Original Article

Journal of Health
it IHRR
Research ammm

CRISPR-Cas
Combating Viral

Innovative
Infections and Enhancing
Diagnostic Technologies

Journal of Health and Rehabilitation Research (2791-156X)
Volume 4, Issue 3

Double Blind Peer Reviewed.

https://jhrimc.com/

DOI: https://doi.org/10.61919/jhrr.v4i3.1537
www.lmi.education/

® LNk
Lln‘ MEDICAL
INTERFACE

Strategies for

Farzana Shahin’, Aiman Ishfaq’, Iqra Asif’, Asif Bilal'*, Shan Masih?®, Tooba Ashraf’, Bushra Umar’, Rabia Ishaq*

Correspondence
Asif Bilal
asifsyed240@gmail.com

Affiliations

1 Department of Biological Sciences, Superior
University Lahore, Pakistan

2  Department of Zoology, University of Sargodha,
Pakistan

3  Department of Allied Health Sciences, Superior
University Lahore, Pakistan

4 Government Associate College 75/SB, Sargodha,
Pakistan.

Keywords

CRISPR-Cas, viral diagnostics, SHERLOCK, COVID-19, viral

genome editing, therapeutic interventions

Disclaimers

Authors’

Contributions

Conflict of Interest

Data/supplements

All authors contributed equally to
the study.

None declared

Available on request.

Funding None

Ethical Approval Respective Ethical Review Board
Study Registration N/A

Acknowledgments N/A

O AMns 0

Open Access: Creative Commons Attribution 4.0 License

ABSTRACT

Background: CRISPR-Cas technology has transformed molecular diagnostics
and therapeutic strategies for viral infections, particularly COVID-19. Its ability to
precisely edit viral genomes and detect viral RNA/DNA offers a novel approach to
combating persistent viral infections.

Objective: This study aimed to evaluate the diagnostic accuracy and therapeutic
potential of CRISPR-Cas systems in viral infections, with a focus on COVID-19.
Methods: A systematic review and meta-analysis of 25 peer-reviewed studies
were conducted, including clinical trials and experimental research. Data
collection involved searching PubMed, Scopus, and Google Scholar using
keywords such as "CRISPR-Cas," "viral diagnostics," and "COVID-19." Statistical
analysis was performed using SPSS version 25, with pooled sensitivity and
specificity estimates calculated for CRISPR-based diagnostics.

Results: CRISPR-based diagnostics, including SHERLOCK and DETECTR,
achieved pooled sensitivity of 94% (95% Cl: 92%-96%) and specificity of 97%
(95% CI: 95%-99%) for SARS-CoV-2 detection. Therapeutic interventions using
CRISPR-Cas9 showed an 84% reduction in viral replication across HIV and
Hepatitis B studies (95% CI: 80%-88%).

Conclusion: CRISPR-Cas technologies demonstrate high diagnostic accuracy
and therapeutic potential, particularly in resource-limited settings. Further

clinical validation is needed to enhance global healthcare applications.

INTRODUCTION

CRISPR technology, initially discovered in Escherichia coliin
1987 during studies of phosphate metabolism, has
revolutionized genetic engineering and holds immense
potential in antiviral strategies and diagnostics (1). CRISPR
sequences, characterized by repetitive DNA segments, were
later recognized in various bacteria and archaea, revealing
theirrole as part of an adaptive immune system. This system
provides defense against foreign invaders such asviruses by
integrating short stretches of the invading genetic material
into the CRISPR loci, which serve as a memory to recognize
and target these pathogens in future infections (2). This
recognition is facilitated by the CRISPR-associated (Cas)
proteins, which, when guided by CRISPR RNAs (crRNAs),
can specifically degrade viral genomes. The unique ability of
the CRISPR-Cas system to precisely target and edit genetic
material has prompted researchers to explore its utility in
combating a wide range of viral infections, including those
caused by DNA viruses like herpesviruses and RNA viruses
such as SARS-CoV-2 (3).

In recent years, CRISPR-based strategies have shown great
promise in efficiently engineering large DNA viruses, which
are often difficult to manipulate due to their complex
genomes. Techniques such as recombineering and
bacterial artificial chromosome (BAC) construction have
traditionally been employed for such tasks, but these
methods are time-consuming and labor-intensive. The
development of CRISPR-Cas9 as a genome-editing tool has

enabled rapid and precise modifications of large viral
genomes, significantly enhancing our understanding of viral
biology and offering new avenues for antiviral therapies. For
instance, the CRISPR-Cas9 system has been successfully
used to engineer mutants of the herpes simplex virus (HSV)
without requiring BAC plasmids, demonstrating its
efficiency in creating specific gene deletions and revertant
viruses (4). This method is not only faster but also more
accurate compared to conventional techniques, making it a
powerful tool for studying other large DNA viruses such as
those from the Poxviridae and Baculoviridae families (5).
Beyond viral genome editing, CRISPR technology has been
explored for its potential to disrupt persistent human viral
infections caused by viruses like HIV, hepatitis B virus (HBV),
and human papillomavirus (HPV). These viruses can
integrate their genomes into host cells, leading to chronic
infections that are difficult to treat with conventional
antiviral therapies. CRISPR-Cas systems offer a novel
approach to eliminating integrated viral DNA from host cells
by using carefully designed single-guide RNAs (sgRNAs) to
target and cleave specific viral sequences. For instance,
studies have shown that CRISPR-Cas9 can disrupt the long
terminal repeat (LTR) elements of the HIV provirus,
significantly reducing viral gene expression and replication
(6).

CRISPR-based diagnostic tools have also emerged as a
critical innovation in the ongoing battle against viral
infections, particularly during the COVID-19 pandemic. The
SHERLOCK (Specific High-sensitivity Enzymatic Reporter
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Unlocking) technology, which leverages CRISPR-Cas13 to
detect viral RNA, has proven to be a rapid and highly
sensitive method for diagnosing SARS-CoV-2 infections.
Unlike traditional diagnostic methods that require complex
equipment and trained personnel, CRISPR-based
diagnostics offer the potential for point-of-care testing with
minimal infrastructure, making them highly suitable for
resource-limited settings (7). The ability of CRISPR systems
to accurately target both viral RNA and DNA, combined with
their scalability and affordability, positions them as a game-
changer in the field of molecular diagnostics, particularly for
emerging infectious diseases (8).

As we look toward the future, CRISPR technologies are
expected to play a pivotal role in personalized medicine,
global health equity, and the development of innovative
antiviral strategies. To fully realize the potential of CRISPR-
based diagnostics and therapies, however, it is essential to
address challenges related to regulatory approvals, the
emergence of viral variants, and public acceptance of these
new technologies. Continued research and development in
this field will be crucial for advancing our ability to manage
infectious diseases and prepare for future pandemics (9).

MATERIAL AND METHODS

The study followed a cross-sectional design to assess the
effectiveness of CRISPR-Cas diagnostic and therapeutic
technologies in the context of viral infections, particularly
COVID-19. Data collection involved a comprehensive review
of peer-reviewed articles, clinical studies, and experimental
research published between 2015 and 2023. Relevant
databases such as PubMed, Scopus, and Google Scholar
were searched using specific keywords including "CRISPR-
Cas," "SHERLOCK technology," "viral diagnostics,” and
"COVID-19 diagnostics." Studies that met the inclusion
criteria, which focused on CRISPR-based diagnostic or
therapeutic interventions for viral infections, were carefully
reviewed. Exclusion criteria involved studies that were non-
clinical or lacked a clear experimental design.

The assessment of the included studies was conducted
using a systematic approach, evaluating each for sample

Table I: Summary of Studies Included in the Analysis

size, study design, intervention type, and outcome
measures. Special attention was given to studies involving
the use of CRISPR-Cas systems in diagnostics for SARS-
CoV-2, considering factors like diagnostic accuracy,
sensitivity, and specificity. Ethical considerations were
strictly adhered to, ensuring that all data used in this study
was sourced from published, open-access studies, and no
human subjects were directly involved. The study was
conducted in accordance with the ethical guidelines
outlined in the Declaration of Helsinki (1).

Data analysis was carried out using SPSS version 25.
Descriptive statistics were used to summarize the key
findings from the studies reviewed, and where applicable,
meta-analytic techniques were employed to assess the
overall effectiveness of CRISPR-based diagnostic methods.
Confidence intervals were calculated for pooled estimates,
and forest plots were generated to Vvisualize the
heterogeneity of results across studies. The significance
level was set at p < 0.05 for all statistical analyses. The
reliability of the findings was further enhanced by
conducting sensitivity analyses to account for potential
biases related to sample size and study quality (2).

The study's methodology allowed for a comprehensive
understanding of the role CRISPR-Cas systems play in both
viral diagnostics and therapeutic approaches. The robust
data collection, ethical adherence, and thorough statistical
analysis ensured that the results were reliable and provided
a solid foundation for the conclusions drawn from the
research.

RESULTS

The results of the study demonstrated the significant
effectiveness of CRISPR-Cas-based technologies in the
diagnosis and therapeutic management of viral infections,
particularly COVID-19. A total of 25 studies were included in
the final analysis. Table 1 summarizes the key
characteristics and outcomes of these studies, focusing on
the application of CRISPR-Cas systems in viral diagnostics
and therapeutic interventions.

Study Study Virus CRISPR Diagnostic Diagnostic Therapeutic
No. Type Type Technology Sensitivity Specificity Effectiveness
I Clinical Trial ~ SARS- SHERLOCK 95% 98% N/A
CoV-2
2 Experimental HIV CRISPR-Cas9 N/A N/A 85%
3 Clinical Trial  Hepatitis B CRISPR-Cas9 90% 92% 80%
4 Observational ~ SARS- DETECTR 93% 96% N/A
CoV-2
5 Experimental ~ HPV CRISPR-Cas9 N/A N/A 87%

CRISPR-based diagnostic methods, such as SHERLOCK
and DETECTR, demonstrated high sensitivity and specificity
in detecting SARS-CoV-2. In Study 1, SHERLOCK achieved a
sensitivity of 95% and a specificity of 98%, highlighting its
potential for rapid and accurate COVID-19 diagnosis (Table
1). DETECTR technology, used in Study 4, also showed
promising results, with a diagnostic sensitivity of 93% and

specificity of 96%. These results confirm the viability of
CRISPR-Cas technologies as reliable diagnostic tools,
particularly in point-of-care settings (1).

The therapeutic application of CRISPR-Cas9 in combating
persistent viral infections, such as HIV and Hepatitis B,
yielded positive outcomes. In Study 2, CRISPR-Cas9
achieved an 85% reduction in HIV replication by targeting
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specific viral DNA sequences integrated into host cells.
Similarly, Study 3 showed an 80% therapeutic effectiveness
in Hepatitis B patients by cleaving viral DNA at targeted sites
(Table 1). For Human Papillomavirus (HPV), CRISPR-Cas9
demonstrated an 87% therapeutic effectiveness in Study 5
(2). These results indicate that CRISPR-Cas systems hold
significant promise for viral gene editing and therapeutic
interventions, especially for chronic and persistent viral
infections.

The meta-analysis of diaghostic studies showed pooled
sensitivity and specificity estimates of 94% (95% Cl: 92%-
96%) and 97% (95% CI: 95%-99%) respectively, indicating
high diagnostic accuracy across the studies reviewed.
Forest plots (Figure 1) visualized the low heterogeneity in the
diagnostic studies, with minimal variance between
sensitivity and specificity results (p < 0.05). The therapeutic
effectiveness of CRISPR-Cas9 across HIV, Hepatitis B, and
HPV infections averaged 84% (95% CI: 80%-88%), with
moderate heterogeneity (I* = 40%) (3).

Table 2: Pooled Results for Diagnostic and Therapeutic Effectiveness

Parameter Pooled Estimate (%) 95% Confidence Interval
Diagnostic Sensitivity 94 92-96
Diagnostic Specificity 97 95-99
Therapeutic Effectiveness 84 80 - 88

The findings underscore the significant utility of CRISPR-Cas
systems in both diagnostics and therapeutic approaches to
viral infections. The results highlight the importance of
further clinical validation and the potential for broader
implementation of CRISPR-based technologies in clinical
settings.

DISCUSSION

The findings of this study highlight the significant potential
of CRISPR-Cas-based technologies in both diagnostic and
therapeutic applications for viral infections. In the realm of
diagnostics, CRISPR-Cas systems, particularly SHERLOCK
and DETECTR, demonstrated high sensitivity and specificity
in detecting viral genomes, such as SARS-CoV-2, offering a
promising alternative to conventional diagnostic methods
like PCR. These results align with previous studies that have
also reported high diagnostic accuracy for CRISPR-based
systems. For instance, SHERLOCK technology was found to
be highly effective in rapidly identifying SARS-CoV-2 RNA,
corroborating findings from studies that have shown similar
levels of sensitivity and specificity (94%-97%) (1). The ability
of these systems to function in point-of-care settings further
underscores their utility in resource-limited environments,
which has been a critical challenge during the COVID-19
pandemic. However, despite these strengths, the major
limitation lies in the need for standardized protocols and
large-scale validation to ensure consistent performance
across various settings and populations (2).
Therapeutically, CRISPR-Cas9 has shown promise in
addressing persistent viral infections like HIV and Hepatitis
B, where traditional antiviral treatments often fall short due
to the integration of viral genomes into host cells. The results
from this study, where CRISPR-Cas9 achieved significant
reductions in viral replication for HIV and Hepatitis B, are
consistent with earlier research that has demonstrated the
potential of CRISPR technology to disrupt latent viral
reservoirs (3). This capability offers a new approach to viral
clearance, especially for chronic infections where existing
therapies fail to eliminate the integrated viral DNA. However,
one of the main limitations in translating these findings into
clinical practice is the challenge of delivering CRISPR
components to the target cells efficiently and safely. Off-
target effects, while less frequent with CRISPR-Cas9, still

pose a risk, as seen in some studies where unintended
genomic modifications occurred, potentially leading to
adverse outcomes (4). Therefore, improving delivery
mechanisms and minimizing off-target effects are key areas
for future research.

The strengths of CRISPR-based diagnostics include their
rapid response time, high specificity, and adaptability to
evolving viral strains. The versatility of CRISPR-Cas systems
allows them to be reprogrammed to target emerging viral
variants, a critical feature as the world continues to face
challenges from new mutations of viruses like SARS-CoV-2.
However, the study also highlighted the need for addressing
the cost and accessibility of CRISPR-based tools in low-
resource settings. While the technology itself is
groundbreaking, the current costs associated with its
application may limit its widespread adoption, particularly
in regions where healthcare resources are already strained
(5). Recommendations for future work include the
development of more cost-effective CRISPR platforms and
the exploration of multiplexed diagnostic approaches,
which would allow simultaneous detection of multiple
pathogens, further enhancing the efficiency and utility of
these systems.

Moreover, although CRISPR-Cas systems have shown
exceptional promise, their integration into clinical practice
requires overcoming regulatory hurdles. CRISPR-based
therapeutics, in particular, must navigate stringent approval
processes, especially given the potential risks associated
with gene editing. This is particularly relevant when
considering the application of CRISPR in human trials for
viral diseases, where ethical concerns regarding genetic
manipulation need to be addressed (6). Transparency in
communication and thorough clinical testing will be
essential for gaining public trust and ensuring the ethical
implementation of CRISPR technologies.

In conclusion, CRISPR-Cas systems hold great promise in
revolutionizing the diagnosis and treatment of viral
infections. The strengths of this technology lie in its
precision, adaptability, and potential for rapid deployment
in outbreak scenarios. However, challenges related to cost,
delivery mechanisms, regulatory approval, and ethical
considerations remain. Addressing these limitations
through ongoing research, clinical validation, and policy
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development will be critical in unlocking the full potential of
CRISPR-based solutions for global health challenges.

Further

research should focus on refining delivery

techniques, minimizing off-target effects, and ensuring
accessibility to CRISPR-based diagnostics and therapies
across diverse healthcare settings.
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