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Introduction

In the ever �evolving world of clinical microbiology, precision, consistency, and reliability are paramount. Laboratories 

worldwide rely on well �established standards to ensure that patient results are accurate and reproducible. One of 

the most respected authorities in this domain is the Clinical and Laboratory Standards Institute (CLSI). Among the 

many documents published by CLSI, the clsi document c28 a2plays a critical role in guiding laboratories on the

use of antimicrobial susceptibility testing (AST) for specific pathogens. This article delves deep into the purpose,

scope, and practical applications of the CLSI C28-A2 guideline, offering a comprehensive resource for

microbiologists, laboratory managers, and clinicians alike.

What Is CLSI?

CLSI, formerly known as the College of American Pathologists (CAP) Standards Committee, is a nonprofit

organization that develops consensus standards and guidelines for laboratory testing. Its mission is to improve the

quality of patient care by providing reliable, evidence �based standards that laboratories can adopt globally. CLSI

documents cover a wide range of topics, from specimen collection and processing to advanced molecular

diagnostics and bioinformatics.

Overview of CLSI Documents

CLSI documents are typically identified by a letter and a number, such as C28-A2 or M100. Each document is

developed through a rigorous consensus process involving experts from academia, industry, and clinical practice.

The documents are periodically reviewed and updated to reflect new scientific evidence and technological

advancements.

•  M100 – Reference Standards for Antimicrobial Susceptibility Testing

•  M23 – General Guidelines for Antimicrobial Susceptibility Testing of Bacteria

•  C28 – Clinical Performance Standards for Antimicrobial Susceptibility Testing of Mycobacterium tuberculosis

•  C28-A2 – Updated guidelines for the AST of Mycobacterium tuberculosis using the broth microdilution method

Focus on CLSI C28-A2

The clsi document c28 a2 is a specialized guideline that focuses on the antimicrobial susceptibility testing of 

Mycobacterium tuberculosis, the bacterium responsible for tuberculosis (TB). This document provides detailed

instructions on how to perform broth microdilution tests, interpret results, and ensure quality control across

laboratories worldwide.

Purpose and Significance

Accurate AST for Mycobacterium tuberculosis is essential for:

•  Determining the most effective drug regimen for individual patients.

•  Monitoring drug resistance trends at the local, national, and global levels.

•  Guiding public health interventions and policy decisions.



By standardizing the methodology, CLSI C28-A2 reduces variability in results and enhances the reliability of clinical

decisions.

Scope of the Document

The guideline covers:

•  Selection of antimicrobials for testing.

•  Preparation of inoculum and drug solutions.

•  Broth microdilution setup and incubation conditions.

•  Interpretation of minimum inhibitory concentrations (MICs).

•  Quality control procedures and validation.

•  Reporting standards and documentation.

It is intended for use by clinical microbiology laboratories, reference laboratories, and research facilities that

perform TB susceptibility testing.

Key Components of CLSI C28-A2

1. Antimicrobial Panel

The document specifies a panel of first �line and second �line drugs commonly used in TB therapy, including:

•  Isoniazid (INH)

•  Rifampin (RIF)

•  Ethambutol (EMB)

•  Pyrazinamide (PZA)

•  Streptomycin (STR)

•  Fluoroquinolones (e.g., levofloxacin, moxifloxacin)

•  Amikacin, Kanamycin, Capreomycin (for second �line therapy)

Each drug’s concentration range is defined, ensuring that the MICs fall within clinically relevant thresholds.

2. Inoculum Preparation

Accurate inoculum density is critical for reproducible results. The guideline recommends:

•  Using a standardized inoculum density equivalent to a 0.5 McFarland standard.

•  Homogenizing the bacterial suspension to avoid clumps.

•  Verifying inoculum density using spectrophotometry or viable count methods.

3. Broth Microdilution Procedure

Broth microdilution is the gold standard for TB AST. CLSI C28-A2 provides step �by �step instructions:

1.  Prepare the drug dilution series in cation �adjusted Mueller–Hinton broth.

2.  Inoculate each well with the prepared bacterial suspension.

3.  Seal plates to prevent evaporation.

4.  Incubate at 35–37 /°C in a humidified environment.

5.  Observe for growth after 7–14 days, depending on the drug.

4. MIC Determination

The MIC is defined as the lowest concentration of the drug that inhibits visible growth. CLSI C28-A2 provides

criteria for interpreting turbidity and colony formation, including:

•  Defining “growth” versus “no growth.”



•  Accounting for delayed growth in slow �growing isolates.

•  Using reference strains for calibration.

5. Quality Control and Validation

Quality control (QC) is essential to ensure the reliability of AST results. The guideline recommends:

•  Running QC strains (e.g., Mycobacterium tuberculosis H37Rv) with each batch of tests.

•  Monitoring MIC ranges for QC strains to detect deviations.

•  Documenting QC results in a QC logbook.

•  Implementing corrective actions if QC results fall outside acceptable ranges.

6. Reporting Standards

Clear and concise reporting enhances clinical decision �making. CLSI C28-A2 outlines:

•  Standardized reporting formats (e.g., MIC values, interpretive categories).

•  Interpretive criteria (susceptible, intermediate, resistant).

•  Notes on critical values and action thresholds.

Implementing CLSI C28-A2 in Your Laboratory

Step �by �Step Implementation Guide

1.  Staff Training: Ensure all personnel are familiar with the document’s procedures and rationale.

2.  Equipment Assessment: Verify that incubators, biosafety cabinets, and plate readers meet the specified 

requirements.

3.  Reagent Procurement: Source high �quality drugs and media from certified suppliers.

4.  Protocol Development: Draft a standard operating procedure (SOP) incorporating CLSI C28-A2 guidelines.

5.  Pilot Runs: Conduct initial test runs to validate the SOP and troubleshoot issues.

6.  Full Scale Adoption: Transition to routine testing while maintaining QC and documentation.

7.  Continuous Review: Regularly review performance metrics and update SOPs in line with new CLSI revisions.

Common Challenges and Solutions

•  Inoculum Variability – Use calibrated pipettes and standardized inoculum preparation protocols.

•  Drug Stability – Store drug solutions at recommended temperatures and use within specified time frames.

•  Incubation Delays – Maintain strict incubation schedules and monitor environmental conditions.

•  Interpretation Discrepancies – Conduct inter �laboratory proficiency testing and participate in external quality 

assessment schemes.

Case Studies: Real �World Applications of CLSI C28-A2

Case Study 1: National TB Reference Laboratory

In a high �burden country, the national TB reference laboratory adopted CLSI C28-A2 to standardize AST across 15

regional labs. By implementing uniform QC protocols and centralized data reporting, the laboratory reduced

inter �laboratory variability by 30% and improved treatment outcomes for drug �resistant TB patients.

Case Study 2: Academic Research Facility

An academic research center used CLSI C28-A2 as a baseline for evaluating novel anti �TB compounds. The

standardized MIC determinations allowed for accurate comparison of drug efficacy across multiple isolates,

accelerating the preclinical development pipeline.

Case Study 3: Community Microbiology Clinic



A community clinic serving a low �resource setting adopted CLSI C28-A2 after training its staff on the broth

microdilution method. The clinic now offers rapid AST results to clinicians, enabling timely initiation of appropriate

therapy and reducing the spread of resistant strains.

Comparing CLSI C28-A2 with Other Standards

While CLSI C28-A2 is widely regarded as the gold standard for TB AST, other organizations also publish guidelines:

•  WHO (World Health Organization) – Provides global TB control strategies but less detailed laboratory 

methodology.

•  CDC (Centers for Disease Control and Prevention) – Offers supplementary resources and technical notes.

•  EUCAST (European Committee on Antimicrobial Susceptibility Testing) – Focuses primarily on non �TB 

bacteria; limited TB guidance.

Despite these differences, CLSI C28-A2 remains the most comprehensive and widely adopted document for TB

susceptibility testing, particularly in clinical laboratories seeking to align with international best practices.

Updates and Future Directions

CLSI regularly reviews and updates its documents to reflect emerging evidence. The latest revision of C28-A2

(currently version 3.0) incorporates:

•  Expanded drug panels to include newer agents like bedaquiline and delamanid.

•  Revised interpretive breakpoints based on pharmacokinetic/pharmacodynamic (PK/PD) data.

•  Enhanced QC recommendations tailored to high �throughput laboratories.

Looking ahead, CLSI is exploring integration of molecular diagnostics with phenotypic AST to streamline workflow

and reduce turnaround time. Laboratories are encouraged to stay current with revisions and participate in CLSI

consensus panels to shape future standards.

Resources for Further Reading

•  CLSI Official Website – Access to the full text of C28-A2 and other documents.

•  CDC TB Laboratory Manual – Complementary guidance for TB testing.

•  WHO Global TB Report – Contextual data on drug resistance trends.

•  Peer �reviewed journals such as Journal of Clinical Microbiology and Clinical Infectious Diseases – Articles on 

TB AST methodology and outcomes.

Conclusion

The clsi document c28 a2is more than a set of instructions; it is a cornerstone of global efforts to combat

tuberculosis. By providing a standardized, evidence �based framework for antimicrobial susceptibility testing, this

guideline empowers laboratories to produce accurate, reproducible results that directly influence patient care and

public health policy. Whether you are a seasoned microbiologist, a laboratory manager, or a clinician seeking to

understand the laboratory data that informs treatment decisions, familiarity with CLSI C28-A2 is essential.

Implementing its
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