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Abstract: Cross-Site Scripting is a prevalent web 

application vulnerability that allows attackers to inject 

harmful scripts into the pages accessed by other users. 

These scripts can be executed within the browser 

context of the targeted user, compromising sensitive 

data such as login information, session cookies, or 

private information. There are three types of XSS 

attacks: stored, reflected, and DOM-based attacks. 

While modern security frameworks and protocols have 

enhanced the security of web applications, XSS 

continues to be a major threat because input validation 

is not properly performed or sanitization of content 

originating from users is insufficient. This study 

explored the mechanics behind XSS attacks, how XSS 

attacks affect web applications, approaches for 

prevention, and practical case studies of high-profile 

incidents. 

 

INTRODUCTION 

 

XSS attacks occur when malicious scripts are 

injected into a web application by taking advantage 

of user inputs that are not properly sanitized by the 

web application. When the victim user visits the 

affected page, the malicious script is executed within 

their browser and, in most cases, at the user's 

privilege level. This may cause data theft, session 

hijacking, website defacement, or the spread of 

malware. This includes comment sections, forums, 

and social media platforms, where a web application 

handles dynamic content that requires user input 

without proper validation. XSS attacks are pervasive 

across the cybersecurity landscape and understanding 

how they work and mitigate them is important for 

both developers and security professionals. 

  

Types of Cross-Site Scripting (XSS) and 

explanations  

 

Cross-Site Scripting (XSS) is a well-known web 

application vulnerability that enables attackers to 

inject malicious scripts into the webpages viewed by 

other users. These scripts can compromise user data, 

hijack sessions, and execute unauthorized actions on 

behalf of the user. XSS attacks can be classified into 

three types: stored, reflected, and DOM-based XSS. 

Each type has its own unique mechanism for 

exploitation and varying degrees of impact, 

depending on how the application processes and 

renders user input. 

  

1. Stored XSS (Persistent XSS) 

Stored XSS, also referred to as Persistent XSS, 

occurs when malicious input provided by an attacker 

is stored on a web server and later served to users who 

visit the affected page. This type of XSS has a lasting 

effect because the payload is saved in a server 

database or a persistent storage medium. When 

another user views an infected page, a malicious 

script is executed in the user’s browser, often leading 

to data theft, session hijacking, or the spread of 

further malware. 

 

Example: In a scenario involving a comment section 

of a blog or forum, an attacker may inject a malicious 

script into the comment. If the website fails to 

sanitize the input properly, the script is stored in the 

website's database and displayed whenever a 

comment is accessed. Consequently, when other 

users visit a page containing an infected comment, 

the script runs in their browser, potentially stealing 

their session cookie and sending it to an attacker-

controlled server. 

 

Real-World Example: One of the most notable 

instances of stored XSS occurred with Yahoo's 

"myYahoo" feature in 2005. Attackers can inject 

malicious JavaScript code into a personalized user 

homepage that is executed when other users load the 

page. This has led to unauthorized access to user 

accounts, showcasing the persistent nature of stored 

XSS and their potential impact on large-scale 

platforms. 

  

2. Reflected XSS (Non-Persistent XSS) 
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Reflected XSS, also known as non-persistent XSS, is 

triggered when an attacker’s malicious input is 

immediately reflected back to the user by a web 

server. In this type of attack, the injected script is not 

stored on the server but is instead executed in the 

victim's browser as part of a dynamically generated 

response to a request. An attacker typically crafts a 

malicious URL containing the payload and tricks the 

victim by clicking on it. Once the victim clicks the 

link, the server processes the malicious input and 

returns a page with an embedded script, which is then 

executed in the browser. 

 

Example: An attacker could send a phishing email 

that contains a URL with a malicious script 

embedded in the query string (e.g., 

http://example.com/search?query=<script>alert('XS

S')</script>). When the victim clicks on this link, the 

script is executed in the victim's browser, possibly 

stealing sensitive information such as login 

credentials or redirecting the user to a fake login 

page. 

 

Real-World Example: In 2009, Google suffered from 

reflected XSS vulnerability in its search results. 

Attackers can inject malicious scripts into a search 

query, which is reflected in the search results. This 

script can execute and steal session tokens, or redirect 

users to malicious websites. 

  

3. DOM-based XSS 

 

DOM-based XSS is a client-side attack in which 

vulnerability exists in the webpage’s Document 

Object Model (DOM) rather than the server. In this 

case, malicious scripts are executed when a victim 

interacts with elements on the page, such as by 

clicking a link or entering the input in a form. Script 

manipulation occurs entirely on the client side, and 

the server is not directly involved in executing the 

malicious payload. This type of XSS is difficult to 

detect because it relies on the dynamic manipulation 

of DOM in the browser, bypassing traditional server-

side detection mechanisms. 

 

Example: In a DOM-based XSS attack, a vulnerable 

JavaScript function may read the user input from the 

URL (e.g., from the window.location.hash or 

window.location.search properties) and insert it 

directly into the page without sanitization. An 

attacker can craft a URL like 

http://example.com/page#<script>alert('XSS')</scri

pt>, and when the victim visits the page, the script is 

executed in the browser. 

 

Real-world Example: A prominent DOM-based XSS 

vulnerability was found in GitHub in 2015. This issue 

occurs when the user input in the URL fragment (#) 

is improperly handled by the site's JavaScript code. 

This vulnerability allows attackers to inject malicious 

scripts that are executed when a page is loaded by an 

unsuspecting user, potentially compromising their 

account information. 

  

XSS attacks are among the most common and 

dangerous threats to Web applications. Each type—

stored, reflected, and DOM-based—has distinct 

characteristics and impacts on users and 

organizations. Stored XSS tends to have long-lasting 

effects, as malicious code is saved on the server and 

continuously affects the users. Reflected XSS, while 

transient, can still be highly effective if combined 

with social engineering tactics, as the attacker relies 

on tricking the victim to click a malicious link. DOM-

based XSS is unique in that it relies on client-side 

vulnerabilities and is often difficult to detect using 

traditional security tools. 

For web developers, understanding these types of 

XSS and implementing best practices, such as input 

sanitization, output encoding, and secure scripting, is 

crucial for mitigating risks. Additionally, 

organizations must remain vigilant, continuously 

audit, and test their web applications to ensure that 

they are secure against evolving XSS techniques. 

  

Performance: 

 

The effects of an XSS attack can vary depending on 

the type of XSS vulnerability the page suffers from 

and the intent of the attacker. Typically, Stored XSS 

cases remain the most effective, where malicious 

scripts are saved on the server as their payload will 

be executed each time a victim visits the 

compromised page. Reflected XSS attacks generally 

tend to be more temporary because the payload is 

immediately run as part of the user's request but can 

also prove to be catastrophic if it has been used to 

acquire passwords or execute actions on the account 

of the victim. In DOM-based XSS, there is a more 

complex form in which the attack works on client-

side scripts in the manipulation of the webpage. It 

does not request the server; however, it can result in 

the same severe consequence if the victim interacts 

with the compromised page. Performance-wise, an 
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XSS attack often relies on the success of how an 

attacker can craft his payload and how the web 

application fails to validate or sanitize the user input. 

  

Prevention: 

 

Preventing XSS attacks is multilayered and includes 

proper input validation, output encoding, and secure 

coding. Developers should implement strong 

mechanisms for input validation to ensure user-

provided data is sanitized, rejecting any unexpected 

or possibly malicious characters. Output encoding is 

necessary to prevent the browser from executing 

malicious scripts embedded in user inputs. In this 

way, the application encodes the output such that 

characters <, >, and & would appear in plain text 

form instead of being parsed as HTML or JavaScript. 

In addition, it limits the execution of unwanted scripts 

using Content Security Policy (CSP) headers, thus 

limiting XSS attacks. HttpOnly and Secure flags for 

cookies should be used to prevent session hijacking 

via stolen cookies, and same-origin policies can help 

isolate resources and prevent malicious scripts from 

interacting with different domains. Security audits, 

vulnerability scanning, and keeping libraries and 

frameworks updated are also critical for minimizing 

the risk of XSS attacks. 

  

The most famous XSS attack was probably in 2005, 

when the flaw found on the MySpace platform 

allowed attackers to use XSS to steal their users' 

session cookies. It was called the samy worm, which 

propagated very quickly throughout the social 

network through XSS. The attacker injected a 

malicious JavaScript payload into the profile 

description, which executed the script and added the 

attacker's profile as a friend when viewed by other 

users, and then propagated the script to their profile 

as well. More than one million users were affected 

before vulnerability was patched. This attack brings 

to the fore the real dangers of XSS in social media 

applications, where user-generated content is 

constantly displayed and can easily be exploited if 

proper security measures are not in place. Input 

validation also came up, as well as how developers 

need to secure dynamic content handling in web 

applications. 

  

Techniques for Preventing XSS Attacks  

 

Preventing XSS attacks requires a proactive approach 

to secure the web applications. Key techniques 

include input validation, output encoding, and the use 

of security mechanisms, such as Content Security 

Policy (CSP). Input validation ensures that only 

acceptable and safe data are allowed in the system, 

rejecting any potentially harmful characters or 

scripts. Output encoding, however, ensures that 

special characters such as <, >, and & are treated as 

plain text, preventing them from being interpreted as 

HTML or JavaScript. Additionally, the 

implementation of CSP headers can restrict the 

execution of unauthorized scripts by adding an 

additional defense layer. Other practices include 

utilizing HTTP-only cookies to prevent access to 

session data by malicious scripts and to ensure 

regular security audits to identify vulnerabilities. 

  

Understanding DOM-based XSS Attacks  

 

DOM-based XSS occurs when an attacker exploits 

client-side scripts that dynamically manipulate the 

DOM (Document Object Model) in the user's 

browser. Unlike traditional XSS attacks, which rely 

on the server to execute malicious scripts, DOM-

based XSS attacks occur entirely in the browser. This 

makes detection more difficult, because the malicious 

script is not reflected by the server. Attackers often 

manipulate the URL hash (window.location.hash) or 

query parameters (window.location.search) to inject 

scripts, which are then executed using vulnerable 

JavaScript functions on the client side. 

Understanding and mitigating DOM-based XSS 

requires secure handling of client-side input, 

particularly avoiding direct insertion of untrusted 

data into the DOM and using modern JavaScript 

frameworks that help mitigate these risks. 

  

 XSS and its Impact on User Data Security  

 

XSS attacks can lead to severe consequences, 

particularly in terms of user data security. By 

executing malicious scripts, attackers can steal 

sensitive information including login credentials, 

session cookies, and personal data. These scripts can 

be designed to silently send this data to a remote 

attacker-controlled server, leading to account 

hijacking, identity theft, or unauthorized transactions. 

XSS can also be used to deface websites, causing 

reputational damage or spreading malware. The risk 

is compounded on websites that store or process 

sensitive user information such as financial details, 

health data, or private communications. Protecting 

user data through strong input validation, secure 
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session management, and encryption is crucial to 

minimize the impact of XSS. 

  

Role of Content Security Policy (CSP) in Mitigating 

XSS 

 

A Content Security Policy (CSP) is an important 

defense mechanism against XSS attacks. It is a 

browser feature that allows web administrators to 

define a set of rules that specify which sources are 

trusted for loading content, including scripts. By 

setting a strong CSP header, web developers can 

prevent unauthorized scripts from being executed on 

their pages, thereby reducing the risk of XSS 

exploitation. For example, CSP can block inline 

JavaScript execution and restrict external script 

loading to trusted domains. Although CSP is not a 

silver bullet and should be used in conjunction with 

other security practices, it significantly reduces the 

attack surface for XSS. 

  

XSS Vulnerability in Web Applications: Common 

Examples  

 

XSS vulnerabilities are common in web applications 

that fail to properly sanitize user input. A typical 

example is a website with an unprotected comment 

section or search function, where the application 

renders user input directly to the HTML. If the input 

is not properly sanitized, an attacker can inject a 

malicious script that is executed when other users 

view the page. Another example is social media 

platforms, where a user may post a link with 

embedded JavaScript that is executed when clicked 

by others, leading to unauthorized actions such as 

spreading malware or stealing cookies. These 

examples highlight the importance of ensuring that 

user-generated content is safely handled through 

input sanitization and output encoding. 

  

Automated Tools for Detecting XSS Vulnerabilities. 

 

Detecting XSS vulnerabilities can be challenging; 

however, automated tools can aid in identifying 

weaknesses in web applications. Tools such as the 

Zed Attack Proxy (OWASP) and the Burp Suite are 

commonly used to detect XSS vulnerabilities by 

scanning web applications for unprotected input 

fields and potential injection points. These tools 

simulate attacks and alert developers to possible 

vulnerabilities, allowing them to patch weaknesses 

before exploitation. While automated tools are 

useful, they should be used in conjunction with 

manual testing, as automated scanners may not 

always capture every edge case or complex attack 

vector. 

  

XSS and Social Engineering: How Attackers Exploit 

Human Behavior? 

 

XSS attacks are often combined with social 

engineering tactics to maximize their effectiveness. 

By crafting a convincing email or social media post 

containing a malicious XSS payload, attackers can 

trick users into click on a link or interact with a page 

that exploits vulnerability. For example, an attacker 

might send a link to a victim claiming to be a 

legitimate request for account verification, with an 

XSS payload embedded in the URL. When the victim 

clicks the link, a malicious script is executed to steal 

the login credentials. This highlights the importance 

of user awareness and training, in addition to 

technical defenses, in reducing the likelihood of 

successful attacks. 

  

Advanced Persistent Threats (APTs) and XSS  

 

Advanced Persistent Threats (APTs) are highly 

targeted, long-term cyberattacks carried out by 

sophisticated threat actors, often state-sponsored or 

organized crime groups. These attacks are designed 

to infiltrate and remain undetected within an 

organization's network, allowing attackers to gather 

sensitive information, disrupt operations, and cause 

other forms of damage. XSS attacks can be a critical 

component of an APT attack strategy, particularly in 

the lateral movement phase or when the attacker is 

trying to escalate privileges. Once an attacker gains 

initial access, malicious scripts may be injected into 

web applications or email systems to facilitate further 

attack. These scripts can be used to steal session 

cookies, escalate privileges, or deliver additional 

malicious payloads, thereby enabling the attacker to 

maintain persistence in the network. 

One example of APT groups using XSS is APT28 

(also known as Fancy Bear), which exploits web 

applications to launch malicious scripts and gain 

access to user credentials, further infiltrating the 

network. Once inside, the attacker might leverage the 

XSS to propagate the attack to other users or systems. 

APTs involving XSS are typically sophisticated and 

use custom-crafted payloads that bypass traditional 

security mechanisms. To defend against these threats, 

organizations need advanced security measures, such 
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as continuous monitoring, endpoint detection, threat 

hunting, and regular penetration testing, along with 

employee awareness training to recognize social 

engineering tactics that may be used alongside XSS 

attacks. 

  

Legal and Regulatory Implications of XSS Attacks  

 

XSS attacks can have far-reaching legal and 

regulatory consequences, especially in industries that 

handle sensitive data, such as finance, healthcare, and 

e-commerce. Many of these industries are governed 

by strict data protection laws, and a successful XSS 

attack that exposes sensitive personal information 

could result in severe legal repercussions. For 

example, the General Data Protection Regulation 

(GDPR) in the European Union mandates that 

companies protect personal data and promptly report 

data breaches. If an XSS attack compromises 

personal data, and the organization fails to detect or 

mitigate the breach, it could face hefty fines, which 

could be up to 4% of the annual global turnover or 

€20 million, whichever is higher. 

 

Similarly, the Health Insurance Portability and 

Accountability Act (HIPAA) in the U.S. requires 

healthcare organizations to protect patient data from 

unauthorized access. A successful XSS attack on a 

healthcare provider's web portal can expose patient 

records, violate HIPAA regulations, and lead to 

significant fines, lawsuits, and reputational damage. 

Legal consequences can also arise from a company’s 

failure to meet cybersecurity standards, with 

regulators holding them accountable for lax security 

practices that allowed XSS vulnerability to exist in 

the first place. To mitigate legal and regulatory risks, 

organizations must ensure compliance with relevant 

cybersecurity frameworks, regularly audit their 

systems for vulnerabilities, and have incident 

response protocols in place to effectively report and 

manage XSS attacks. 

  

XSS in Web Frameworks: Risks and Mitigation 

Strategies  

 

Modern web frameworks such as React, Angular, and 

Vue.js offer built-in security features that help 

mitigate certain types of XSS vulnerabilities. 

However, developers must still be vigilant because 

these frameworks are not immune to XSS risks. A 

key risk in web frameworks arises when user input is 

improperly handled, particularly in dynamic 

applications that rely on client-side scripting. For 

example, React introduced tools such as JSX that 

automatically escape user input, thereby reducing the 

likelihood of XSS vulnerabilities. However, 

developers still need to be cautious when using 

dangerously Set  InnerHTML or manipulating DOM 

directly, as these methods can bypass React’s 

automatic sanitization and open the door for potential 

XSS attacks. 

 

Similarly, Angular provides built-in protection 

against certain XSS attacks, particularly through its 

sanitization process, which ensures that user-

generated content is not treated as executable code. 

However, developers may inadvertently bypass these 

protections by using unsanitized innerHTML or 

improperly binding data in certain scenarios. In 

Vue.js, the framework’s template syntax 

automatically escapes HTML; however, if the 

developer directly manipulates the DOM or uses 

third-party libraries that do not sanitize inputs, XSS 

risks remain. 

Mitigating XSS in web frameworks requires a 

combination of secure coding practices, including 

proper data binding, using sanitized inputs, and 

avoiding risky functions, such as innerHTML. 

Developers should also leverage built-in features, 

such as Angular's sanitization and React's JSX 

escaping, and regularly update the framework to 

address known vulnerabilities. Additionally, 

employing security tools such as OWASP’s ZAP or 

Burp Suite to perform security testing on an 

application can help identify and resolve potential 

XSS issues before they are exploited in the wild. 

Training developers in secure coding practices and 

ensuring thorough security reviews of applications 

are essential steps to prevent XSS attacks in modern 

web frameworks. 
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