
Chapter 2
General Overviews on Applications
of ELISA

Abstract Current chapter reviews the applications of ELISA in various different
fields including food industry, vaccine development, immunology (autoimmunity
and humoral immunity), diagnosis (pregnancy, cancer and infectious diseases),
toxicology, drug monitoring, pharmaceutical industry, and transplantation.
Different examples related to each area are explained. ELISA was found to play
major roles in all the mentioned disciplines.

2.1 Applications of ELISA

Following the history of the immunoassays until the invention of ELISA, different
types of biomolecular entities involved in the assay procedure and the interaction
types between such molecules, which were described in previous chapter, the current
chapter provides a general overview on the broad spectrum of ELISA’s applications.
Several examples for applications of this widely applied technique in the areas of
food industry, vaccine development, immunology, diagnosis, toxicology, drug
monitoring, pharmaceutical industry, and transplantation are briefly reviewed.

2.1.1 Food Industry

ELISA plays a major role in food industry. It is the main platform for identifying
food allergens such as those present in milk, peanuts, walnuts, almonds, and eggs
[1]. Peng et al. developed a monoclonal antibody based sandwich ELISA for the
detection of ovalbumin in food, which is the most frequent cause of food allergy,
especially in children. ELISA can also be employed to corroborate the authenticity
of the food products [1]. This technique is of great help to avoid possible economic
losses caused by fraudulent substitution [2]. In the case of meat and meat-based
products, ELISA has proven to be a reliable technique that provides careful mon-
itoring of the product, especially when religious considerations in the choice of food
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are concerned [2]. ELISA is also an essential technique for quality control of fish,
milk (as well as their sub products), genetically modified foods, irradiated foods, or
other harmful food components that can be transferred to human, such as bovine
spongiform encephalopathy [2]. Non-meat proteins such as soybean have valuable
nutritional properties. Nonetheless, due to the similarity to the mean product, they
are seldom added to the meat products undeclared. Careful monitoring of the
products with ELISA prevents such adulteration [2]. Unethical competitions for
higher economic gain often lead to the potential health hazard through the con-
sumed food and beverage.

Production of ELISA kits for food industry applications is challenging as a
selection of adequate control and standard samples is necessary to carefully cali-
brate the assay [3]. Additionally, ELISA can target different types of analytes in the
same food sample, thus the manufacturers should provide a complete set of kit
components for the potential target biomolecules [3].

2.1.2 Vaccine Development

ELISA serves as a great candidate for vaccine development. The sera sample from
immunized animal or human model can be tested to detect the presence of anti-
bodies against certain types of antigens, which were intentionally injected to the
host [4]. Normally different antigens are used to produce immune reactions in the
host, among which those that elect higher protection response with less adverse
effects can be selected [5].

The main challenge in application of ELISA in vaccine development is the
appropriate choice of positive and negative controls. In the experimental stage of
vaccine development and when dealing with unknown samples, it is particularly
difficult to achieve high analytical precision [5]. Nonetheless, ELISA technique has
proven to have a unique position in profiling of elicited immune responses, which
are widely performed for vaccine trials around the world [6, 7].

2.1.3 Immunology

The defender of the body, the immune system, can operate in cellular or humoral
(innate or adaptive) modes [8]. Measuring and monitoring the changes of the
immune response underlay the foundation for understanding immune disease.
Various studies have demonstrated ELISA as the gold standard method that is rapid
and cost-effective for such measurements and monitoring [9].

A great number of examples for ELISA applications in immunology are
reported, while some efforts were directed to optimize ELISA protocols further and
to validate/establish their accuracy, sensitivity and specificity to support the clinical
practice [10]. In this section, we describe some of these examples.
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2.1.3.1 Autoimmunity

Multiple infections, environmental factors, and mild immune system failings trigger
an autoimmune response through uncontrolled immune system activation [11]. The
body produces antibodies in response to different types of external pathogens.
These external pathogens can be particles or epitopes that penetrated the cells but
later have become part of the cells’ structure. In such situation, antibodies react
against the cells themselves thus resulting in an immunodeficiency-oriented
phenotype.

Pulmonary alveolar proteinosis (PAP) is an example of an autoimmune disease,
which is characterized by accumulation of surfactant in the alveolar system [10].
This disease has found to be associated with autoantibodies that are produced
against the granulocyte/macrophage-colony stimulating factor (GM-CSF). When a
pathogen enters the respiratory system, GM-SCF is needed in order to regulate the
infection [10]. To study PAP, radiology and cytology analyses can be of great
help. Additionally, ELISA can assist clinicians in identifying the thresholds asso-
ciated with the risk of PAP.

Bullous pemphigoid, an acute/chronic skin illness, is another example of
autoimmune disease known for its high mortality rate. Typically, it can be diag-
nosed through its clinical features and histopathological analysis. However, ELISA
has shown high sensitivity and specificity in detecting circulating autoantibodies
against the corresponding epitope to this illness [12]. Paper-based ELISA platforms
have demonstrated a rapid, cost-effective, and convenient diagnosis/monitoring
method of this disease [12].

The incidence of autoimmune diseases among individuals living with human
immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/
AIDS) have also been studied by variety of ELISA-based analytical platforms [13].
It has been found that infected patients with HIV had higher risk of developing
Sjögren syndrome, psoriasis, systemic lupus erythematosus, autoimmune haemo-
lytic anaemia and uveitis [14]. ELISA assay has revealed that low IgG antibody
responses to the pathogens may be the fundamental disorder in this kind of diseases
[15]. A number of ELISA based platforms for HIV detection were marketed and are
available for the end users in clinics and hospitals.

2.1.3.2 Humoral Immunity

ELISA has shown great potentials in studying the humoral response of the immune
system towards different classes of infections as well. Humoral immunity response
involves the substances (antibodies and other components) that exist in the body
fluids [16]. Monitoring and measurement of these components are of great
importance [16].

As an example, leprosy is a treatable infection that is considered to be a major
issue in developing countries [17]. ELISA has been widely applied to predict the
progression of this disease in infected individuals. In particular, paper-based ELISA
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platforms and lateral flow test strips served the clinical practice for detection of this
disease in endemic areas with limited access to the centralized laboratories [17].

ELISA has also been employed for the detection of plasmatic antibodies against
antigenic peptides of human endogenous retrovirus (HERV), in line with the eti-
ology of multiple sclerosis [18]. The careful monitoring of the immuno biomarkers
associated with HERV is of great importance for analyzing the progression of the
illness, especially during the interferon beta (IFNb) therapy [18].

2.1.4 Diagnosis

In the area of diagnosis, ELISA has proven to be a capable platform applied
worldwide for detecting variety of disease types in human and animals. A number
of different commercial ELISA kits are available in the market for detection of HIV
[19], Influenza [20], Dengue fever [21–24], Ebola [25], Chagas disease [26],
Leishmaniasis [27], Lyme disease [28], West Nile virus [29], among others. Even in
plants pathology, ELISA technique is attracting increasing attention. ELISA has
successfully overcome the drawbacks of the previous serological analyses per-
formed in phyto-diagnosis [30].

In this section, a brief summary on the current diagnosis applications of ELISA
is provided.

2.1.4.1 Pregnancy Test

A number of different biomolecular entities including human chorionic gonado-
tropin (hCG), luteinizing hormone (LH), follicle stimulating hormone (FSH), estriol
(E3), and thyrotrophin-stimulating hormone (TSH) [31] can be expressed due to the
pregnancy. ELISA can detect some of these proteins from the maternal blood,
saliva, or urine at the early stages of the pregnancy [32]. HCG is one of the common
hormones that can be detected by ELISA during the first month after fertilization.
Another biomolecule associated with pregnancy is estriol (E3) that can be detected
with ELISA in the saliva at the 6th week of pregnancy.

Specific ELISA pregnancy tests were developed for animals as well [33]. ELISA
can also be used as a reliable method for measuring congenital infections such as
HIV or toxicoplasmosis during the pregnancy [34, 35].

To maximize detection sensitivity and accuracy for identifying pregnancy
complications in the early stages, marker panels were developed, which are capable
of monitoring/measuring multiple markers in the samples. The target biomolecules
are activin A, inhibin A, progesterone, A disintegrin and metalloprotease-12
(ADAM-12), pregnancy-associated plasma protein A (PAPP-A), pregnancy specific
B1-glycoprotein (SP1), placental-like growth factor (P-LGF), vascular endothelial
growth factor (VEGF), glycodelin (Glyc), and human corionic gonadotropin (hCG),
among others [36].
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2.1.4.2 Cancer Detection

Highly sensitive detection of cancer provides with the early stage diagnostic, which
is crucial for patient survival. Cancer biomarkers, however, are some of the most
challenging biomolecular entities as target analytes. Advancements of ELISA
technique has promised its application in detection of cancer biomarkers.

Zhou et al. applied a gold nanoparticle layers (GNPL) in ELISA to amplify the
detection signal, which provided with a lower limit of detection (LOD). In this
technique, plasma spiked with carcinoembryonic antigen (CEA) were used as the
representative biomarker, proving that a straightforward and cost-effective
GNPL-based sandwich ELISA holds a clinical relevance.

Vazquez-Villegas et al. integrated chemically designed poly methacrylate
microspheres into the routine ELISA to detect microRNA-21 within this very
convectional platform that is typically incapable of microRNA recognition.
Presence of active functional groups on the surface of these spheres highly pro-
moted analyte-surface interaction via variety of physical forces, which has subse-
quently resulted in the detection of microRNA-21. This exogenous miRNAs in
blood serum were found to be inversely correlated to breast cancer incidence in
humans [37].

Sometimes the tested specimens are hard to be obtained. Therefore, even the
small sample volume is highly valuable. For instance, in the case of ovarian cancer,
the glycoprotein CA125 present in the serum is the appropriate choice of biomarker
for timely detection [38]. Scholler et al. developed a cost-effective ELISA-based
platform for CA125 detection that requires a few microliters of serum. This
microsphere integrated sandwich assay incorporates CA125 with other markers and
uses the immobilized antibodies on the surface of the spheres to capture the target
proteins. This platform has proven to be comparable to the commercially available
detection techniques, while requiring only 15 lL of the sample [38].

2.1.4.3 Detection of the Infectious Diseases

Even to date, ELISA-based infectious serology marks one of the most reliable
means for accurate diagnosis and prognosis. There is a broad range of developed
and marketed state-of-the-art assays for the detection of infectious agents. ELISA
has offered a high throughput detection in three classes of infectious diseases:

1. Sexually Transmitted Diseases (STDs) is a class of infectious diseases that has
targeted adults in developing countries. A number of different ELISA platforms
were designed and commercialized for sensitive and selective detection of STDs
including HIV, hepatitis, syphilis, chlamydia.

2. Regional or endemic diseases, often referred to as tropical diseases are wide
spread in tropical and subtropical regions. They might appear to be mild/
symptomless with serious and chronic consequences. Dengue, chagas,

2.1 Applications of ELISA 23



borreliosis, and yellow fever are some of the examples of this class of fatal
diseases among others. While existing techniques lack timely detection of such
illnesses, advances in ELISA platforms have shown great promises in offering
early and effective diagnosis.

3. TORCH refers to Toxoplasma, “Other infections”, Rubella, Cytomegalovirus,
Herpes simplex, which is a group of viral pathogens that may result in prenatal
infections. This class of infectious diseases can be a potential threat to the
unborn children. Illnesses such as syphilis, hepatitis B, Epstein-Barr virus,
varicella-zoster virus, HIV fall under the category of “Other infections” that
might also result in serious consequences for the fetus. Commercialized ELISA
platforms successfully target these infectious agents in the current clinical
practice.

In Chap. 5 of this book, a thorough review on the latest advances of ELISA in
the area of diagnosis will be provided.

2.1.5 Toxicology

Toxicology involves studying the adverse effects of chemical compounds on the
living organisms. This area covers diagnosis and curing the effects of toxins
(antigenic agents from plant or animal origins) as well as toxicants (toxic substances
released into the environment). The correlation between the dosage of the toxic
materials and its effects on the exposed organism, routes of the exposure, origins of
the toxic substances and characteristics of the affected organs are the major con-
centrations in toxicology study. Few of the examples, among others, are mentioned
in this section as follows:

Competitive ELISA has a long history of being applied for detection of aflatoxin
B1, one of the known toxins from rice. Developed immunoassay for aflatoxin
monitoring is rapid, and straightforward, while offering desirable specificity and
sensitivity [39]. Competitive assay developed for this purpose was also reported to
have a considerably long shelf life (at least 12 months at room temperature) [39].

In another study, Bio-Quant direct ELISA was employed for regular screening of
drugs such as amphetamine and methamphetamine in biological fluids [40]. To
analyze cross-reactivity of the compounds, predetermined concentrations of com-
mon amphetamine-type substances, designer analogues, and putrefactive amines
were measured. Obtained data indicated that the Bio-Quant direct ELISA technique
was rapid and reliable for the presumptive screening of amphetamine and
methamphetamine in forensic samples [41].
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2.1.6 Drug Monitoring and Pharmaceutical Industry

ELISA techniques have also found variety of applications in screening certain
classes of drugs in plasma. The conventional therapeutic drug monitoring
(TDM) strategies monitor drug levels in the plasma samples [42]. TDM also pro-
vides information regarding the treatment procedure allowing physicians to
examine if the medication is present in patient’s body [43]. However, the con-
ventional TDM technique is expensive and technically demanding.

As an alternative strategy, ELISA-based TDM has been introduced as a facile
and cost-effective method for measuring the concentrations of the drugs in plasma
samples. In particular, the aim of the study was to assess the plasma lopinavir
(LPV) levels of by TDM-ELISA in youths with perinatally acquired HIV [44].

In another study, an ELISA-based platform was employed for monitoring the
level of antidrug antibodies in patients receiving treatment for rheumatoid arthritis
and inflammatory bowel disease [45]. This strategy shows that ELISA incorporates
those features identified in the literature as important for the accurate analysis of
antidrug antibodies providing a relatively simple and low-cost assay for therapeutic
drug monitoring [45]. Offering a high specificity in immunoassays for therapeutic
proteins is an important consideration, when such assays are used to assess the
pharmacokinetics, bioequivalence and toxicokinetics studies [46, 47].

2.1.7 Transplantation

When transplantation is required, the pre-transplant cross-matching test represents
one of the most important steps for a successful relocation of the organ.
Complement-dependent cytotoxicity cross-match (CDC-CM) assay was developed
almost four decades ago to assess the compatibility of the given organ into the body
of the receptor. Selecting recipients without donor-specific antibodies is of crucial
importance to increase the survival rate in the patients who are subject to the
transplantation. In particular, CDC-CM plays a vital role for the recipients who
undergo treatments with special drugs/therapeutic antibodies or suffer from
autoimmune diseases.

CDC-CM test, however, requires lymphocytes isolation from the donors, which
typically has a limited availability [48]. ELISA-based cross-matching test has
demonstrated to be an adequate substitute procedure for such analysis. Schlaf et al.
reported an ELISA-based cross-matching approach for identifying donor-specific
anti-human leukocyte antibodies (HLA) by using deep-frozen blood or spleen
detergent lysate from a deceased donor [49]. This strategy permits the
cross-matching comparison to be frequently performed between the recipients’
anti-HLA antibody and the donors’ historically identified HLA types to monitor any
incompatibility between the examined samples [49].
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ELISA-LATM (One Lambda Inc.) assay is another example of the ELISA-based
technology that has been tested on patients who underwent renal transplants. All
patients participated in this study had their pre-transplant sera analyzed by the
LATM assay prior to the actual transplantation. The clinical, biochemical, and
histopathological examinations were then performed to follow-up the progress of
the recipients [50]. From a total number of 164 studied patients, 149 received
organs from live donors and 15 from the deceased donors. In general, 36% of the
patients have experienced the organ rejection. This study shows that 100% of the
patients for whom ELISA-LATM test predicted the rejection chance, in fact
rejected the donor’s organs, while there were a number of patients for whom
ELISA-LATM fell short in predicating the chance of rejection. In an over view,
however, the technique proves promising, particularly in the case of transplantation
from the cadavers [50].

In the case of liver transplantation, the survival rate for ABO-incompatible
(ABO-I) recipients is relatively high. It is, therefore, of a great importance to
develop effective and rapid measurement of anti-A and anti-B antibodies in patients
prior to receiving the organs [51]. A novel class of ELISA has been developed to
monitor such antibodies in the recipients. Proposed ELISA method proved potent in
measuring anti-A and anti-B antibodies at the earlier stage than the previously
applied technique, agglutination. Therefore, this strategy is capable of contributing
to a timely treatment of humoral rejection due to ABO-I [51].
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