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ABSTRACT

Background: Antigen—antibody interactions are fundamental to immunodiagnostics, with enzyme-
linked immunosorbent assay (ELISA) being widely used for their detection. Despite its established
utility, there is limited data evaluating ELISA performance in routine clinical settings in North India.

Objectives: To evaluate antigen—antibody interactions using ELISA-based methods and assess assay
performance in a tertiary care hospital setting.

Methods: This hospital-based cross-sectional observational study was conducted from February
2020 to June 2020 in a tertiary care hospital in North India. A total of 86 patients undergoing ELISA
testing were included using consecutive sampling. Serum samples were analyzed using standardized
ELISA protocols, and optical density (OD) values were recorded. Data were analyzed using SPSS
version 22.0. Associations between ELISA outcomes and demographic variables were assessed using
Chi-square and Student’s t-test, with p<0.05 considered statistically significant.

Results: Among the 86 participants, 57.0% tested positive for antigen—antibody interactions. Mean
OD values were significantly higher in positive samples compared to negative samples, indicating
strong antigen—antibody binding. No statistically significant association was observed between
ELISA outcomes and age (p=0.72) or sex (p=0.84). The assay demonstrated consistent performance
across demographic groups, with good reproducibility reflected by low variability in OD values.

Conclusion: ELISA-based methods provide reliable and reproducible assessment of antigen—
antibody interactions in routine clinical settings. The technique remains a valuable diagnostic tool
due to its sensitivity, specificity, and feasibility. Strengthening laboratory quality control and
expanding research to larger populations may further enhance its clinical utility.

Keywords: ELISA; antigen—antibody interaction; immunoassay; optical density; diagnostic
methods; North India

INTRODUCTION

Antigen—antibody interactions form the cornerstone of immunological diagnostics and research,
underpinning a wide range of assays used for the detection, quantification, and characterization of
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biomolecules. These interactions are highly specific and are governed by non-covalent forces such as
hydrogen bonding, electrostatic interactions, van der Waals forces, and hydrophobic effects, enabling
precise recognition between antigens and their corresponding antibodies [1]. Over the past few
decades, advances in immunoassay techniques have significantly improved the sensitivity and
specificity of diagnostic testing, with enzyme-linked immunosorbent assay (ELISA) emerging as one
of the most widely utilized methods in both clinical and research settings [2].

Globally, ELISA-based methods have revolutionized laboratory diagnostics by providing reliable,
cost-effective, and scalable platforms for detecting infectious agents, autoimmune disorders, and
biomarkers of chronic diseases [3]. The versatility of ELISA lies in its various formats—direct,
indirect, sandwich, and competitive assays—each tailored to specific diagnostic requirements [4].
These techniques are extensively employed for screening purposes, surveillance programs, and
therapeutic monitoring, particularly in resource-limited settings where advanced molecular methods
may not be readily accessible [5]. Furthermore, ELISA offers advantages such as ease of
standardization, quantitative output, and compatibility with high-throughput systems, making it
indispensable in modern immunology [6].

In the regional context of South Asia, including India, the burden of infectious diseases such as
hepatitis, HIV, and tuberculosis necessitates robust diagnostic tools for early detection and
management [7]. ELISA continues to serve as a frontline diagnostic modality in tertiary care hospitals
due to its affordability and established reliability. Additionally, it is widely used in
seroepidemiological studies to assess population-level exposure to pathogens and immune responses
following vaccination [8]. Despite the increasing availability of rapid diagnostic tests and molecular
techniques, ELISA remains a gold standard in many clinical laboratories due to its balance of
sensitivity, specificity, and operational feasibility [9].

At the local level, tertiary care hospitals in North India cater to a diverse patient population with
varying disease profiles, requiring accurate and reproducible diagnostic assays. However, variability
in assay performance, differences in laboratory practices, and the influence of pre-analytical and
analytical factors can affect the reliability of ELISA results. Moreover, there is limited locally
generated data evaluating antigen—antibody interactions specifically using ELISA-based
methodologies in routine clinical settings. Such data are crucial for validating assay performance,
optimizing protocols, and ensuring quality control in diagnostic laboratories.[10-11]

The existing literature primarily focuses on standardized laboratory conditions or multicentric studies,
often overlooking the practical challenges encountered in real-world hospital environments. There is
a need to systematically study antigen—antibody interactions using ELISA within a defined clinical
setting to assess assay reliability, reproducibility, and diagnostic utility. Understanding these
interactions in a local context can contribute to improving laboratory practices and enhancing the
accuracy of immunodiagnostic testing.

Therefore, the present study aims to evaluate antigen—antibody interactions using ELISA-based
methods in a tertiary care hospital in North India. The specific objectives are to analyze the
performance characteristics of ELISA assays, assess the consistency of antigen—antibody binding
under routine laboratory conditions, and identify factors influencing assay outcomes.
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METHODOLOGY

Study Design:This study was conducted as a hospital-based cross-sectional observational study,
designed in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines to ensure methodological rigor and transparency.

Study Setting:The study was carried out in the Department of Biochemistry and Central Clinical
Laboratory of a tertiary care hospital in North India, catering to both inpatient and outpatient
populations.

Study Duration:The study was conducted over a period of five months, from February 2020 to June
2020.

Study Population:The study population comprised patients attending the tertiary care hospital who
were advised ELISA-based testing for detection of specific antigen—antibody interactions as part of
routine diagnostic evaluation. Both male and female patients across a wide age range were included.

Inclusion Criteria
Patients of either sex aged >18 years
Patients for whom ELISA testing was clinically indicated
Patients who provided informed written consent

Exclusion Criteria
Patients with incomplete clinical or laboratory data
Hemolyzed, lipemic, or improperly stored samples
Patients who declined to participate

Sample Size:The sample size was calculated based on the formula for estimating proportions in
cross-sectional studies:

Z2XpXq
R=T

Where:
n = required sample size
Z = standard normal deviate at 95% confidence level (1.96)
p = expected prevalence of detectable antigen—antibody reaction (assumed 50% due to lack
of prior local data)
g=1-p
d = allowable error (10%)
Substituting values:

(1.96)? x 0.5 X 0.5
B (0.1)2 -
Considering feasibility constraints and sample availability during the study period, a total of 86
participants were included in the study.
Sampling Technique:A consecutive sampling technique was employed, wherein all eligible
patients meeting the inclusion criteria during the study period were enrolled until the desired sample
size was achieved.
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Data Collection Tools & Procedure:Venous blood samples (3—5 mL) were collected under aseptic
conditions using standard phlebotomy techniques. Serum was separated by centrifugation and stored
at appropriate temperatures (2—8°C for short-term storage) until analysis. ELISA-based assays were
performed using commercially available kits following manufacturer instructions. Standard protocols
were adhered to for antigen coating, blocking, incubation with primary antibodies, addition of
enzyme-conjugated secondary antibodies, substrate reaction, and optical density (OD) measurement
using a microplate reader. Calibration and quality control procedures were conducted regularly using
positive and negative controls to ensure assay reliability. Relevant demographic and clinical data
were recorded using a structured proforma.

Study Variables:Independent variables included demographic characteristics (age, sex), clinical
indication for testing, and pre-analytical factors such as sample quality and storage conditions.
Dependent variables included ELISA outcomes such as optical density values, qualitative results
(positive/negative), and quantitative estimates of antigen—antibody interaction where applicable.
Assay performance indicators such as reproducibility and variability were also evaluated.

Statistical Analysis:Data were entered into Microsoft Excel and analyzed using Statistical Package
for the Social Sciences (SPSS) version 22.0. Descriptive statistics were used to summarize
demographic and laboratory parameters (mean, standard deviation, frequencies, and percentages).
Inferential statistics including Chi-square test for categorical variables and Student’s t-test for
continuous variables were applied to assess associations. A p-value of <0.05 was considered
statistically significant.

Ethical Considerations:Written informed consent was obtained from all participants prior to
inclusion. Confidentiality of patient information was strictly maintained. The study adhered to the

ethical principles outlined in the Declaration of Helsinki for biomedical research involving human
subjects.

RESULTS

A total of 86 participants were included in the study, with the majority belonging to the 31-45 years
age group and a slight male predominance (Table 1)

Table 1: Demographic Characteristics of Study Participants (n = 86)

Variable Category Frequency (n) Percentage (%)
18-30 22 25.6
Age( ) 3145 28 32.6
e (years
sy 46-60 21 24.4
>60 15 17.4
Male 48 55.8
Sex
Female 38 44.2

ELISA testing revealed that more than half of the samples were positive for antigen—antibody
interactions (57.0%), indicating a substantial detection rate within the study population (Table 2)

Table 2: Distribution of ELISA Test Results
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ELISA Outcome Frequency (n) Percentage (%)
Positive 49 57.0
Negative 37 43.0

Quantitative analysis demonstrated a clear distinction in mean optical density (OD) values between
positive and negative samples, with significantly higher OD values observed in positive cases,
reflecting stronger antigen—antibody binding (Table 3)

Table 3: Mean Optical Density (OD) Values According to ELISA Outcome

ELISA Outcome Mean OD Value Standard Deviation (SD)
Positive 1.82 0.34
Negative 0.42 0.15

No statistically significant association was observed between ELISA outcomes and age groups (p =
0.72), suggesting that antigen—antibody interaction detection was relatively consistent across
different age categories (Table 4)

Table 4: Association Between ELISA Outcome and Age Group

Age Group (years) Positive (n) Negative (n) | Total (n) | p-value
18-30 11 11 22
31-45 18 10 28
0.72
4660 12 9 21
>60 8 7 15

Similarly, the distribution of ELISA positivity did not differ significantly between male and female
participants (p = 0.84), indicating no gender-based variation in assay outcomes (Table 5)

Table 5: Association Between ELISA Outcome and Sex

Sex Positive (n) Negative (n) Total (n) p-value
Male 28 20 48
0.84
Female 21 17 38
DISCUSSION

The present study evaluated antigen—antibody interactions using ELISA-based methods in a tertiary
care hospital setting in North India. The findings demonstrated that ELISA is a reliable and consistent
tool for detecting antigen—antibody binding, with more than half of the study participants showing
positive results. Additionally, a clear distinction in optical density (OD) values between positive and
negative samples was observed, reinforcing the quantitative robustness of the assay. No statistically
significant associations were found between ELISA outcomes and demographic variables such as age
and sex, suggesting uniform assay performance across these groups.
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The proportion of ELISA positivity (57%) observed in this study is comparable to findings reported
in similar hospital-based studies evaluating serological markers, where positivity rates have ranged
between 40% and 65% depending on the clinical context and target antigen [3,5]. This consistency
indicates that ELISA remains a dependable method for routine diagnostic screening, particularly in
resource-constrained settings. The lack of significant variation across age groups aligns with previous
reports suggesting that antigen—antibody interactions, as detected by ELISA, are largely independent
of age when adjusted for disease prevalence [6]. Similarly, the absence of gender-based differences
in assay outcomes corroborates earlier studies that have demonstrated no inherent sex-related
variability in immunoassay performance [4].

A key strength of the present study is the demonstration of a marked difference in mean OD values
between positive and negative samples, which reflects the sensitivity of ELISA in distinguishing
varying levels of antigen—antibody binding. This observation is consistent with the established
principle that ELISA provides both qualitative and semi-quantitative data, enabling better
interpretation of immune responses [2]. The relatively low standard deviation in OD values within
each group further suggests good assay reproducibility under routine laboratory conditions,
highlighting the effectiveness of standardized protocols and quality control measures implemented
during the study.

From a clinical and public health perspective, the findings underscore the continued relevance of
ELISA in tertiary care settings. In regions like North India, where the burden of infectious and
immune-mediated diseases remains significant, ELISA offers a practical balance between accuracy,
cost-effectiveness, and scalability. Its utility in large-scale screening programs, seroprevalence
studies, and monitoring of disease progression makes it an indispensable diagnostic tool [7].

Furthermore, the ability to generate consistent results across diverse patient groups enhances its
applicability in heterogeneous populations commonly encountered in tertiary care hospitals.
However, certain limitations of the study must be acknowledged. First, the cross-sectional design
limits the ability to establish temporal relationships or causality between variables. Second, the study
was conducted in a single center with a relatively modest sample size (n = 86), which may affect the
generalizability of the findings. Third, the study did not differentiate between various ELISA formats
(e.g., sandwich vs. indirect), which could influence assay sensitivity and specificity. Additionally,
potential pre-analytical variables such as variations in sample handling and storage, although
minimized, cannot be entirely excluded.

Future studies should consider multicentric designs with larger sample sizes and include comparative
evaluation of different ELISA formats and other immunoassay techniques such as chemiluminescent
assays or molecular diagnostics. Longitudinal studies could also provide insights into changes in
antigen—antibody interactions over time and their clinical implications.

The present study reinforces the reliability and diagnostic utility of ELISA-based methods for
studying antigen—antibody interactions in a real-world clinical setting. The findings are consistent
with existing literature and highlight the robustness of ELISA as a cornerstone immunodiagnostic
technique.

CONCLUSION

The present study demonstrates that ELISA-based methods are reliable and effective for evaluating
antigen—antibody interactions in a tertiary care hospital setting. A substantial proportion of samples
showed positive antigen—antibody binding, with clear differentiation between positive and negative
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results based on optical density values. The absence of significant associations between ELISA
outcomes and demographic variables such as age and sex indicates consistent assay performance
across diverse patient groups. These findings reinforce the robustness, reproducibility, and diagnostic
utility of ELISA under routine laboratory conditions.From a clinical perspective, ELISA remains a
valuable tool for screening, diagnosis, and monitoring of various diseases, particularly in resource-
limited settings where cost-effective and scalable diagnostic methods are essential. The study also
highlights the importance of maintaining standardized laboratory protocols and quality control
measures to ensure reliable results. Future research involving larger, multicentric populations and
comparative evaluation with advanced immunoassays is recommended to further validate and
enhance the applicability of ELISA-based techniques.
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