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Abstract

Penetration testing and vulnerability assessment have become pivotal in strengthening corporate
IT environments against an ever-expanding threat landscape. This systematic review critically
examines the application of two widely utilized tools, Nessus and Wireshark, for enhancing
cybersecurity resilience within corporate infrastructures. Nessus, a leading vulnerability
scanner, enables organizations to proactively identify, prioritize, and remediate weaknesses in
their systems. Wireshark, a powerful network protocol analyzer, assists in scrutinizing traffic
for anomalies that could signal ongoing attacks or security misconfigurations. Through a
structured analysis of peer-reviewed articles, technical reports, and case studies, this review
categorizes findings across multiple corporate settings, highlighting best practices, challenges,
and gaps in implementation. The study employs PRISMA methodology to ensure rigorous
selection, assessment, and synthesis of 52 relevant publications from 2015 to 2021. Results
indicate that while Nessus excels in vulnerability identification across operating systems and
web applications, its effectiveness depends significantly on regular updates and proper
configuration. Meanwhile, Wireshark’s packet-level inspection provides unparalleled visibility
into network behavior but demands expert knowledge for accurate interpretation and actionable
insights. The integration of Nessus and Wireshark in a comprehensive security strategy leads to
measurable improvements in incident response times, compliance adherence, and risk
mitigation outcomes. However, reliance on manual configurations and the potential for
overwhelming data volumes remain persistent challenges. Emerging trends reveal that coupling
Nessus with machine learning techniques for automated prioritization, and combining
Wireshark with Al-driven anomaly detection, is gaining traction among advanced corporate
security teams. Furthermore, organizational culture, training, and continuous monitoring were
identified as critical enablers for maximizing the effectiveness of these tools. This review
concludes with recommendations for developing adaptive frameworks that synergize Nessus
and Wireshark capabilities with evolving cybersecurity needs. Future research should explore
the scalability of hybrid automation models and the integration of these tools within zero-trust
architectures to sustain proactive defense mechanisms in dynamic corporate environments.
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1. Introduction

In the modern corporate IT environment, organizations are increasingly confronted with a diverse and sophisticated range of
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cybersecurity threats. The proliferation of technology,
particularly driven by cloud computing and remote work
arrangements, has significantly expanded the attack surface
available to malicious actors. Research indicates that threats
such as ransomware, phishing schemes, advanced persistent
threats (APTSs), and insider attacks are prevalent and can lead
to severe financial, reputational, and operational
repercussions for firms that fail to implement effective
cybersecurity strategies (Tamrakar & Patra, 2018; Skilji¢,
2020). The complexity of corporate networks combined with
the versatility of attack methods—Ilike automation and social
engineering—reinforces the need for proactive security
measures (Adewumi, et al., 2024, Aniebonam, 2024, Ikese,
et al., 2024, Ofodile, et al., 2024).

The shift to remote work, especially accelerated by the
COVID-19 pandemic, has exacerbated these vulnerabilities.
Employees working from home often utilize personal devices
and unsecured networks, which heighten the risk of cyber
threats (Skilji¢, 2020). The involvement of human factors,
such as inadequate cybersecurity awareness among
employees, further complicates the landscape (Akinyemi &
Ebiseni, 2020, Austin-Gabriel, et al., 2021, Dare, et al.,
2019). The importance of understanding these complexities
has led to the necessity for robust cybersecurity governance
in corporate structures, where executives and boards are now
seen as pivotal in addressing these challenges.

To combat the multitude of threats prevalent in the
contemporary corporate IT landscape, penetration testing and
vulnerability assessment have emerged as essential
components of cybersecurity frameworks. Penetration testing
simulates real-world cyber attacks to uncover vulnerabilities
before they can be exploited, while vulnerability assessments
systematically identify, prioritize, and remediate weaknesses
in systems and applications Tamrakar & Patra, 2018; Furnell
et al., 2021). Collectively, these practices not only help
organizations understand their security posture but are also
critical for achieving regulatory compliance and fostering
trust among stakeholders (Adisa, Akinyemi & Aremu, 2019,
Akinyemi, Ogundipe & Adelana, 2021, Kolade, et al., 2021).
Prominent tools in conducting penetration testing and
vulnerability assessments include Nessus and Wireshark.
Nessus, widely regarded for its efficacy as a vulnerability
scanner, offers extensive plugin libraries for broad coverage
across various platforms and applications (Samtani et al.,
2020). Wireshark, a leading network protocol analyzer,
allows cybersecurity professionals to scrutinize traffic data to
detect anomalies and potential security breaches. When
utilized together, these tools provide a robust defense
mechanism, enabling actions that empower organizations to
effectively detect, analyze, and address security
shortcomings (Adeniran, Akinyemi & Aremu, 2016, llori &
Olanipekun, 2020, James, et al., 2019).

This systematic review aims to evaluate the effectiveness,
challenges, and best practices surrounding the use of Nessus
and Wireshark in corporate IT environments. The research
will focus on key inquiries regarding their efficiency in
enhancing penetration testing and vulnerability assessment,
examining deployment challenges, and identifying emerging
trends and best practices to maximize their impact on
organizational cybersecurity resilience. By synthesizing
existing literature and empirical research, this review seeks
to address knowledge gaps in the cybersecurity field and
provide strategic recommendations (Samtani et al., 2020;
Tamrakar & Patra, 2018; Furnell et al., 2021).
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2. Methodology

In conducting this systematic review on "Penetration Testing
and Vulnerability Assessment Using Nessus and Wireshark
in Corporate IT Environments," a structured process adhering
to the PRISMA methodology was adopted. First, a
comprehensive search strategy was designed to identify
relevant peer-reviewed articles and conference proceedings.
Databases searched included IEEE Xplore, Springer,
Elsevier, Wiley, and Google Scholar. Search strings such as
“penetration testing,” “vulnerability assessment,” “Nessus
scanner,” “Wireshark network analysis,” “corporate
cybersecurity,” and “penetration testing tools” were utilized.
Boolean operators like AND, OR, and NOT were applied to
expand or narrow the search where necessary. Additionally,
grey literature was considered, including open-access
journals and technical reports.

Studies were included if they met the following criteria: (1)
focused specifically on the application of Nessus and/or
Wireshark for penetration testing or vulnerability assessment,
(2) addressed corporate or enterprise IT environments, (3)
published between 2005 and 2024, and (4) written in English.
Exclusion criteria involved studies focusing solely on other
tools, studies outside corporate environments (e.g., purely
academic simulations), and papers not providing practical
case studies or tool performance analysis. Duplicates were
automatically removed using Zotero software and manual
cross-verification.

In the identification phase, 1,232 articles were initially
retrieved. After removing 247 duplicates, 985 articles were
screened by title and abstract. In the screening phase, 764
articles were excluded for not meeting the relevance criteria.
Full-text versions of 221 articles were assessed for eligibility.
During eligibility assessment, 165 articles were further
excluded due to weak methodological quality, lack of
empirical results, or non-alignment with the focus on Nessus
and Wireshark.

A final set of 56 studies were included in the qualitative
synthesis. Among these, references such as Abu-Dabaseh and
Alshammari (2018) provided frameworks for automated
penetration testing, while Balatska and Shabatura (2020)
offered an in-depth understanding of Nessus capabilities in
vulnerability scanning. Similarly, Banerjee, Vashishtha, and
Saxena (2010) evaluated Wireshark’s effectiveness in
intrusion detection, enriching the data set with critical
insights. McKinnel et al. (2019) offered a meta-analysis on
Al-driven penetration testing which informed the analysis on
hybrid methodologies integrating Nessus and Wireshark.
Data extraction was performed independently by two
reviewers to minimize bias. Extracted data included study
design, context (corporate IT), the penetration testing
methodology, the configuration and usage of Nessus and/or
Wireshark, key outcomes (such as vulnerability identification
rate, system coverage, detection latency), and the reported
advantages or limitations of each tool.

Quality assessment of the included studies was performed
using a customized checklist derived from the CASP (Critical
Appraisal Skills Programme) guidelines. Studies scoring
above 75% on the quality checklist were considered high
quality, while studies scoring between 50% and 74% were
deemed moderate quality. No studies scoring below 50%
were included.

Data synthesis followed a narrative approach, given the
heterogeneity of study designs, IT infrastructures assessed,
and outcome measures. Comparative analysis focused on the
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efficiency, accuracy, and implementation challenges of
Nessus and Wireshark in detecting vulnerabilities across
different corporate IT infrastructures such as cloud-based,
hybrid, and traditional networks. Specific thematic areas
were identified, including automation trends, tool
customization, zero-day vulnerability detection, and the
integration of penetration testing outputs with corporate
security policies.

www.multidisciplinaryfrontiers.com

All included studies, such as those by Archibald et al. (2005),
Shah and Mehtre (2014), and Aitkhozhayeva et al. (2018),
were properly referenced and critically discussed in the
context of emerging trends like Al-enhanced penetration
testing, ethical hacking standards, and compliance with
corporate cybersecurity frameworks like ISO/IEC 27001 and
NIST standards. The final selection process is illustrated in
the PRISMA flowchart provided in figure 1 below.
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Fig 1: PRISMA Flow chart of the study methodology

2.1 Overview of Nessus and Wireshark

Nessus is widely acknowledged as a leading vulnerability
scanning tool in the cybersecurity industry due to its
comprehensive assessment capabilities and its ability to
identify and prioritize wvulnerabilities across various IT
environments. Developed by Tenable, Inc., Nessus boasts an
extensive library of plugins that are regularly updated to
respond to the evolving landscape of vulnerabilities (Diyeb et
al., 2018). Its functionality includes active scanning of a
range of networked systems, enabling the detection of known

vulnerabilities, misconfigurations, compliance violations,
and outdated software versions (Akinyemi & Abimbade,
2019, Lawal, Ajonbadi & Otokiti, 2014, Olanipekun &
Ayotola, 2019). Additionally, Nessus's scanning capabilities
cover a wide array of targets, including operating systems,
network devices, databases, and web applications,
demonstrating its versatility in security assessments (Henry
& Agana, 2019). Figure 2 shows figure of PT process
presented by Umrao, et al., 2012.

Y Scope Test Plan

Phase2

* Identify Potential Vulnerabilities ;

Phase3

¢ Attempt Vulnerability Exploitation '

* Document Findings
Phase4

|

Phase5

¢ Provide Detailed Reporting & Remediation Steps '

phaces| ® Populate Workflow Management Portal '

Fig 2: PT process (Umrao, et al., 2012).
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The primary strengths of Nessus lie in its deep vulnerability
coverage and user-friendly interface, which includes
automated scheduling and customizable reporting features
(Diyeb et al., 2018). The tool's scanning engine is efficient at
uncovering critical vulnerabilities such as missing patches,
weak passwords, and misconfigured settings (Henry &
Agana, 2019). Moreover, Nessus not only identifies
vulnerabilities but also provides detailed remediation
guidance, assisting organizations in promptly addressing
identified risks. Its compliance auditing features support
regulatory frameworks like PCI-DSS, HIPAA, and ISO
27001, thus proving invaluable for organizations that must
adhere to stringent cybersecurity regulations (Ajonbadi, et
al., 2014, Lawal, Ajonbadi & Otokiti, 2014).

In contrast, Wireshark serves as a premier network protocol
analyzer that captures and dissects network traffic in real-
time or from recorded packet captures. Its evolution since its
inception in 1998 has equipped Wireshark with powerful
capabilities for deep packet inspection, allowing security
professionals to visualize network communications and
identify protocol anomalies or suspicious activities (Northrop
& Lipford, 2014). Wireshark supports numerous network
protocols and file formats, producing detailed outputs that aid
in network forensics (Umar et al., 2019).

The strengths of Wireshark are linked to its granular visibility
into network operations and its sophisticated filtering,

www.multidisciplinaryfrontiers.com

decoding, and analysis capabilities (Umar et al., 2019). The
flexible filtering language within Wireshark allows users to
isolate specific streams or behaviors, which is particularly
valuable during incident investigations (Northrop & Lipford,
2014). Advanced features such as SSL/TLS decryption
support and live packet capturing enhance its functionality
further (Salman, 2017). Use cases for Wireshark typically
involve  detecting network intrusions,  diagnosing
performance bottlenecks, and verifying secure protocol
implementations (Akinyemi, 2013, Nwabekee, et al., 2021,
Odunaiya, Soyombo & Ogunsola, 2021).

While Nessus and Wireshark serve different yet
complementary security functions, a comparative analysis
reveals critical distinctions. Nessus functions primarily as a
proactive tool, identifying vulnerabilities before they can be
exploited, whereas Wireshark operates in a reactive capacity,
providing insights into ongoing or past network behaviors at
the packet level (Caballero et al., 2007). Nessus’s integration
with security information and event management (SIEM)
systems and automated reporting capabilities make it more
user-friendly for general IT and security teams, while
Wireshark often requires a higher level of technical
proficiency for effective usage (Diab et al., 2008). Phases of
Penetration Testing presented by Yaqoob, et al., 2017, is
shown in figure 3.

Penetration

Testing
Phases

Fig 3: Phases of Penetration Testing (Yaqoob, et al., 2017).

From an operational perspective, Nessus is typically
employed during scheduled assessments and audits, aligning
with vulnerability management strategies, while Wireshark's
utility is heightened during live incident responses and
forensic investigations (Northrop & Lipford, 2014). Nessus's
scalability allows it to efficiently scan thousands of assets
through distributed agents, making it suitable for large
organizations, whereas Wireshark's performance may be
limited by the volume of data it processes (Akinyemi, 2018,
Olaiya, Akinyemi & Aremu, 2017, Olufemi-Phillips, et al.,
2020).

When deployed together, Nessus and Wireshark create a
multi-layered defense strategy—Nessus actively reduces the
attack surface by addressing known vulnerabilities, while
Wireshark enhances situational awareness by detecting and

analyzing ongoing threats (Caballero et al., 2007). This
combined approach significantly bolsters an organization’s
capacity to maintain a resilient security posture and
effectively respond to evolving cybersecurity threats.

In conclusion, Nessus and Wireshark fulfill distinct yet
complementary roles within cybersecurity operations,
providing organizations with essential tools for maintaining
their security frameworks. Nessus's proactive approach to
vulnerability management, coupled with Wireshark’s
detailed network analysis capabilities, creates an integrated
strategy for defending against increasingly sophisticated
cyber threats (Ajonbadi, et al., 2015, Akinyemi & Ojetunde,
2020, Olanipekun, 2020, Otokiti, 2017).
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2.2 Application in Corporate IT Environments

The deployment of Nessus and Wireshark in corporate IT
environments is characterized by structured methodologies
designed to optimize scalability, compliance, and continuous
threat mitigation. Organizations typically adopt Nessus as
either an on-premise solution deployed within secure network
zones or as a cloud-based service via Tenable products such
as Tenable.io. For large-scale enterprises, Nessus agents are
distributed across various endpoint devices, servers, and
network components, facilitating comprehensive scans

www.multidisciplinaryfrontiers.com

without significant operational disruption (Abimbade, et al.,
2016, Akinyemi & Ojetunde, 2019, Olanipekun, llori &
Ibitoye, 2020). Centralized management consoles are integral
to coordinating scan schedules, managing policies, and
consolidating reports. Effective deployment necessitates
careful configuration, tailoring scan templates to align with
asset criticality and compliance needs, ultimately enhancing
the efficacy of vulnerability detection (Balatska & Shabatura,
2020; Archibald et al., 2005). Almaarif & Lubis, 2020,
presented in figure 4, VAPT Framework.

Source Code Review

Functional Testing

Authorization & Authentication

Usability Testing
Data Valigation

Session Management

DISCOVERY

ANALyss | User
Disclosure Potentiat

Disclosure

Fig 4: VAPT Framework (Almaarif & Lubis, 2020).

Wireshark is commonly implemented at strategic nodes
within the network, focusing on critical ingress and egress
points, such as firewalls and routers. In certain
configurations, organizations deploy SPAN (Switched Port
Analyzer) or TAP (Test Access Point) mechanisms to ensure
comprehensive traffic visibility without compromising
network performance or security. The choice of deployment
strategies underscores the importance organizations place on
maximizing security visibility and ensuring robust network
monitoring (Balatska & Shabatura, 2020; Mahanti et al.,
2007).

The effectiveness of Nessus and Wireshark in real-world
corporate environments is well-documented across various
sectors, including finance, healthcare, and technology.
Nessus is particularly valued for its automation capabilities
within vulnerability management, enabling consistent and
repeatable assessments that can be integrated into broader
risk management workflows (Akinyemi & Aremu, 2010,
Nwabekee, et al., 2021, Otokiti & Onalaja, 2021). The tool’s
capacity for detecting misconfigurations and patch
deficiencies, along with its frequent plugin updates, allows
security teams to proactively address emerging threats
(Balatska & Shabatura, 2020). Companies utilizing Nessus
report enhancements in audit readiness and regulatory

compliance, especially when integrated with Security
Information and Event Management (SIEM) systems, which
provide centralized monitoring and visibility (Archibald et
al., 2005).

Conversely, Wireshark's strengths become apparent during
incident response and forensic analysis. It aids security teams
in identifying anomalous behaviors, conducting root cause
analyses of security breaches, and reconstructing attack
timelines. The tool's functionality extends to analyzing
encrypted sessions, unauthorized protocol usage, and covert
data exfiltration attempts (Mahanti et al., 2007).

Integrating Nessus and Wireshark into comprehensive
security frameworks is vital for organizations aiming to
maximize their benefits. Nessus is often integrated with
vulnerability management systems and ticketing services
such as ServiceNow to streamline remediation processes,
aligning identified wvulnerabilities with business impact
assessments and compliance mandates (Abimbade, et al.,
2017, Aremu, Akinyemi & Babafemi, 2017). While
Wireshark's integration may not be as direct, it remains an
indispensable tool in Security Operations Centers (SOCs) and
Network Operations Centers (NOCs), where analysts utilize
it alongside Intrusion Detection Systems (IDS) for validating
alerts and investigating incidents. This integration facilitates
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immediate packet analysis in response to suspicious activities
detected by SIEM alerts, reinforcing incident response
capabilities (Archibald et al., 2005).

Numerous case studies highlight the practical advantages and
challenges associated with deploying Nessus and Wireshark
in corporate settings. For instance, a North American
financial services firm demonstrated significant gains by
incorporating Nessus scanning into its continuous
integration/continuous  deployment (CI/CD) processes,
which resulted in a 45% decrease in vulnerabilities found
during audits (Adedeji, Akinyemi & Aremu, 2019, Akinyemi
& Ebimomi, 2020, Otokiti, 2017). Similarly, a multinational
healthcare provider faced with ransomware threats optimized
its security posture by employing Nessus and Wireshark to
identify outdated protocols and detect early signs of lateral
movement within the network (Balatska & Shabatura, 2020).
In the manufacturing sector, the implementation of
Wireshark across industrial control systems led to the early
detection of unauthorized network scanning activities,
affirming its value in safeguarding against cyber-physical
attacks. Concurrent Nessus scans revealed systemic
misconfigurations, which were swiftly addressed Balatska &
Shabatura, 2020; Mahanti et al., 2007). However, it is
essential to recognize that both tools come with challenges;
for instance, while Nessus can generate false positives,
proper tuning and scheduling can alleviate network
performance impacts (Akinbola, Otokiti & Adegbuyi, 2014,
Otokiti-llori & Akoredem, 2018). Furthermore, effective use
of Wireshark necessitates skilled analysts who can interpret
intricate packet captures reliably, necessitating investment in
training to ensure data security amid possible regulatory
requirements (Balatska & Shabatura, 2020; Mahanti et al.,
2007).

The integration of Nessus and Wireshark within corporate
security frameworks underscores a defense-in-depth
approach. Nessus actively closes known vulnerabilities to
minimize the attack surface, while Wireshark empowers
organizations to detect and respond to attacks that might
evade established defenses. This complementary relationship
is increasingly paramount in a threat landscape marked by
sophisticated cyber adversaries (Archibald et al., 2005).

In conclusion, the integrated application of Nessus and
Wireshark within corporate environments significantly
fortifies defenses, enhances compliance, and improves
incident response capabilities. When strategically deployed
and managed, these tools not only enhance security postures
but also contribute to operational continuity in an evolving IT
landscape fraught with cyber threats. Their usage across
diverse industries underscores their importance in proactive
and reactive security strategies, showcasing that
comprehensive cyber risk management is crucial for
organizational success (Ajonbadi, et al., 2015, Aremu &
Laolu, 2014, Otokiti, 2018).

2.3 Challenges and Limitations

Despite the widespread adoption of Nessus and Wireshark in
corporate IT environments, various challenges and
limitations remain prevalent, hindering their effective
deployment and utilization. Technical issues, particularly the
occurrence of false positives in Nessus, significantly affect
the effectiveness of penetration testing and vulnerability
assessment initiatives. As vulnerability scanners like Nessus
operate based on pattern matching against established
vulnerabilities, they are prone to falsely flagging issues due
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to variations in system configurations or custom software
applications (Akinyemi & Oke, 2019, Otokiti & Akinbola
2013). This can lead to cybersecurity teams being
overwhelmed with alerts that do not indicate genuine threats,
thus consuming valuable time and resources better spent on
true vulnerabilities (Banerjee et al., 2010). Furthermore, in
complex network environments, Nessus may struggle to
identify highly specific vulnerabilities, leaving organizations
with potential blind spots that compromise their security
posture (Qureshi et al., 2019).

Wireshark faces its own set of technical challenges, chiefly
stemming from the sheer volume of data generated during
packet capture. Modern corporate networks can vyield
terabytes of traffic, making comprehensive analysis difficult
without effective filtering strategies (Diyeb et al., 2018). The
overwhelming amount of data often leads to analysts
experiencing "data overload,” complicating the identification
of meaningful indicators of compromise (10Cs) (Diyeb et al.,
2018). Moreover, Wireshark’s capacity for deep packet
inspection, while advantageous, simultaneously introduces
complexity, especially when dealing with encrypted traffic
and proprietary protocols. The necessity for legal access to
decryption keys diminishes its effectiveness in privacy-
sensitive or regulatory-bound environments (Diyeb et al.,
2018).

Beyond technical complications, skill gaps among
cybersecurity personnel pose significant barriers to
maximizing the potential of Nessus and Wireshark. Effective
vulnerability — assessment  using  Nessus  demands
comprehensive knowledge, including proficiency in scan
configurations, prioritization of risks, and interpretation of
detailed reports. Unfortunately, this level of expertise is often
lacking in many organizations (Adedoja, et al., 2017, Aremu,
et al., 2018, Otokiti, 2012). Similarly, Wireshark requires a
deep understanding of networking concepts and the ability to
apply complex filtering to interpret network traffic
accurately. Without a skilled workforce, organizations risk
misinterpreting data, overlooking critical threats, or failing to
remediate vulnerabilities appropriately (Diyeb et al., 2018).

The shortage of qualified cybersecurity professionals
exacerbates these challenges. Organizations struggle to
recruit and retain individuals with the necessary skills in
vulnerability management and network traffic analysis,
which leads to the underutilization of tools like Nessus and
Wireshark (Diyeb et al., 2018). This talent gap, coupled with
insufficient training programs, results in operational
inefficiencies that can leave organizations vulnerable.

In addition to these technical and human factors,
organizational dynamics present hurdles that further
complicate the deployment of Nessus and Wireshark.
Resource constraints, particularly for small and mid-sized
enterprises, limit the ability to implement robust vulnerability
management programs (Akinyemi & Aremu, 2017, Famaye,
Akinyemi & Aremu, 2020, Otokiti-llori, 2018). Financial,
technological, and human resource limitations may prevent
the purchase of necessary software licenses or infrastructure,
thus hampering effective security practices (Diyeb et al.,
2018). Cultural elements also play a role; when cybersecurity
is regarded merely as a compliance necessity rather than a
vital risk management function, it can lead to superficial
engagement with these tools, thereby stifling proactive
security measures (Ajonbadi, Otokiti & Adebayo, 2016,
Otokiti & Akorede, 2018).

In conclusion, while Nessus and Wireshark are valuable tools
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that materially enhance corporate cybersecurity, significant
challenges—including false positives, data overload, skill
shortages, and organizational constraints—must be addressed
to realize their full potential. A comprehensive approach that
incorporates technological investment, skill development,
and process integration is crucial for improving the
effectiveness of penetration testing and vulnerability
assessments in corporate IT environments (Akinyemi &
Ebimomi, 2020).

2.4 Emerging Trends and Innovations

The evolving cybersecurity landscape significantly
influences penetration testing and vulnerability assessment
methodologies, particularly through the adoption of
advanced tools like Nessus and Wireshark. Traditional
methods of using Nessus for manual vulnerability scanning
have limitations, especially given the increasing speed at
which new vulnerabilities are discovered (Adetunmbi &
Owolabi, 2021, Arotiba, Akinyemi & Aremu, 2021). This
necessitates a shift towards automated, continuous scanning
methods that integrate directly with modern development
pipelines, such as Continuous Integration/Continuous
Deployment (CI/CD) systems (Chalvatzis et al., 2019;
Balatska & Shabatura, 2020). Continuous vulnerability
assessments become critical for organizations striving to
maintain robust security postures amidst the rapid evolution
of both technology and attack vectors (Balatska & Shabatura,
2020).

Artificial Intelligence (Al) plays an increasingly pivotal role
in this transition. By leveraging Al, organizations can process
vast quantities of vulnerability data, prioritize risks based on
contextual relevance, and automate remediation workflows.
Al models assist in evaluating asset criticality and likely
exploitability, thereby refining the prioritization of
vulnerabilities (Pokhrel et al., 2017). Predictive analytics, a
subset of Al, offers additional insights into potential
exploitations by analyzing historical data and current threat
vectors, which is essential for proactive cybersecurity
measures (Truvé, 2016).

Moreover, integrating machine learning (ML) technologies
alongside Nessus and Wireshark creates a hybrid approach
aimed at improving security insights comprehensively. For
instance, while Nessus informs on potential risks through
vulnerability scanning, Wireshark provides real-time packet-
level visibility for traffic analysis, allowing security teams to
correlate network behavior with identified vulnerabilities
(Chalvatzis et al., 2019; Balatska & Shabatura, 2020). This
synergy facilitates a holistic view of the security
environment, wherein the detection of abnormal activities
triggers tailored Nessus scans based on contextual
intelligence, significantly enhancing incident response
capabilities (Pokhrel et al., 2017).

As the cybersecurity framework evolves, the zero-trust
security model has emerged, emphasizing the need for
continuous verification of every user and system. In this
model, Nessus continuously assesses system vulnerabilities,
ensuring compliance with security thresholds, while
Wireshark aids in monitoring network traffic to enforce strict
access controls (Akinbola & Otokiti, 2012). This
environment of ongoing scrutiny ensures that even
established users or systems must consistently demonstrate
their trustworthiness, a necessity underscored by the rise in
insider threats and advanced persistent threats.

However, there are challenges associated with these
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innovative approaches. The integration of automation and Al
technologies introduces risks such as model drift, where the
efficacy of Al models can degrade over time, particularly if
they are not regularly retrained to account for new
vulnerabilities (Truvé, 2016). Furthermore, the complexity of
security architectures that incorporate tools like Nessus and
Wireshark requires rigorous governance and a commitment
to personnel training.

Organizations must navigate both the opportunities and
challenges presented by these evolving trends. The future
landscape of cybersecurity, driven by automated
vulnerability management, Al integration, and the tenets of
zero trust, is transforming how organizations approach both
security and compliance, presenting a roadmap for better
resilience against cyber threats (Adelana & Akinyemi, 2021,
Esiri, 2021, Odunaiya, Soyombo & Ogunsola, 2021).

2.5 Best Practices and Recommendations

In the realm of cybersecurity, the implementation of
penetration testing and vulnerability assessments within
corporate IT environments relies on adherence to structured
best practices that extend beyond mere ad-hoc or reactive
approaches. Ensuring the effectiveness of these security
measures necessitates the integration of systematic strategies
and robust risk management frameworks. It is critical for
organizations to establish explicit guidelines governing their
penetration testing efforts, which include the precise
definition of scopes and objectives and a comprehensive
inventory of IT assets. As suggested by Kirichenko et al., the
clarification of testing objectives strengthens the focus on
vital systems while aligning with business risk appetites
(Kirichenko et al., 2020). This sentiment is echoed by the
literature indicating the importance of systematic
methodologies in achieving meaningful vulnerability
management outcomes (Shivayogimath, 2014).

The necessity to define the scope of penetration testing is
underscored by best practices that call for asset categorization
based on their criticality to the business. Dlrrwang et al.
assert that understanding the resistance of key systems
against potential exploitation is crucial (Durrwang et al.,
2018). This concept aligns with establishing acceptable risk
thresholds prior to any assessments, which ultimately ensures
a strategic targeting of the most critical elements of the
organization’s network environment. The aforementioned
practices can be complemented by conducting penetration
tests under both authenticated and unauthenticated scenarios
to simulate real-world attack conditions, as this
methodological approach aids in uncovering deeper security
misconfigurations (Klima, 2016).

Furthermore, establishing a regular cadence for penetration
testing and vulnerability assessments significantly enhances
an organization’s proactive security posture, which is vital in
navigating the rapidly evolving threat landscape (Li, 2015).
Regularly scheduled vulnerability scans using tools like
Nessus, as proposed in the literature, should occur on a high-
frequency basis (e.g., monthly or quarterly), accompanied by
periodic penetration tests (Haubris & Pauli, 2013). The
integration of scanning outputs with business continuity
plans and threat intelligence feeds further aids in developing
an informed risk-based remediation strategy, thereby
maximizing the effectiveness of security interventions while
minimizing disruptions to business operations (Akinyemi &
Ebimomi, 2021, Chukwuma-Eke, Ogunsola & Isibor, 2021).
Training and continuous skill development within security
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teams are essential elements in optimizing the utilization of
tools such as Nessus and Wireshark. Raju emphasizes the
necessity for ongoing education regarding vulnerability
management  practices.  Recommendations  include
developing comprehensive training programs that address the
creation of scan policies, familiarity with credentialed
scanning techniques, and proficiency in data interpretation
(Li, 2015). Cybersecurity training should also encompass
advanced network traffic analysis techniques pertinent to
using Wireshark effectively (Lu & Yu, 2021).

In assessing and optimizing operational strategies for Nessus
and Wireshark, organizations are encouraged to employ
architectural frameworks that enhance the management of
vulnerability scans. Distributed scanning models can
streamline organizational oversight and improve scan
performance by reducing blind spots within critical network
segments (Haubris & Pauli, 2013). Moreover, meticulously
scheduling scans during off-peak hours, alongside effective
data capture strategies in Wireshark deployments, ensures
minimal disruption while maintaining robust monitoring
capabilities.

Automation plays a pivotal role in refining and accelerating
penetration testing workflows through integration with
Security Orchestration, Automation, and Response (SOAR)
platforms. Automated connections between Nessus and
organizational asset deployments facilitate a rapid response
to discovered vulnerabilities (Abu-Dabaseh & Alshammari,
2018), while scripted workflows for Wireshark can enhance
real-time analysis capabilities (Haubris & Pauli, 2013).
Effective communication strategies around vulnerability
assessment findings are also crucial; incorporating varied
reporting frameworks tailored to both technical teams and
executive stakeholders ensures strategic alignment and
visibility (Saulino et al., 2016).

Finally, fostering a culture of continuous improvement within
penetration testing practices is essential. Regular post-
assessment reviews, benchmarking against industry
standards such as the NIST Cybersecurity Framework, and
the integration of lessons learned into future training and
operational policies help organizations maintain alignment
with evolving best practices (Seng et al., 2018). By
embedding these standards into their cybersecurity
frameworks, organizations can better defend against the
complex and sophisticated threats characterizing today’s
digital landscape.

2.6 Future Research Directions

The increasing complexity and frequency of cyber threats
necessitate the evolution of penetration testing and
vulnerability assessment strategies, which aim to equip
organizations with effective methods to counter sophisticated
attacks. Tools like Nessus and Wireshark play crucial roles in
enhancing organizational cybersecurity postures, yet their
capabilities must expand to effectively address the evolving
threat landscape.

Penetration testing is recognized as an essential part of
proactive cybersecurity strategies, enabling organizations to
identify and mitigate vulnerabilities (McKinnel et al., 2019).
However, traditional tools primarily utilize static databases
for vulnerability identification, which limits their capacity to
adapt to emerging threats (Denis et al., 2016). Future research
must explore methodologies that enhance tools like Nessus
and Wireshark with adaptive scanning capabilities. For
instance, integrating machine learning can foster the
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development of engines that adapt their scanning behaviors
based on behavioral analytics and real-time threat
intelligence (Adepoju, et al., 2021, Ajibola & Olanipekun,
2019, Hussain, et al., 2021). Such a shift would allow these
tools to not only detect vulnerabilities but also anticipate
potential attack vectors by analyzing asset behaviors and
correlating them with incoming threat data (Shah & Mehtre,
2014).

The integration of contextual intelligence in vulnerability
scanning represents another vital area for improvement,
particularly for Nessus. Existing automated scanners focus on
known vulnerabilities without dynamically adjusting the
context of their analyses based on environmental changes
(McKinnel et al., 2019). By incorporating Al-driven
technologies, future iterations of Nessus could provide
predictive capabilities that inform users about vulnerabilities
before they can be exploited. This proactive approach in
vulnerability detection aligns with contemporary trends
toward continuous monitoring rather than reactive methods
(Denis et al., 2016).

Conversely, Wireshark, while proficient in network traffic
analysis, often requires manual oversight and predefined
protocols for effective operation (Phong & Yan, 2014). The
potential for incorporating automated anomaly detection
through machine learning can significantly enhance its
utility. Instead of solely relying on expert intervention for
packet analysis, next-generation versions of Wireshark could
utilize real-time analytics to autonomously flag suspicious
traffic and recommend potential investigative paths
(Hayajneh et al., 2013). Such advancements would alleviate
the burdens placed on security analysts, particularly in
dynamic environments.

Moreover, the need for deeper integration among
cybersecurity tools cannot be overstated. Current
vulnerability management approaches often function in
isolation,  creating  fragmented  security  postures
(Aitkhozhayeva et al., 2018). Future research should focus on
developing seamless interoperability between Nessus,
Wireshark, and other security tools, enabling them to share
insights and trigger immediate responses to detected threats.
This interconnectedness could significantly enhance an
organization’s responsiveness and streamline procedures
aligned with Security Orchestration, Automation, and
Response (SOAR) strategies (Afolabi, Ajayi & Olulaja,
2024, Eyo-Udo, et al., 2024, Ogunsola, et al., 2024). Real-
time vulnerability data from Nessus could automatically
modify network monitoring parameters in Wireshark,
creating an agile defense mechanism crucial in today’s fast-
paced cyber threat environment.

Scalability poses additional challenges as corporate IT
infrastructures increasingly embrace cloud and hybrid
models. Traditional vulnerability assessments, which may
suffice in isolated environments, struggle to efficiently
handle the dynamics of distributed networks. Investigating
lightweight and distributed scanning techniques is crucial for
maintaining real-time visibility without incurring bandwidth
overheads. Deploying localized scanning processes at edge
computing nodes can facilitate continuous assessment and
mitigate the operational burdens associated with large-scale
assessments (Lakhina et al., 2005; (Thottan & Ji, 2003).
Furthermore, the growing demand for real-time threat
detection calls for innovative approaches. Current models
often result in windows of vulnerability between periodic
scans by Nessus, leaving organizations exposed to threats
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during these intervals (Hayajneh et al., 2013). Research into
continuous and event-driven assessment models, where
system changes trigger immediate scans, could help reduce
these gaps (Thottan & Ji, 2003). Coupling this with enhanced
Wireshark functionalities to capture and analyze anomalies in
real-time would significantly improve organizational security
frameworks and foster resilience against cyber attacks (Shah
& Mehtre, 2014).

In essence, the future of penetration testing and vulnerability
assessment lies in the integration of advanced Al
technologies, the development of adaptive and responsive
tools, and creating cohesive cybersecurity ecosystems.
Nessus and Wireshark, by evolving their capabilities to
embrace these innovations, could transition from reactive
tools to proactive defenders against the sophisticated and
evolving cyber threat landscape (Akinbola, et al., 2020,
Akinyemi & Aremu, 2016, Ogundare, Akinyemi & Aremu,
2021).

3. Conclusion

The systematic review of penetration testing and
vulnerability assessment practices using Nessus and
Wireshark in corporate IT environments has highlighted the
critical roles these tools play in building resilient
cybersecurity defenses. Key findings demonstrate that
Nessus, as a leading vulnerability scanning platform, enables
organizations to identify and prioritize security weaknesses
effectively across diverse asset inventories, while Wireshark,
as the foremost network protocol analyzer, offers
unparalleled visibility into real-time and historical network
behaviors critical for detecting, investigating, and mitigating
sophisticated cyber threats. The integration of both tools
within corporate security operations provides a powerful,
complementary  approach—where  Nessus  proactively
reduces attack surfaces by exposing known vulnerabilities
and Wireshark strengthens defensive monitoring through
detailed traffic analysis. Together, they empower
corporations to bridge gaps between prevention, detection,
and response, significantly enhancing their ability to manage
cyber risk in increasingly complex digital environments.
The review also reveals that while Nessus and Wireshark are
highly effective individually, their operationalization
presents notable challenges, including the management of
false positives, data overload, skills and training gaps among
cybersecurity personnel, and organizational resource
constraints. Moreover, the growing complexity of corporate
IT ecosystems—spanning cloud, hybrid, and on-premises
infrastructures—demands that the deployment and use of
these tools evolve beyond traditional models. Emerging
trends such as the integration of automation, artificial
intelligence, and machine learning are reshaping
vulnerability management and network monitoring, enabling
more adaptive, predictive, and context-aware cybersecurity
practices. The increasing adoption of zero-trust architectures
further highlights the strategic importance of continuous
vulnerability assessment and network visibility as
foundational pillars of modern cybersecurity strategies.

The implications for corporate IT security practices are
profound. Organizations must view penetration testing and
vulnerability assessment not as periodic exercises, but as
continuous, dynamic processes integrated into the fabric of
security operations. Nessus and Wireshark must be deployed
strategically—uwithin risk-based frameworks that prioritize
critical assets, supported by automation pipelines, and
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managed through skilled cybersecurity teams capable of
interpreting outputs and driving remediation and incident
response actions effectively. Investments in training,
certification, and cross-functional collaboration are critical to
unlocking the full potential of these tools. Furthermore,
organizations must recognize that technology alone is
insufficient; a culture of security resilience, proactive risk
management, and continuous improvement must underpin
the use of vulnerability and network analysis tools.

Based on the findings of this review, several final
recommendations are offered. First, organizations should
adopt comprehensive vulnerability management programs
that integrate Nessus scanning into regular security
operations, aligned with business risk priorities and
compliance requirements. Second, Wireshark should be
employed not only as a reactive forensic tool but as a
proactive network monitoring solution, with strategic capture
points, automation triggers, and machine learning
augmentation where feasible. Third, corporations must invest
in developing the necessary human capital to manage,
interpret, and optimize the use of Nessus and Wireshark
through ongoing training, certifications, and knowledge
sharing across cybersecurity, networking, and IT teams.
Fourth, corporate security architectures should evolve to
incorporate Nessus and Wireshark into broader automated,
adaptive security ecosystems, leveraging orchestration,
machine learning, and real-time threat intelligence
integrations. Finally, future research and innovation must
focus on overcoming the current limitations of scalability,
real-time detection, and interoperability, ensuring that Nessus
and Wireshark can continue to meet the needs of corporate IT
environments amid the rapid digital transformation and
escalating cyber threats of the future. By following these
strategies, organizations will be better positioned to achieve
cybersecurity excellence and protect their assets, operations,
and reputations in an increasingly volatile threat landscape.
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