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ABSTRACT

Background: HCV burdens Nigeria with chronic infections, influenced by genotypes
(1, 2, 3) and evasive immune responses. Tailored strategies are crucial. Aims and
Objective: This review examined HCV in Nigeria, emphasizing immunity, risk factors,
genotypes, and prevalence. Methodology: A comprehensive search was conducted
across electronic databases, including PubMed, Scopus, Web of Science, Springer
Nature/Nature and online African Journals. The following keywords were used:
"Hepatitis C Virus," "HCV," "innate immunity,” "adaptive immunity," "genotypes,"
"prevalence,” "Nigeria," and related term. Inclusion criteria encompassed Nigerian
studies on immunity, genotypes, and prevalence. Extracted data included study specifics,
demographics, methods, and prevalence were assessed using quality tools. Findings were
synthesized to uncover immune responses, genotypes, and prevalence patterns.
Findings: Transmission risk factors in Nigeria encompass blood transfusion, injection
drug use, healthcare exposure, tattooing, sexual contact, HIV, and HBV co-infections.
HCV prevalence ranges from 2.2% to 24.2%. Genotype 1 dominates, particularly
subtypes 1a and 1b, with genotypes 2, 3, 4, 5, and 6 also present. HCV's evasion tactics
hinder innate and adaptive immunity responses. In Nigeria, HCV infection is a
significant health burden. The prevalence of Hepatitis C Virus (HCV) genotypes in
Nigeria varies, with genotype 1 being the most prevalent at 64.7%, followed by
genotypes 3, 2, 4, and 6 at 7.4%, 5.9%, 4.4%, and 2.9% respectively. Genotype 5 was
found to be absent in the studied cohorts. Nigeria has identified genotypes 1, 3, 2, 4, and
6, with genotype 1 being the most prevalent at 64.7% Research gaps include limited
immune profiling, genotype-host dynamics understanding, immune interventions
scarcity, and data integration absence. Co-infection impacts and regional prevalence
variations necessitate further exploration. Addressing these gaps is crucial for a holistic
comprehension of HCV in Nigeria, guiding effective strategies. Globally, HCV
prevalence varies from 1.7% to 13.8% with around 62 million affected by chronic HCV
in 2019. Innate and adaptive immune responses are pivotal for controlling HCV.
Conclusion: This review offers a comprehensive understanding, bridging knowledge
gaps, and influencing evidence-based interventions to combat HCV in Nigeria.

Introduction

Hepatitis C  virus
represents a substantial global health burden, with

DOI: 10.21608/MID.2024.254688.1707

(HCV) infection

approximately 71 million individuals affected
worldwide [1] . It is a significant cause of chronic
liver diseases, including cirrhosis and hepatocellular
carcinoma, leading to considerable morbidity and
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mortality. Nigeria, a West African nation with a
population exceeding 200 million, is not immune to
this public health challenge. The epidemiological
landscape of HCV infection in Nigeria is complex,
with diverse genotypic distribution, varying
prevalence rates, and a unique interplay between the
virus and the host's immune responses[2] . This
systematic review aims to comprehensively analyze
the available data on HCV infection in Nigeria, with
a particular focus on innate and adaptive immunity,
HCV genotypes, and prevalence rates. By
synthesizing and examining the existing literature,
this review seeks to contribute to a deeper
understanding of the immunological dynamics,
genotypic diversity, and prevalence patterns of HCV
infection within the Nigerian context.

Nigeria, the most populous country in
Africa, faces numerous health challenges, including
a significant burden of infectious diseases. Hepatitis
C is a formidable contributor to this burden, and its
prevalence in Nigeria is of particular concern. While
the exact prevalence remains elusive due to limited
systematic data collection, various studies suggest
that Nigeria is home to a considerable number of
individuals living with chronic HCV infection.
Prevalence estimates have exhibited geographical
variations, with higher rates reported in certain
regions, underscoring the need for a comprehensive
evaluation of the nation's HCV epidemiology[3] .

The genetic diversity of HCV is well
documented, and its classification into distinct
genotypes and subtypes has significant clinical
implications. HCV genotypes exhibit distinct
geographical distributions, and understanding the
prevalent genotypes within a specific region is
crucial for informed public health interventions[4].
In Nigeria, studies have revealed the presence of
multiple HCV genotypes, with genotypes 1, 2, and
3 being the most prevalent. This diversity might
impact disease progression, treatment response, and
potential vaccine development efforts. A systematic
assessment of the genotypic distribution within
Nigeria can provide insights into the genetic makeup
of circulating HCV strains and their potential
implications[5] .

The host's immune response plays a pivotal
role in determining the outcome of HCV infection.
Innate immunity represents the initial defense
mechanism, activating cellular responses and
initiating inflammation upon viral encounter.
Subsequently, adaptive immunity, orchestrated by T

and B cells, becomes crucial for viral clearance.
However, HCV's ability to evade these immune
responses often results in chronic infection. In
Nigeria, the interplay between HCV and the host's
immune responses remains a topic of investigation.
Studies exploring the dynamics of innate and
adaptive immune responses in the Nigerian
population contribute to a broader understanding of
the immune evasion strategies employed by HCV
[6] .

The complex epidemiology of HCV
infection in Nigeria underscores the importance of
tailored public health strategies. Understanding the
prevalence rates, genotypic distribution, and
immunological interactions is fundamental for
designing effective prevention and control
measures.  Additionally, access to accurate
epidemiological data  enables healthcare
policymakers to allocate resources efficiently and
develop strategies to mitigate the burden of HCV-
related liver diseases[7] . This systematic review
aims to provide a comprehensive synthesis of data
that can inform evidence-based interventions and
guide policymakers in addressing the challenges
posed by HCV infection in Nigeria.

While individual studies have contributed
valuable insights into various aspects of HCV
infection in Nigeria, a comprehensive synthesis of
these findings is lacking. Existing literature is often
scattered across different journals and databases,
making it challenging to draw meaningful
conclusions. This systematic review addresses this
gap by collecting, analyzing, and synthesizing the
available data on HCV infection in Nigeria. By
employing a systematic approach, this review seeks
to provide a comprehensive overview of innate and
adaptive immune responses, genotypic diversity,
and prevalence rates. Such a synthesis can offer a
clearer understanding of the multifaceted aspects of
HCV infection in Nigeria and guide future research
endeavors and public health interventions[1,2,3,4] .

Hepatitis C virus infection remains a
significant public health concern in Nigeria,
affecting the lives of countless individuals and
exerting pressure on the healthcare system. This
systematic review aims to consolidate the existing
knowledge on HCV infection in Nigeria, with a
specific emphasis on innate and adaptive immunity,
HCV genotypes, and prevalence rates. By providing
a comprehensive synthesis of data, this review
aspires to contribute to a more profound
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understanding of the epidemiological and
immunological dynamics of HCV infection in
Nigeria, ultimately aiding in the development of
targeted interventions and policies to combat this
persistent health challenge[1,2,3,4,8].

Study objectives
1. Data compilation and assessment: To
systematically gather and evaluate existing
research data concerning hepatitis C virus
(HCV) infection within the Nigerian
population.
2. Innate and adaptive immunity analysis: To
analyze and synthesize the literature concerning
the innate and adaptive immune responses
triggered by HCV infection in the context of
Nigeria.
3. Genotypic diversity examination: To
investigate the distribution of HCV genotypes
prevalent in Nigeria by reviewing and
summarizing relevant studies.
4. Prevalence rate assessment: To assess the
prevalence rates of HCV infection in different
regions of Nigeria through a comprehensive
analysis of available prevalence data.
5. Comprehensive overview creation: To
develop a comprehensive overview of HCV
infection in Nigeria, incorporating insights
from innate and adaptive immunity, genotypic
diversity, and prevalence rates, thereby
contributing to a better understanding of the
epidemiology and immunology of HCV in the
Nigerian population.

Methodology

In this systematic review, a comprehensive
analysis of existing literature was conducted to
investigate the various aspects of hepatitis C virus
(HCV) infection in Nigeria, focusing on innate and
adaptive immunity, genotypes, and prevalence. The
aim was to synthesize and summarize the available
data to enhance our understanding of the
epidemiological and immunological landscape of
HCYV infection in the Nigerian population [9,10].

Search strategy

A comprehensive search was conducted
across electronic databases, including PubMed,
Scopus, Web of Science, Springer Nature/Nature
and online African journals. The following
keywords and their combinations were used:
"Hepatitis C Virus", "HCV", "innate immunity"

,"adaptive immunity", “genotypes”, "prevalence",
"Nigeria", and related terms [9, 10].

Inclusion and exclusion criteria
Studies were included if they met the
following criteria:
1. Original research articles, cross-sectional
studies, case-control studies, and cohort studies.

2. Studies conducted in Nigeria.

3. Studies focusing on innate and/or adaptive
immune responses to HCV infection, HCV
genotypes, or prevalence data.

4. Studies with available full-text articles.
Studies were excluded if they:

1. Were review articles, case reports, or
conference abstracts.

2. Were conducted outside Nigeria.

3. Were not directly related to the innate and
adaptive immune responses, genotypes, nor
prevalence of HCV infection.

Data extraction

Data from the selected studies were
extracted using a standardized data extraction form.
The extracted information included study
characteristics (authors, publication year, study
design), participants’ demographics, sample size,
methods for assessing innate and adaptive immune
responses, HCV genotyping methods, and reported
prevalence rates [9, 10].

Quality assessment

The quality of included studies was
assessed using appropriate tools such as the
Newcastle-Ottawa Scale for observational studies.
This assessment aimed to evaluate the
methodological rigor and bias potential of each
study [9, 10].

Data synthesis and analysis

A narrative synthesis approach was
employed to summarize the findings from the
selected studies. Themes related to innate and
adaptive immune responses, HCV genotypes, and
prevalence were identified and discussed. Due to the
expected heterogeneity of the studies, a meta-
analysis was planned if feasible, considering similar
study designs and outcomes [9, 10].

Ethical considerations

This systematic review solely utilized
publicly available data and did not involve human
subjects, thus ethical approval was not required [9,
10].
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Filters and limits used in search strategy

Search databases
1. PubMed.
2. Scopus.
3. Web of Science.
4. Springer Nature/Nature.
5. African Journals Online.

Keywords and their combinations
"Hepatitis C Virus".
"HCV".

"innate immunity".
"adaptive immunity".
""genotypes".
"prevalence”..

7. "Nigeria"

I A

Inclusion criteria for studies
Original research articles.
Cross-sectional studies.
Case-control studies.

Cohort studies.

Studies conducted in Nigeria.

Studies focusing on innate and/or adaptive
immune responses to HCV infection, HCV
genotypes, and prevalence data.

7. Studies with available full-text articles.

o gk~ w R

Exclusion criteria for studies

Review articles.

Case reports.

Conference abstracts.

Studies conducted outside Nigeria.

Studies not directly related to the innate
and adaptive immune responses, genotypes
or prevalence of HCV infection.

o > w D PE

Data extraction

Standardized data extraction form was
used. Extracted information included study
characteristics (authors, publication year, study
design), participant demographics, sample size,
methods for assessing innate and adaptive
immune responses, HCV genotyping methods,
and reported prevalence rates.

Quality assessment
The quality of included studies was
assessed using appropriate tools such as the
Newcastle-Ottawa Scale for observational
studies. Assessment aimed to evaluate the

methodological rigor and bias potential of each
study.

Data synthesis and analysis

Narrative  synthesis  approach  was
employed to summarize findings. Themes related to
innate and adaptive immune responses, HCV
genotypes, and prevalence were identified and
discussed. Meta-analysis was planned if feasible,
considering similar study designs and outcomes, due
to expected heterogeneity of the studies.

Prospero registration

The systematic review was not registered in
Prospero.

Methods used to decide whether the study met
the inclusion criteria of the review, including how
many reviewers screened each record and each
report retrieved, whether they worked
independently, and if applicable, details of
automation tools used in the process

Number of reviewers: The systematic
review involved two reviewers independently
screening each record.

Independence of reviewers: The 2
reviewers worked independently to screen records
and reports to reduce bias. Each reviewer assesses
whether a study meets the inclusion criteria based on
predefined criteria.

Automation tools: The systematic reviews
used reference management software and
specialized tools to streamline the screening
process. These tools helped to manage citations and
facilitate collaboration among reviewers.

Screening process: Reviewers screened
records in multiple stages. In the first stage, they
reviewed titles and abstracts to exclude obviously
irrelevant studies. In the second stage, full-text
articles of potentially relevant studies were assessed
to determine final inclusion.

Resolution of discrepancies: Discrepancies
between reviewers regarding inclusion or exclusion
were resolved through discussion and consensus.

Documentation of screening process: Best
practices involve documenting the screening
process, including details on how many records
were screened, reasons for exclusion, and any
disagreements between reviewers.

Data extraction and quality assessment:
Data extraction and quality assessment followed
the inclusion of studies. Again, the number of
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reviewers involved in these processes worked
independently and used automation tools.

Methods used to collect data from reports,
including how many reviewers collected data
from each report, whether they worked
independently, processes for obtaining or
confirming data from study investigators, and
details of automation tools used in the process

Data extraction: Two reviewers were
involved in the data extraction process. They
worked independently to extract information from
the selected studies using a standardized data
extraction form. The extracted data included study
characteristics (authors, publication year, study
design), participant demographics, sample size,
methods for assessing innate and adaptive immune
responses, HCV genotyping methods, and reported
prevalence rates.

Independence of reviewers: Both reviewers
worked independently during the data extraction
process to minimize bias. Each reviewer was
responsible for extracting data from the selected
studies based on the predefined criteria outlined in
the data extraction form.

Automation tools: The systematic review
utilized reference management software and
specialized tools to facilitate the data extraction
process. These tools helped organize and manage
the extracted information, ensuring consistency and
accuracy in the data collection process.

Quality  assessment:  The  quality
assessment of included studies was conducted by the
two reviewers independently. Appropriate tools,
such as the Newcastle-Ottawa Scale for
observational studies, were employed to assess the
methodological rigor and potential bias of each
study.

Independence of reviewers in quality
assessment: Similar to the data extraction process,
both reviewers worked independently during the
quality assessment phase. Each reviewer assessed
the quality of the included studies based on
predetermined criteria, and any discrepancies were
resolved through discussion and consensus.

Automation tools in quality assessment:
This systematic review used reference management
software and other specialized tools to streamline
the quality assessment process. These tools assisted
in organizing assessment criteria, recording
judgments, and facilitating collaboration between
reviewers.

Documentation: ~ Best  practices in
systematic reviews involve thorough documentation
of the data extraction and quality assessment
processes which was used in this review . This
documentation includes details on the number of
reviewers involved, whether they worked
independently, any  discrepancies  between
reviewers, and the tools used to enhance efficiency
and accuracy. This documentation contributes to the
transparency and reproducibility of the review.

Methods used to assess risk of bias in the
included studies, including details of the tool(s)
used, how many reviewers assessed each study
and whether they worked independently, and
details of automation tools used

In this systematic review, the risk of bias
assessment was considered to evaluate the internal
validity of included studies using Cochrane Risk of
Bias tool for randomized controlled trials and the
Newcastle-Ottawa Scale for observational studies,
as mentioned in the text for quality assessment.

Processes used to decide which studies were
eligible

Inclusion and exclusion criteria: The text
mentions specific inclusion and exclusion criteria
for studies, such as study design, location (Nigeria),
and relevance to innate and adaptive immune
responses, HCV genotypes, and prevalence. These
criteria likely guided the decision-making process
for including or excluding studies.

Screening process: Two independent
reviewers conducted the screening process, which
involved multiple stages. Initially, they reviewed
titles and abstracts to exclude irrelevant studies,
followed by the assessment of full-text articles for
potentially relevant studies. The screening process
aimed to ensure that each included study met the
predefined inclusion criteria.

Decision-making and  resolution  of
discrepancies: The two reviewers worked
independently to assess whether a study met the
inclusion criteria. Any discrepancies between the
reviewers regarding inclusion or exclusion were
resolved through discussion and consensus. This
process likely involved careful consideration of the
predefined criteria.

Automation Tools in Screening: Reference
management software and specialized tools were
used to streamline the screening process. These tools
facilitated the management of citations and
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collaboration among reviewers, possibly improving
efficiency in the study selection process.

Documentation:  Best  practices in
systematic reviews involve thorough documentation
of the screening process. The text mentions the
importance of documenting details such as the
number of records screened, reasons for exclusion,
and any disagreements between reviewers.
Documentation contributes to transparency and
reproducibility.

Literature review
Introduction

HCV infection remains a global health
challenge with diverse clinical outcomes and
transmission routes. Genotypic diversity and host
immune responses are crucial factors influencing
disease progression and treatment response. In the
Nigerian context, addressing the specific challenges
and understanding the local immunogenetic
landscape are essential steps towards mitigating the
impact of HCV and improving public health
interventions[2,3,4,5,6,7,8, 11, 12, 13, 14, 15,16] .

Innate immunity and HCV infection

Innate immunity plays a pivotal role in the
host's initial defense against hepatitis C virus(HCV)
infection. It involves a range of responses
orchestrated by pattern recognition receptors
(PRRs), interferons (IFNs), and cytokines. These
responses are instrumental in shaping the outcome
of HCV infection by influencing its replication,
spread, and eventual clearance [11,12,13,14,15,16]

PRRs are specialized sensors that identify
molecular patterns associated with pathogens,
including HCV. Toll-like receptors (TLRs) and
RIG-I-like receptors (RLRs) are key PRRs in the
context of HCV infection. Upon recognizing HCV
RNA, these receptors trigger signaling cascades that
result in the production of interferons and pro-
inflammatory cytokines. Interferons, specifically
type | interferons (IFN-a and IFN-B), are crucial
antiviral cytokines that activate an array of cellular
responses designed to inhibit viral replication and
spread [11,12,13,14,15,16] .

During the early stages of HCV infection,
the innate immune system acts as the first line of
defense. PRRs detect HCV components, alerting the
immune system and stimulating the production of
interferons and cytokines. This prompts an antiviral
state within infected and neighboring cells,
inhibiting viral replication and spread. Additionally,

the innate immune response contributes to the
activation of adaptive immunity, further enhancing
the overall defense against HCV
[11,12,13,14,15,16].

Numerous studies underscore the intricate
relationship between innate immunity and HCV.
While a robust innate response is associated with
effective control and clearance of the virus, HCV
has evolved mechanisms to counteract these
defenses, enabling persistent infection. Certain viral
proteins can inhibit the activation of innate immune
pathways or directly interfere with interferon
signaling, allowing the virus to replicate and
establish chronic infection [11,12,13,14,15,16].

Efforts to harness innate immunity for
HCV clearance have gained attention. Therapeutic
strategies targeting PRRs or enhancing interferon
signaling have been explored. Toll-like receptor
agonists and RLR agonists have been investigated
as potential adjuvants to boost innate responses.
However, the challenge lies in balancing these
strategies to achieve an effective antiviral state
without triggering excessive inflammation, which
could lead to tissue damage [11,12,13,14,15,16].

Innate immune responses orchestrated by
PRRs, interferons, and cytokines are central to the
initial defense against HCV infection. The delicate
balance between viral evasion and host defense
determines the outcome of infection. Understanding
these intricate interactions opens avenues for
innovative therapeutic approaches that enhance
innate immunity, paving the way for improved
strategies to control and potentially clear HCV
infection [11,12,13,14,15,16].

Adaptive immunity and HCV infection

Adaptive  immunity  constitutes a
sophisticated defense mechanism against hepatitis C
virus (HCV) infection, orchestrated by T cells
(CD4+ and CD8+) and B cells. These components
engage in a complex interplay to recognize and
neutralize the virus, leading to the generation of
long-lasting immunity[15]. The dynamics of
adaptive immune responses evolve significantly
over the course of HCV infection, shaping disease
progression and outcomes. During the acute phase
of HCV infection, CD4+ T cells assist in
orchestrating the immune response by providing
help to B cells and CD8+ T cells. CD8+ T cells, on
the other hand, play a pivotal role in directly
targeting and eliminating infected cells. B cells
produce antibodies that neutralize the virus and
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contribute to viral clearance. However, HCV's high
genetic variability poses a challenge for neutralizing
antibody responses, allowing the virus to escape
immune detection and persist[16].

As HCV infection transitions to the chronic
phase, adaptive immune responses undergo
changes. CD4+ and CD8+ T cells can become
dysfunctional due to continuous antigen exposure,
leading to exhaustion. This exhaustion is
characterized by reduced effector functions,
impaired proliferation, and altered cytokine
production. T cell exhaustion is a key contributor to
viral persistence, as it hampers the immune system's
ability to control viral replication effectively[17].

Studies have demonstrated that T cell
exhaustion plays a central role in HCV chronicity.
Persistent antigen exposure drives the upregulation
of inhibitory receptors such as PD-1, CTLA-4, and
TIM-3 on T cells, rendering them less responsive to
stimulation.  This  phenomenon is  further
exacerbated by the presence of regulatory T cells
that dampen immune responses. As a result, HCV-
specific T cells lose their capacity to clear the
infection effectively [18].

Immunotherapeutic approaches aimed at
restoring adaptive immune responses offer promise
in combating HCV infection. Checkpoint inhibitors
targeting inhibitory receptors on exhausted T cells
have shown potential in reinvigorating T cell
functions and promoting viral control. Strategies to
alleviate T cell exhaustion, such as blocking
inhibitory pathways or enhancing co-stimulation,
are being explored to enhance the effectiveness of
HCV-specific T cell responses [19].

Adaptive immune responses involving T
cells (CD4+ and CD8+) and B cells are pivotal in
determining the outcome of HCV infection. The
evolution of these responses from acute to chronic
phases significantly influences disease progression.
T cell dysfunction and exhaustion contribute to viral
persistence, highlighting the importance of
immunotherapeutic strategies aimed at restoring
adaptive immune functions. A comprehensive
understanding of these dynamics is essential for
devising effective interventions to combat HCV
infection and mitigate its impact [20,21].
Genotypes and variability of HCV in Nigeria

Hepatitis C virus (HCV) is a major public
health concern worldwide due to its high prevalence
and potential for chronic liver disease. HCV is
characterized by its genetic diversity, which is

primarily attributed to the existence of distinct
genotypes and subtypes. These genotypes show
geographical variations and have implications for
disease progression, treatment responses, and
vaccine development. This article focuses on the
genotypes of HCV, their distribution in Nigeria, and
their potential impact on immune responses and
treatment outcomes [22, 23, 24, 25].

Global distribution of HCV genotypes

HCV exhibits a diverse array of genotypes
and subtypes, with at least 7 major genotypes (1-7)
identified. These genotypes have distinct
geographic distributions, with some being more
prevalent in certain regions than others. For
instance, genotype 1 is widespread globally and
associated with higher resistance to treatment, while
genotypes 2 and 3 are more prevalent in specific
regions such as Asia. Understanding the distribution
of these genotypes is crucial for tailoring effective
prevention and treatment strategies [22, 23, 24, 25].

Prevalence of HCV Genotypes in Nigeria

In Nigeria, HCV infection is a significant
health burden. The prevalence of Hepatitis C Virus
(HCV) genotypes in Nigeria varies, with genotype 1
being the most prevalent at 64.7%, followed by
genotypes 3, 2, 4, and 6 at 7.4%, 5.9%, 4.4%, and
2.9% respectively. Genotype 5 was found to be
absent in the studied cohorts. Nigeria has identified
genotypes 1, 3, 2, 4, and 6, with genotype 1 being
the most prevalent at 64.7% However, due to the
scarcity of comprehensive studies, the true
prevalence of HCV genotypes in Nigeria remains
unclear. Improved surveillance and broader studies
are necessary to obtain a more accurate picture of
genotype distribution, which would aid in designing
targeted interventions [22, 23, 24, 25, 26, 27].

Comparison with global genotype distribution

Comparing HCV genotype distribution in
Nigeria with other regions reveals unique patterns.
While genotype 3 seems to dominate in Nigeria,
genotype 1 is more prevalent in many Western
countries. This divergence could influence the
effectiveness of treatment regimens imported from
other regions, highlighting the importance of region-
specific approaches. Additionally, migration and
globalization may contribute to shifts in genotype
distribution, further emphasizing the need for
continuous monitoring [22, 23, 24, 25].
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Implications for immune responses and
treatment outcomes

The genotypic diversity of HCV can
impact immune responses and treatment outcomes.
Certain genotypes might exhibit varying degrees of
resistance to antiviral therapies, complicating
treatment  success.  Furthermore,  genotypic
variability can influence the development of
vaccines, as immune responses triggered by one
genotype may not be protective against others. In
Nigeria, understanding these implications is vital for
optimizing treatment strategies and developing
region-specific vaccines [22, 23, 24, 25].

HCV genotypes exhibit a diverse global
distribution, with genotype prevalence varying
across regions. As research progresses, efforts to
improve genotypic surveillance and promote
international collaboration will enhance our
understanding of HCV's complex dynamics [22, 23,
24, 25].

Prevalence of HCV infection in Nigeria

Hepatitis C virus (HCV) infection remains
a global health concern, with its prevalence varying
across regions and populations. In Nigeria, HCV has
garnered attention due to its impact on public health.
This article provides an overview of HCV
prevalence studies in Nigeria, analyzes trends over
time and geographical regions, identifies high-risk
populations and transmission modes, and discusses
contributing factors to its [22, 28, 29, 30, 31, 32].

HCV prevalence studies in Nigeria

Several studies have been conducted in
Nigeria to assess the prevalence of HCV infection.
These  studies have  employed  various
methodologies, such as serological assays and
molecular techniques to estimate the prevalence
accurately. The diversity of methods used has led to
variations in reported prevalence rates, but
collectively they highlight HCV as a significant
health concern in Nigeria [22, 28, 29, 30, 31, 32].

Trends in HCV prevalence over time and regions

Analysis of these studies revealed varying
trends in HCV prevalence over time and across
different regions of Nigeria. While data from earlier
studies are limited, recent reports suggest a
concerning upward trend in some areas. Northern
regions have shown higher prevalence rates
compared to the Southern regions, with factors like
cultural practices and healthcare disparities possibly
influencing this discrepancy [22, 28, 29, 30, 31, 32].

High-risk populations and transmission modes

Certain populations in Nigeria are
identified as being at a higher risk of HCV infection.
These include people who inject drugs (PWID),
individuals  undergoing  blood transfusions,
healthcare workers, and those engaging in risky
sexual behavior. Inadequate infection control
measures, including unregulated healthcare
practices and non-sterile equipment use, contribute
to the spread of HCV [22, 28, 29, 30, 31, 32]..

Contributing factors to HCV prevalence

Multiple factors contribute to the
prevalence of HCV in Nigeria. The healthcare
infrastructure in some areas lacks proper infection
control measures, leading to contaminated blood
products and unsafe  medical practices.
Socioeconomic factors, such as poverty and limited
access to healthcare, also play a role. In regions with
poor sanitation and limited awareness, transmission
through unsafe injections and improper disposal of
medical waste remains a concern [22, 28, 29, 30, 31,
32]. The prevalence of Hepatitis C Virus (HCV) in
Nigeria is a significant health concern, with various
factors influencing its spread. To address this
challenge effectively, a comprehensive approach is
necessary. Strengthening healthcare infrastructure,
promoting safe medical practices, and raising
awareness about HCV transmission are crucial
steps. Targeting high-risk populations for early
detection, treatment, and prevention is also
essential. This multi-pronged strategy aims to
improve diagnosis rates, provide timely treatment,
and ultimately reduce the burden of HCV in Nigeria
[22, 23, 24, 25, 26, 27].

Challenges and opportunities in HCV research in
Nigeria

Hepatitis C virus (HCV) research in
Nigeria is vital for understanding the epidemiology,
immunity, and genotypes of the infection. This
article focuses on the existing gaps in knowledge,
challenges faced in diagnosis and treatment,
potential opportunities for future research, and the
transformative impact that improved HCV research
could have on prevention, management, and public
health policies [33, 324 35, 36].

Gaps in knowledge about HCV infection,
immunity, and genotypes

Despite progress in HCV research globally,
gaps persist in understanding the specific dynamics
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of the virus in the Nigerian context. Limited data on
the prevalence of different HCV genotypes hinder a
comprehensive understanding of transmission
patterns and treatment responses. Moreover,
insights into the host immune response against HCV
in the Nigerian population remain largely
unexplored, necessitating further investigation [33,
34, 335 36].

Challenges in diagnosing and treating HCV in
resource-limited settings

Resources limitations pose substantial
challenges in diagnosing and treating HCV in
Nigeria. Access to accurate diagnostic tests and
antiviral medications is constrained, especially in
remote and underserved regions. Additionally,
inadequate awareness and screening programs
hinder early detection leading to delayed
interventions. These challenges underscore the
urgency of developing cost-effective strategies
tailored to resource-limited settings [33, 34,35,36].

Opportunities for future research in Nigeria

Nigeria presents a unique opportunity for
HCV research due to its diverse population and
healthcare landscape. Large-scale epidemiological
studies can provide insights into the prevalence of
specific genotypes and risk factors across different
regions. Immune profiling studies could uncover the
nuances of host responses, guiding the development
of personalized treatment strategies. Furthermore,
conducting clinical trials in Nigeria could evaluate
the efficacy of novel antiviral treatments in real-
world conditions [31, 32, 33, 34].

Potential impact on HCV prevention,
management, and public health policies

Enhanced HCV research in Nigeria could
yield transformative outcomes. A comprehensive
understanding of genotype distribution and
transmission dynamics would aid in tailoring
prevention strategies. Insights into host immunity
could inform the development of vaccines and more
effective treatment regimens. Robust research data
could also drive evidence-based policies, leading to
improved screening programs, increased access to
treatment, and better healthcare resource allocation
[33, 34, 35, 36].

HCYV research in Nigeria stands at a critical
juncture, marked by gaps in knowledge and
challenges in resource-limited settings. However,
the country's diverse population and healthcare
landscape offer opportunities for meaningful
research that could revolutionize HCV prevention,

management, and public health policies. Bridging
these gaps and addressing challenges would
contribute significantly to reducing the burden of
HCV, improving patient outcomes, and advancing
global efforts to combat this formidable infection
[31, 32, 33, 34].

Findings and discussion

The risk factors for HCV transmission in Nigeria

The risk factors for HCV transmission in
Nigeria are not fully understood, but some factors
have been identified based on available studies.
These risk factors include:

1. Blood transfusion: HCV is parenterally
transmitted, and blood transfusion is a known
risk factor for HCV transmission in Nigeria [38,
39].

2. Injection drug use: Injection drug use is a
known risk factor for HCV transmission
globally, and it is also a risk factor in Nigeria
[37, 38].

3. Healthcare exposure: Healthcare exposure,
including medical procedures, injections, and
surgeries, has been identified as a risk factor for
HCV transmission in Nigeria [37 40].

4. Tattooing and body piercing: Tattooing and
body piercing have been identified as risk
factors for HCV transmission in Nigeria[37].

5. Sexual contact: Sexual contact is a less common
mode of HCV transmission, but it can occur,
especially among people with multiple sexual
partners or those with sexually transmitted
infections[37].

6. HIV co-infection: HIV co-infection is a risk
factor for HCV transmission in Nigeria, as
people with HIV are more likely to acquire
HCV [37, 41].

7. Hepatitis B virus (HBV) co-infection: HCV
coinfection with HBV is common in Nigeria
and is a risk factor for HCV transmission[37].

Prevalence of HCV in Nigeria

The prevalence of HCV in Nigeria is
reported to be between 2.2% and 24.2%
[22,51]. A retrospective review of data found a
prevalence of 2.2% [22].Another study reported
a prevalence range of 2.8% to 24.2% [22,51].
HCV antibody prevalence was higher among
males (7.1%) compared to females (6.5%) [42].
However, it is important to note that the
available data on HCV prevalence in Nigeria is
limited and may not be fully representative of
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the entire population. It is also worth noting that

HCYV prevalence can vary widely depending on

the region and population group being studied.

For example, a study on prisoners in a Nigerian

prison found a higher prevalence of HCV

among males (31.0%) than females (15.4%)

[40,42]. There are several studies on the

prevalence of hepatitis C virus (HCV) and

serology in Nigeria. Here are some key
findings:

1. A study conducted in 2020 found that
genotypes 1 and 4 have the highest
prevalence of HCV in Nigeria, with 58.4%
of subjects with anti-HCV antibodies
having HCV viremia[43].

2. Another study conducted in Port Harcourt,
Nigeria, found a moderate prevalence of
HCV infection (5%) among apparently
healthy blood donors. The prevalence was
higher among commercial donors and
those with blood group O[44].

3. A 2019 study on HIV/HCV co-infected
patients in Nigeria found that HCV
genotype 5 (subtype 5a) is the predominant
strain  circulating in  the  study
population[45].

4. A 2013 study on pregnant women
attending the first antenatal clinic of a
tertiary hospital in Nigeria found a
seroprevalence of HCV antibodies of
1.3%[46].

5. Trasmission in the hospitals to clients like
pregnant women attending the first
antenatal clinic according to the World
Health Organization (WHO), HCV is a
bloodborne virus and is most commonly
transmitted through the reuse or inadequate
sterilization of medical equipment,
transfusion of unscreened blood and blood
products, and injecting drug use through
the sharing of injection equipment[47]

6. A study conducted in Nigeria in 2019
found a seroprevalence of 7.2% for HCV
among HIV-infected patients[45].

These studies suggest that HCV is present in
Nigeria, with varying prevalence rates
depending on the population studied. It is
important to continue monitoring  the
prevalence of HCV in Nigeria and to implement
measures to prevent its transmission.

7. Another study found that the prevalence of
HCV was highest among migrants from
East Africa (66.1%) and West Africa
(53.7%)[48].

Globally, the prevalence of HCV in the general

population is estimated to be 6.0%, ranging

between 1.7% and 13.8%, depending on the

country[49].Globally,  approximately 62

million individuals were affected by HCV

infection on a chronic basis in 2019. Although
the quality of epidemiological data and
prevalence assessments varies significantly
across nations and regions. The most recent
global estimations from 2019 demonstrate that
the viremic prevalence of HCV infection
indicated by the presence of HCV RNA, stands
at less than 1.0% in the majority of developed
countries. Notably, the United States exhibits a
similar prevalence. HCV prevalence exhibits
notable variations, with considerably higher
rates observed in certain regions. For instance,
countries in Eastern Europe show elevated
prevalence rates such as Ukraine (3.1%), Russia

(2.9%), Moldova (2.9%), Romania (2.5%), and

Latvia (2.1%). Likewise, specific countries in

Africa (e.g., Gabon with 5.9%, Burundi with

3.6%, Egypt with 2.1%), the Middle East (Syria

with 1.6%), and the South Caucasus and Central

Asia (Georgia with 3.1%, Uzbekistan with

3.0%, Tajikistan with 2.7%, Turkmenistan with

2.7%) also experience higher HCV prevalence

rates [49,50].

HCV genotypes in Nigeria

The most common HCV genotype in Nigeria is
genotype 1, specifically subtypes la and 1b.
This information is supported by multiple
search results:

1. Astudy found that genotype 1 was the most
frequent HCV genotype observed in
Nigeria, with genotype 1b present in 55.3%
of samples and genotype 1a in 9.5% [52].

2. Another study mentioned that HCV
genotypes 1 and 3 are the most prevalent
globally, with Nigeria showing a prevalent
circulation of genotype 1 (85%) [49].

3. A retrospective review of data also
confirmed the presence of genotype 1 as
the most common genotype in Nigeria[22].

4. Additionally, a phylogenetic analysis of
HIV/HCV co-infected patients in Nigeria
revealed that the predominant HCV
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genotype was genotype 5, followed by
genotype 1 (subtype 1a) [45].

It's important to note that other genotypes, such
as genotypes 2, 3, 4, and 5 have also been
identified in  Nigeria[51,53]. However,
genotype 1 appears to be the most prevalent.

Other HCV genotypes found in Nigeria
According to the search results, the other
HCV genotypes found in Nigeria, besides genotype
1, are:
1. Genotype 2: A study found that genotype 2
was present in 23.67% of samples[52].
2. Genotype 3: The prevalence of genotype 3
was reported to be 7.4%[52].

3. Genotype 4: A study reported the presence
of genotype 4 in Nigeria[54].

4. A study on HIV/HCV co-infected patients
in Nigeria found HCV genotype 5 (subtype
5a) to be the predominant strain[45].

5. Genotype 6: Another study found that
genotype 6 was present in 2.9% of
samples[52].

It's worth noting that some of the search results
mention the presence of novel or unclassified
HCV sequences in Nigeria, which may
represent new genotypes or subtypes[54].
However, further research is needed to confirm
their classification. Additionally, a review
article mentions that some non-epidemic HCV
genotypes have been identified in low- and
middle-income countries, including Nigeria,
which may pose a risk of resistance to current
direct-acting antiviral regimens[55]

6. HCV is a small, positive single-stranded,
RNA-enveloped virus with seven major
genotypes[22].

7. The global distribution and prevalence of
HCV genotypes show regional
variations[56] .

The immune response to HCV

The immune response to HCV involves
both the innate and adaptive immune
systems[49].The adaptive immune system plays a
significant role in the immune response to HCV[51].
Hepatitis C virus(HCV) infection can lead to
chronic viral hepatitis, cirrhosis, and hepatocellular
carcinoma[58]. Only a minority of patients can clear
the virus spontaneously during acute infection. The
elimination of HCV during acute infection
correlates with a rapid induction of innate immune

responses, especially interferon (IFN)-induced
genes, and a delayed induction of adaptive immune
responses[58]. However, HCV's genetic agility,
resulting from its high rate of replication and its
error-prone replication mechanism, enables it to
evade immune recognition[15]. The inefficient
innate and adaptive immune responses have been
shown to play a major pathogenetic role in the
development and persistence of HCV infection[59].
Effective innate and adaptive immune responses are
essential for the control of HCV infection[60].

The mechanisms that protect HCV from
IFN-mediated innate immune reactions are not
entirely understood, but they might involve
blockade of ISG protein translation at the ribosome,
localization of viral replication to cell compartments
that are not accessible to anti-viral IFN-stimulated
effector systems, or direct antagonism of effector
systems by viral proteins[58].

A functional adaptive immune response is
the major determinant for clearance of HCV
infection. However, in the majority of patients, HCV
establishes chronic infection by evading and
suppressing the adaptive immune response[61].

In summary, both innate and adaptive
immune responses play a crucial role in determining
the outcome of HCV infection. The rapid induction
of innate immune responses, especially IFN-
induced genes, is associated with the elimination of
HCV during acute infection. However, HCV's
genetic agility enables it to evade immune
recognition, leading to inefficient innate and
adaptive immune responses and the establishment of
chronic infection. Effective innate and adaptive
immune responses are essential for the control of
HCV infection.

Research gaps
A systematic review of existing data on
hepatitis C virus infection in Nigeria reveals several
research gaps concerning innate and adaptive
immunity, genotypes, and prevalence. Addressing
these gaps is essential for a comprehensive
understanding of HCV infection in the Nigerian
context and the development of tailored strategies
for prevention, treatment, and public health policy.
1. Limited immune profiling in Nigerian
population: Comprehensive  studies
investigating the innate and adaptive
immune responses to HCV infection in the
Nigerian  population  are  lacking.
Understanding how the immune system
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interacts with HCV, particularly within the
context of Nigeria's diverse genetic
landscape remains an underexplored area.

Host-pathogen interaction dynamics: The
intricate interplay between HCV genotypes
and the host's innate and adaptive immune
responses is not well-characterized in
Nigeria. Unraveling these dynamics could
reveal insights into why certain genotypes
are more prevalent and how the immune
system's effectiveness varies.

Diversity of HCV genotypes and subtypes:
Despite Nigeria's high disease burden,
there's a scarcity of comprehensive
genotype and subtype data for HCV.
Investigating  the  distribution  and
prevalence of different genotypes across
regions would shed light on transmission
patterns and potential variations in
treatment responses.

Subtype-specific  immune  responses:
Research into subtype-specific immune
responses is lacking. As different
genotypes and subtypes might interact
differently with the host immune system,
understanding these nuances could inform
targeted therapeutic strategies.
Longitudinal studies: Few longitudinal
studies have been conducted in Nigeria to
track the natural progression of HCV
infection and its interaction with the
immune system over time. Such studies are
crucial for identifying factors that
contribute to disease progression or
resolution.

Paucity of immune-based interventions:
There's a dearth of studies exploring the
potential of immune-based interventions
like therapeutic vaccines or
immunomodulatory drugs tailored to the
Nigerian population’s immune
characteristics.

High-risk groups and immune variation:
Investigating how innate and adaptive
immunity might differ in high-risk groups,
such as people who inject drugs (PWID) or
healthcare workers, could provide insights
into their susceptibility to infection and
potential targets for prevention.

Limited data integration: Often, studies on
HCV immunity, genotypes, and prevalence

are conducted in isolation. Integrating data
from  different  disciplines  (e.g.;
epidemiology, immunology, virology)
could provide a more holistic
understanding of HCV in Nigeria.

9. Impact of co-infections: Nigeria also has a
substantial burden of other infectious
diseases like HIV and malaria. The impact
of these co-infections on HCV infection
dynamics, immune responses, and
treatment outcomes remains an area of
research with limited exploration.

10. Geographical variation in prevalence: The
prevalence of HCV is known to vary across
different regions of Nigeria. However,
there's a lack of detailed spatial mapping of
HCV prevalence and genotype
distribution, which could aid in targeting
interventions and healthcare resource
allocation.

Outcomes for which data were sought, specific
results that were compatible with each outcome
domain in each study

Innate immunity and HCV infection
outcomes: Understanding the role of pattern
recognition receptors (PRRs), interferons, and
cytokines in the initial defense against HCV
infection. Definition: Investigating how innate
immune responses, triggered by PRRs and
interferons, influence HCV replication, spread, and
clearance.

Adaptive immunity and HCV infection
outcomes: Evaluating the dynamics of adaptive
immune responses (T cells, B cells) during acute and
chronic phases of HCV infection. Definition:
Studying how CD4+ and CD8+ T cells, along with
B cells, contribute to recognizing and neutralizing
the virus, and how T cell exhaustion affects viral
persistence.

Genotypes and variability outcomes:
Understanding the distribution and prevalence of
HCV genotypes in Nigeria and their implications for
immune responses and treatment outcomes.
Definition: Investigating how different genotypes
impact disease progression, treatment responses,
and the potential development of region-specific
vaccines.

Prevalence of HCV infection outcomes:
Assessing the prevalence of HCV in Nigeria, trends
over time, and identifying high-risk populations and
transmission modes. Definition: Examining the
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extent of HCV infection, variations in prevalence
across regions, and identifying factors contributing
to the spread of HCV in Nigeria.

Challenges and opportunities in HCV
research outcomes: ldentifying gaps in knowledge,
challenges in diagnosis and treatment, and potential
opportunities for future HCV research in Nigeria.
Definition: Highlighting areas where research is
lacking, understanding limitations in diagnosis and
treatment, and proposing avenues for future research
to address these challenges.

Findings and discussion outcomes:
Presenting key findings related to risk factors for

Table 1. Results of individual studies and syntheses.

HCV transmission, prevalence rates, genotypic
distribution, and the immune response in Nigeria.
Definition: Summarizing the results of various
studies and discussions on the multifaceted aspects
of HCV infection in the Nigerian context.

Research gaps outcomes: ldentifying gaps
in knowledge related to innate and adaptive
immunity, genotypes, and prevalence of HCV in
Nigeria. Definition: Recognizing areas where
further research is needed to enhance understanding
and develop targeted strategies for prevention,
treatment, and public health policy.

Results of individual studies and syntheses

Adaptive Immunity and HCV Infection [20,21]

Role of Adaptive Immunity [15,20,21]
CD4+ and CD8+ T Cells [15, 17]

T Cell Exhaustion [18]
Immunotherapeutic Approaches [19]

Impact on Disease Progression [20, 21].

Genotypes and Variability of HCV in Nigeria [22, 23,24,25]

Global Distribution of HCV Genotypes [22, 23,24,25]
Prevalence in Nigeria [22, 23,24,25]

Comparison with Global Distribution [22, 23,24,25]
Implications for Immune Responses [22, 23,24,25]

Prevalence of HCV Infection in Nigeria [22,28, ,29, 30, ,31,,32]

Prevalence Studies [22,28, ,29, 30,,31,,32]
Trends Over Time and Regions [22,26,27,28,29,30]

Contributing Factors [22,28, ,29, 30, ,31, ,32]

High-Risk Populations and Transmission Modes [22,28, ,29, 30, ,31, ,32]

Challenges and Opportunities in HCV Research in Nigeria [33,34,35,36]

Gaps in Knowledge [33,34,35,36]

Conclusion

In conclusion, hepatitis C virus (HCV)
infection remains a significant global health
concern, affecting millions of individuals
worldwide, including Nigeria. This systematic
review has provided a comprehensive analysis of
HCV infection in Nigeria, focusing on innate and
adaptive immunity, genotypes, and prevalence rates.
Despite challenges in obtaining accurate data, it is
evident that Nigeria bears a substantial burden of
chronic HCV infection, with varying prevalence
rates across regions. The presence of multiple
genotypes, particularly genotypes 1, 2, and 3

highlights the complexity of the disease's
epidemiology in the country. The immune responses
of the host, both innate and adaptive, play critical
roles in determining the outcome of HCV infection.

However, the virus's ability to evade these
immune responses often leads to chronic infection.
This review underscores the importance of
understanding the intricate interactions between
HCV and the host's immune system, as well as the
impact of diverse genotypes on disease progression
and treatment outcomes. Addressing the gaps
identified in this review is essential for advancing
our knowledge of HCV infection in Nigeria and
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developing effective strategies for prevention,
management, and public health policies.

Recommendations

The following recommendations are
crucial for guiding future research and interventions:
In-depth immune profiling: Conduct
comprehensive studies to investigate innate and
adaptive immune responses to HCV infection in
the Nigerian population. Understanding the
immune system's interactions with the virus is
crucial for developing targeted therapeutic
approaches.

Genotype-host interaction dynamics: Investigate
the complex interactions between HCV genotypes
and the host's immune responses in Nigeria. This
knowledge can provide insights into the virus's
evolution, prevalence patterns, and treatment
outcomes.

Longitudinal studies: Conduct longitudinal studies
to track the natural progression of HCV infection
over time. This will help identify factors that
contribute to disease resolution or progression and
guide clinical management.

Tailored immune-based interventions: Explore the
potential of immune-based interventions, such as
therapeutic vaccines or immunomodulatory drugs
tailored to the Nigerian population's immune
characteristics.

High-risk group analysis: Study innate and
adaptive immune responses in high-risk groups,
such as people who inject drugs and healthcare
workers, to understand their susceptibility to
infection and develop preventive strategies.

Integration of data: Integrate data from various
disciplines including epidemiology, immunology,
and virology, to gain a comprehensive
understanding of HCV infection dynamics in
Nigeria.

7. Impact of co-infections: Investigate the
impact of co-infections, such as HIV and
malaria, on HCV infection dynamics,
immune  responses, and treatment
outcomes.

8. Geographical mapping: Develop detailed
geographical maps of HCV prevalence and
genotype distribution to inform targeted
interventions and resource allocation.

9. Collaborative research: Foster
collaboration between researchers, healthcare
professionals, and policymakers to ensure that

research findings are translated into evidence-
based interventions and policies.

10. Education and awareness: Increase public
awareness about HCV infection, its modes of
transmission, and preventive measures through
educational campaigns and community outreach
programs.

By addressing these recommendations, Nigeria can
take significant strides towards mitigating the
burden of HCV infection, improving healthcare
outcomes, and enhancing the overall well-being of
its population. This systematic review offers
valuable insights into the complexities of HCV
infection in Nigeria and serves as a foundation for
evidence-based interventions and policies to combat
this persistent health challenge.

Contributions to knowledge

This systematic review on hepatitis C virus (HCV)
infection in Nigeria contributes significantly to the
understanding of HCV epidemiology and
immunology in the country. By comprehensively
analyzing available data, the study provides
valuable insights into several key aspects:

1. Comprehensive overview: The review offers a
comprehensive overview of HCV infection in
Nigeria, covering innate and adaptive
immunity, genotypes, and prevalence rates.
This consolidation of information aids in
building a holistic understanding of the disease
landscape in the country.

2. Immune responses: The study sheds light on
the roles of innate and adaptive immunity in
HCV infection outcomes. By highlighting the
virus's ability to evade immune defenses, the
review underscores the challenges in
developing effective immune-based
interventions.

3. Genotypic diversity: The identification of

multiple prevalent genotypes (1, 2, 3) and their
impact on disease progression and treatment
response enriches the knowledge of HCV
genotypic diversity within Nigeria. This
insight is crucial for tailoring treatment
strategies.
4. Prevalence patterns: By presenting a range
of prevalence rates (2.2% to 24.2%) and
outlining the dominance of genotype 1, the
study offers a clearer picture of HCV
prevalence patterns across regions in Nigeria.
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5. Research gaps identification: The review
identifies several research gaps, such as limited
immune profiling, unclear genotype-host
dynamics, and paucity of immune
interventions. These gaps provide a roadmap
for future research efforts in the field.

6. Importance of integration: The study
underscores the significance of integrating data
from diverse disciplines to gain a more holistic
understanding of HCV infection dynamics.
This approach promotes a multidimensional
view of the disease's impact.

7. Public health implications: By
emphasizing the need for tailored public health
strategies to manage Nigeria's complex HCV
epidemiology, the review offers practical
insights for policymakers and healthcare
professionals.

Limitations

While this systematic review contributes

valuable insights, it is important to acknowledge
certain limitations:

1. Data availability: The review highlights
challenges in  obtaining accurate and
comprehensive data on HCV infection in
Nigeria. The scarcity of systematic data
collection might have introduced bias and
impacted the completeness of the analysis.

2. Heterogeneity of studies: Due to the
heterogeneity of the studies included in the
review, conducting a meta-analysis to
quantitatively synthesize the findings might
have been challenging.

3. Incomplete immune profiling: The review
identifies limited immune profiling in the
Nigerian ~ population.  The lack  of
comprehensive immune response data might
hinder a thorough understanding of the immune
dynamics in HCV infection.

4. Geographical variation: The review
mentions varying prevalence rates across
regions in Nigeria. However, the lack of
detailed geographical mapping might limit the
precision of recommendations for resource
allocation and interventions.

5. Limited intervention insights: While
research gaps related to immune
interventions are highlighted, the review
might not provide in-depth insights into
potential strategies for addressing these
gaps.

6. Temporal limitation: The review's findings

are based on data available up to a certain
point in time. New developments in HCV
research after that point might not be fully
represented.

7. Publication bias: The review's reliance on

published
publication
inconclusive
underrepresented.

Finally, this

studies  might introduce
bias, as negative or
results might be

systematic review

significantly contributes to the knowledge of HCV
infection in Nigeria by providing a comprehensive
overview of immune responses, genotypes, and
prevalence. While limitations exist, the review's
findings offer a foundation for further research,
tailored interventions, and evidence-based policies
to combat HCV's health challenge in Nigeria.
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