Module 10
Drug susceptibility test

Part 1. Principles of resistance to antituberculosis drugs
Part 2. Performing DST on solid media

Module 10 is divided into two parts: the first part (“Principles of resistance to antituberculosis drugs”) explains the principles of anti-TB therapy and drug resistance, while the second (“Performing drug susceptibility test”) deals with the technical aspects of performing DST by the proportion method.

	Purpose
	Part 1. To provide participants with knowledge of the principles of antituberculosis therapy and drug resistance, and of the relationship of drug resistance to treatment failure.

Part 2. To provide participants with the knowledge and skills to perform DST  by the proportion method on solid media.

	Prerequisite

modules
	Modules 1, 2, 3, 4, 6 and 7

	Module time
	Part 1: 35 minutes

Part 2: 1 hour  and 10 minutes, plus two practical sessions in the laboratory (3 hours)

	Learning objectives
	At the end of this module participants will be able to:

· understand the objectives of and rationale for combined antituberculosis therapy;

· understand the basic definitions of drug resistance in TB;

· understand how drug resistance develops;

· understand the rationale for using a critical concentration of drug in laboratory assays;

· understand the rationale for determining the  proportion of resistant bacteria that is clinically significant;

· explain the different methods for performing DST;

· perform and interpret the proportion method;

· record and report DST results;

· store strains.


Module overview

	Step
	Time
	Activity/method
	Content
	Resources 
needed

	Part 1. Principles of resistance to antituberculosis drugs

	1
	3 min
	Presentation
	Module introduction
	Slides 1–4

	2
	5 min
	Presentation 
	Development of current options for antituberculosis therapy
	Slides  5–7

	3
	6 min 
	Presentation
	Objectives and challenges of antituberculosis therapy
	Slides 8–11

	4
	6 min
	Presentation 
	First-line drugs and basic definitions of drug resistance
	Slides 12–15

	5
	2 min
	Presentation 
	Development of drug resistance
	Slides 16 and 17

	6
	8 min
	Presentation 
	Critical issues in laboratory assays for TB drug susceptibility testing
	Slides 18–21

	7
	2 min
	Discussion 
	True/false exercise
	Slide 22

	8
	2 min
	Presentation 
	Take-home messages
	Slides 23 and 24

	9
	1 min
	Self-evaluation
	Self-assessment
	Slide 25

	Part 2. Performing drug susceptibility test 

	10
	3 min
	Presentation
	Module introduction
	Slides 1–3

	11
	11 min
	Presentation 
	Drug susceptibility test methods 
	Slides  4–9

	12
	45 min
	Presentation and discussion
	Proportion method: procedure and interpretation
	Slides 10–36

	13
	2 min
	Presentation 
	Recording and reporting DST results
	Slide 37

	14
	4 min
	Presentation 
	Storage of strains
	Slides 38- 40

	15
	2 min
	Discussion
	True/false exercise
	Slide 41

	16
	2 min
	Presentation
	Take-home messages
	Slide 42

	17
	1 min
	Self-evaluation
	Self-assessment
	Slide 43


Materials and equipment checklist
· PowerPoint slides or transparencies

· Overhead projector or computer with LCD projector

· Flipchart

Teaching guide
	Slide number
	Teaching points

	1
	Module 10: Part 1. Principles of resistance to antituberculosis drugs 

DISPLAY this slide before you begin the module.  Make sure that participants are aware of the transition into a new module.

	2

[image: image1.wmf]
	Learning objectives

STATE the objectives on the slide 

	3 
Flipchart
[image: image2.wmf]
	Content outline

WRITE the content outline on a flipchart before starting this module.  

REFER to the flipchart frequently so that participants are sure where they are in the module.

EXPLAIN that the topics listed are those that will be covered in this part of the module.

	4
	Drug-resistant tuberculosis exists worldwide, wherever treatment is available

EXPLAIN the burden of drug-resistant tuberculosis worldwide. 

Indicate that this is a problem wherever treatment is available and that the problem is largely the result of inappropriate or inadequate treatment.

	5


	Antituberculosis therapy

DESCRIBE the beginnings of TB therapy.

EXPLAIN that treatment with only one drug soon resulted in treatment failures.

	6
	Introduction of more effective anti-TB drugs

DISCUSS the development of more effective drugs, and emphasize that there has been no addition to this list for more than 45 years.

	7
	Current four-drug TB therapy 
DESCRIBE the current four-drug therapy.(first-line, most effective drugs).
DISCUSS the benefits of this regimen. 



	8
	Objectives of anti-TB therapy
READ the three main objectives of TB therapy.


	9
	Compartmentalization of M. tuberculosis in infected tissue

EXPLAIN the three-population model of compartmentalization of TB in infected tissues, focusing on the anatomical and metabolic variables.


	10
	Anti-TB drugs act on different populations: bactericidal activity

EXPLAIN that the drugs that are most active against Population A are considered to have rapid bactericidal activity. 

REFER to the bottom panel of the figure to indicate which drugs are the most potent against Population A. STATE that this activity is measured by the rapidity of smear and culture conversion from positive to negative.  

	11


	Sterilizing effect

EXPLAIN that drugs that are more effective against Populations B and C are regarded as sterilizing agents. 

STATE that the potency of this activity is reflected in high cure rates with limited relapses in patients completing therapy.



	12


	First-line anti-TB drugs and their mechanisms of action

Using the figure, EXPLAIN mechanisms of action and target sites of first-line anti-TB drugs.
STATE that the mechanism of action of PZA is not well understood

	13
	Natural drug resistance in the MTB complex

READ the names of the members of the MTB complex and indicate that M. tuberculosis is the most common in humans.
EXPLAIN the natural resistance to some drugs seen in many members of the complex.

	14
	Common types of resistance to first-line drugs 
EXPLAIN the definitions of drug resistance in newly identified patients, drug resistance in previously treated patients, and cross-resistance between different drugs.

	15
	Resistance to more than one drug

EXPLAIN the definitions of polyresistance and of multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB.

	16
	Selection of drug-resistant mutants
EXPLAIN that mutants resistant to any given anti-TB drug occur randomly and spontaneously in M. tuberculosis.

INDICATE that resistance is linked to large bacterial populations and there is a need for multidrug treatment.

	17
	Other factors influencing the development of drug resistance

EXPLAIN what other factors may influence the occurrence of resistant mutants and the development of drug resistance.

	18
	Challenges for TB drug susceptibility testing

USE this slide to introduce the concept of employing a predetermined critical concentration of drug in test assays.

EXPLAIN how a clinically relevant proportion of drug-resistant bacteria is used to predict therapeutic failure.

	19
	Critical concentrations of drugs used for TB drug susceptibility testing

DEFINE critical concentrations of drug that have been predetermined for use in test assays.  

INDICATE that the critical concentrations vary with the media used.  

	20
	Determination of clinically significant proportion of resistant bacteria

DEFINE clinically significant proportion of resistant bacteria and explain how it relates to the critical concentration of drug.

	21
	Proportion method for determining drug resistance in M. tuberculosis
EXPLAIN the basic concept of the proportion method used to determine whether there is a clinically significant proportion of resistant cells in the TB population.

	22

Discussion

[image: image3.wmf]
	True and false exercise

Participants should be provided with two cards (green and red) which they should use to state whether the messages are true (green) or false (red).
True: 1, 3, 4

False: 2

	23
	Module review: take-home messages I

HIGHLIGHT the key messages from the module.

ANSWER any questions the participants may have.

	24
	Module review: take-home messages II

HIGHLIGHT the key messages from the module.

ANSWER any questions the participants may have.

	25
	Self-assessment

ASK the participants to answer the questions on the slide.

ANSWER any questions the participants may have.


	Slide Number
	Teaching Points

	1
	Module 10: Part 2. Performing drug susceptibility test 

DISPLAY this slide before you begin this part of the module.  Make sure that participants are aware of the transition into the second part of the module.

	2
[image: image4.wmf]
	Learning objectives

STATE the objectives on the slide. 

	3 
Flipchart
[image: image5.wmf]
	Content outline

WRITE the content outline on a flipchart before starting this part of the module.  

REFER to the flipchart frequently so that participants are sure where they are in the module.

EXPLAIN that the topics listed are those that will be covered in this part of the module.

	4
	Direct drug susceptibility method: proportion method
EXPLAIN that, in this method, a smear-positive sputum (at least 2+) is inoculated directly onto drug-containing and drug-free media, according to the indirect proportion method as detailed below. The inoculum size is adjusted according to the number of AFB observed during smear microscopy of treated and concentrated sputum, and one control tube is inoculated with a dilution (10–2) of the sample.
REMIND participants that identification should be performed before results are released.

	5
	Example of a usceptibility test, proportion method, inoculated directly after decontamination from the sample (4 AFB/ field)
DISPLAY the slide and STATE that this is an example of DST performed by the direct method. 

HIGHLIGHT the high smear microscopy score (2+).

	6
	Direct drug susceptibility method: advantages

EXPLAIN the advantages of the direct susceptibility method by STATING the points on the slide.

ADD that there is no need for subculturing, which may result in testing a non-representative bacterial population.

	7
	Direct drug susceptibility method: disadvantages

EXPLAIN the disadvantages of the direct susceptibility method by STATING the points on the slide.

	8
	Indirect drug susceptibility methods
STATE that, in this category of tests, organisms from clinical materials are isolated in culture, and either a homogeneous suspension of their growth or a broth culture is inoculated onto control and drug-containing egg-based solid media.

	9
	Indirect drug susceptibility methods

STATE that three main methods are described in the literature: the absolute concentration method, the resistance ratio method and the proportion method (the most widely used).

	10
	Indirect drug susceptibility method: proportion method
EXPLAIN the proportion method by STATING the points on the slide. 

UNDERLINE that the proportion method is the most widely used method for DST.

	11
	Indirect proportion method

STATE the points on the slide.

CAUTION that, if the primary culture tube has fewer than 20 colonies, DST should not be performed unless the culture comes from a patient who has completed anti-TB treatment.

	12
	Proportion method: critical parameters 

STATE the critical concentration of each drug used for performing this method.

	13
	Procedure

STATE that this method will be explained in detail because it is the most widely used and is recommended by WHO.

EXPLAIN the procedure by STATING that 1 sterile 50-ml tube, screw-capped and containing some glass beads and 5 ml of sterile water, should be prepared for each strain. Some colonies are taken from the culture tube with a sterile loop and put into the 50-ml tube; the tube is vortex-mixed until a homogeneous suspension is seen. Clumps are allowed to settle for 15 minutes at the bottom of the tube and the supernatant is transferred to another tube and its turbidity is compared with the standard McFarland 1.

UNDERLINE the importance of touching all colonies with the loop: this guarantees that DST is performed with bacteria representing the whole strain.

EMPHASIZE that all media used to perform DST should come from the same batch. 

	14
	Calibration of the bacterial suspension
EXPLAIN how to calibrate the bacterial suspension by comparing with the MacFarland standard. 



	15
	Inoculation
EXPLAIN that the inoculation can be done with either a loop or a pipette (both must be sterile).

	16
	Procedure – inoculation with loop

EXPLAIN that, if a loop is used for inoculation, 2 x 0.01 ml of the bacteria suspension should be transferred into a tube containing 2 ml of sterile distilled water, giving a concentration of 10–2 mg/ml.

ADD that two slopes of medium (previously identified with the specimen number) without drug and slopes of medium with drug are inoculated with a loopful of this 10–2 suspension. 

A subsequent transfer is made to obtain a 10–4 suspension inoculated on GC. 



	17
	Procedure – inoculum with loop

EXPLAIN that 2 x 0.01 ml of the bacterial suspension from the 10–1 mg/ml dilution should be transferred into a tube containing 2 ml of sterile distilled water, giving a concentration of 10–3 mg/ml.

ADD that two slopes of medium (previously identified with the specimen number) without drug and slopes of medium with drug are inoculated with a loopful of this suspension.
A subsequent transfer is made to obtain a 10–5 suspension inoculated on GC. 


	18
	Procedure – inoculum with pipette

EXPLAIN that, if a pipette is used, 0.5 ml of the bacterial suspension should be transferred into a tube containing 4.5 ml of sterile distilled water, giving a concentration of 10–1 mg/ml. 
ADD that tubes should always be mixed well.

From this suspension, 0.5 ml should be transferred into a tube containing 4.5 ml of sterile distilled water, giving a concentration of 10–2 mg/ml.
Repeat these steps to obtain a concentration of 10–5 mg/ml.

	19
	Inoculum with pipette

EXPLAIN that, from the 10–3 mg/ml concentration, 0.1 ml is inoculated onto two slopes of medium (previously identified with the specimen number) without drug and slopes of medium with drug.
The dilution  10–5 is used for GC

	20
	Inoculum with pipette

EXPLAIN that, from the 10–3 mg/ml concentration, 0.5 ml should be transferred into a tube containing 4.5 ml of sterile distilled water, giving a concentration of 10–4 mg/ml.

From this suspension, 0.1 ml is inoculated onto two slopes of medium (previously identified with the specimen number) without drug and slopes of medium with drug.
The dilution  10–6 is used for GC

	21
	Incubation

EXPLAIN that the inoculated slopes are closed with loose screw-caps.

The slopes are put in a stand at a very slight angle to the horizontal and placed in the incubator at 37 °C. The liquid should cover as much of the surface of the medium as possible. When the liquid part of the inoculum has evaporated (24–48 hours), the slopes can be closed tightly and left in the incubator at 37 °C. If space in the incubator is needed, thay might be moved in an upright position.
HIGHLIGHT that, if  resistance is detected, the report can be given after 28 days of incubation; if there is no resistance, the report should be given after 42 days of incubation.

	22
	Reading results

STATE the points listed on the slide.

	23

Discussion
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	Interpretation
DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	24

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	25

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	26

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	27

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	28

Discussion

[image: image11.wmf]
	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	29

Discussion

[image: image12.wmf]
	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	30

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	31

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	32

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	33

Discussion
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	Interpretation

DISCUSS with participants the situation shown on the slide and ASK them to tell you how they would report the result.

WAIT before displaying the result.

DISPLAY the result and COMMENT.

	34
	Proportion method ‒ advantages and disadvantages
EXPLAIN the advantages and disadvantages of the proportion method by STATING the points on the slide.

	35
	Possible errors
STATE the errors that should be avoided while performing DST by the proportion method by STATING the points on the slide.

	36
	Quality assurance issues

STATE the points on the slide.

	37
	Recording and reporting form

HIGHLIGHT the third part of the form to be completed with DST results.

STRESS that the completed form should be sent immediately to the treatment unit.

	38
	Storage of strains

HIGHLIGHT that, after a strain has been identified and DST has been carried out, the strain should be stored for further purposes.

	39
	Storage of strains

EXPLAIN the conditions of storage
· Short-term storage:

4 °C (for 1 year)

20 °C, in the dark (but media quality may deteriorate and viability be affected).
STRESS that liquid cultures should be kept for no more than 1 month as media quality deteriorates rapidly and affects viability, while clumping in liquids makes the determination of bacterial concentration highly unreliable. Moreover, liquid media are more prone to contamination.

· Long-term storage of patient cultures:

–20°C 

ADD that tubercle bacilli rapidly lose viability at –20°C: only 1% are still viable after 2 years at –20°C. It is thus crucial to prepare the largest bacterial load as possible so that the size of the load compensates for loss of viability.

· Long-term storage of reference cultures:

–20°C.

STRESS that serial subculturing could lead to genetic drift and alter the phenotypic characteristics of strains.

	40
	Storage of strains

LIST the three methods for freezing strains. 
The first method is the simplest: it implies the storage of 1–2 ml of a positive liquid culture. The procedures for the other two2 methods are given in  Annexes 10.1 and 10.2. 

	41
Discussion
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	True and false exercise
Participants should be provided with two cards (green and red) which they should use to state whether the messages are true (green) or false (red).
True: all

False: none

	42
	Module review: take-home messages 

ANSWER any questions the participants may have.

	43
	Self-assessment

ASK the participants to answer the questions on the slide.

ANSWER any questions the participants may have.
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