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Key Takeaways

In early 2026, security researchers and incident responders confirmed a threshold that many had
theorized but few expected so soon: Al agents no longer merely assist attackers—they act as the
attacker. The HackerBot-Claw campaign of February 2026 demonstrated an autonomous agent
systematically exploiting GitHub Actions pipelines across six major technology organizations, achieving
remote code execution in multiple repositories and wiping Aqua Security's Trivy vulnerability scanner—a
widely adopted open-source security tool used across container and cloud-native environments—with no
human operator guiding each step [1][2]. Days earlier, a single malicious GitHub issue title had
weaponized an Al triage bot to compromise 4,000 developer workstations through a trojanized npm
package [3]. These events mark a qualitative transition: Al agents have moved from productivity
accelerators to autonomous offensive instruments operating at machine speed, across multiple targets
simultaneously. While HackerBot-Claw was ultimately detected and documented, the speed and scope
of autonomous agent activity creates detection challenges that current tooling is not uniformly prepared
to address.

Several converging developments explain why this transition is occurring now. Large language models
have become sufficiently capable to reason about software systems, interpret security tool output, and
formulate multi-step attack plans without explicit scripting. Agent frameworks—software scaffolding that
gives models persistent memory, tool access, and feedback loops—have proliferated through open-
source ecosystems and can be assembled from widely available commodity components. And the attack
surface itself has expanded: every Al-integrated CI/CD pipeline, every developer IDE with an LLM-
powered assistant, and every enterprise agent with access to internal systems represents a potential
pivot point. Security teams accustomed to defending against human-paced, human-directed intrusions

are now operating in an environment where the adversarial tempo has fundamentally shifted.

Background

The concept of Al-assisted cyberattacks is not new. Researchers demonstrated in 2023 and 2024 that
large language models could generate functional exploit code, write convincing phishing content, and
assist with reconnaissance. What has changed is the degree of autonomy. Earlier Al-assisted attacks still

required a human to interpret model outputs, make decisions, and direct each step. Contemporary
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agentic systems close that loop: the model perceives its environment through tool calls, reasons about
what to do next, executes actions, observes results, and iterates—all without human intervention

between steps.

Carnegie Mellon University researchers formalized this capability in July 2025, demonstrating that LLMs
integrated into hierarchical multi-agent architectures could autonomously plan and execute multi-step
intrusions—including exploiting vulnerabilities, installing malware, and exfiltrating data—in replicated lab
environments without detailed human instruction [4]. A separate study published on arXiv the same
month showed that adversaries could force popular LLMs, including GPT-40 and Gemini 2.5, to
autonomously install and execute malware by exploiting trust boundaries between cooperating agents
[5]. The Palisade Research "LLM Agent Honeypot" experiment, in which servers masquerading as
sensitive government systems detected eight potential Al agents attempting unauthorized access after
going live in October 2024, provided early empirical evidence that such attacks were not merely

theoretical but were occurring in the wild [6].

CrowdStrike's 2026 Global Threat Report quantifies the macro trend: Al-enabled attacks increased 89%
year-over-year in 2025, while average eCrime breakout time—the interval between initial access and
lateral movement—fell to 29 minutes [7]. Barracuda Networks characterized agentic Al as a "threat
multiplier" in February 2026, noting that Al agents provide attackers with the ability to autonomously
adapt to defensive postures they encounter during an intrusion rather than following a predetermined
playbook [8]. The implication for defenders is profound: detection strategies calibrated to human
decision-making tempo are increasingly inadequate when the adversary can iterate on a failed technique

within seconds.

Security Analysis

The GitHub Actions Attack Surface

Cl/CD pipelines have long been recognized as high-value targets because they operate with broad
permissions, process untrusted input (pull request code and metadata), and misconfiguration in this
surface is well-documented. The emergence of Al agents capable of systematically scanning for pipeline
vulnerabilities and autonomously exploiting them substantially elevates the risk profile of this attack
surface.

The HackerBot-Claw campaign, active from February 21 through 28, 2026, is the most detailed publicly
documented example to date. The agent, which identified itself in its GitHub account biography as "an

autonomous security research agent powered by claude-opus-4-5," operated by loading a vulnerability
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pattern index and systematically scanning public repositories for exploitable GitHub Actions workflows
[1]. Targets included repositories belonging to Microsoft, Datadog, and the Cloud Native Computing
Foundation, among others. According to combined reporting, the agent opened more than twelve pull
requests, achieved remote code execution in multiple repositories, and exfiltrated a GITHUB_TOKEN
with write permissions [1][2]. The most consequential confirmed incident was the destruction of Aqua
Security's  Trivy repository: the agent exploited a pull request target  workflow
misconfiguration to steal a Personal Access Token, deleted GitHub releases and associated assets, wiped

the repository, and pushed a malicious extension to the Open VSIX marketplace [1].

The underlying vulnerability classes exploited by HackerBot-Claw are not novel—they include

pull request target misconfigurations and secret exposure through workflow logs—but their

exploitation at automated scale represents a new operational reality. The supply chain attack on the
tj-actions/changed-files GitHub Action (CVE-2025-30066), which exposed secrets in the

workflow logs of more than 23,000 dependent repositories, demonstrated that a single compromise
within the Actions ecosystem can propagate instantly across an enormous downstream surface [9]. What
HackerBot-Claw demonstrated is that discovering and chaining such vulnerabilities across many targets

no longer requires sustained human effort; it requires running an agent.

The Clinejection attack of February 17, 2026 introduced a distinct but related threat vector: manipulating
Al agents embedded within developer tooling rather than exploiting pipeline configurations directly. An
attacker crafted a single GitHub issue title that, when processed by Cline CLI's Al triage bot, injected
malicious instructions into the model's context. The bot, acting on those instructions, poisoned the
release pipeline. The result was a trojanized npm package that reached approximately 4,000 developer
machines before detection [3]. This attack is notable because the entry point—a GitHub issue title—is a
routine, low-privilege action that requires no special access and generates minimal suspicion. The
weaponization occurs entirely within the Al layer, making it difficult to detect through traditional input

validation at the infrastructure level, which has no visibility into model context manipulation.

Self-Directing and Self-Modifying Malware

Beyond attacks on CI/CD pipelines, 2025 produced evidence of Al being integrated into malware
execution itself to enable autonomous adaptation. According to reporting by SiliconANGLE, Google
researchers identified a malware family designated PROMPTFLUX that contacts external LLM APIs at
runtime to dynamically rewrite its own code every hour [10]. PROMPTFLUX represents a qualitative
departure from traditional polymorphic malware, which typically relies on pre-programmed mutation
algorithms. By delegating code generation to an external model, PROMPTFLUX produces variants that
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are semantically novel rather than structurally shuffled—a distinction with significant implications for
signature-based and behavioral detection approaches that look for recognizable patterns in executable

code.

The 2024 Morris Il research, published on arXiv by researchers who tested the worm against Gemini Pro,
GPT-4.0, and LLaVA, demonstrated a complementary threat: self-replicating propagation through the
Al ecosystem itself rather than through traditional network pathways [11]. Morris Il embeds adversarial
prompts in content that Al models process—in the demonstrated scenario, an email processed by a
GenAl-powered email assistant. The adversarial prompt instructs the model to exfiltrate contact data
from the user's mailbox and then automatically embed the same adversarial prompt in outbound replies,
achieving zero-click propagation through social graph traversal. Morris Il had not been observed in the
wild as of the original paper's publication in March 2024, but the underlying mechanism—exploiting the
fact that LLMs process instructions and data in the same channel—is directly applicable to any Al system

that ingests external content and has outbound communication capabilities.

Prompt Injection and Al-Induced Lateral Movement

The technical vulnerability enabling a significant fraction of these attack patterns is prompt injection: the
ability to embed instructions in content that an Al model will process and execute, bypassing the model's
intended operational constraints. OWASP's 2025 Top 10 for LLM Applications ranks prompt injection as
the primary critical vulnerability for LLM applications [12]. OpenAl stated in December 2025 that Al
browsing agents "may always be vulnerable” to prompt injection, acknowledging that the fundamental
architecture of current LLMs—where instructions and data share a common representation—makes
reliable defense structurally difficult [13].

Orca Security researchers introduced the concept of Al-Induced Lateral Movement (AILM) to describe
the distinctive threat profile of prompt injection against agentic systems [14]. Traditional lateral
movement requires an attacker to acquire credentials or exploit trust relationships between network
segments, operating over multiple steps that security monitoring tools are designed to detect. When an
Al agent is the pivot, lateral movement collapses into a single step: the agent already has access to every
system its tools can reach, so compromising the agent through prompt injection immediately grants the
attacker the full scope of the agent's permissions. There is no "movement” phase to detect. The agent's
existing tool access means an attacker is already everywhere the agent can reach from the moment the

injection succeeds.
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Al-Amplified Supply Chain Risk: Slopsquatting

A fourth threat vector operates at the intersection of Al hallucination and software supply chain security.
Academic research analyzing 576,000 Al-generated code samples found that 19.7% of the package
names recommended by LLM-based coding assistants did not exist in any public package registry [15].
The researchers noted that 58% of hallucinated package names repeated consistently across multiple
runs of the same prompt, making them reliable targets for supply chain attackers who register those
names with malicious payloads before a developer installs them—an attack pattern that security
researchers have termed "slopsquatting” [16]. Open-source models showed significantly higher
hallucination rates (21.7% on average) compared to commercial models (5.2%), and certain models—
notably Codellama 7B and CodelLlama 34B—hallucinated in more than one-third of outputs [15].

The threat model is straightforward but difficult to defend against at the developer level: an LLM-
powered IDE assistant suggests a package that does not exist; an attacker who has pre-registered that
name on PyPI, npm, or RubyGems delivers malicious code when the developer installs it. The developer
receives what appears to be a functioning dependency with a plausible name, and the malicious payload
executes in a trusted context with whatever permissions the developer's environment provides. When
the same hallucinated package names are reproduced reliably across many LLM interactions—as the
research indicates—a single attacker registering a handful of names can achieve broad opportunistic
reach across the developer population using Al-assisted coding tools.

Recommendations

Immediate Actions

Security teams should treat Al agents operating within CI/CD pipelines as a distinct threat surface
requiring dedicated hardening. Every GitHub Actions workflow that processes external input—pull
request metadata, issue content, comment text—should be audited for pull request target
misconfigurations and secrets exposure. Workflows should operate under the principle of least-privilege
token scoping, with distinct tokens for distinct functions and no token scoping that exceeds the
minimum required for the workflow's legitimate operation. Organizations relying on third-party GitHub

Actions should review the tj-actions incident (CVE-2025-30066) and assess whether any of the

more than 23,000 affected workflow patterns exist in their own repositories [9].
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For organizations that have deployed LLM-powered developer tooling—IDE assistants, code review bots,
triage agents—prompt injection controls warrant immediate review. These should include content
isolation between instructions and external data wherever architecturally feasible, output monitoring for
anomalous tool call sequences, and sandboxed execution environments that limit the blast radius of a
compromised agent. The Clinejection incident demonstrates that the threat is not hypothetical: a single
crafted issue title was sufficient to compromise thousands of developer workstations in a real-world
attack [3].

Short-Term Mitigations

Organizations should implement package registry controls that validate dependencies against an
approved inventory before installation, flagging any package not in the inventory for human review
regardless of whether it was suggested by an Al assistant or added by a developer directly. Software
composition analysis tools should be extended to include hallucination risk assessment for Al-generated
dependency recommendations. Given that 19.7% of LLM package suggestions in the research were
nonexistent—and that open-source models hallucinate at more than four times the rate of commercial
models—teams using open-source coding LLMs in developer workflows face elevated slopsquatting
exposure and should apply proportionally stricter controls [15].

Detection engineering teams should develop behavioral signatures for autonomous agent activity within
Cl/CD systems: rapid sequential API calls to repository metadata endpoints, automated PR creation
across multiple repositories in short succession, and workflow runs that exfiltrate environment variables
or make unexpected outbound network connections. Based on the reported attack patterns in
HackerBot-Claw, behavioral signatures for high-velocity PR creation and anomalous workflow execution

sequences would likely have provided detection opportunities had appropriate baselines existed [1][2].

For organizations where Al agents have access to internal systems, AILM risk should be incorporated into
access control design. Agent identities should be scoped to the minimum tool set and data access
required for their defined function. The capability to exfiltrate data through outbound API calls—
including to LLM provider APIs—should be treated as equivalent to network egress risk and controlled

accordingly.

Strategic Considerations

The self-modifying capability demonstrated by PROMPTFLUX [10] and the self-replicating mechanism
demonstrated by Morris Il [11] represent a challenge that signature-based detection alone cannot
adequately address. Organizations should accelerate investment in behavioral detection approaches—

anomaly detection on process execution patterns, network traffic analysis focused on behavioral rather
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than static signatures, and runtime integrity monitoring for executing code—that can identify malicious
activity without requiring recognition of a specific known variant. Al-generated code that changes every

hour cannot be blocklisted by hash; it must be detected by what it does.

The fundamental difficulty acknowledged by OpenAl regarding prompt injection—that the architectural
boundary between instructions and data in current LLMs may not be reliably enforceable—suggests that
organizations should not rely solely on model-level defenses [13]. Defense-in-depth architectures that
assume agents can be compromised, scope their permissions accordingly, and maintain independent
monitoring of agent behavior are more durable than those that assume a sufficiently robust system
prompt will prevent injection attacks.

CSA Resource Alignment

The threat patterns described in this research note map directly to CSA's established frameworks for
agentic Al security governance. CSA's Agentic Al Red Teaming Guide (2025), produced by the Al
Organizational Responsibilities Working Group, provides structured methodologies for testing agentic Al
systems against the vulnerability classes described here, including prompt injection, autonomous tool
misuse, and multi-agent trust boundary exploitation [17]. Organizations that have not yet applied red
teaming disciplines specifically to their Al agent deployments should treat this guide as a foundational

starting point.

CSA's Al Controls Matrix (AICM) provides a control framework across 18 Al security domains that can
be applied to the supply chain and CI/CD risks described here. The supply chain security domains within
AICM are directly applicable to slopsquatting risk, while the agent autonomy and access control domains
address the AILM threat model. CSA's Capabilities-Based Risk Assessment (CBRA) for Al
Systems framework provides a tiered risk methodology that can help organizations calibrate the
intensity of controls to the actual capability and deployment context of their Al agents—an important

consideration given that not all Al agents carry the same risk profile [18].

The AILM threat pattern described by Orca Security aligns with CSA's Zero Trust guidance, which treats
all access requests as potentially compromised regardless of source. The principle that an agent's
existing tool access defines the immediate blast radius of a successful prompt injection attack is a direct
argument for Zero Trust-based agent permission scoping: grant only the access the agent requires for its
current task, revoke it afterward, and never assume that the agent's identity remains trustworthy simply
because it was legitimate at deployment time. CSA's guidance on Zero Trust for cloud environments
provides a technical foundation for implementing these controls in the infrastructure where most
enterprise Al agents operate.
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More broadly, this research note documents a transition that CSA's Al Safety Initiative has been
preparing the industry to address: Al systems moving from augmenting human capabilities to acting as
autonomous decision-making entities with real-world consequences. Available evidence suggests a
governance gap between current enterprise Al deployment practices and the threat environment
documented here—organizations should evaluate their posture against the frameworks cited above and
accelerate alignment with CSA's Al safety guidance before autonomous agent deployments outpace

their security architectures.
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