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1. Scope

This SOP describes the susceptibility testing of Mycobacterium tuberculosis and other members of the M. tuberculosis complex (M. africanum and M. bovis are the most frequent) to anti-TB drugs on Löwenstein–Jensen medium using the proportion method. This method is considered to be a reference standard against which other routine methods should be assessed. Other methods are not covered here.
Because suspensions with high concentrations (starting from >109 bacilli/ml) of viable, infectious bacteria are handled, strict compliance with safety and protection measures is mandatory. The procedure must be carried out in a laboratory meeting the WHO standards for biosafety level 3 with access restricted to authorized personnel only.

2. Definitions and abbreviations

resistance of M. tuberculosis complex strains
Resistance of an M. tuberculosis strain according to the proportion method differs from the concept of resistance normally used in clinical microbiology. The proportion method calculates the proportion of resistant bacilli present in a strain. Below a certain proportion, the strain is classified as susceptible; above that proportion, it is classified as resistant. The strain is presumed to be resistant when growth of more than a certain proportion of the inoculum (critical proportion) occurs on culture media containing a defined concentration – the critical concentration – of the drug.

critical concentration
The lowest concentration of an anti-TB drug in the culture medium at which growth of tubercle bacilli indicates resistance of clinical significance.
critical proportion
The percentage of tubercle bacilli in the inoculum whose growth on culture media containing the critical concentration of an anti-TB drug signifies the clinical ineffectiveness of that drug.

growth control
Culture yielded after inoculation of tubercle bacilli on a culture medium without any test drug in order to exhibit unrestricted growth.

BSC:
biological safety cabinet

CFU:
colony-forming unit

DMSO:
dimethylsulfoxide  

DSM:
dihydrostreptomycin

DST:
drug susceptibility testing

EMB:
ethambutol

GC:
growth control

GMT:
good microbiological technique

INH:
isoniazid

LJ:
Löwenstein–Jensen

MIC:
minimal inhibitory concentration

RMP:
rifampicin

SRL:
supranational reference laboratory

3. Personnel qualifications 

3.1 Medical fitness

In accordance with national laws and practices, arrangements should be made for  appropriate health surveillance of TB laboratory workers:

· before enrolment in the TB laboratory;

· at regular intervals thereafter, annually or bi-annually;

· after any biohazard incident;

· at the onset of TB symptoms.

Ideally, individual medical records shall be kept for up to 10 years following the end of occupational exposure.
Laboratory workers should be educated about the symptoms of TB and provided with ready access to free medical care if symptoms arise.
Confidential HIV counselling and testing should be offered to laboratory workers. Options for reassignment of HIV-positive or immuno-suppressed individuals away from the high-risk areas of the TB laboratory should be considered.
All cases of disease or death identified in accordance with national laws and/or practice as resulting from occupational exposure to biological agents shall be notified to the competent authority.

3.2 Education and training

Education and training must be given on the following topics:

· potential risks to health (symptoms of TB disease and transmission);

· precautions to be taken to minimize aerosol formation and prevent exposure;

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· handling of potentially infectious materials;

· laboratory design, including airflow conditions;

· use of biological safety cabinets (operation, identification of malfunctions, maintenance);
· use of autoclaves, refrigerators, incubators (operation, identification of malfunctions, maintenance);

· 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 and good microbiological techniques;

· organization of work flow;

· procedures;
· waste handling;
· importance of laboratory results for patient management;

· importance of laboratory results for the national TB programme.

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
The proportion method (Canetti et al., modified) determines the percentage of growth (number of colonies) of a defined inoculum on a drug-free control medium versus growth on culture media containing the critical concentration of an anti-TB drug.

The critical drug concentration, as well as the critical proportion of resistant colonies, has been evaluated from clinical data. While Canetti et al. originally based their method on three concentrations per drug, they later proposed more economical versions based on only one or two concentrations. Today, a single concentration is most commonly used and is the method described here (see Table 1). 

Table 1. Critical concentrations of first-line drugs
	Drug
	INH
	RMP
	EMB
	DSM

	Critical concentration (µg/ml)
	0.2
	40
	2
	4


4.2 Samples

4.2.1 For the indirect method

A pure culture of tubercle bacilli (test strain) in the active phase of growth (2–4 weeks); in the absence of sufficient growth (<50 colonies), DST cannot be safely interpreted.

A culture of M. tuberculosis strain H37Rv, freshly subcultured, as control strain.

4.2.2 For the direct method

Sputa with a smear grading of 2+ or more can be used as pure cultures. They are decontaminated and concentrated by centrifugation using standard procedure.

4.3 Equipment and materials

Autoclave
BSC, class I or II, annually certified
Incubator

Refrigerator

Safety Bunsen burner, with device to light on demand, or micro-incinerator

Rack for glass tubes

Closed platinum/iridium loop, 3 mm internal diameter, calibrated to 10 µl, and/or short, sterile graduated pipette or single-channel microlitre pipette with sterile tips, for delivery of 0.1-ml volumes
Pipettes, graduated, for 0.1 ml. 0.2 ml and 1.0 ml

Pipetting aids

Buckets, stainless steel or polypropylene

Vortex mixer

Sterile glass beads, diameter 3 mm
Thick-walled glass tubes with tightly fitting screw-caps, 16 x 125 mm
Sterile NaCl solution, 0.9%

McFarland turbidity standard no. 1 (as in SOP "Preparation of reagents for culture and DST"
Separate waste containers (autoclavable) for pipettes and disposables

Drug-containing media as in SOP " Preparation of Löwenstein–Jensen 

drug-containing media". (All LJ tubes containing drugs should be from the same batch.).
Plain culture media as in SOP " Preparation of  plain egg-based media".
LJ tubes containing drugs at the critical concentration and LJ tubes with no drug added.
4.4 Reagents and solutions
Disinfectants (see relevant SOP)
Sterile distilled water

4.5 Detailed instructions

4.5.1 Indirect method with culture strains 

Preparation of the calibrated bacterial suspension

1. With a loop, scrape colonies from all over the culture (try to pick up portions from all colonies).
2. Use a sterile, small, thick-walled screw-capped glass tube containing 5–7 sterile glass beads (approximately 3 mm in diameter). 

3. Gently shake the loop over the beads. 

4. Repeat steps 1–3.

5. Add 2 drops of sterile saline or distilled water, shake, add 2 further drops, shake.

Note: Use no detergent. Do not use an open system (pestle and mortar or mechanical homogenizer).
6. Let stand for 15–30 minutes to allow the larger aggregates of bacteria to settle. Transfer the homogenous upper part of the supernatant aseptically to another tube with similar dimensions to the McFarland turbidity standard No. 1 for visual comparison with the standard.
7. Adjust the turbidity of the bacterial suspension to match the McFarland standard No.1. If the suspension is too turbid, add sterile distilled water. If the suspension is insufficiently turbid, do not add more cells to the suspension (because mycobacterial cells are difficult to homogenize); let the suspension settle, discard some of the supernatant to concentrate cells, and adjust the turbidity by adding few drops of distilled water. 

Dilution of the calibrated bacterial suspension
Starting with the calibrated bacterial suspension equivalent to McFarland No. 1, tenfold serial dilutions are prepared down to a dilution of 10–4, 10–5 or 10–6, depending on the method used (see below).

Note: Instead of tenfold serial dilutions, a calibrated loop (diameter 3 mm, delivering 10 µl) may be used to prepare 10–2 and 10–4 dilutions in two steps (one loopful of suspension is added to 0.99 ml of water).
Inoculation

The objective of the technique is to achieve a growth of 30–100 colonies on the growth control (drug-free) medium using the most dilute suspension for inoculation.
1. Mark all sets of culture media properly with patient’s identification (at least laboratory number).
2. Remove condensed moisture from the slants before inoculation.
3. The inoculation may be performed with pipettes (delivering 0.1 ml) or with a calibrated loop of diameter 3 mm (delivering 10 µl).

· Method 1, inoculum 10 µl, calibrated loop

Although use of the calibrated loop needs some skill, a small inoculum volume is recommended in areas with high humidity to avoid accumulation of water in the culture medium tubes.
Inoculate drug-free and drug-containing culture media with suspension dilutions as indicated in Table 2a. For growth control (GC), drug-free culture media are inoculated. Two tubes labelled GC1 are inoculated with suspension S1 (dilution 10–2), two tubes labelled GC3 are inoculated with suspension S3 (dilution  10–4 ). Tubes with test media – containing INH, RMP, DSM or EMB (one tube per drug) – are inoculated with S1 (dilution 10–2 ).
Table 2a
	Suspension dilution
	Drug-free tubes

(growth control, GC)
	INH

0.2 µg/ml
	RMP

40 µg/ml
	DSM

4 µg/ml
	EMB

2 µg/ml

	S1; 10–2  
	x x (GC1)
	x
	x
	x
	x

	S2; 10–3
	x   (GC2)
	x
	x
	x
	x

	S3; 10–4
	x x (GC3)
	–
	–
	–
	–

	S4; 10–5
	x x (GC4)
	–
	–
	–
	–


x = inoculation of one tube; –  = no inoculation

Note: Beginners may find it difficult to achieve the correct calibration of McFarland suspension. It is therefore recommended to inoculate all dilutions indicated by x in tables 2a with only 1 tube for GC1. This configuration of 14 slants yields two sets for reading (7 slants each). The possibility of achieving a readable set of slants (1% control ranging between 30 and 100 colonies) of slants will increase and will save time by avoiding repetitions of testing. When experience and skill improve, the minimal procedure (in bold in Table 2a) may be followed to save resources.

.

· Method  2, inoculum 0.10 ml, short graduated pipette or single-channel microlitre pipette with sterile tips
Inoculate suspension dilutions as indicated in Table 2b on drug-free and drug-containing tubes. The two GC1 tubes are inoculated with suspension S2 (dilution 10–3 ), and the two GC3 tubes are inoculated with suspension S4 (dilution 10–5 ). Tubes containing INH, RMP, DSM or EMB (1 tube per drug) are inoculated with S2 (dilution 10–3 ).
Note: This is the minimal procedure (in bold in Table 2b) for experienced staff.

Table 2b

	Suspension
dilution
	Drug-free tubes (growth control)
	INH

0.2 µg/ml
	RMP

40 µg/ml
	DSM

4 µg/ml
	EMB

2 µg/ml

	S2 : 10–3
	x x (GC1)
	x
	x
	x
	x

	S3 : 10–4
	x    (GC2)
	x
	x
	x
	x

	S4 : 10–5
	x x (GC3)
	–
	–
	–
	–

	S5 : 10–6
	x x (GC4)
	–
	–
	–
	–


x = inoculation of one tube; –  = no inoculation

Note: Beginners may find it difficult to obtain the correct calibration of McFarland suspension. It is therefore recommended to inoculate all dilutions indicated by x in Table 2b with only 1 tube for GC1.  This configuration of 14 slants yields two sets for reading (7 slants each). The possibility of achieving a readable set of slants (1% control ranging between 30 and 100 colonies) of slants will increase and will save time by avoiding repetitions of testing. When experience and skill improve, the minimal procedure (in bold in Table 2b) may be followed to save resources.

4.5.2 Direct test using a sputum of at least 2+ 
1. The sputum is processed for culture using a concentration method (decontamination/liquefaction, centrifugation,  neutralization).

2. Resuspend the sediment in phosphate buffer (or sterile saline 0.85%) to a volume of 1 ml.
3. Make appropriate tenfold serial dilutions of the sputum concentrate.
4. Inoculate 0.1 ml of diluted suspensions as indicated in Tables 3a and 3b 

Table 3a
	Suspension

from 2+ sputum
	Drug-free tubes (growth control)
	INH

0.2 µg/ml
	RMP

40 µg/ml
	DSM

4 µg/ml
	EMB

2 µg/ml

	S1, undiluted
	x x (GC1)
	x
	x
	x
	x

	S2, 10–1
	x x (GC2)
	x
	x
	x
	x

	S3, 10–2
	x x (GC3)
	–
	–
	–
	–

	S4, 10–3
	x x (GC4)
	–
	–
	–
	–


Table 3b
	Suspension

from 3+ sputum
	Drug-free tubes (growth control)
	INH

0.2 µg/ml
	RMP

40 µg/ml
	DSM

4 µg/ml
	EMB

2 µg/ml

	S1, 10–1
	x x (GC1)
	x
	x
	x
	x

	S2, 10–2
	x x (GC2)
	x
	x
	x
	x

	S3, 10–3
	x x (GC3)
	–
	–
	–
	–

	S4, 10–4
	x x (GC4)
	–
	–
	–
	–


Note: Patients still smear-positive after several months of treatment may carry resistant strains. Urgent DST results are therefore needed. However, because not all bacilli detected in microscopy may be viable, it is advisable to use all dilutions specified in Tables 3a and 3b.

4.5.3 Incubation

Care must be taken to distribute the inoculum evenly over the lower part of the culture medium; avoid inoculating the upper (thin) part of the slant. The tube cap should allow a little gas exchange but also prevent drying out. Screw caps meet these needs.

The incubation temperature shall be 36 ± 1 °C.

The inoculated media are examined for contamination after 1 week of incubation and for DST interpretation after 4 and 6 weeks of incubation.
4.6  Reading, interpretation, recording and reporting

4.6.1 General remarks

Slants should be read after 4 weeks of incubation for as a provisional result and after 6 weeks of incubation for definitive interpretation.
Growth on culture media should be recorded as follows:

No growth





0





Fewer than 50 colonies



Actual count 



50–100 colonies 




+

100–200 colonies, light bacterial lawn

++


200–500 colonies, almost confluent


+++

>500 colonies, confluent growth


++++

Growth on the GC3 tube (see Tables 2a, 2b, 3a, 3b) should allow easy counting of 30 to 100 isolated colonies. If there is no growth on drug-free media after 6 weeks, the test cannot be interpreted and should be repeated.

4.6.2 Reading, interpretation

For all four drugs – INH, RMP, DSM and EMB – the critical proportion is 1% and the critical concentrations are listed in Table 1.

For interpretation of the test, the number of colonies on the drug medium inoculated with S1 is compared with the number of colonies on GC3, i.e. controls inoculated with a 1% dilution of S1. Similarly, the number of colonies on drug medium inoculated with S2 can be compared with the number of colonies on GC4, i.e. controls inoculated with 1% dilution of S2 (Tables 2a, 2b, 3a, 3b).  One of two combinations should always show countable colonies on one of the GCs. 

A strain is considered to be susceptible if there are no colonies or considerably less than 1% growth on the drug medium compared with GC with 1% inoculum, i.e. S1 versus GC3 or S2 versus GC4.

A strain is considered to be resistant if the number of colonies on the drug-containing medium exceeds that on the GC with the 1% inoculum, i.e. S1 versus GC3 or S2 versus GC4.

The first reading of drug susceptibility test results is done after 4 weeks of incubation. At that time all strains showing drug resistance can be reported as drug-resistant. Because some (especially multidrug-resistant) strains grow very slowly, a further 2 weeks of incubation are needed before reporting susceptibility. 

 “Borderline cases” (with about 1% growth on drug-containing medium) should be reported as resistant (under reservation) and  retested.
If fewer than 20 colonies have grown on GC3, a reliable interpretation is possible only for resistant strains. For susceptible strains, the result should be repeated.

If more than 100 colonies have grown on GC3, interpretation is possible only for strains that did not grow on drug-containing media and can therefore be safely interpreted as sensitive. If there is some growth on drug-containing media, the 1% proportion cannot be estimated with confidence and the test must be repeated.
4.6.3 Reporting

Use forms in annex 1 for individual reports. Use form in annex 2 for quarterly reports and evaluation of theTB culture and DST laboratory performance.
4.7 Quality control

Every new batch of drug-containing media prepared for DST must be quality-controlled. For each drug, a slant of the critical concentration is tested as well as the specially prepared media with lower drug concentrations. A suspension of a freshly subcultured M. tuberculosis H37Rv strain is used. The suspension should be adjusted to S2 (when the inoculum is 10 µl) or S3 (when the inoculum is 0.1 ml). Growth is documented in a form  (see annex 3).  The standards for the MICs of the M. tuberculosis H37Rv strain are as given in Table 4:

Table 4

	Drug
	INH
	RMP
	DSM
	EMB

	MIC (µg/ml)
	0.06
	4.0
	2.0
	0.5


If the batch fails the quality control criteria, DST of the patients’ strains must be repeated with another batch of drug-containing media.
External quality assessment should be organized and supervised annually by the national reference laboratory, using a panel of 20 test strains provided by the SRL network.

4.8 Waste management and other safety precautions

Used pipettes, tubes and all material handled are collected inside the BSC in appropriate autoclavable containers and autoclaved. 
Gloves and other waste may be collected in an autoclavable plastic bag, which should be sealed before autoclaving.
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.

Revised TB recording and reporting forms and registers – version 2006. Geneva, World Health Organization, 2006 (WHO/HTM/TB/2006.373, available at http://www.who.int/tb/dots/r_and_r_forms/en/index.html).
Annex 1. Request and reporting form for TB culture and Drug Susceptibility Test (DST)
Patient identification (ID):
TB register number:____________
Previous TB register number:____________
MDR register number:_____________

Surname and first name of patient:________________________________ 
Age (yrs):_____
Sex:____

Ward / Department: __________________

Address: _________________________________

*HIV-status: Pos / Neg / Unknown



 _________________________________

TB Disease type and treatment history
Site: 
(
pulmonary





History: ( new (never treated before for ≥1 month)





(
extrapulmonary (specify):_______________

   ( relapse
















  
   ( failure




Previous treatment: 
(
Cat.1



   
   ( return after default







(
Cat.2

   


   ( chronic excretor










(
Cat.4 (second-line drugs)
   
   ( MDR contact








(
Other _________________

   ( uncertain
Origin of request:







   
Region ID:_______________
District ID:_______________
Local laboratory ID:________________
Date specimen was collected:
____/____/20____
Specimen ID number:_______________
Local laboratory: 

smear result: 1st ____    2nd ____   3rd ____ specimen








microscopy technique used: 
( hot Ziehl-Neelsen 
( direct smear









   
 
( cold staining
( concentrated smear











( fluorescence 
Request for testing at the reference laboratory:
Reason:  ( diagnosis  



 Specimen: ( sputum  




 ( follow-up at …. months during treatment    


    (  sputum in preservative, type …………… 



    ( follow-up at …. months after treatment


    ( other specify):__________________
Requested tests:

( microscopy
(type _______ )
( culture

( DST (first / second line)


Person requesting examination:   Name:_________________________
Position:________________

* Information that can be disclosed optionally

ID = identification number or code

Reference laboratory results:
Date received in the Reference Laboratory _____/______/20_____  Reference Laboratory specimen ID:__________

Microscopic examination: previously reported on date _____/______/20_____

	ID #
	Neg
	1-9
	1+
	2+
	3+
	  ( hot Ziehl-Neelsen 
   ( cold staining       ( fluorescence

	  
	
	
	
	
	
	  ( direct smear         ( concentrated smear  


Culture result: previously reported on date _____/______/20_____

( will follow 


	ID #
	Contaminated
	Neg
	Non-TB mycobacteria (species)
	Mycobacterium tuberculosis complex

	
	
	
	
	1-9 colonies 

actual count
	10 – 100 col

1+
	>100 - 200 col

2+
	>200 col

3+

	
	
	
	
	
	
	
	


Results of M. tuberculosis drug susceptibility testing: 
( will follow





( phenotypic method used ______________________________________________








( genetic method used _________________________________________________
	ID # ____________
	Legend:  S = susceptible; R = resistant; C = contaminated; ND = not done

	
	INH
	Rifampicin
	Ethambutol
	Streptomycin
	Pyrazinamide
	Ofloxacin
	Kanamycin

	µg/ml
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	result
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Date: _____/______/20_____
Signature:________________
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 drug susceptibility testing

MDR

 multidrug-resistant

NTM

 non-TB mycobacteria

XDR

 extensive drug-resistant
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 Mycobacterium tuberculosis

Km

 kanamycin

RAD

 return after default

Cm

capreomycin

H

 isoniazid

Ak

amikacin

R

 rifampicin

FQ

fluoroquinolones

E

 ethambutol

SLD

second-line drug

S

 streptomycin

HES

RES

RS

SE

MDR-resistant

Resistant against 3 drugs non-MDR

HRS
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MDR + Km (or Cm or Ak)

MDR + Fluoroquinolone (FQ)
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TB CULTURE AND DST LABORATORY PERFORMANCE

Smear results

Report on cultures inoculated 3-6 months before

Susceptible to all first-line drugs

Culture results

Report on DST and identification tests inoculated 3-6 months before

Type of patient (#)

Result

Follow-up (patients on treatment)

Suspects, not on treatment

S

HR

HE

HS

RE

Resistant against 2 drugs non-MDR

Resistant to 1 drug

H

R

E


Annex 3. Quality control of drug-containing media using the reference strain M. tuberculosis H37Rv

	Drug
	Date
	Concentration
	Validation
	sign

	
	Inoculation
	Reading
	0.025
	0.05
	0.1
	0.2
	
	

	INH
	
	
	
	
	
	
	
	


	Drug
	Date
	Concentration
	Validation
	sign

	
	Inoculation
	Reading
	2.5
	5.0
	10.0
	40.0
	
	

	RMP
	
	
	
	
	
	
	
	


	Drug
	Date
	Concentration
	Validation
	sign

	
	Inoculation
	Reading
	0.5
	1.0
	2.0
	4.0
	
	

	DSM
	
	
	
	
	
	
	
	


	Drug
	Date
	Concentration
	Validation
	sign

	
	Inoculation
	Reading
	0.125
	0.25
	0.5
	2.0
	
	

	EMB
	
	
	
	
	
	
	
	

























































































































































































