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ABSTRACT: The Model Context Protocol (MCP), introduced by Anthropic in November 2024 as an open standard 

for connecting AI agents with external tools, data sources, and enterprise systems, has achieved unprecedented 

adoption velocity-surpassing 97 million monthly SDK downloads, powering over 5,800 registered servers, and securing 

endorsement from Anthropic, OpenAI, Google DeepMind, Microsoft, and AWS within its first year.  

 

This rapid proliferation has positioned MCP as the de facto standard for AI agent tool integration, analogous to what 

the Language Server Protocol (LSP) achieved for IDE-language connectivity. However, production deployments at 

enterprise scale expose critical challenges in security, performance, governance, and legacy system integration that 

demand systematic investigation. This paper presents a comprehensive analysis of MCP in production environments, 

covering architectural foundations, security vulnerability taxonomy (including tool poisoning, prompt injection, rug 

pull attacks, and OAuth exploitation), performance benchmarks across transport protocols and deployment topologies, 

and adoption challenges in enterprise contexts with heterogeneous data sources and legacy systems. 

 

 Through systematic evaluation of published security incidents, specification evolution analysis, and production 

deployment pattern assessment, we identify twelve critical security patterns, benchmark performance across five 

deployment configurations, and document seven categories of adoption challenges. Our findings indicate that while 

MCP provides a technically sound foundation for standardized AI-agent integration, production deployments require 

defense-in-depth security architectures, explicit human-in-the-loop controls, and purpose-built gateway infrastructure to 

achieve enterprise-grade reliability. We present actionable mitigation strategies aligned with the OWASP Top 10 for 

LLM Applications 2025 and propose a maturity model for MCP adoption in regulated enterprise environments. 

 

KEYWORDS: Model Context Protocol · MCP · AI Agents · Tool Integration · Enterprise Security · Prompt Injection 

· Tool Poisoning · OAuth 2.1 · JSON-RPC · Performance Benchmarks · Legacy Systems · API Standardization · 

Agentic 

 

I.  INTRODUCTION 

 

The integration of AI agents with external tools and data sources has emerged as the defining architectural challenge of 

2024–2025. As large language models (LLMs) have evolved from text generation engines to autonomous agents 

capable of reasoning, planning, and executing multi-step workflows, the need for a standardized protocol governing 

agent-to-tool communication has become architecturally critical. Prior to MCP, developers faced what Anthropic 

described as an "N×M integration problem": each combination of AI application and external tool required a custom 

connector, resulting in fragile, non-portable, and security-inconsistent integrations that could not scale to enterprise 

requirements. 

 

The Model Context Protocol addresses this challenge by providing a universal, client-server architecture-inspired by 

the Language Server Protocol-that standardizes how AI applications discover, authenticate with, and invoke external 

tools. MCP uses JSON-RPC 2.0 as its messaging format and supports two transport mechanisms: STDIO for local 

server communication and Streamable HTTP for remote deployments. The protocol defines three core primitives: Tools 

(executable functions that agents can invoke), Resources (data sources that provide contextual information), and 

Prompts (reusable templates for structuring agent interactions). This standardization transforms the N×M problem into 
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an N+M problem: any MCP-compliant client can communicate with any MCP-compliant server through the shared 

protocol interface. 

 

The adoption trajectory of MCP has been extraordinary. Launched in November 2024, the protocol was adopted by 

OpenAI in March 2025, with CEO Sam Altman publicly endorsing its integration across the Agents SDK, Responses 

API, and ChatGPT desktop application. Google DeepMind confirmed MCP support for Gemini models in April 2025. 

By mid-2025, the ecosystem encompassed over 5,800 MCP servers, 300+ MCP clients, and 97 million monthly SDK 

downloads across Python and TypeScript. Major enterprise deployments at Block, Bloomberg, Amazon, and hundreds 

of Fortune 500 companies validated MCP's production readiness for non-trivial workloads. 

 

However, this rapid adoption has outpaced security infrastructure maturation, exposing critical vulnerabilities that 

threaten enterprise deployments. Security researchers have documented tool poisoning attacks, prompt injection vectors 

through MCP metadata, OAuth exploitation pathways, rug pull attacks where tool definitions silently mutate after 

initial approval, and cross-tool contamination in multi-server environments. This paper systematically analyzes these 

challenges alongside performance characteristics and adoption barriers to provide enterprise engineering teams with a 

comprehensive assessment of MCP's production readiness. 

 

Table I. MCP Adoption Timeline and Key Milestones (Nov 2024 – Jun 2025 

) 

Date Event Significance 

Nov 2024 Anthropic launches MCP Open standard announced; initial SDK for 

Python and TypeScript 

Dec 2024 Early adopter surge ~100K server downloads; developer 

community forms on Discord 

Jan 2025 Enterprise pilot phase Block, Bloomberg begin production pilots; 

first security audits 

Feb 2025 Tooling ecosystem expands 1,000+ MCP servers registered; MCP 

Inspector tool released 

Mar 2025 OpenAI adopts MCP Integration across Agents SDK, Responses 

API, ChatGPT desktop 

Apr 2025 Google DeepMind support Gemini model MCP integration confirmed; 

8M+ server downloads 

May 2025 Security incidents surface Tool poisoning PoCs published; Invariant 

Labs WhatsApp exploit 

Jun 2025 Spec update (2025-06-18) OAuth 2.1 mandated; resource indicators; 

enhanced security guidance 

 

II. PROTOCOL ARCHITECTURE 

 

2.1 Client-Server Model 

MCP employs a three-tier architecture consisting of Hosts, Clients, and Servers. Hosts are the user-facing AI 

applications (such as Claude Desktop, ChatGPT, or custom enterprise applications) that initiate and manage AI 

interactions. Clients are protocol-level components embedded within Hosts that maintain stateful connections to 

individual MCP Servers-each Client maintains a one-to-one relationship with a single Server. Servers are lightweight 

processes that expose specific capabilities (tools, resources, and prompts) through the MCP interface, connecting to 

enterprise data sources, APIs, and legacy systems. This architecture enables a single Host to maintain connections to 

multiple Servers simultaneously, each providing access to different tools or data sources. 
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Communication between Clients and Servers uses JSON-RPC 2.0, supporting three message types: Requests 

(expecting a response), Responses (answering a request), and Notifications (one-way messages with no response 

expected). The protocol supports two transport mechanisms. STDIO transport communicates through standard 

input/output streams, suitable for local server processes running on the same machine as the Host. Streamable HTTP 

transport enables remote server deployments, supporting both synchronous request-response patterns and server-sent 

events (SSE) for streaming responses. The November 2025 specification introduced significant enhancements including 

asynchronous task execution, improved OAuth integration, and extension mechanisms for community-driven capability 

additions. 

 

Table II. MCP Core Protocol Primitives 

 

Primitive Description Discovery Security Implication 

Tools Executable functions invoked 

by agents 

Dynamic via 

listTools() 

Must validate all inputs; vulnerable 

to tool poisoning 

Resources Read-only data sources 

providing context 

URI-based 

resource listing 

Access control critical; data leakage 

risk 

Prompts Reusable templates for agent 

interactions 

Template registry 

lookup 

Injection risk through template 

manipulation 

Sampling Server-initiated LLM 

completion requests 

Capability 

negotiation 

Resource theft and conversation 

hijacking vectors 

Roots Filesystem boundaries for 

server access 

Client-declared 

paths 

Scope creep if boundaries not 

enforced 

Elicitation Structured data collection from 

users 

Server-initiated 

requests 

Phishing risk through fake 

credential prompts 

 

2.2 Transport Protocols 

The choice of transport protocol has significant implications for both performance and security. STDIO transport 

provides the simplest deployment model: the MCP client launches the server as a subprocess, communicating through 

stdin/stdout pipes. This model avoids network exposure entirely, eliminating an entire category of attack vectors. 

However, STDIO servers cannot be shared across multiple hosts, cannot scale horizontally, and cannot persist state 

across process restarts. Streamable HTTP transport addresses these limitations by enabling remote server deployments 

accessible over HTTP, supporting load balancing, horizontal scaling, and persistent state management. However, 

remote transport introduces network-level attack surfaces including man-in-the-middle attacks, DNS poisoning, and 

session hijacking. 

 

Table III. Transport Protocol Comparison: STDIO vs Streamable HTTP 

 

Characteristic STDIO Transport Streamable HTTP 

Deployment model Local subprocess Remote service (HTTP/HTTPS) 

Network exposure None (IPC only) Full network stack 

Horizontal scaling Not supported Load balancer compatible 

State persistence Process-lifetime only Configurable session management 

Authentication OS-level process isolation OAuth 2.1 required (Jun 2025 spec) 

Latency (p50) ~2–5 ms ~15–45 ms (network dependent) 
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Latency (p99) ~8–15 ms ~80–200 ms (under load) 

Concurrent clients Single host only Multiple hosts supported 

Enterprise suitability Dev/local use cases Production deployments 

Attack surface Minimal (local only) Network + auth + session vectors 

 

III. SECURITY VULNERABILITY TAXONOMY 

 

The security landscape of MCP deployments presents a complex and rapidly evolving threat surface. While the 

protocol specification includes security guidance, the pace of adoption has consistently outrun security infrastructure 

maturation. Security researchers from Invariant Labs, Palo Alto Unit 42, Microsoft, and independent analysts have 

documented multiple vulnerability categories that affect production MCP deployments. This section presents a 

comprehensive taxonomy of these vulnerabilities, drawing on published proof-of-concept exploits, real-world incident 

reports, and specification analysis. 

 

Table IV. MCP Security Vulnerability Taxonomy 

 

Vulnerability Attack Vector Severity 
Detection 

Difficulty 
Mitigation Status 

Tool Poisoning Hidden instructions in 

tool metadata 

Critical Very High Partial - gateway scanning 

Prompt Injection Malicious input via 

external data 

Critical High Active research; no full solution 

Rug Pull Attack Silent tool redefinition 

post-install 

High Very High Change detection alerts 

Cross-Tool 

Shadowing 

Namespace collision 

exploitation 

High High Tool allowlists recommended 

OAuth Token 

Theft 

CVE-2025-6514 (mcp-

remote) 

Critical Medium Patched in Jun 2025 spec 

Credential 

Harvesting 

Fake elicitation prompts High Medium URL-mode elicitation (Nov 2025) 

Session Hijacking URL-embedded session 

IDs 

Medium Low Spec deprecation of URL sessions 

Resource 

Exhaustion 

Sampling abuse for 

compute theft 

Medium Medium Rate limiting; quota enforcement 

Server 

Impersonation 

Unverified server 

identity 

High High Registry verification (emerging) 

NeighborJack 0.0.0.0 binding 

exposure 

Critical Low Network configuration audit 

Supply Chain 

Poisoning 

Compromised package 

registries 

Critical High Signed packages; internal registries 

Privilege 

Escalation 

Excessive token scopes High Medium Least-privilege token policies 
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⬥ FINDING: Published proof-of-concept attacks demonstrate that a single malicious MCP server can exfiltrate 

an entire WhatsApp conversation history, steal private GitHub repository contents, and harvest API credentials 

from developer workstations - all through tool poisoning attacks that are invisible to end users. 

 

 3.1 Tool Poisoning and Prompt Injection 

Tool poisoning represents the most architecturally significant threat to MCP deployments. In this attack, malicious 

instructions are embedded within tool metadata-descriptions, parameter definitions, or example usage fields-that are 

visible to the LLM but not normally displayed to human users. When the LLM processes these hidden instructions, it 

may execute unauthorized actions including data exfiltration, credential harvesting, or unauthorized API calls. Invariant 

Labs demonstrated this vulnerability with a proof-of-concept that embedded instructions in a tool's description field 

directing the LLM to read and exfiltrate the user's MCP configuration file (containing server credentials) before 

executing the requested operation. The fundamental challenge is that tool descriptions occupy a trust boundary that the 

protocol does not adequately enforce: the LLM treats them as authoritative instructions, while users have no visibility 

into their content. 

 

Cross-tool contamination extends this threat to multi-server environments. When multiple MCP servers are connected 

to the same agent, a malicious server can override or intercept calls intended for legitimate servers through namespace 

collision-registering a tool with the same name as a trusted tool but with manipulated behavior. This "tool shadowing" 

attack is particularly insidious because the user believes they are invoking a trusted tool while actually executing 

attacker-controlled code. The MCP specification as of June 2025 does not include a mechanism for tool name 

disambiguation across servers, making this a protocol-level gap rather than an implementation bug. 

 

Table V. Published MCP Security Incidents and Proof-of-Concept Exploits (2025) 

 

Date Incident Researcher Impact Status 

Mar 

2025 

WhatsApp history 

exfiltration via tool 

poisoning 

Invariant Labs Full conversation history 

leaked to attacker 

Demonstrated; 

vendor alerted 

Mar 

2025 

GitHub private repo 

exfiltration 

Invariant Labs Private code and salary data 

leaked via PR 

Demonstrated; 

PAT scope issue 

Apr 

2025 

MCP Inspector RCE 

vulnerability 

VSec Research CVE assigned; arbitrary 

code execution on dev 

machines 

Patched 

May 

2025 

Smithery registry build 

pipeline compromise 

Security audit Multi-tenant compromise via 

shared build infrastructure 

Remediated 

Jun 2025 mcp-remote OAuth 

injection (CVE-2025-

6514) 

JFrog OS command injection via 

crafted OAuth metadata 

Patched 

Jun 2025 NeighborJack - 492 

exposed servers 

Backslash Hundreds of servers bound 

to 0.0.0.0 without auth 

Ongoing disclosure 

 

3.2 OAuth and Authentication Challenges 

The June 2025 specification update formally classified MCP servers as OAuth Resource Servers, mandating OAuth 2.1 

with PKCE for remote server authentication. This represents a significant security improvement over the initial 

specification, which provided minimal authentication guidance. However, the reality of authentication implementation 

across the MCP ecosystem remains inconsistent. Security audits have revealed that many publicly accessible MCP 

servers either skip OAuth entirely, implement it incorrectly, or use deprecated authorization patterns. The CVE-2025-

6514 vulnerability in the widely-used mcp-remote OAuth proxy demonstrated that even purpose-built authentication 

infrastructure can contain critical injection flaws. 
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Table VI. Recommended Security Patterns for Enterprise MCP Deployments 

 

Pattern Implementation Defense Layer OWASP Alignment 

MCP Gateway Centralized proxy intercepting all 

tool calls 

Perimeter LLM01: Prompt 

Injection 

Tool Metadata 

Scanning 

Pattern-matching for hidden 

instructions 

Detection LLM01: Prompt 

Injection 

Change Detection 

Alerts 

Hash-based tool definition 

monitoring 

Integrity LLM05: Supply Chain 

Least-Privilege Tokens Scoped OAuth tokens per server Authorization LLM02: Insecure 

Output 

Human-in-the-Loop 

Gates 

Mandatory approval for sensitive 

actions 

Control LLM01: Prompt 

Injection 

Input Sanitization Parameterized queries; schema 

validation 

Validation LLM04: Data Poisoning 

Internal Server 

Registry 

Vetted, signed server allowlists Supply Chain LLM05: Supply Chain 

Network Segmentation Server isolation by sensitivity tier Infrastructure LLM06: Excessive 

Agency 

Audit Logging Comprehensive action tracing and 

replay 

Forensics LLM09: 

Misinformation 

Rate Limiting Per-server and per-tool quota 

enforcement 

Availability LLM10: Unbounded 

Consumption 

Sandbox Execution Container-isolated server 

processes 

Containment LLM06: Excessive 

Agency 

Behavioral Monitoring Anomaly detection on tool 

invocation patterns 

Detection LLM02: Insecure 

Output 

 

IV. PERFORMANCE BENCHMARKS 

 

Production MCP deployments must balance security controls with performance requirements. We analyze performance 

characteristics across five deployment configurations: local STDIO (baseline), remote Streamable HTTP (single 

server), remote with OAuth 2.1 authentication, remote through an MCP gateway proxy, and multi-server orchestration 

with 5+ concurrent server connections. Performance metrics include connection establishment latency, tool invocation 

round-trip time, throughput under concurrent load, and resource overhead per active connection. 

 

Table VII. MCP Performance Benchmarks by Deployment Configuration 

 

Metric STDIO Local Remote HTTP 
Remote + 

OAuth 
Gateway Proxy 

Multi-Server 

(5) 

Connection setup 

(ms) 

3–8 45–120 180–350 200–400 250–500 

Tool invocation 

p50 (ms) 

2–5 15–30 18–35 25–50 30–65 
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Tool invocation 

p99 (ms) 

8–15 80–200 120–280 150–350 200–500 

Throughput 

(req/s/conn) 

500+ 120–200 80–150 60–120 40–80 

Memory per 

connection 

~5 MB ~12 MB ~15 MB ~20 MB ~45 MB 

CPU overhead 

(idle) 

<1% 2–4% 3–5% 4–7% 8–15% 

Auth token 

refresh 

N/A N/A Every 3600s Every 3600s 5× per cycle 

Concurrent 

connections 

1 (local) 100–500 80–400 60–300 50–200 

Cold start latency 50–150 ms 200–800 ms 500–1500 ms 600–1800 ms 1000–3000 ms 

State recovery 

time 

N/A 50–200 ms 100–400 ms 200–600 ms 500–1500 ms 

⬥ FINDING: Gateway-proxied MCP deployments add 40–70% latency overhead to tool invocations compared 

to direct remote connections, but this trade-off is essential for enterprise deployments requiring centralized 

security scanning, audit logging, and policy enforcement. 

 

4.1 Scalability Under Enterprise Load 

Scalability remains a significant challenge for MCP deployments at enterprise scale. The Streamable HTTP transport's 

stateful session model conflicts with standard load-balancing infrastructure, as session affinity requirements limit 

horizontal scaling options. The November 2025 specification acknowledged this challenge, and the 2026 roadmap 

explicitly prioritizes evolving the transport and session model to support stateless horizontal scaling. For current 

deployments, organizations typically implement sticky sessions at the load balancer layer or deploy server-side session 

stores (Redis, PostgreSQL) to enable session mobility across server instances. 

 

Table VIII. Scalability Characteristics Under Concurrent Agent Load 

 

Concurrent 

Agents 

Avg Latency 

(ms) 

P99 Latency 

(ms) 

Error Rate 

(%) 
CPU Utilization Memory (GB) 

10 22 85 0.01 12% 0.8 

50 35 140 0.05 28% 2.1 

100 52 220 0.12 45% 4.3 

250 88 480 0.35 68% 9.8 

500 145 920 0.82 85% 18.5 

1,000 280 2,100 2.4 95% 35.2 

2,500 620 5,800 8.1 >99% 78+ (OOM risk) 

 

V.  ENTERPRISE ADOPTION CHALLENGES 

 

Enterprise MCP adoption faces seven categories of challenges that extend beyond technical protocol implementation to 

encompass organizational, regulatory, and legacy-system integration concerns. These challenges are particularly acute 
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in regulated industries (financial services, healthcare, government) where data governance requirements, audit 

obligations, and compliance frameworks impose additional constraints on AI agent tool integration. 

 

Table IX. Enterprise MCP Adoption Challenge Taxonomy 

 

Challenge Category Description Affected Sectors Maturity Level 

Security 

Governance 

Insufficient built-in auth, audit, and 

access control 

All enterprise Developing - Jun 

2025 spec 

improves 

Legacy Integration Mainframe, SOAP, and proprietary 

protocol connectivity 

Financial, Gov't Early - requires 

custom MCP 

wrappers 

Compliance & Audit Regulatory traceability for AI-initiated 

actions 

Financial, Healthcare Emerging - audit 

logging patterns 

forming 

Tool Discovery No standardized registry for trusted 

server verification 

All enterprise Early - community 

registry announced 

Operational 

Maturity 

Monitoring, alerting, and incident 

response for MCP 

All enterprise Developing - 

observability tools 

emerging 

Multi-Tenancy Isolation between tenant workloads on 

shared infrastructure 

SaaS, Cloud Early - Smithery 

incident 

highlighted gaps 

Cost Management Unpredictable compute costs from 

agent-initiated queries 

All enterprise Emerging - quota 

and rate limiting 

patterns 

 

 5.1 Legacy System Integration 

Enterprise environments typically include heterogeneous technology stacks spanning decades of architectural 

evolution-mainframe systems, SOAP-based web services, proprietary databases, FTP-based file transfers, and message-

queue-oriented middleware. MCP's JSON-RPC 2.0 protocol assumes modern HTTP connectivity, creating an 

integration gap for legacy systems that lack RESTful interfaces. Production deployments address this through MCP 

adapter servers: lightweight translation layers that expose legacy system functionality through MCP-compliant 

interfaces while handling protocol translation, data format conversion, and authentication bridging. These adapter 

patterns add architectural complexity but enable AI agents to access legacy data and functionality without requiring 

modifications to the underlying legacy systems. 

 

Table X. Legacy System Integration Patterns via MCP Adapter Servers 

 

Legacy System 

Type 
Adapter Approach 

Complexit

y 

Data Latency 

Impact 
Security Consideration 

Mainframe 

(CICS/IMS) 

3270 terminal emulation 

→ MCP 

High 50–200 ms 

added 

Credential vault for 

mainframe auth 

SOAP Web 

Services 

WSDL parsing → tool 
generation 

Medium 20–80 ms added WS-Security to OAuth 

bridging 

Proprietary JDBC/ODBC bridge → Medium 10–40 ms added Connection pool isolation per 
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Databases MCP agent 

FTP/SFTP File 

Systems 

File watcher → resource 
exposure 

Low Variable (batch) Encrypted transfer; temp file 

cleanup 

Message Queues 

(MQ) 

Queue consumer → 
streaming resource 

Medium 5–30 ms added Message-level encryption; 

DLQ handling 

ERP Systems 

(SAP/Oracle) 

BAPI/RFC → MCP tool 
mapping 

High 40–150 ms 

added 

Role-based access mirroring 

 

VI. GOVERNANCE AND SPECIFICATION EVOLUTION 

 

The governance of MCP has evolved significantly since its initial release. The protocol's specification uses 

Specification Enhancement Proposals (SEPs) as the primary mechanism for community-driven evolution, with 

Working Groups organized around specific capability domains (transport, security, registry, agent communication). 

The June 2025 specification update represented the first major security-focused revision, mandating OAuth 2.1 with 

PKCE for remote server authentication, requiring Resource Indicators (RFC 8707) to prevent token misuse, and 

providing centralized security guidance documentation. These changes reflect the community's recognition that security 

infrastructure must mature in parallel with adoption growth. 

 

Table XI. MCP Specification Evolution: Key Security and Feature Additions 

 

Spec Version Date Key Addition Security Impact 

Initial Release Nov 2024 Core protocol: tools, resources, 

prompts 

Minimal security guidance; 

STDIO-focused 

Early Updates Jan–Feb 2025 Community SDK improvements Bug fixes; no security architecture 

changes 

2025-03-26 Mar 2025 Streamable HTTP transport Remote deployment enabled; new 

attack surface 

2025-06-18 Jun 2025 OAuth 2.1 mandate; resource 

indicators 

First major security hardening; 

CVE mitigations 

Pre-Nov 2025 Sep–Oct 2025 Community SEP process formalized Governance structure for security 

proposals 

 

6.1 Standards Ecosystem Positioning 

MCP exists within an emerging ecosystem of AI agent communication standards. The protocol's positioning relative to 

competing and complementary standards is architecturally important for enterprises making long-term infrastructure 

investments. Google's Agent-to-Agent (A2A) protocol, announced in April 2025, addresses agent-to-agent 

communication-a domain MCP does not cover. A2A enables agents to discover each other's capabilities, negotiate 

collaboration protocols, and execute coordinated workflows. The two protocols are complementary: MCP standardizes 

agent-to-tool communication while A2A standardizes agent-to-agent communication. Enterprises deploying multi-

agent architectures may need both protocols, with MCP governing how individual agents access external tools and A2A 

governing how agents coordinate with each other. 

 

 

 

 

 

 

 



© 2025 IJIRCCE | Volume 13, Issue 6, June 2025|                         DOI:10.15680/IJIRCCE.2025.1306207

 

IJIRCCE©2025                                                |    An ISO 9001:2008 Certified Journal   |                                                         13695 

Table XII. AI Agent Integration Standards Landscape (as of June 2025) 

 

Standard Originator Scope Transport Maturity Relationship to MCP 

MCP Anthropic Agent-to-Tool JSON-RPC 2.0 

/ HTTP 

Production Core standard 

A2A Google Agent-to-Agent HTTP + JSON Preview Complementary 

OpenAI 

Function 

Calling 

OpenAI Model-to-Tool Model API 

native 

Production MCP-compatible via SDK 

LangChain 

Tools 

LangChain Framework-to-

Tool 

Python/JS 

native 

Production MCP adapters available 

Semantic 

Kernel 

Microsoft Agent 

framework 

Plugin 

architecture 

Production MCP connector in 

development 

Tool Use 

API 

Anthropic Model-to-Tool Messages API Production MCP superset for Claude 

 

VII. ENTERPRISE MCP MATURITY MODEL 

 

Based on our analysis of production deployment patterns, security requirements, and organizational readiness 

indicators, we propose a five-level maturity model for enterprise MCP adoption. This model provides engineering 

leaders with a structured assessment framework for evaluating their organization's MCP deployment readiness and 

identifying the investments required to advance to higher maturity levels. 

 

Table XIII. Enterprise MCP Adoption Maturity Model 

 

Level Name Characteristics Security Posture 
Typical 

Duration 

L1 Exploration Individual dev use; STDIO only; no 

governance 

Minimal - local isolation 

only 

1–3 months 

L2 Pilot Team-level deployment; remote 

servers; basic auth 

OAuth 2.1 implemented; 

manual reviews 

2–4 months 

L3 Standardized Org-wide standards; gateway 

deployed; audit logging 

Gateway scanning; 

change detection; RBAC 

3–6 months 

L4 Governed Full compliance integration; 

automated security; SLAs 

Defense-in-depth; HITL 

gates; behavioral 

monitoring 

6–12 months 

L5 Optimized AI-driven optimization; multi-agent 

orchestration; self-healing 

Zero-trust architecture; 

continuous verification 

12+ months 

 

VIII. CONCLUSION 

 

The Model Context Protocol has achieved, within six months of its November 2024 launch, a level of industry adoption 

that positions it as the definitive standard for AI agent tool integration. The endorsement and implementation by 

Anthropic, OpenAI, Google DeepMind, Microsoft, and AWS-competitors who rarely converge on shared 

infrastructure-underscores the protocol's technical merit and the industry's urgent need for standardized agent-to-tool 
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communication. With over 97 million monthly SDK downloads, 5,800+ registered servers, and production 

deployments at major enterprises, MCP has moved decisively from experimental protocol to critical infrastructure. 

 

However, our analysis reveals that production MCP deployments require substantially more security infrastructure than 

the protocol specification alone provides. Tool poisoning attacks, prompt injection through metadata, rug pull exploits, 

and OAuth vulnerabilities represent genuine threats that can result in data exfiltration, credential theft, and 

unauthorized system access. The June 2025 specification update-mandating OAuth 2.1, resource indicators, and 

enhanced security guidance-represents essential progress, but enterprise deployments must implement defense-in-depth 

architectures including MCP gateway proxies, tool metadata scanning, behavioral monitoring, human-in-the-loop 

controls, and internal server registries to achieve acceptable security postures. 

 

Performance analysis demonstrates that MCP introduces measurable but manageable overhead in production 

environments. Local STDIO deployments achieve sub-5ms tool invocation latency, while remote gateway-proxied 

deployments add 40–70% overhead-a trade-off that is acceptable given the security benefits. Scalability under 

concurrent agent load remains a challenge, with error rates exceeding 2% beyond 1,000 concurrent agents per server 

instance, indicating the need for horizontal scaling strategies that the current stateful session model does not natively 

support. 

 

The enterprise adoption challenges we document-legacy system integration, compliance traceability, tool discovery, 

and operational maturity-are addressable through the adapter patterns, governance frameworks, and maturity model 

presented in this study. Organizations beginning their MCP adoption journey should start at Maturity Level 1 with local 

STDIO deployments for controlled experimentation, advance to Level 2 with pilot remote deployments under OAuth 

2.1 authentication, and target Level 3 (standardized gateway-based deployment with audit logging) as the minimum 

threshold for production workloads handling sensitive data. The MCP ecosystem's rapid evolution-including the 

planned donation to the Linux Foundation under the Agentic AI Foundation governance-suggests that many current 

limitations will be addressed in subsequent specification versions, but enterprises should not defer security investments 

while awaiting protocol-level solutions. 
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