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Key Takeaways

e State-sponsored threat actors from North Korea, Iran, Russia, and China have moved beyond
experimental Al use to operational deployment of LLM-assisted malware in active campaigns,
a shift confirmed across multiple independent research reports spanning late 2025 through
early 202611, 3,4, 5, 9,10].

e North Korea's KONNI group deployed an Al-generated PowerShell backdoor targeting
blockchain developers in early 2026, exhibiting code structure, verbose inline documentation,
and LLM-characteristic placeholder comments that distinguish it from traditionally authored
implants [1].

¢ Iran's MuddyWater produced the CHAR Rust-based implant under Operation Olalampo with
identifiable Al-generated code segments, while Russia's APT28 fielded LAMEHUG—a post-
compromise framework that queries a publicly hosted large language model during runtime
execution to generate host-specific Windows commands [4, 6, 7].

e Al-assisted malware development compresses the exploit-to-deployment cycle by enabling
rapid prototyping, automated obfuscation tuning, and multi-language social engineering lure
generation. Separately, CrowdStrike's 2026 Global Threat Report documented an 89% year-
over-year increase in activity by Al-enabled adversaries, reflecting the broad expansion of Al
tooling across offensive operations [9].

e Security teams should prioritize behavioral and anomaly-based detection over static
signatures, monitor for outbound API calls to commercial Al providers from non-development
endpoints, and treat Al APl dependencies in vendor-supplied software as an emerging supply

chain risk.

Background

The use of large language models to assist software development was recognized early as carrying dual-
use implications. Security researchers raised concerns within a few years of public model availability that
the same capabilities enabling developer productivity—code generation, error correction,

documentation, and refactoring—could be applied with comparable efficiency by malicious actors. What
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remained uncertain until late 2025 was whether advanced persistent threat groups, which typically
optimize for operational security and stealth, would adopt LLMs in ways that introduced new tradecraft

signatures or meaningfully expanded their attack surface.

Evidence now confirms they have, and the adoption spans four of the most active nation-state threat
actor clusters. Google's Threat Intelligence Group (GTIG), Microsoft's Security Research teams, Check
Point Research, and Group-IB have each independently documented Al tooling integrated into offensive
operations, not merely as a pre-campaign convenience but in several cases as a component of deployed
malware itself [3, 5, 10]. This represents a qualitative shift from the earliest documented patterns, in
which threat actors primarily used commercial Al services to draft phishing lures or to query public

models for reconnaissance support before the 2024 disruptions announced by OpenAl and Microsoft

[11].

For analytical purposes, it is useful to describe the current landscape in three tiers, based on the patterns
documented in the cited research. The first and largest tier—though tier size estimates remain qualitative
—encompasses actors who use Al during development, generating code, refining obfuscation, and
translating lures, but who deploy static artifacts. The second tier includes groups that embed LLM API
calls directly into malware architecture, enabling dynamic, host-adaptive behavior at runtime; this
architecture is documented in multiple named malware families discussed below. A third tier, still
emerging, involves adversaries beginning to probe their targets’ own Al deployments through prompt
injection and model extraction techniques. The operational and defensive implications of each tier differ
substantially, but all three require defenders to revisit detection strategies built on assumptions of static,

human-authored adversary tooling.

Security Analysis

Al as a Malware Development Platform

North Korea's KONNI group provides a technically detailed and well-documented example of Al-assisted
backdoor development. In a campaign first reported by Check Point Research in January 2026, KONNI
targeted software developers with blockchain infrastructure expertise, delivering a malicious ZIP archive
via Discord that ultimately dropped a multi-component PowerShell backdoor [1]. The distinctive feature
of the KONNI payload was not its functionality—the backdoor performed standard reconnaissance, UAC
bypass, Defender evasion, and command-and-control operations—but the character of the code itself.
Researchers identified verbose inline documentation, clean modular structure, explicit placeholder

comments including one reading # <- your permanent project UUID, and consistent

naming conventions that are characteristic of large language model output rather than tradecraft
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accumulated through manual development [2]. The payload fingerprinted hosts for C2 tracking, adapted
execution based on privilege level, and deployed legitimate remote monitoring and management
software for persistence, representing a feature-complete implant with unusual developmental clarity.
Multiple uploads to VirusTotal from submitters in Japan, Australia, and India are consistent with
geographic expansion beyond KONNI's historical South Korean focus, though VirusTotal submission
origin does not definitively establish victim location, as samples are frequently uploaded by researchers

and automated sandboxes independent of where victims reside [2].

HONESTCUE, a malware loader first observed by Google GTIG in September 2025, represents a
technically distinct but strategically related approach: rather than using an LLM to write malware code
before deployment, HONESTCUE integrates LLM API calls directly into its runtime operation [3]. The
loader queries Gemini's API with hard-coded prompts to dynamically retrieve self-contained C# source
code implementing stage-two payloads—such as downloading additional tooling from CDN-hosted
locations including Discord—without writing artifacts to disk. The received code is compiled in memory
using the legitimate .NET CSharpCodeProvider, producing a file-less execution path that evades static
analysis tools. By requesting freshly generated code at each execution, HONESTCUE compounds
detection difficulty for environments relying on behavioral baselines. GTIG assessed the actors behind
HONESTCUE as having modest technical capability, indicating that LLM-integrated malware

development is not restricted to the most sophisticated adversaries.

Operational Integration of Al in APT Campaigns

Iran's MuddyWater group, attributed to the Ministry of Intelligence and Security (MOIS), demonstrated a
more mature integration of Al in its January 2026 Operation Olalampo campaign targeting organizations
across the Middle East and North Africa [4]. The campaign's flagship implant, CHAR, is a Rust-language
backdoor controlled via a Telegram bot and notable for code segments bearing Al-generation artifacts.
Group-IB analysts identified four instances of debug strings containing emoji characters within CHAR's
command handlers—an artifact type rarely observed in professionally authored implants but associated
with unsanitized LLM output, where emoji are common in generated text and frequently persist when
code is compiled without manual review [4]. Combined with other structural indicators, this finding
strengthened Group-IB's assessment of Al-assisted development. Earlier reporting from GTIG had
already confirmed that MuddyWater actors used Google Gemini directly to assist malware writing as part
of their operational workflow [5]. The combination of a memory-safe language (Rust), a covert
communication channel (Telegram), and Al-assisted code generation reflects a deliberate effort to raise

the analytical cost for defenders.
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Russia's APT28, a GRU-linked group tracked across the industry as Forest Blizzard or FROZENLAKE, has
fielded what represents one of the most operationally significant variants of LLM-integrated malware
documented to date. LAMEHUG, attributed to APT28 by CERT-UA and documented independently by
CSO Online and SOC Prime, is a post-compromise framework that queries the Qwen2.5-Coder-32B-
Instruct model hosted via the Hugging Face Inference API to generate Windows commands tailored to
the specific victim environment [6, 7]. Rather than embedding static enumeration commands that may
be signature-detectable, LAMEHUG requests host-specific command logic at runtime, effectively
turning a commercial Al platform into on-demand offensive infrastructure. This approach represents a
strategic choice by a mature APT to accept the operational security tradeoff of relying on external Al
APls in exchange for the detection-evasion benefits of non-static payloads—a tradeoff that APT28's
operational choice to use external API infrastructure implies was assessed as acceptable, given the
difficulty of attributing API-level queries to specific malware families in the absence of a binary

containing the characteristic strings [6, 7].

Evasion Properties of Al-Generated Code

Legacy signature-based detection depends on recognizing previously observed byte sequences, strings,
and structural patterns across malware families. While many environments have augmented these
controls with behavioral analytics and ML-based detection, signature coverage remains a foundational
layer in most security operations center tooling, and Al-assisted obfuscation specifically targets this
layer. When an LLM generates functionally equivalent variants of a module on demand—varying variable
names, comment density, function signatures, and control flow structure—static signatures derived from

earlier samples provide minimal coverage.

GTIG researchers documented five distinct malware families with Al-powered capabilities observed
within a single reporting period: PROMPTFLUX, HONESTCUE, CANFAIL, LONGSTREAM, and
PROMPTSPY [8]. Among these, PROMPTFLUX generates obfuscated code on demand, regenerating
its own operational logic at each execution to defeat static detection baselines. HONESTCUE, discussed
in detail above, illustrates the file-less execution potential of LLM-integrated loaders at the lower end of
the adversary capability spectrum. The remaining families—CANFAIL, LONGSTREAM, and PROMPTSPY
—represent the breadth of Al integration across reconnaissance, persistence, and credential access
techniques documented in active offensive operations. Across all five, the common analytical thread is
that Al integration shifts the detection problem from signature matching to behavioral and intent-based

analysis, a shift that most environments are still in the process of making.

The velocity implications compound these detection challenges. CrowdStrike's 2026 Global Threat
Report documented an 89% year-over-year increase in activity by Al-enabled adversaries and recorded

an average eCrime breakout time—the interval between initial compromise and lateral movement—of 29
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minutes, with the fastest observed breakout occurring in 27 seconds [9]. Nation-state actors, who
historically prioritize stealth over speed, are benefiting from Al's ability to accelerate malware
development iteration and evasion tuning without sacrificing tradecraft discipline. Prior reporting had
characterized KONNI as a group associated with less technically polished tooling [1, 2]; the group's Al-
assisted campaign demonstrates that LLM-assisted development correlates with—and may contribute to
—elevated structural sophistication in implant authorship, even for actors not previously distinguished by

technical depth.

Scope of State-Sponsored Adoption

The trajectory across all four major nation-state clusters—People's Republic of China, Russia, Iran, and
DPRK—points in a consistent direction, though the evidentiary depth varies across clusters. For DPRK,
Iran, and Russia, named malware artifacts with detailed operational profiles document the shift from
productivity-tool use to Al integration within deployed implants. For PRC-nexus actors, the documented
evidence focuses primarily on policy circumvention and influence operations rather than named Al-
assisted implants. Google's Al Threat Tracker tracked a PRC-nexus actor masquerading as a capture-
the-flag participant to elicit exploitation advice for specific software targets from Gemini, illustrating
that policy-level restrictions on Al services do not constitute a reliable barrier when adversaries are
willing to invest in social engineering approaches against the models themselves [5]. Microsoft's 2025
Digital Defense Report documented nation-state actors' rapid adoption of Al to produce large-scale
influence campaigns and noted that Al agents could allow threat actors to automate entire attack
lifecycle stages through chained reconnaissance, vulnerability scanning, and exploitation [10]. These
reports collectively indicate that all four clusters have integrated Al into offensive operations, even if the
specific implementation patterns differ across actors.

Recommendations

Immediate Actions

Security operations teams should recalibrate detection investments toward behavioral and anomaly-
based approaches, treating static signature coverage of nation-state tooling as insufficient given Al-
assisted obfuscation capabilities. Endpoint detection rules should flag anomalous use of the .NET
CSharpCodeProvider outside expected development environments; PowerShell scripts with unusually
dense inline documentation, structured formatting, and explicit placeholder comments warrant elevated
scrutiny as potential LLM-generated artifacts. Outbound API calls to Al provider endpoints—including

Hugging Face inference services, Gemini API, and similar commercial platforms—from endpoints that
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should not be running Al development workloads should trigger alerting. The LAMEHUG case
specifically warrants monitoring of Hugging Face APl query volume and content from corporate
networks, since the Qwen2.5-Coder-32B-Instruct model endpoint appeared in documented threat actor
payloads [6, 7]. Content-level APl monitoring should be implemented in compliance with applicable data
protection laws and organizational acceptable use policies, which may require updated employee notice

or consent in certain jurisdictions.

Organizations with blockchain-related infrastructure, cryptocurrency holdings, or developer teams active
on Discord should treat the KONNI campaign pattern as indicative of targeting criteria likely to persist.
The ZIP-over-Discord delivery mechanism Check Point Research documented—in which a PDF lure and
malicious LNK shortcut arrive via a Discord-hosted link—can be detected through network-layer controls
that inspect file-type payloads in collaboration platform traffic, though implementing application-layer
inspection of encrypted platforms such as Discord requires TLS termination capabilities and may involve
meaningful infrastructure investment for organizations that do not already operate an inline SSL

inspection capability [1].

Short-Term Mitigations

In the medium term, organizations should establish explicit policies governing Al API access from
corporate environments, including allowlisting of approved Al services, logging of queries to external
model endpoints, and review of whether existing data loss prevention controls cover API-transmitted
data. Threat intelligence teams should incorporate Al-generation artifact indicators—emoji in compiled
debug strings, LLM-style placeholder comments, atypically clean module structure—into malware triage
processes. These artifacts are not individually conclusive, but when combined with behavioral indicators
they raise the analytical confidence of attribution and detection assessments. It is worth noting that as
defenders develop detection rules based on these artifacts, adversaries may adapt by sanitizing LLM
output before deployment, reducing indicator reliability over time; the durability of artifact-based
attribution therefore depends on continued research into LLM output characteristics across successive

model generations.

Software supply chain review processes should be extended to cover Al APl dependencies introduced by
vendors. HONESTCUE's architecture, in which a commercial Al API delivers stage-two payload logic at
runtime, demonstrates that vendor-supplied software may carry hidden dependencies on external Al
services that constitute additional attack surface. Procurement processes should require disclosure of Al
API dependencies, and those dependencies should be incorporated within software bill-of-materials

(SBOM) documentation and assessed under existing third-party risk management programs.
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Strategic Considerations

The fundamental dynamic underlying these developments is that Al has substantially lowered the
technical floor for producing functional malware. Groups such as KONNI and the HONESTCUE operators
—assessed by GTIG as having modest capabilities—are now deploying tools with the structural
sophistication previously associated with more resourced actors. This democratization of offensive
capability will likely drive a continued increase in the number of groups deploying Al-assisted tooling,
raising the baseline threat level across all sectors and reducing the reliability of capability-based threat

prioritization models.

Defenders should plan detection, response, and architecture investments on the assumption that Al-
assisted backdoor development will expand substantially beyond advanced persistent threats in the
near-to-medium term, based on the observed pattern of capability diffusion documented across the
cited threat intelligence reporting [9, 10]. The evidence presented in this note—spanning four nation-
state clusters across late 2025 and early 2026—demonstrates that this diffusion is already underway
rather than prospective, and that planning assumptions built on the premise of Al-assisted malware as an
exclusively advanced-actor capability no longer reflect the documented threat environment.

National regulatory and policy frameworks are beginning to address these risks. CISA, the NSA, and
international partners released joint guidance in December 2025 on integrating Al in operational
technology environments, and NIST's Cyber Al Profile—preliminary draft released in December 2025,
with a full public draft targeted for summer 2026—establishes guidance across three interdependent
domains: securing Al systems, using Al for cyber defense, and thwarting Al-enabled attacks [12, 13].
Organizations should engage with these frameworks as they finalize and incorporate their controls into
cloud security architectures, particularly around Al APl governance and third-party model access
controls.

CSA Resource Alignment

The threat patterns documented in this research note are directly addressable through several
frameworks maintained by the Cloud Security Alliance. MAESTRO (Multi-Agent Environment, Security,
Threat, Risk, and Outcome) provides a seven-layer threat modeling methodology for agentic and
generative Al systems that applies directly to Al-integrated malware architectures such as LAMEHUG
and HONESTCUE, where the malware functions as an agent making API calls to external LLM
infrastructure [14]. The external model endpoint in these architectures represents an untrusted service in
MAESTRO's trust model; organizations applying MAESTRO to their own Al deployments should
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incorporate adversarial misuse scenarios—specifically, the threat model in which an attacker uses a
commercially hosted model as a dynamic command-and-control substrate—as a design-time risk

consideration for any system interacting with external Al APls.

The Al Controls Matrix (AICM), as a superset of the Cloud Controls Matrix, offers a control mapping
framework applicable to Al APl access governance and the supply chain disclosure requirements outlined
above. Cloud-hosted Al services involved in malware delivery—such as those exploited by HONESTCUE
and LAMEHUG—fall within AICM's scope on third-party Al service risk and represent a concrete
implementation use case for its controls. The STAR (Security Trust Assurance and Risk) program
provides a mechanism for organizations to assess and document Al APl dependencies in their vendor
landscape, supporting the SBOM-based disclosure requirements emerging from procurement guidance.
CSA's Zero Trust guidance is relevant to the network access controls recommended in this note,
specifically around restricting outbound LLM API access from non-development endpoints and applying
least-privilege principles to service account scopes that could be leveraged by post-compromise
implants.

© 2026 Cloud Security Alliance. Al-assisted Rapid Research. 10



References

[1] Check Point Research. "KONNI Adopts Al to Generate PowerShell Backdoors." Check Point Research,
January 2026.

[2] Dark Reading. "DPRK's Konni Targets Blockchain Developers With Al-Generated Backdoor." Dark
Reading, January 2026.

[3] Google Threat Intelligence Group. "GTIG Al Threat Tracker: Distillation, Experimentation, and (Contin

ued) Integration of Al for Adversarial Use." Google Cloud Blog, February 2026.

[4] Group-IB. "Operation Olalampo: Inside MuddyWater's Latest Campaign.” Group-IB Blog, February
2026.

[5] Google Threat Intelligence Group. "GTIG Al Threat Tracker: Advances in Threat Actor Usage of Al To
ols." Google Cloud Blog, November 2025.

[6] CSO Online. "Novel Malware from Russia's APT28 Prompts LLMs to Create Malicious Windows Com
mands." CSO Online, July 18, 2025.

[7]1SOC Prime. "UAC-0001 (APT28)_Attack Detection: The Russia-Backed Actor Uses LLM-Powered L
AMEHUG Malware." SOC Prime Blog, July 18, 2025.

[8] Google Threat Intelligence Group. "Adversaries Leverage Al for Vulnerability Exploitation, Augmente

d Operations, and Initial Access." Google Cloud Blog, May 11, 2026.

[9] CrowdStrike. "2026 CrowdStrike Global Threat Report: Al Accelerates Adversaries and Reshapes the
Attack Surface." CrowdStrike, February 2026. Accessed 2026-05-27.

[10] Microsoft. "Microsoft Digital Defense Report 2025." Microsoft Security Insider, 2025.

[11] OpenAl. "Disrupting Malicious Uses of Al by State-Affiliated Threat Actors.”" OpenAl, February 2024.

[12] CISA. "New Joint Guide Advances Secure Integration of Artificial Intelligence in Operational Technol
ogy." CISA, December 2025.

[13] NIST. "Draft NIST Guidelines Rethink Cybersecurity for the Al Era." NIST, December 2025.

[14] Cloud Security Alliance. "Agentic Al Threat Modeling Framework: MAESTRO." CSA Blog, February
2025.

© 2026 Cloud Security Alliance. Al-assisted Rapid Research. 11


https://research.checkpoint.com/2026/konni-targets-developers-with-ai-malware/
https://www.darkreading.com/cyberattacks-data-breaches/dprks-konni-targets-blockchain-developers-ai-generated-backdoor
https://cloud.google.com/blog/topics/threat-intelligence/distillation-experimentation-integration-ai-adversarial-use
https://cloud.google.com/blog/topics/threat-intelligence/distillation-experimentation-integration-ai-adversarial-use
https://www.group-ib.com/blog/muddywater-operation-olalampo/
https://cloud.google.com/blog/topics/threat-intelligence/threat-actor-usage-of-ai-tools
https://cloud.google.com/blog/topics/threat-intelligence/threat-actor-usage-of-ai-tools
https://www.csoonline.com/article/4025139/novel-malware-from-russias-apt28-prompts-llms-to-create-malicious-windows-commands.html
https://www.csoonline.com/article/4025139/novel-malware-from-russias-apt28-prompts-llms-to-create-malicious-windows-commands.html
https://socprime.com/blog/detect-uac-0001-attacks-with-lamehug-malware/
https://socprime.com/blog/detect-uac-0001-attacks-with-lamehug-malware/
https://cloud.google.com/blog/topics/threat-intelligence/ai-vulnerability-exploitation-initial-access
https://cloud.google.com/blog/topics/threat-intelligence/ai-vulnerability-exploitation-initial-access
https://www.crowdstrike.com/en-us/global-threat-report/
https://www.crowdstrike.com/en-us/global-threat-report/
https://www.microsoft.com/en-us/security/security-insider/threat-landscape/microsoft-digital-defense-report-2025
https://openai.com/index/disrupting-malicious-uses-of-ai-by-state-affiliated-threat-actors/
https://www.cisa.gov/news-events/news/new-joint-guide-advances-secure-integration-artificial-intelligence-operational-technology
https://www.cisa.gov/news-events/news/new-joint-guide-advances-secure-integration-artificial-intelligence-operational-technology
https://www.nist.gov/news-events/news/2025/12/draft-nist-guidelines-rethink-cybersecurity-ai-era
https://cloudsecurityalliance.org/blog/2025/02/06/agentic-ai-threat-modeling-framework-maestro

