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1. Scope

This SOP describes the preparation of drug-containing media required for drug susceptibility testing of Mycobacterium tuberculosis using the proportion method 
2. Definitions and abbreviations

BSC:
biosafety cabinet

CFU:
colony-forming unit

DMSO:
dimethyl sulfoxide  

DSM:
dihydrostreptomycin

DST:
drug susceptibility testing

dw:
distilled water 
EMB:
ethambutol

INH:
isoniazid

LJ:
Löwenstein–Jensen

MIC:
minimal inhibitory concentration
NA:
not applicable
RMP:
rifampicin

3. Personnel qualifications 

3.1 Medical fitness 
NA
3.2 Education and training

Education and training must be given on the following topics:

· the use, calibration identification of malfunctions and maintenance of autoclave, balance, pH meter and inspissator;

· prevention of incidents and steps to be taken by workers in the case of incidents (biohazard incidents, chemical, electrical and fire hazards);

· good laboratory practice;

· aseptic technique;
· organization of work flow:

· importance of the quality of media and reagents for laboratory results and patient management.

The training shall be:

· given before a staff member takes up his/her post;
· strictly supervised; 
· adapted to take account of new or changed conditions; and
· repeated periodically, preferably every year.
4. Procedure

4.1 Principle

Löwenstein–Jensen (LJ) drug-containing media are used for drug susceptibility testing of M. tuberculosis according to the proportion method (Canetti et al., modified). 
The critical concentration of drugs to be used in the proportion method has been evaluated from clinical data. While Canetti et al. originally based their method on three concentrations per drug, they later proposed economic versions based on just one or two critical concentrations. Today, a single concentration is most commonly used and is the method described here. 
 4.2 Samples 
NA
4.3 Equipment and materials

The equipment and materials needed are the same as those for the preparation of plain  egg-based media (see relevant SOP) plus some specific material for drug storage and handling.

Balance (sensitivity 0.01 g)

Spoons or spatulas

Weighing paper
Autoclave

Inspissator and racks to hold slopes in correct position

pH meter
Simple dispenser device – either an automatic pipetting aid or a mechanical pipetting aid with thumb wheel or rubber teats
Appropriate sterile glassware and sufficient sterile screw-capped tubes for media dispensing
Note: Because of the risk of infection if glass tubes break, thick-walled, shock-resistant glass tubes or vials should be used.

Material for homogenization of egg mass (5-mm glass beads for manual shaking, a plate with magnetic stirrer, or a sterile low-speed blender with sterile glass/stainless steel  bowl).
Thick walled conical flask, 2500 ml

Bunsen burner

Forceps

Funnel with sterile gauze, for filtration of homogenized egg preparation

Water-bath

Brown bottles
Vortex mixer
General equipment and glassware of a laboratory for media preparation

Small desiccator, device for drug storage in dry conditions
Silica gel
Refrigerator

4.4 Reagents and solutions

4.4.1 Drug-containing media

The LJ medium is prepared according to SOP 31. Drugs are added to the still-liquid LJ medium before inspissations. Final drug concentrations are indicated in Table 1.

Each test-tube must be labelled with the following information:
· date of preparation; 
· name of drug;
· concentration of drug.
Table 1. Final concentrations of drugs for quality control and for test strains
	Test drugs
	Solvent
	Final mass concentration in culture medium (mg/litre)

	Designation
	Abbrev.
	Solvent
	Dilution
	For quality control 

H37Rv
	Critical concen-trationb

	Isoniazid
	INH
	Sterile dw
	Sterile dw
	0.025•0.05•0.10
	0.2

	Rifampicin
	RMPa
	DMSO
	dw
	2.5•5.0•10.0
	40.0

	Dihydrostreptomycin
	DSM
	Sterile dw
	Sterile dw
	0.5•1.0•2.0
	4.0

	Ethambutol
	EMB
	Sterile dw
	Sterile dw
	0.125•0.25•0.5
	2.0


a If sodium salt is used, dissolve directly in distilled water. bSee SOP on "drug susceptibility testing, proportion method" for definitions of critical concentrations
4.4.2 Drugs
Drugs shall be stored in a desiccator according to the manufacturers’ instructions. 
The amount to be weighed must be calculated according to the activity (potency) declared by the manufacturer and the water content, if any is indicated. 
Example:
If the activity of dihydrostreptomycin sulfate (Lot no. xyz; activity may change from lot to lot) is given as 786 mg/g, 1/0.786 = 1.27226 g will have to be weighed to give 1 g of active dihydrostreptomycin. In other words, any desired weight of dihydrostreptomycin must be multiplied by a factor of 1.27 to determine the amount to be weighed.
4.4.3 Reference strain: Mycobacterium tuberculosis H37Rv

4.5 Detailed instructions
· Prepare the drug solutions (I, II, III) as described below for each drug. 

· Prepare a batch of plain culture medium (LJ before inspissation). Follow the procedure in SOP "preparation of plain egg-based media" as far as: Filter through sterile cotton gauze. 
· Pour some medium into volumetric flasks, one for each drug concentration. Add the exact volume of appropriate drug solution to each volumetric flask and mix well to homogenize. Then fill the flasks exactly up to the final volume and mix well again to complete homogenization. Follow instructions given in the tables below.

· Dispense the remaining LJ preparation into tubes for further inspissation. These control tubes must be used along with drug-containing media.
There are two different ways of preparing the drug-containing media. In Method 1, a 
1% volume of aqueous drug solution is added to the plain culture medium and no correction is made for the volume change. In Method 2, a 10% volume of aqueous drug solution is added, and a correction for the drug volume is made when preparing the basic culture medium. The advantage of Method 2 is the ease of complete homogenization of drug into the egg mass in a volumetric flask.

Whichever method is used, it is critical that all tubes used for testing a strain, i.e. controls and all drug-containing media, are from the same batch. Quantities needed must be calculated before preparation. Use a colour code to identify different batches or indicate the date of preparation on each tube.
Method 1

Prepare a standard batch (1620 ml) of LJ basic culture medium according to the SOP “Preparation of plain egg-based media”. If multiple growth controls are included in the DST schema, the volume of this standard batch must be increased enlarged accordingly.
· Isoniazid (INH)

For dry and pure INH, the correction factor is 1.

Solution I:
10.0 mg INH dissolved in 50 ml sterile water 

(200 µg/ml)

Solution II:
 2.5 ml Solution I, made up to 25 ml with sterile water
(20 µg/ml)

Solution III:  
5.0 ml Solution II, made up to 10 ml with sterile water
(10 µg/ml)

Stock solution I (200 µg/ml) can be aliquoted into sterile cryovials and stored frozen at –20 °C.
Final  drug concentration in media (µg/ml):

	
	0. 2 µg/ml
	0.1 µg/ml
	0.05 µg/ml
	0.025 µg/ml

	Medium (ml)
	198
	19.8
	19.8
	19.8

	Solution II (ml)
	2
	–
	–
	–

	Solution III (ml)
	–
	0.2
	0.10
	0.05a

	Water (ml)
	–
	–
	0.10
	0.15a

	Final volume (ml)
	200
	20
	20
	20


a Graduated glass pipettes or single-channel adjustable microlitre-pipettes with sterile tips must be used for accurate delivery.
· Rifampicin (RMP)

The correction factor is usually 1 for pure RMP or 1.03 for the sodium salt: check the potency.

Solution I:

Factor 1:

40.0 mg RMP, dissolved in 10.0 ml DMSO

(4000 µg/ml)

Factor 1.03:
41.2 mg RMP, dissolved in 10.0 ml sterile water 
(4000 µg/ml)
Solution II:     2.5 ml Solution I, made up to 10.0 ml with sterile water
(1000 µg/ml)
Final concentration in drug media (µg/ml):

	
	40 µg/ml
	10 µg/ml
	5 µg/ml
	2.5 µg/ml

	Media (ml)
	198
	19.8
	19.8
	19.8

	Solution I (ml)
	2
	–
	–
	–

	Solution II (ml)
	–
	0.2
	0.10
	0.05a

	Water (ml)
	–
	–
	0.10
	0.15a

	Final volume (ml)
	200
	20
	20
	20


a Graduated glass pipettes or single-channel adjustable microlitre-pipettes with sterile tips must be used for accurate delivery.

· Dihydrostreptomycin (DSM)
For DSM sulfate, dry and pure, the correction factor is 1.251. For DSM sulfate, dry and 98% pure (which is a common value), the factor is 1.277.

Factor 1.251:

Solution I: 
12.51 mg DSM dissolved in 25 ml sterile water 

(400 µg/ml)

Factor 1.277:

Solution I: 
12.77 mg DSM dissolved in 25 ml sterile water 

(400 µg/ml)

Solution II: 
10 ml Solution I, made up to 20 ml with sterile water
(200 µg/ml)

Stock solution I (400 µg/ml) can be aliquoted into sterile cryovials and stored frozen at –20 °C.
Final  concentration in drug media (µg/ml):

	
	4 µg/ml
	2 µg/ml
	1 µg/ml
	0.5 µg/ml

	Media (ml)
	198
	19.8
	19.8
	19.8

	Solution I (ml)
	2
	–
	–
	–

	Solution II (ml)
	–
	0.2
	0.10
	0.05a

	Water (ml)
	–
	–
	0.10
	0.15a

	Final volume (ml)
	200
	20
	20
	20


a Graduated glass pipettes or single-channel adjustable microlitre-pipettes with sterile tips must be used for accurate delivery.

· Ethambutol (EMB)

For EMB dihydrochloride, the correction factor is 1.36.

Factor 1.36:

Solution I: 
13.6 mg EMB dissolved in 50 ml sterile water 

(200 µg/ml)

Solution II:   
5.0 ml Solution I, made up to 20 ml with sterile water
(50 µg/ml)

Stock solution I (200 µg/ml) can be aliquoted into sterile cryovials and stored frozen at –20 °C.
Final  concentration in drug media (µg/ml):

	
	2 µg/ml
	0.5 µg/ml
	0.25 µg/ml
	0.125 µg/ml

	Media (ml)
	198
	19.8
	19.8
	19.8

	Solution I   (ml)
	2
	–
	–
	–

	Solution II  (ml)
	–
	0.2
	0.10
	0.05

	Water (ml)
	–
	–
	0.10
	0.15

	Final volume (ml)
	200
	20
	20
	20


a Graduated glass pipettes or single-channel adjustable microlitre-pipettes with sterile tips must be used for accurate delivery.
Version 2

In this method, the volume of aqueous drug solution added is 10% of the total volume (i.e. 162 ml); this volume therefore has to be subtracted from the 600 ml of water for the preparation of the salt solution.  (Refer to SOP “Preparation of plain egg-based media”).
Salt solution, with distilled water, up to

             438 ml ( instead of 600 ml)           
Malachite green solution




    20 ml
    

Homogenized eggs 





1000 ml
Total







1458 ml




· Isoniazid (INH) 

For dry and pure INH, the correction factor is 1.

Solution I:
10.0 mg INH dissolved in 100 ml sterile water 

(100 µg/ml)

Solution II:   
1.0 ml Solution I, made up to 50 ml with sterile water
(2.0 µg/ml)

Solution III:  
5.0 ml Solution II made up to 10 ml with sterile water
(1.0 µg/ml)

Stock solution I (100 µg/ml) can be aliquoted into sterile cryovials and stored frozen at –20 °C.
Final  concentration in drug media (µg/ml):

	
	0.2 µg/ml
	0.1 µg/ml
	0.05 µg/ml
	0.025 µg/ml

	Media (ml)
	180
	18
	18
	18

	Solution II (ml)
	20
	1
	–
	–

	Solution III (ml)
	–
	–
	0.10
	0.05

	Water (ml)
	–
	1
	0.10
	0.15

	Final volume (ml)
	200
	20
	20
	20


· Rifampicin (RMP)

The correction factor is usually 1 for pure RMP or 1.03 for the sodium salt: check the potency.

Solution I:

Factor 1:

40.0 mg RMP, dissolved in 100.0 ml DMSO

(4000 µg/ml)

Factor 1.03:
41.2 mg RMP, dissolved in 100.0 ml sterile water 
(4000 µg/ml)
Solution II:     2.5 ml Solution I, made up to 10.0 ml with sterile water
(1000 µg/ml)

Final concentration in drug media (µg/ml):

	
	40 µg/ml
	10 µg/ml
	5 µg/ml
	2.5 µg/ml

	Media (ml)
	180
	18
	18
	18

	Solution I (ml)
	20
	–
	–
	–

	Solution II (ml)
	–
	2.0
	1.0
	0.5

	Water (ml)
	–
	–
	1.0
	1.5

	Final volume (ml)
	200
	20
	20
	20


· Dihydrostreptomycin (DSM)
For DSM sulfate, dry and pure, the factor is 1.251. For DSM sulfate, dry and 98% pure (which is a common value), the factor is 1.277.

Factor 1.251:

Solution I: 
12.51 mg DSM dissolved in 250 ml sterile water 

(40 µg/ml)

Factor 1.277:
Solution I: 
12.77 mg DSM dissolved in 250 ml sterile water 

(40 µg/ml)

Solution II: 
10 ml Solution I, made up to 20 ml with sterile water
(20 µg/ml)
Stock solution I (40 µg/ml) can be aliquoted into sterile cryovials and stored frozen at –20 °C.
Final  concentration in drug media (µg/ml):

	
	4 µg/ml
	2 µg/ml
	1 µg/ml
	0.5 µg/ml

	Media (ml)
	180
	18
	18
	18

	Solution I (ml)
	20
	–
	–
	–

	Solution II (ml)
	–
	2.0
	1.0
	0.5

	Water (ml)
	–
	–
	1.0
	1.5

	Final volume (ml)
	200
	20
	20
	20


· Ethambutol (EMB): 

For EMB dihydrochloride, the correction factor is 1.36.
Factor 1.36:

Solution I: 
13.6 mg EMB dissolved in 50 ml sterile water 

(200 µg/ml)

Solution II:   
5.0 ml Solution I, made up to 50 ml with sterile water
(20 µg/ml)

Solution III:
5.0 ml Solution II, made up to 20 ml with sterile water
(5 µg/ml)

Final  concentration in drug media (µg/ml):

	
	2 µg/ml
	0.5 µg/ml
	0.25 µg/ml
	0.125 µg/ml

	Media (ml)
	180
	18
	18
	18

	Solution II (ml)
	20
	–
	–
	–

	Solution III (ml)
	–
	2.0
	1.0
	0.5

	Water (ml)
	–
	–
	1.0
	1.5

	Final volume (ml)
	200
	20
	20
	20


Left-over basic culture medium is diluted with 10% of sterile water and used for the preparation of control slants for this specific lot.

Inspissation

Proceed as indicated in SOP for preparation of plain egg-based media. Allow the culture media to solidify while subjected to a temperature of 80-85 °C and a humidity of at least 80% for 45 minutes. It is essential to maintain the temperature and time exactly: too high a temperature and/or duration of inspissation will reduce the activity of drugs in the medium.

Once tubes have cooled, label them for the lot (different batches can be colour-coded) and date them. Record the data on log-sheets (see models below) 

Each label should indicate

· name of drug and its concentration;
· name of the producer (laboratory identification);
· batch number and/or date of production;
· expiry date (the last day the medium can be used for DST tests).
4.6 Quality control
Quality control of media – colour, texture, humidity, homogeneity and sterility – is carried out as indicated for plain egg-based media (SOP 31), section 4.6.

Sensitivity (capacity to detect resistant strains) and specificity (capacity to detect sensitive strains) of drug-containing media should be tested using reference strains. The procedure is described in SOP 37 (DST using the proportion method). 
4.7 Storage

The drug-containing media can be stored protected from the light at a temperature of       4–8 °C and should be used within one month.
5. Related documents

Abdel Aziz M. Guidelines for surveillance of drug resistance in tuberculosis. Geneva, World Health Organization Document, 2003 (WHO/TB/2003.320–WHO/CDS/CSR/RMD/ 2003.3).
Canetti G et al. Advances in techniques of testing mycobacterial drug sensitivity, and the use of sensitivity tests in tuberculosis control programmes. Bulletin of the World Health Organization, 1969, 41:21–43. 
Kent PT, Kubica GP. Public health mycobacteriology: a guide for the level III laboratory. Atlanta, GA, United States Department of Health and Human Services, Centers for Disease Control, 1985.

Annex 1. Log-sheet   [name of medium]             Method I  □         Method II  □
	Preparation:  SALT SOLUTION

	Operator’s name:

	Date of preparation:

	Reagents
	Quantity (ml or g)
	Manufacturer
	Reference
	Batch number
	Expiry date

	Monopotassium dihydrophosphate (KH2PO4), anhydrous
	
	
	
	
	

	Magnesium sulfate (MgSO4·7H2O)
	
	
	
	
	


	Magnesium citrate
	
	
	
	
	

	L-Asparagine
	
	
	
	
	

	Sodium glutamate
	
	
	
	
	

	Glycerol (ml) or pyruvate (g)
	
	
	
	
	

	Distilled water up to
	
	
	
	
	


	Autoclave cycle

Date:
	Operator’s name:

	
	Time (min)
	Temperature (°C)

	
	
	


	Preparation: LJ containing [name of drug]

	Operator’s name:

	Preparation date:

	Reagents
	Quantity (ml or g)
	Manufacturer
	Reference
	Batch no.

	Malachite green
	
	
	
	

	Drug solution
	
	
	
	

	Eggs
	
	No. of eggs


	Inspissator cycle

Date:
	Operator’s name:

	
	Time (min)
	Temperature (°C)

	
	
	


	Sterility check
	

	Date of delivery:


     Number of tubes delivered:


Log-sheet   [name of medium]             Method I  □         Method II  □
	Preparation:  SALT SOLUTION FROM COMMERCIAL POWDER

	Operator’s name:

	Date of preparation:

	Reagents
	Quantity (ml or g)
	Manufacturer
	Reference
	Batch number
	Expiry date

	Ready-to-use salt components
	
	
	
	
	

	Glycerol (ml) or pyruvate (g)
	
	
	
	
	

	Distilled water up to
	
	
	
	
	


	Autoclave cycle

Date:
	Operator’s name:

	
	Time (min)
	Temperature (°C)

	
	
	


	Preparation: LJ containing [name of drug]

	Operator’s name:

	Preparation date:

	Reagents
	Quantity (ml or g)
	Manufacturer
	Reference
	Batch no.

	Drug solution
	
	
	
	

	Eggs
	
	No. of eggs



Controls:  indicate the number of tubes prepared for each concentration.
	Inspissator cycle

Date:
	Operator’s name:

	
	Time (min)
	Temperature (°C)

	
	
	


	Sterility check
	


	Date of delivery:


     Number of tubes delivered:

























































































































































































