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Abstract- The COVID-19 pandemic has driven the
urgent need for reliable diagnostic methods to
identify infected individuals and control viral spread.
Chemical analysis of biological samples has been
central to this effort, enabling the detection of SARS-
CoV-2 through various techniques including RT-
PCR, immunoassays, spectroscopy, and mass
spectrometry. These methods provide high sensitivity
and specificity by targeting viral RNA, antibodies,
antigens, and molecular biomarkers. Advances in
chemometrics and machine learning further
enhance diagnostic accuracy and throughput.
Despite challenges in standardization and resource
limitations, chemical analysis remains indispensable
for effective COVID-19 diagnosis and offers
promising avenues for rapid, non-invasive, and
automated testing solutions that support public
health efforts globally.
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L INTRODUCTION

The global outbreak of COVID-19 necessitated the
rapid development of diagnostic techniques capable of
accurately identifying infected individuals to limit
transmission and provide timely medical intervention.
Among the most critical advancements in this effort is
the application of chemical analysis to biological
samples, particularly for the detection of SARS-CoV-
2, the virus responsible for COVID-19. Chemical
analysis techniques play a pivotal role in clinical
diagnostics by enabling the identification of viral
genetic material, host biomarkers, and molecular
signatures associated with infection.

The standard diagnostic method for COVID-19 has

been the real-time reverse transcription polymerase
chain reaction (RT-PCR), which relies on chemical
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amplification and detection of viral RNA from
biological specimens such as nasopharyngeal swabs
and saliva. RT-PCR offers high sensitivity and
specificity, making it a gold standard in viral
detection. However, the process requires well-
equipped laboratories and trained personnel. Studies
have shown that RT-PCR can detect viral RNA with
limits as low as 10 copies per reaction, underscoring
the importance of precise chemical reagents and
thermal cycling parameters in its success (Corman et
al., 2020).

Beyond RT-PCR, other chemical analytical methods
have emerged to enhance and complement diagnostic
efforts. Immunoassays such as enzyme-linked
immunosorbent assay (ELISA) and lateral flow
immunoassays detect specific antibodies or antigens
related to SARS-CoV-2. These methods are based on
antigen-antibody reactions, which are quintessential
examples of biochemical interactions. Although
serological assays may not be effective in early
diagnosis due to the time required for antibody
development, they are invaluable for epidemiological
studies and assessing past exposure (Long et al.,
2020).

Spectroscopic techniques, especially infrared (IR) and
Raman spectroscopy, have also gained attention as
non-invasive tools for detecting COVID-19
biomarkers in biological fluids such as saliva and
blood. These methods provide molecular fingerprints
that reflect the biochemical composition of samples,
including proteins, lipids, and nucleic acids. For
instance, studies using Fourier-transform infrared
(FTIR) spectroscopy demonstrated the ability to
differentiate  between COVID-19-positive and
negative samples based on spectral changes
corresponding to viral infection (Barbosa et al., 2021).
Spectroscopy allows for rapid analysis without the
need for labeling or amplification, offering potential
for point-of-care diagnostics.
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Mass spectrometry (MS) is another powerful chemical
tool in the diagnostic arsenal. MS-based proteomics
and metabolomics have been employed to identify
host response signatures and unique metabolite
profiles associated with SARS-CoV-2 infection.
Proteomic studies have revealed differential
expression of immune-related proteins, while
metabolomic analyses have shown altered levels of
amino acids, lipids, and energy metabolism
intermediates in COVID-19 patients (Shen et al.,
2020). These findings not only assist in diagnosis but
also enhance our understanding of disease
pathophysiology.

The integration of chemometrics and machine learning
with chemical analysis techniques has further
revolutionized COVID-19 diagnostics. By processing
complex spectral and analytical data, these
computational tools can improve classification
accuracy and reduce diagnostic errors. In combination
with rapid chemical assays, such data-driven
approaches pave the way for high-throughput,
automated diagnostic systems that could be deployed
in hospitals, airports, and community centers.

Despite these advancements, challenges remain in the
standardization and validation of chemical diagnostic
techniques, particularly in low-resource settings.
Issues such as sample variability, reagent stability, and
cross-reactivity can affect test performance.
Nonetheless, the continued development of robust,
cost-effective, and scalable chemical analysis methods
is essential for managing current and future
pandemics.

The simplified flowchart illustrates the essential steps
involved in chemical analysis for COVID-19
diagnosis. It begins with the collection of a biological
sample—such as saliva, blood, or a nasal swab—
which is then subjected to RT-PCR (Reverse
Transcription Polymerase Chain Reaction), the
primary method for detecting viral RNA. The results
from RT-PCR are subsequently processed through
data analysis techniques to ensure accurate
interpretation. This leads to a sensitive and specific
diagnosis, which is critical for identifying infected
individuals and controlling the spread of the virus. The

IRE 1710252

streamlined approach emphasizes speed, precision,
and clinical reliability.
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Figure 1. Simplified Workflow of Chemical Analysis
for COVID-19 Diagnosis.

Source: Created by author.

In conclusion, chemical analysis of biological samples
has become an indispensable component in the
diagnosis of COVID-19. From nucleic acid detection
to  spectroscopic  profiling and  biomarker
quantification, chemistry provides the tools needed to
detect, monitor, and understand the disease. As
diagnostic technologies evolve, the synergy between
analytical chemistry, biotechnology, and data science
will undoubtedly play a central role in safeguarding
public health.
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