/SARS-CoV-2 Nucleocapsid 
Protein ELISA Kit (Indirect ELISA, Cat. No. ELV 
COVID19N, RayBiotech Inc., Peachtree Corners, 
GA, USA) (RayBiotech. 2021). Testing procedures 
followed the manufacturer’s instructions, with OD < 
cutoff classified as negative, ≥ cutoff as positive, and 
borderline results retested in duplicate. Equivocal 
results were tested, and inter- and intra-assay 
variability was kept below 10%. The kit demonstrated 
96.7% sensitivity and 97.5% specificity (Alzabeedi et 
al., 2022).

ABO and Rh(D) phenotyping
ABO and Rh(D) blood grouping was conducted 
using the standard agglutination method with 
monoclonal antisera from Spectrum Diagnostics 
(Egyptian Company for Biotechnology S.A.E., 
Obour City, Cairo, Egypt): Anti-A (Cat. No. 
810 002), Anti-B (Cat. No. 814 002), Anti-AB 
monoclonal IgM (Cat. No. 816 002), and Anti-D 
(Rho) + monoclonal IgM-IgG (Cat. No. 822 002) 
(Spectrum Diagnostics, 2023a, b). Participants were 
classified into four groups: A (antigen A, antibody B), 
B (antigen B, antibody A), AB (antigens A and B, 
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no antibodies), and O (no antigens, antibodies A and 
B). Agglutination with the corresponding antisera 
was considered positive, absence of agglutination 
was negative. Weak or equivocal reactions were 
repeated in duplicate. Spectrum diagnostics antisera 
demonstrated >99% sensitivity and >99% specificity. 
All typing procedures were carried out according 
to the manufacturer’s recommendations to ensure 
reproducibility and accuracy. 

Multivariate logistic regression modeling
To identify independent predictors of SARS-CoV-2 
IgG seropositivity, multivariable logistic regression 
was performed, including sex, age, ABO group, and Rh 
status, reporting adjusted odds ratios (ORs) with 95% 
confidence intervals (CIs). Before model fitting, all 
predictor variables were assessed for multicollinearity 
using variance inflation factors (VIF), and no variable 
exceeded the predefined threshold for exclusion. 
Blood groups were dichotomized (Group X vs. non-
Group X) based on established seroepidemiological 
methods for risk stratification. All statistical tests were 
two-tailed, and p ≤ 0.05 was considered statistically 
significant.

Statistical analysis
Data were entered, validated, and analyzed using 
SPSS v22 (SPSS Inc., Chicago, IL, USA). Continuous 
variables were expressed as mean ± standard deviation 
(SD), and categorical variables were summarized as 
frequencies and percentages. Group comparisons for 
categorical variables were performed using Pearson’s 
chi‑square test.

Results

Participant characteristics
A total of 200 healthy, unvaccinated adult blood 
donors (135 males [67.5%] and 65 females [32.5%]) 
were enrolled. Participant ages ranged from 17 
to 40 years, with a mean of 29.34 ± 6.50 years. All 
participants were asymptomatic, non-smokers, free 
of chronic comorbidities, and had not received any 
COVID-19 vaccination prior to testing.

Serological screening for confounding infections
All tested 200 serum samples were negative for 
HIV antigen/antibody, hepatitis B surface antigen 
(HBsAg), hepatitis C virus IgG, and syphilis IgG 
using validated ELISA kits according to the pre-
mentioned detailed criteria. Therefore, all donors 

were deemed eligible for COVID-19 serological 
testing.

Distribution of ABO and Rh blood groups in the cohort
The ABO blood group distribution was as follows: 
group A – 83 donors (41.5 %), group B – 57 (28.5 %), 
group AB – 37 (18.5 %), and group O – 23 (11.5 %). 
Regarding Rhesus (Rh) factor, 161 donors (80.5 %) 
were Rh-positive and 39 (19.5 %) were Rh-negative.

SARS-CoV-2 IgG seroprevalence
Anti-nucleocapsid IgG antibodies specific to 
SARS-CoV-2 were detected in 152 out of the 200 
donors, yielding an overall seroprevalence of 76.0 %, 
indicating high prior exposure to COVID-19 in this 
unvaccinated cohort. The distribution of seropositivity 
by sex, age, ABO blood group, and Rh factor is 
presented in the subsequent analysis.
 
Univariate analysis of factors associated with SARS-
CoV-2 seropositivity
Sex: Among the 152 seropositive individuals, 92 
were male (60.5%) and 60 were female (39.5%). In 
contrast, among the 48 seronegative individuals, 43 
(89.6%) were male and only 5 (10.4%) were female. 
Female donors were considerably more likely to be 
seropositive than males (92.3% vs. 68.1%; p < 0.001) 
(Table 1, Figure 1a).

Table 1: Univariate analysis of SARS-CoV-2 IgG 
seropositivity.
Factor Seropositive 

(n = 152)ᵃ
Seronegative 
(n = 48)ᵃ

p Valueᵇ

Sex < 0.001ᶜ
Male 92 (60.5%) 43 (89.6%)
Female 60 (39.5%) 5 (10.4%)
Age (years) 28.97± 6.53 30.50 ± 6.58 0.155
ABO Group < 0.001ᶜ
A 70 (46.1%) 13 (27.1%)
B 32 (21.1%) 25 (52.1%)
AB 30 (19.7%) 7 (14.6%)
O 20 (13.2%) 3 (6.3%)
Rh Status 0.030ᶜ
• Positive 125 (82.2%) 27 (56.3%)
• Negative 27 (17.8%) 21 (43.7%)

Where; ᵃData presented as n (%) for categorical variables or mean 
± SD for continuous variables. ᵇp-Values calculated using Pearson’s 
χ² test for categorical variables and an independent t-test for age. 
cIndicates statistically significant p-value (p ≤ 0.05).
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Figure 1: Distribution of SARS-CoV-2 IgG Seropositivity by Sex and Age. (a) Bar chart showing the proportion of 
seropositive individuals by sex (p < 0.001), (b) Boxplot comparing age distribution (median with interquartile range) 
between seropositive and seronegative groups (p = 0.155). Where; IgG: Immunoglobulin G.

Age: The mean age of the seropositive donors was 
28.97±6.53 years, compared to 30.50 ± 6.58 years for 
seronegative donors. The difference was not statistically 
significant (p = 0.155) (Table 1, Figure 1b).

ABO blood group: Seropositivity varied appreciably 
according to ABO blood group (Table 1, Figure 2). 
Among the 152 seropositive individuals, 70 (46.1%) 
were group A, 32 (21.1%) group B, 30 (19.7%) group 
AB, and 20 (13.2%) group O. Statistical analysis 
revealed that group A donors were considerably 
more likely to be seropositive compared to those with 
group B (p = 0.030), group AB (p = 0.290), or group 
O (p = 0.500). Overall, the association between ABO 
blood group and COVID-19 IgG seropositivity was 
highly significant (p < 0.001) (Table 1, Figure 2a).

Rh factor: Rh-positive donors represented 125 of 152 
seropositive individuals (82.2%), while Rh-negative 
individuals accounted for 27 (17.8%). In contrast, Rh-
negative donors made up 43.7% of the seronegative 
group. Rh-positive status was significantly associated 
with seropositivity (p = 0.030) (Table 1, Figure 2b).

Multivariate logistic regression analysis
To identify independent predictors, all variables (i.e., 
sex, age, ABO group, and Rh status) were included in 
a multivariable logistic regression model. Multivariate 
logistic regression (Table 2, Figure 3) identified male 
sex (aOR = 2.8; 95% CI: 1.4–5.6; p < 0.001) and 

Rh-positive status (aOR = 2.4; 95% CI: 1.1–5.2; 
p = 0.030) as the strongest independent predictors 
of SARS-CoV-2 IgG seropositivity. Among ABO 
blood groups, group A was remarkably associated 
with increased odds of seropositivity (aOR = 2.1; 
95% CI: 1.3–3.5; p = 0.001), followed by group AB 
(aOR = 1.7; 95% CI: 1.0–3.2; p = 0.047). In contrast, 
blood group B was not appreciably associated (aOR 
= 1.2; 95% CI: 0.8–2.0; p = 0.340), and group O 
showed a trend towards a protective effect, though it 
did not reach statistical significance (aOR = 0.6; 95% 
CI: 0.3–1.1; p = 0.098). Age was not a considerable 
predictor of seropositivity in this cohort (aOR = 0.98 
per year; 95% CI: 0.94–1.03; p = 0.412).

Table 2: Multivariate logistic regression for predictors of 
SARS-CoV-2 IgG seropositivity.
Predictor aORᵃ (95% CI) p-Valueᵇ
Male sex (vs. female) 2.8 (1.4-5.6) < 0.001ᶜ
Age (per year increase) 0.98 (0.94-1.03) 0.412
Rh-positive (vs. Rh-negative) 2.4 (1.1-5.2) 0.030 ᶜ
Blood group A (vs. non-A) 2.1 (1.3-3.5) 0.001ᶜ
Blood group B (vs. non-B) 1.2 (0.8-2.0) 0.340
Blood group AB (vs. non-AB) 1.7 (1.0-3.2) 0.047ᶜ
Blood group O (vs. non-O) 0.6 (0.3-1.1) 0.098

Where: ᵃAdjusted odds ratio (aOR) and 95% confidence interval (CI) 
from multivariate logistic regression, ᵇModel adjusted for all listed 
predictors; Reference categories: female (sex), per one-year age increase; 
Rh-negative (Rh status); and non-A, non-B, non-AB, non-O (ABO 
group). cIndicates statistically significant p-value (p ≤ 0.05).
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Figure 2: SARS‑CoV‑2 nucleocapsid IgG seropositivity by ABO blood group and rhesus factor. (a) Bar chart of 
seropositivity proportions by ABO blood group (p < 0.001), (b) Bar chart of seropositivity proportions by Rh status 
(p = 0.030). Where; ABO: ABO blood‑group system, Rh: Rhesus, IgG: Immunoglobulin G.

Figure 3: Forest plot of adjusted odds ratios for predictors of SARS-CoV-2 IgG seropositivity. The plot shows adjusted 
odds ratios (aORs) with 95% confidence intervals (CIs) for each variable analyzed. Male sex, Rh‑positive status, and 
blood group A were identified as significant predictors (p < 0.05). Where; aOR: adjusted odds ratio, CI: Confidence 
interval.
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Discussion

Our serosurvey of 200 unvaccinated, current non-
smoking blood donors at Alexandria University 
Hospital, serving both urban and surrounding 
rural areas, revealed a strikingly elevated 76.0% 
seroprevalence of anti–nucleocapsid IgG. By 
excluding current smokers, common bloodborne 
infections, and vaccine-induced antibodies, and by 
employing a highly sensitive nucleocapsid-based 
ELISA, confounders were minimized and low-titer 
responses were captured often missed by rapid tests 
(Xia et al., 2020; Eldesoukey et al., 2022). The use 
of N-protein detection is particularly valuable in 
settings where spike-only vaccine rollouts can obscure 
infection-derived immunity (Cucinotta and Vanelli, 
2020).

This seroprevalence markedly exceeds regional 
estimates, 34.4% in Egypt (Eldesoukey et al., 2022), 
63.0% in Pakistan (Younas et al., 2020), and 49.4% 
in India (Chunchu et al., 2022), highlighting the 
influence of demographic and methodological 
variables. Our focus on young, socially active donors 
during periods of escalating community transmission, 
along with the superior sensitivity of nucleocapsid-
targeting ELISA, likely explained this discrepancy 
(WHO, 2020).

Having established a high baseline seroprevalence, key 
host factors associated with infection were identified. 
In multivariate analysis, male sex independently 
predicted higher odds of seropositivity (aOR = 2.8; p< 
.001). This obtained result aligns with global reports 
and may reflect behavioral tendencies such as delayed 
healthcare-seeking among men, in addition to 
biological factors such as increased ACE2 expression 
and lower estrogen-mediated immune protection 
(Abdollahi et al., 2020; Zhang et al., 2020). Similar 
trends have been observed in Middle Eastern and 
Gulf-region cohorts (Assiri et al., 2013; Abdulla et 
al., 2023).

The current most novel finding relates to the ABO 
blood group system. Blood group A was considerably 
associated with seropositivity (aOR = 2.1; p = 0.001), 
while group O showed a non-significant protective 
trend (aOR = 0.6; p = 0.098). Group AB had modestly 
elevated odds (aOR = 1.7; p = 0.047), whereas group 
B showed no appreciable difference. Proposed 
mechanisms include enhanced ACE2 binding via 

A-type glycans and potential blocking effect of anti-A 
isoagglutinins, particularly IgG found in group O 
individuals (Silva-Filho et al., 2020; Shamikh et al., 
2021; Shibeeb and Khan, 2021; Alzabeedi et al., 
2022).

Rh-positive status was also associated with higher 
seropositivity (aOR = 2.4; p = 0.030). While some 
large-scale studies suggest a protective effect for Rh-
negative individuals, the mechanistic basis remains 
ambiguous. The Rh (D) antigen was not expressed 
on ACE2-expressing cells, which diminished the 
likelihood of a direct viral entry role. However, 
hypotheses involving complement activation, immune 
modulation, or erythrocyte interactions continue to 
be explored (Cooling, 2015; Latz et al., 2020).

This study offered several notable strengths. It is the 
first in Northern Egypt to combine high-sensitivity 
anti-nucleocapsid IgG serology with ABO and Rh 
blood group profiling in a rigorously pre-screened, 
unvaccinated, non-smoking donor cohort. The 
exclusion of individuals with chronic comorbidities or 
bloodborne infections minimized confounding, while 
the use of a validated, high-performance ELISA 
targeting the nucleocapsid antigen enabled detection 
of prior natural infection independent of vaccination 
status (Liu et al., 2021). Detailed demographic 
and immunohematological data allowed robust 
multivariable modelling, yielding independent host-
related susceptibility markers that refine regional 
seroepidemiological baselines (Eldesoukey et al., 
2022; Butler et al., 2023; Carreño et al., 2024).

However, certain limitations in this study should be 
considered. Thus, cross-sectional design precluded 
causal inference, and the single-center, age-restricted 
sample may limit generalizability to the other 
populations. Antibody waning over time could have 
led to underestimation of prior infections, particularly 
for early exposures y in the pandemic. Absence of 
viral genomic sequencing prevented assessment of 
how specific SARS-CoV-2 variants or mutants may 
have influenced seroprevalence patterns or host-factor 
associations. Additionally, unmeasured variables such 
as occupational exposure or socioeconomic status 
could not be fully accounted for. Future multi-
centre longitudinal studies incorporating genomic 
surveillance and comprehensive immunological 
profiling are warranted to validate and extend these 
observations.
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Together, the present findings offer the first 
comprehensive sero-epidemiological and 
immunohematological profile of SARS-CoV-2 
exposure in a carefully pre-screened, unvaccinated 
population from Northern Egypt. Through the 
integration of high-sensitivity anti-nucleocapsid IgG 
testing with ABO and Rh blood group analysis, this 
study enhances regional estimates of silent transmission 
and highlights host-related susceptibility factors with 
potential public health relevance (Girgis et al., 2021; 
Sah et al., 2021; Hafez et al., 2022; Abuawwad et al., 
2023; Phan et al., 2023). The obtained results address 
a critical knowledge gap in resource-limited settings 
and generate testable hypotheses for future research, 
particularly regarding the interplay between host 
phenotypes, viral evolution, and immune response. These 
insights lay the groundwork for targeted surveillance 
strategies and population-specific prevention measures 
that can adapt as the pandemic landscape evolves.

Conclusions and Recommendations

This study reveals a notably high anti-nucleocapsid 
IgG seroprevalence of 76.0% among unvaccinated, 
non-smoking blood donors in Northern Egypt, 
reflecting widespread asymptomatic SARS-CoV-2 
transmission. Male sex, blood group A, and Rh-positive 
status were identified as independent host-related 
susceptibility markers, offering a valuable foundation 
for targeted surveillance and risk stratification efforts. 
In resource-limited settings, ABO and Rh blood typing 
may serve as cost-effective tools to inform booster 
vaccination strategies, while group O individuals 
with high antibody titers could be prioritized for 
convalescent plasma donation during future variant-
driven surges. These findings underscore the need 
for multi-center longitudinal studies incorporating 
detailed immunological assessments, including IgM 
levels, neutralizing antibody activity, T-cell responses, 
and genomic surveillance to better understand host-
virus dynamics and tailor prevention strategies to 
local populations.
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Novelty Statement

We report the first application of high-sensitivity 
nucleocapsid-based serology in unvaccinated, 
non-smoking Egyptian blood donors, revealing 
76.0% anti-nucleocapsid IgG seroprevalence. This 
approach detected low-titer antibodies that were 
typically missed by spike-only assays. By excluding 
smokers, vaccine recipients, and individuals with 
blood-borne infections (i.e., HIV, HBV, HCV, and 
syphilis), we identified male sex, blood groups A/
AB, and Rh-positive status as independent predictors 
of seropositivity. These findings support the use of 
phenotype-guided strategies to prioritize booster 
vaccination and convalescent plasma donation in 
resource-limited settings.

Author’s Contribution

FMA and HHAG: Conceptualization and 
supervision.
AAMD: Data curation, formal analysis, investigation, 
methodology, resources, visualization, and writing-
original draft.
NH: Data curation, validation, visualization, writing-
original draft, and writing-review and editing. 
All authors read and approved the final manuscript.

Funding
This research received no external funding.

Ethical approval 
The study protocol was reviewed and approved 
by the Suez Canal University Ethics Committee 
(REC141/2022). Written informed consents were 
obtained from all participants before samples 
collection.

Generative AI or AI-assisted technology statement
The authors declare that no generative artificial 
intelligence (AI) was used during preparation of this 
manuscript.

Conflict of interests
The authors have declared no conflicts of interest.

References

Abdollahi, A., Mahmoudi-Aliabadi, M., Mehrtash, 



December 2025 | Volume 9 | Issue 6 | Page 434

Novel Research in Microbiology Journal
V., Jafarzadeh, B. and Salehi, M., 2020. The 
novel coronavirus SARS-CoV-2 vulnerability 
association with ABO/Rh blood types. Iran. J. 
Pathol., 15(3): 156-160. https://doi.org/10.30699/
ijp.2020.125135.2367

Abdulla, S.A., Elawamy, H.A., Mohamed, N.A., 
Abduallah, E.H., Amshahar, H.A., Abuzaeid, 
N.K., Elsharkawy, H.H., Abdulaziz, O., 
Aboshanab, K.M., Alshareef, W.A., Elgawish, 
M.A. and Konozy, E.H.E., 2023. Association 
of ABO blood types and clinical variables with 
COVID-19 infection severity in Libya. SAGE 
Open Med., 11: 20503121231187736. https://
doi.org/10.1177/20503121231187736

Abuawwad, M.T., Taha, M.J.J., Abu-Ismail, L., 
Alrubasy, W.A., Sameer, S.K., Abuawwad, 
I.T., Al-Bustanji, Y., Nashwan, A.J., 2023. 
Effects of ABO blood groups and Rh-factor on 
COVID-19 transmission, course, and outcome: 
A review. Front. Med. (Lausanne), 9: 1045060. 
https://doi.org/10.3389/fmed.2022.1045060

Alahmari, A.A., Khan, A.A., Elganainy, A., 
Almohammadi, E.L., Hakawi, A.M., Assiri, 
A.M. and Jokhdar, H.A., 2021. Epidemiological 
and clinical features of COVID-19 patients in 
Saudi Arabia. J. Infect. Publ. Health, 14(4): 
437-443. https://doi.org/10.1016/j.jiph.2021.01.003

Alzabeedi, K.H., Makhlof, R.T., Bakri, R.A., Ewis, 
A.A., Alhamdi, H.W., Habeebullah, T.M.A., 
Khogeer, A.A., Mulla, E.A.A., Roshan, 
S.A.M., Qabbani, F.H., Hafez, F.H., Alqurashi, 
R.G., Babalghaith, M.O., Ghouth, A.A., 
Alhazmi, M.H., Fallatah, O.M., Badahdah, 
S.A., Endergiri, D.I.A., Albarakati, B.M. and 
Abdelwahab, S.F., 2022. High seroprevalence 
of COVID-19 IgG and RNA among 
asymptomatic blood donors in Makkah Region, 
Saudi Arabia. Vaccines, 10(8): 1279. https://doi.
org/10.3390/vaccines10081279

Arkell, P., Gusmao, C., Sheridan, S.L., Tanesi, M.Y., 
Gomes, N., Oakley, T., Wapling, J., Alves, L., 
Kopf, S., Sarmento, N., Barreto, I.D.C., Amaral, 
S., Draper, A.D.K., Coelho, D., Guterres, H., 
Salles, A., Machado, F., Fancourt, N.S.S., Yan, J., 
Marr, I., Macartney, K. and Francis, J.R., 2022. 
Serological surveillance of healthcare workers to 
evaluate natural infection- and vaccine-derived 
immunity to SARS-CoV-2 during an outbreak 
in Dili, Timor-Leste. Int. J. Infect. Dis., 122: 
942–951. https://doi.org/10.1016/j.ijid.2022.03.043

Assiri, A., Al-Tawfiq, J.A., Al-Rabeeah, A.A., 

Al-Rabeeah, A., Al-Hajjar, S., Al-Barrak, A., 
Flemban, H., Al-Nassir, W.N., Balkhy, H.H., 
Al-Hakeem, R.F., Makhdoom, H.Q., Zumla, 
A.I. and Memish, Z.A.,  2013. Epidemiological, 
demographic, and clinical characteristics of 47 
cases of Middle East respiratory syndrome 
coronavirus disease from Saudi Arabia: A 
descriptive study. Lancet Infect. Dis., 13(9): 752-
761. https://doi.org/10.1016/S1473-3099(13)70204-
4

Bangalee, A., Bhoora, S. and Punchoo, R., 2021. 
Evaluation of serological assays for the 
diagnosis of HIV infection in adults. S. Afr. 
Fam. Pract., 63(1): a5316. https://doi.org/10.4102/
safp.v63i1.5316

Burbelo, P.D., Riedo, F.X., Morishima, C., 
Rawlings, S., Smith, D., Das, S., Strich, J.R., 
Chertow, D.S., Davey, R.T. and Cohen, J.I., 
2020. Sensitivity in detection of antibodies 
to nucleocapsid and spike proteins of SARS-
CoV-2 in patients with COVID-19. J. Infect. 
Dis., 222(2): 206-213. https://doi.org/10.1093/
infdis/jiaa273

Butler, E.A., Parikh, R., Grandi, S.M., Ray, J.G. 
and Cohen, E., 2023. ABO and Rh blood 
groups and risk of infection: Systematic review 
and meta-analysis. BMC Infect. Dis., 23: 797. 
https://doi.org/10.1186/s12879-023-08792-x

Cao, S., Gan, Y., Wang, C., Bachmann, M., Wei, 
S., Gong, J., Huang, Y., Wang, T., Li, L., Lu, K., 
Jiang, H., Gong, Y., Xu, H., Shen, X., Tian, Q., 
Lv, C., Song, F., Yin, X. and Lu, Z., 2020. Post-
lockdown SARS-CoV-2 nucleic acid screening 
in nearly ten million residents of Wuhan, 
China. Nat. Commun., 11(1): 5917. https://doi.
org/10.1038/s41467-020-19802-w

Carreño, J.M., Wagner, A.L., Monahan, B., Singh, 
G., Floda, D., Gonzalez-Reiche, A.S., Tcheou, 
J., Raskin, A., Bielak, D., Morris, S., Fried, M., 
Yellin, T., Sullivan, L., Sordillo, E.M., Gordon, 
A., van Bakel, H., Simon, V. and Krammer, F.,  
2024. SARS-CoV-2 serosurvey across multiple 
waves of the COVID-19 pandemic in New 
York City between 2020–2023. Nat. Commun., 
15: 5847. https://doi.org/10.1038/s41467-024-
50052-2

Cheng, Y., Cheng, G., Chui, C., Lau, F., Chan, P.K., 
Ng, M.H.L., Sung, J.J.Y. and Wong, R.S.M.,  
2005. ABO blood group and susceptibility 
to severe acute respiratory syndrome. J. Am. 
Med. Assoc., 293(12): 1447-1451. https://doi.

https://doi.org/10.30699/ijp.2020.125135.2367
https://doi.org/10.30699/ijp.2020.125135.2367
https://doi.org/10.1177/20503121231187736
https://doi.org/10.1177/20503121231187736
https://doi.org/10.3389/fmed.2022.1045060
https://doi.org/10.1016/j.jiph.2021.01.003
https://doi.org/10.3390/vaccines10081279
https://doi.org/10.3390/vaccines10081279
https://doi.org/10.1016/j.ijid.2022.03.043
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.4102/safp.v63i1.5316
https://doi.org/10.4102/safp.v63i1.5316
https://doi.org/10.1093/infdis/jiaa273
https://doi.org/10.1093/infdis/jiaa273
https://doi.org/10.1186/s12879-023-08792-x
https://doi.org/10.1038/s41467-020-19802-w
https://doi.org/10.1038/s41467-020-19802-w
https://doi.org/10.1038/s41467-024-50052-2
https://doi.org/10.1038/s41467-024-50052-2
https://doi.org/10.1001/jama.293.12.1450-c


December 2025 | Volume 9 | Issue 6 | Page 435

Novel Research in Microbiology Journal
org/10.1001/jama.293.12.1450-c

Chunchu, S.R., Ravula, U., Gente, V.K., Bacchu, 
S., Rao, S.P. and Mooli, S., 2022. SARS-
CoV-2 seroprevalence among whole blood 
donors during the first wave of the COVID-19 
pandemic in India. Indian J. Hematol. Blood 
Transfus., 38(3): 546-555. https://doi.org/10.1007/
s12288-021-01512-y

CLSI (Clinical and Laboratory Standards 
Institute). 2020a. Procedures for the collection 
of diagnostic blood specimens by venipuncture; 
approved standard. 7th ed. CLSI document 
GP41-A7. Wayne (PA): CLSI.

CLSI (Clinical and Laboratory Standards 
Institute). 2020b. Procedures for the handling 
and processing of blood specimens for common 
laboratory tests. 5th ed. CLSI document GP44. 
Wayne (PA): CLSI.

Cohn, C.S., Delaney, M., Johnson, S.T., Katz, L.M., 
2020. Technical Manual, 20th ed. Bethesda, 
MD: American Association of Blood Banks 
(AABB).

Cooling, L., 2015. Blood groups in infection and host 
susceptibility. Clin Microbiol Rev., 28(3):801-
870. https://doi.org/10.1128/CMR.00109-14

CTK Biotech Inc. 2017. Aria Syphilis Ab ELISA 
Kit (Cat. No. E0610), Instructions for Use. 
San Diego, CA: CTK Biotech. Available 
from: https://ctkbiotech.com/wp-content/
uploads/2017/01/PI-E0610-ARIA-Rev-D.
pdf [Accessed 26 Sept 2025].

Cucinotta, D. and Vanelli, M., 2020. WHO declares 
COVID-19 a pandemic. Acta Biomed., 91(1): 
157-160.

De Almeida Pondé, R.A., 2022. Detection of the 
serological markers hepatitis B virus surface 
antigen (HBsAg) and hepatitis B core IgM 
antibody (anti-HBcIgM) in the diagnosis of 
acute hepatitis B virus infection after recent 
exposure. Microbiol Immunol., 66(1): 1-9. 
https://doi.org/10.1111/1348-0421.12943

Demmer, R.T., Baumgartner, B., Wiggen, T.D., 
Ulrich, A.K., Strickland, A.J., Naumchik, 
B.M., Bohn, B., Walsh, S., Smith, S., Kline, S., 
Steve D., Stephanie, Y., Tim, B. and Craig, H., 
2021. Identification of natural SARS-CoV-2 
infection in seroprevalence studies among 
vaccinated populations. medRxiv. https://doi.
org/10.1101/2021.04.12.21255330

Duarte, N., Yanes-Lane, M., Arora, R.K., 
Bobrovitz, N., Liu, M., Bego, M.G., Yan, T., 

Cao, C., Gurry, C., Hankins, C.A., Cheng, 
Matthew P.G., Anne-Claude, M., Bruce D., 
Jesse, P. and Marc-André, L., 2022. Adapting 
serosurveys for the SARS-CoV-2 vaccine era. 
Open Forum Infect. Dis., 9(2): ofab632. https://
doi.org/10.1093/ofid/ofab632

 Eldesoukey, N., Gaafar, T., Enein, A.A., Eyada, I., 
Khirat, S., ElShahawy, A., Diaa, N. and Youssry, 
I.,  2022. SARS-CoV-2 antibody seroprevalence 
rates among Egyptian blood donors around the 
third wave: Cross-sectional study. Health Sci. 
Rep., 5(3): e634. https://doi.org/10.1002/hsr2.634

Faul, F., Erdfelder, E., Lang, A.G. and Buchner, A., 
2007. G*Power 3: A flexible statistical power 
analysis program for the social, behavioral, and 
biomedical sciences. Behav. Res. Methods, 39(2): 
175-191. https://doi.org/10.3758/BF03193146

General Biologicals Corporation, 2023a. 
NANBASE C-96 V4.0 Anti-HCV ELISA 
Kit (Cat. No. 4NAE3), Instructions for Use. 
Hsinchu, Taiwan: GBC. Available from: 
https://www.gbc.com.tw/en/product/19/

General Biologicals Corporation, 2023b. SURASE 
B-96 TMB HBsAg ELISA Kit (Cat. No. 
4SGE3), Instructions for Use. Hsinchu, 
Taiwan: GBC. Available from: http://
shop.globaldiagnosticsb.com/wp-content/
uploads/2023/11/GDB4SGE3-IFU.pdf

General Biologicals Corporation. 2023c. GB HIV 
Ag-Ab COMB Kit (Cat. No. 4EAIC11), 
Instructions for Use. Hsinchu, Taiwan: GBC. 
Available from: https://www.gbc.com.tw/
media/f/17ef1a7da7735eb3cbda55b37163f
be4.pdf

Girgis, S.A., Hafez, H.M., Elarab, H.E., Sherif, B., 
Sabry, M.H., Afifi, I., Elzahraa Hassan, F., Reda, 
A., Elsayed, S., Mahmoud, A., Habeb, P., Habil, 
I.S., Hussein, R.S., Mossad, I.M., Mansour, O., 
Omar, A., Saleh, A.M. and El-Meteini, M., 
2021. SARS-CoV-2 PCR positivity rate and 
seroprevalence of related antibodies among 
a sample of patients in Cairo: Pre-wave 2 
results of a screening program in a university 
hospital. PLoS One, 16(7): e0254581. https://
doi.org/10.1371/journal.pone.0254581

Hafez, W., Ahmed, S., Abbas, N., Ahmed, K., 
Kamran, S., Arya, A., Rao, S.R., Abdelshakor, 
M., Ali, S., Sebastian, H., Tariq, M., Lal, K. 
and Abdelrahman, A., 2022. ABO blood group 
in relation to COVID-19 susceptibility and 
clinical outcomes: A retrospective observational 

https://doi.org/10.1001/jama.293.12.1450-c
https://doi.org/10.1007/s12288-021-01512-y
https://doi.org/10.1007/s12288-021-01512-y
https://doi.org/10.1128/CMR.00109-14
https://ctkbiotech.com/wp-content/uploads/2017/01/PI-E0610-ARIA-Rev-D.pdf 
https://ctkbiotech.com/wp-content/uploads/2017/01/PI-E0610-ARIA-Rev-D.pdf 
https://ctkbiotech.com/wp-content/uploads/2017/01/PI-E0610-ARIA-Rev-D.pdf 
https://doi.org/10.1111/1348-0421.12943
https://doi.org/10.1101/2021.04.12.21255330
https://doi.org/10.1101/2021.04.12.21255330
https://doi.org/10.1093/ofid/ofab632
https://doi.org/10.1093/ofid/ofab632
https://doi.org/10.1002/hsr2.634
https://doi.org/10.3758/BF03193146
https://www.gbc.com.tw/en/product/19/
http://shop.globaldiagnosticsb.com/wp-content/uploads/2023/11/GDB4SGE3-IFU.pdf
http://shop.globaldiagnosticsb.com/wp-content/uploads/2023/11/GDB4SGE3-IFU.pdf
http://shop.globaldiagnosticsb.com/wp-content/uploads/2023/11/GDB4SGE3-IFU.pdf
https://www.gbc.com.tw/media/f/17ef1a7da7735eb3cbda55b37163fbe4.pdf
https://www.gbc.com.tw/media/f/17ef1a7da7735eb3cbda55b37163fbe4.pdf
https://www.gbc.com.tw/media/f/17ef1a7da7735eb3cbda55b37163fbe4.pdf
https://doi.org/10.1371/journal.pone.0254581
https://doi.org/10.1371/journal.pone.0254581


December 2025 | Volume 9 | Issue 6 | Page 436

Novel Research in Microbiology Journal

study in the United Arab Emirates. Life, 12(8): 
1157. https://doi.org/10.3390/life12081157

Henao-Martínez, A.F. and Johnson, S.C., 2014. 
Diagnostic tests for syphilis: New tests 
and new algorithms. Neurol. Clin. Pract., 
4(2): 114-122. https://doi.org/10.1212/01.
CPJ.0000435752.17621.48

Latz, C.A., DeCarlo, C., Boitano, L., Png, C.Y., 
Patell, R., Conrad, M.F., Eagleton, M. and Dua, 
A., 2020. Blood type and outcomes in patients 
with COVID-19. Ann. Hematol., 99(9): 2113-
2118. https://doi.org/10.1007/s00277-020-04169-1

Li, J., Wang, X., Chen, J., Cai, Y., Deng, A. and Yang, 
M., 2020. Association between ABO blood 
groups and risk of SARS-CoV-2 pneumonia. 
Br. J. Haematol., 190(1): 24-27. https://doi.
org/10.1111/bjh.16797

Liu, P.P., Zong, Y., Jiang, S.P., Jiao, Y.J. and Yu, X.J., 
2021. Development of a nucleocapsid protein-
based ELISA for detection of human IgM 
and IgG antibodies to SARS-CoV-2. ACS 
Omega, 6(9): 5847–5853. https://doi.org/10.1021/
acsomega.1c00253

Lwanga, S.K., Lemeshow, S. and World Health 
Organization, 1991. Sample size determination 
in health studies: A practical manual. Geneva: 
World Health Organization. Available from: 
https://iris.who.int/handle/10665/40062 
[Accessed 26 Sept 2025].

Muñiz-Díaz, E., Llopis, J., Parra, R., Roig, I., Ferrer, 
G., Grifols, J., Millán, A., Ene, G., Ramiro, L., 
Maglio, L. and Piqué, J.M., 2021. Relationship 
between the ABO blood group and COVID-19 
susceptibility, severity and mortality in two 
cohorts of patients. Blood Transfus., 19(1): 54-
63.

Phan, A.T., Ucar, A.A., Malkoc, A., Hu, J., Buxton, 
L., Tseng, A.W., Dong, F., Nguyễn, J.P.T., Modi, 
A.P., Deshpande, O., Lay, J., Ku, A., Ogunyemi, 
D. and Arabian, S., 2023. ABO blood group 
and rhesus factor association with inpatient 
COVID-19 mortality and severity: A two-year 
retrospective review. Blood Res., 58(3): 138–
144. https://doi.org/10.5045/br.2023.2023122

RayBiotech Inc. 2021. COVID-19/SARS-CoV-2 
Nucleocapsid Protein ELISA Kit (Cat. No. 
ELV-COVID19N), Instructions for Use. 
Peachtree Corners, GA: RayBiotech. Available 
from: https://www.raybiotech.com/covid-19-
n-protein-elisa-elv-covid19n 

Ripperger, T.J., Uhrlaub, J.L., Watanabe, M., Wong, 

R., Castaneda, Y., Pizzato, H.A., Thompson, 
M.R., Bradshaw, C., Weinkauf, C.C., Bime, 
C., Erickson, H.L., Knox, K., Bixby, B., 
Parthasarathy, S., Chaudhary, S., Natt, B., 
Cristan, E., El Aini, T., Rischard, F., Campion, 
J., Chopra, M., Insel, M., Sam, A., Knepler, 
J.L., Capaldi, A.P., Spier, C.M., Dake, M.D., 
Edwards, T., Kaplan, M.E., Jain, S., Scott, C., 
Hypes, C., Mosier, J., Harris, D.T., LaFleur, 
B.J., Sprissler, R., Nikolich-Žugich, J. and 
Bhattacharya, D.,  2020. Detection, prevalence, 
and duration of humoral responses to SARS-
CoV-2 under conditions of limited population 
exposure. Immunity, 53(5): 925–933.e7. https://
doi.org/10.1016/j.immuni.2020.10.004

Sah, P., Fitzpatrick, M.C., Shoukat, A., Zhang, K. 
and Galvani, A.P., 2021. Asymptomatic SARS-
CoV-2 infection: A systematic review and 
meta-analysis. Proc. Natl. Acad. Sci. U.S.A., 
118(34): e2109229118. https://doi.org/10.1073/
pnas.2109229118

Shamikh, A., Alenzi, F.Q., Altamimi, A.M., Al-
Shomrani, B.M. and Al-Sulaimani, A.A., 2021. 
ABO blood group and COVID-19 susceptibility: 
A review of molecular mechanisms. Hematol. 
Transfus Cell Ther., 43(2): 123-128.

Shibeeb, S. and Khan, A., 2021. ABO blood group 
association and COVID-19: COVID-19 
susceptibility and severity: A review. Hematol. 
Transfus. Cell Ther., 43(2): 166-174. https://doi.
org/10.1016/j.htct.2021.07.006

Silva-Filho, J.C., Farias de Melo, C.G. and de 
Oliveira, J.L., 2020. The influence of ABO 
blood groups on COVID-19 susceptibility 
and severity: A molecular hypothesis based 
on carbohydrate–carbohydrate interactions. 
Med. Hypotheses, 144: 110155. https://doi.
org/10.1016/j.mehy.2020.110155

Spectrum Diagnostics, 2022a. Anti-A, Anti-B, 
and Anti-AB monoclonal IgM blood grouping 
reagents, instructions for use. Cairo, Egypt: 
Spectrum Diagnostics. Available from: https://
spectrum-diagnostics.com/wp-content/
uploads/2022/10/Spectrum-Anti-A-Anti-
BAnti-AB-Monoclonal-IgM.pdf

Spectrum Diagnostics. 2022b. Anti-D (Rho) plus 
monoclonal IgM & IgG blood grouping reagent, 
instructions for use. Cairo, Egypt: Spectrum 
Diagnostics. Available from: https://spectrum-
diagnostics.com/wp-content/uploads/2022/10/
Anti-D-Rho-Plus-Monoclonal-IgM-_-IgG-

https://doi.org/10.3390/life12081157
https://doi.org/10.1212/01.CPJ.0000435752.17621.48
https://doi.org/10.1212/01.CPJ.0000435752.17621.48
https://doi.org/10.1007/s00277-020-04169-1
https://doi.org/10.1111/bjh.16797
https://doi.org/10.1111/bjh.16797
https://doi.org/10.1021/acsomega.1c00253
https://doi.org/10.1021/acsomega.1c00253
https://iris.who.int/handle/10665/40062
https://doi.org/10.5045/br.2023.2023122
https://www.raybiotech.com/covid-19-n-protein-elisa-elv-covid19n
https://www.raybiotech.com/covid-19-n-protein-elisa-elv-covid19n
https://doi.org/10.1016/j.immuni.2020.10.004
https://doi.org/10.1016/j.immuni.2020.10.004
https://doi.org/10.1073/pnas.2109229118
https://doi.org/10.1073/pnas.2109229118
https://doi.org/10.1016/j.htct.2021.07.006
https://doi.org/10.1016/j.htct.2021.07.006
https://doi.org/10.1016/j.mehy.2020.110155
https://doi.org/10.1016/j.mehy.2020.110155
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Spectrum-Anti-A-Anti-BAnti-AB-Monoclonal-IgM.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Spectrum-Anti-A-Anti-BAnti-AB-Monoclonal-IgM.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Spectrum-Anti-A-Anti-BAnti-AB-Monoclonal-IgM.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Spectrum-Anti-A-Anti-BAnti-AB-Monoclonal-IgM.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Anti-D-Rho-Plus-Monoclonal-IgM-_-IgG-Blood-Grouping-Reagent.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Anti-D-Rho-Plus-Monoclonal-IgM-_-IgG-Blood-Grouping-Reagent.pdf
https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Anti-D-Rho-Plus-Monoclonal-IgM-_-IgG-Blood-Grouping-Reagent.pdf


December 2025 | Volume 9 | Issue 6 | Page 437

Novel Research in Microbiology Journal

Blood-Grouping-Reagent.pdf
Tabll, A., Abbas, A.T., El-Kafrawy, S. and Wahid, 

A., 2015. Monoclonal antibodies: Principles 
and applications of immunodiagnosis and 
immunotherapy for hepatitis C virus. World 
J. Hepatol., 7(22): 2369-2383. https://doi.
org/10.4254/wjh.v7.i22.2369

Vicentini, C., Bordino, V., Cornio, A.R., Meddis, 
D., Marengo, N., Ditommaso, S., Giacomuzzi, 
M., Memoli, G., Furfaro, G., Mengozzi, G., 
Ricucci, V., Icardi, G., and Zotti, C.M., 2022. 
Seroprevalence of infection-induced SARS-
CoV-2 antibodies among health care users of 
Northern Italy: results from two serosurveys 
(2019 and 2021). Int. J. Infect. Dis., 122: 595–
603. https://doi.org/10.1016/j.ijid.2022.09.017

WHO (World Health Organization), 
2020. Population-based age-stratified 
seroepidemiological investigation protocol 
for COVID-19 virus infection, 17 March 
2020. Geneva: World Health Organization. 
Available from: https://iris.who.int/
handle/10665/331656 [Accessed 23 Nov 2024].

WHO (World Health Organization), 2025. 
COVID-19 epidemiological update–12 
March 2025. Geneva: World Health 
Organization. Available from: https://www.
who.int/publications/m/item/covid-19-
epidemiological-update-edition-177 [Accessed 

22 Sept 2025].
World Medical Association, 2013. World medical 

association declaration of Helsinki: Ethical 
principles for medical research involving human 
subjects. J. Am. Med. Assoc., 310(20): 2191-
2194. https://doi.org/10.1001/jama.2013.281053

Xia, J., Tong, J., Liu, M., Shen, Y. and Guo, D., 
2020. Evaluation of coronavirus in tears and 
conjunctival secretions of patients with SARS-
CoV-2 infection. J. Med. Virol., 92(6): 589-594. 
https://doi.org/10.1002/jmv.25725

Younas, A., Waheed, S., Khawaja, S., Imam, 
M., Borhany, M. and Shamsi, T., 2020. 
Seroprevalence of SARS-CoV-2 antibodies 
among healthy blood donors in Karachi, 
Pakistan. Transf. Apher Sci., 59(6): 102923. 
https://doi.org/10.1016/j.transci.2020.102923

Zhang, R., Li, Y., Zhang, A.L., Wang, Y. and 
Molina, M.J., 2020. Identifying airborne 
transmission as the dominant route for the 
spread of COVID-19. Proc. Natl. Acad. Sci. 
U.S.A., 117(26): 14857-14863. https://doi.
org/10.1073/pnas.2009637117

Zhao, J., Zhao, Y., Wang, Q., Zhou, Y., Li, Y., 
Zhang, X. and Chen, L., 2020. Relationship 
between the ABO blood group and COVID-19 
susceptibility. Clin. Infect. Dis., 71(15): 888–
889.

https://spectrum-diagnostics.com/wp-content/uploads/2022/10/Anti-D-Rho-Plus-Monoclonal-IgM-_-IgG-Blood-Grouping-Reagent.pdf
https://doi.org/10.4254/wjh.v7.i22.2369
https://doi.org/10.4254/wjh.v7.i22.2369
https://doi.org/10.1016/j.ijid.2022.09.017
https://iris.who.int/handle/10665/331656
https://iris.who.int/handle/10665/331656
https://www.who.int/publications/m/item/covid-19-epidemiological-update-edition-177
https://www.who.int/publications/m/item/covid-19-epidemiological-update-edition-177
https://www.who.int/publications/m/item/covid-19-epidemiological-update-edition-177
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1016/j.transci.2020.102923
https://doi.org/10.1073/pnas.2009637117
https://doi.org/10.1073/pnas.2009637117

