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1. 
Scope
This SOP describes methods of specimen processing and other laboratory procedures for purposes of culturing Mycobacterium tuberculosis culture on solid or liquid media.
2. Definitions and abbreviations

BSC :
biological safety cabinet

CPC:   
cetylpyridinium chloride

CSF:
cerebrospinal fluid

ID:
patient's specimen identification, usually laboratory number

LJ:
Löwenstein–Jensen

MW:
molecular weight

NALC:
N-acetyl L-cysteine

NTP:
national tuberculosis programme

RCF:
relative centrifugal force

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

Basic 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 cabinet, microscope, balance, centrifuge, autoclave, pipetting aids (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 management;
· 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
Culture examination detects fewer bacilli than microscopy and increases the number of TB cases found by 20–50%, depending on local incidence. Culture methods provide definitive diagnosis by establishing the viability and identity of the organisms and allow the detection of drug resistance. 

Specimens for isolation of tubercle bacilli contain associated bacterial and/or fungal flora which have to be eliminated before the specimen is inoculated onto culture media. Several methods (and variations) for doing this are described in the literature and applied in practice; this SOP, however, presents only the simplest and most widely used.
4.2 Samples

Refer to SOP  "Sample conditions and transport for culture procedure" for checking the quality of specimens. The following specimens should not be processed:

· dried swabs;
· saliva;
· specimens in broken containers;
· specimens collected more than 7 days previously.
Note: Several countries recommend that saliva be processed but that an additional specimen be requested and processed. Similarly, although pooling of specimens is not generally good practice, pooled sputa or pooled urine samples may be considered for processing.

4.3 Equipment and materials

BSC, class I or II, annually certified
Safety Bunsen burner, with device to light on demand or micro incinerator

Slides

Slide warmer

Refrigerated centrifuge with safety shield,  a minimum RCF of 3000g, operated at 8–10 °C (not necessary for Kudoh method described in section 4.5.6)
Centrifuge tubes, preferably 50-ml capacity, clear plastic or  thick-walled glass, with screw-caps, resistant to RCF of >3000g RCF (not necessary for the simple culture or modified Kudoh method described in section 4.5.6)
Rack for tubes

Balance

Pasteur pipettes for 1.0 ml (with graduation), sterile, single-use, plastic (non-sterile pipettes must be sterilized on site before use)
Pipetting aids
Mini-blender (for biopsy)

Sterile forceps (for swabs)

Disinfectants (see relevant SOP)
Separate waste containers, autoclavable, for pipettes and disposals

Autoclave

Buckets, stainless steel or polypropylene
Vortex mixer
Timer
Incubator
General laboratory glassware

Refrigerator

Decontamination reagents and solutions (refer to SOP " Preparation of reagents for specimen processing for culture").
4.4 Reagents and solutions
Tubes/vials for culture media: for culture on solid media use egg-based media, Löwenstein–Jensen or Ogawa (or modified Ogawa for the simple culture method); for culture on liquid media, use home-made Kirchner medium or commercially available liquid media; preparation of media is described in SOP "Preparation of plain egg-media" and SOP "Preparation of reagents for specimen processing for culture").
The reagents and solutions needed are indicated for each method below.
Avoid using reagent bottles that have already been opened: Use aliquoted stock solutions (see SOP " Preparation of reagents for specimen processing for culture").
4.5 Detailed instructions 

Important points about specimen processing procedures
· Process clinical specimens as soon as possible. 

· Properly label the media to be inoculated to avoid any mix-up of the specimens.
· Minimize aerosol production by opening specimen containers slowly, letting the tubes stand for a few minutes after shaking and before opening, and avoiding expulsion of the last drop from the pipette. 

· Process only one specimen at each time. Do not allow open containers or open centrifuge tubes in the BSC. Use aliquots of buffer and decontamination solutions. Use a fresh pipette at every step to avoid transfer of bacilli from one specimen to the other.

· Aseptic technique is important to avoid contamination by bacteria other than tubercle bacilli and especially cross-contamination by tubercle bacilli from other specimens.
· Remember that most techniques require exposure time to disinfectant to be strictly controlled.
· If liquid media are used, it is recommended that solid media are also inoculated to provide back-up cultures in case of contamination of liquid media or in case of malfunction problem if an automated system is used.
· If solid media are used, it is recommended that liquid media are also inoculated to increase the sensitivity of recovery – especially for tissue biopsy, CSF or other small volume of aseptically collected body fluid.
· Prepare smears for staining after all media have been inoculated. 
· If M. bovis is suspected, inoculate one slope of LJ containing pyruvate medium in addition to other inoculated LJ slopes.
A. Sputum processing

Except for the simple culture method (the modified Kudoh method, section 4.5.6), specimens must be processed in centrifuge tubes. If collected in standard containers, sputa must be transferred into centrifuge tubes, which increases the risk of cross-contamination and labelling error. It is thus practical to use 50-ml centrifuge tubes to collect specimens for culture.
Sputa should not be processed in sets of more than 6– 8 because the methods described here are strictly time-dependent. Larger sets cannot be handled in time (except in the trisodium phosphate and CPC procedures). The first step of these less time-dependent methods can be performed in microscopy laboratories, outside a BSC. Transport to a biosafety level 2 laboratory must be organized within one day for the trisodium phosphate method and within one week for the CPC method.
4.5.1 Sodium hydroxide (modified Petroff) method

Sodium hydroxide  is toxic, both for contaminants and for tubercle bacilli; strict adherence to the indicated timings is therefore essential.
Reagents

Sodium hydroxide (NaOH) solution, 4%
Phosphate buffer 0.067 mol/litre, pH 6.8

Procedure
1. Mark the volume of sputum on the centrifuge tube (at least 2 ml, not more than 5 ml). Add an equal volume of 4% NaOH and tighten the screw-cap.
2. Vortex to digest.
3. Allow to stand for 15 minutes at room temperature.
4. Fill the tube to within 2 cm of the top (e.g. to the 50-ml mark on the tube) with phosphate buffer.

5. Centrifuge at 3000g for 15 minutes.

6. Carefully pour off the supernatant through a funnel into a discard can containing 5% phenol or other mycobacterial disinfectant.

7. Resuspend the deposit in approximately 0.3 ml phosphate buffer.

8. Inoculate deposit on two slopes of egg-based medium labelled with the ID number. Use a pipette to inoculate each slope with 3–4 drops (approximately 0.1–0.15 ml). 

9. Smear one drop on a slide, marked with the ID number, for microscopic examination.

4.5.2 Decontamination using NALC–NaOH:

The mucolytic agent N-acetyl L-cysteine (NALC) enables the decontaminating agent, sodium hydroxide, to be used at a lower final concentration. Sodium citrate is included to bind the heavy metal ions that might be present in the specimen and that could inactivate NALC. The method is suitable for inoculation in liquid media.

Reagents

1. Sodium hydroxide (NaOH) solution, 4%

2. Trisodium citrate·2H2O solution, 2.9% (or anhydrous trisodium citrate solution, 2.6%)

3. N-acetyl L-cysteine (NALC)

4. NALC-NaOH solution, freshly prepared for daily use only:
· mix  equal volumes of (1) and (2);
· add 0.5 g NALC per 100 ml of NALC–NaOH solution just before use.
5. Phosphate buffer, 0.067 mol/litre, pH 6.8

Procedure
1. Mark the volume of sputum on the centrifuge tube (at least 2 ml, not more than 5 ml). Add an equal volume of the NALC–NaOH solution and tighten the screw-cap.
2. Vortex for not more than 20 seconds.
3. Keep at 20–25 °C for 15 minutes for decontamination.

4. Fill the tube to within 2 cm of the top (e.g. to the 50-ml mark on the tube) with phosphate buffer. Vortex.

5. Centrifuge at 3000g for 15 minutes.

6. Carefully pour off the supernatant through a funnel into a discard can containing 5% phenol or other mycobacterial disinfectant.

7. Resuspend the deposit in approximately 0.3 ml phosphate buffer (when using only solid media) or approximately 0.8 ml phosphate buffer (when using liquid media).

8. Inoculate deposit on two slopes of egg-based medium and/or into a vial of liquid medium labelled with the ID number. Use a pipette to inoculate each slope/vial with 3–4 drops (approximately 0.1–0.15 ml). 

9. Smear one drop on a slide, marked with the ID number, for microscopic examination.

4.5.3 Decontamination using trisodium phosphate

Interestingly, the timing of this process is not critical for viability of tubercle bacilli and it is therefore especially suitable for simultaneous preservation, transportation and decontamination of sputum specimens collected in distant locations. The method is not suitable for inoculation in liquid media.
Reagents


Trisodium phosphate solution, 10%
Procedure

1. Mark the volume of sputum on the centrifuge tube (at least 2 ml, not more than 5 ml). Add an equal volume of the trisodium phosphate solution and tighten the screw-cap.
2. Vortex and incubate at room temperature for 12–18 hours.

3. Fill the tube to within 2 cm of the top (e.g. to the 50-ml mark on the tube) with sterile water. Vortex.

4. Centrifuge at 3000g for 15 minutes.

5. Carefully pour off the supernatant through a funnel into a discard can containing 5% phenol or other mycobacterial disinfectant.

6. Resuspend the deposit in approximately 0.3 ml distilled water.

7. Inoculate deposit on two slopes of egg-based medium labelled with the ID number. Use a pipette to inoculate each slope with 3–4 drops (approximately 0.1–0.15 ml). 

8. Smear one drop on a slide, marked with the ID number, for microscopic examination.
4.5.4 Decontamination using 5% oxalic method 

This method is suitable for sputum or respiratory samples from patients who are likely to be colonized with Pseudomonas aeruginosa, such as those  with cystic fibrosis and bronchitis. The method is not suitable for inoculation in liquid media.
Reagents

Oxalic acid, 5%
Physiological saline (0.85%)

Procedure
1. Mark the volume of sputum on the centrifuge tube (at least 2 ml, not more than 5 ml). Add an equal volume of 5% oxalic acid and tighten the screw-cap.
2. Vortex.
3. Allow the acid to act at room temperature for 15 minutes; shake intermittently to aid homogenization and decontamination.

4. Fill the tube to within 2 cm of the top (e.g. to the 50-ml mark on the tube) with sterile saline solution. Vortex.

5. Centrifuge at 3000g for 15 minutes.

6. Carefully pour off the supernatant through a funnel into a discard can containing 5% phenol or other mycobacterial disinfectant.

7. Resuspend the deposit in 0.3 ml distilled water.

8. Inoculate deposit on two slopes of egg-based medium labelled with the ID number. Use a pipette (not a loop) to inoculate each slope with 3–4 drops (approximately 0.1–0.15 ml). 

9. Smear one drop on a slide, marked with the ID number, for microscopic examination.
4.5.5 Decontamination using CPC/NaCl method

This soft decontamination method is a means of digesting and decontaminating specimens in transit. Duration of transport should not exceed 7 days otherwise the probability of survival of TB bacilli is low. Specimens should not be refrigerated during transport to the laboratory because CPC precipitates at lower temperatures.
Cetylpyridinium chloride (CPC) is used to decontaminate the specimen; it is bacteriostatic for mycobacteria and neutralization is not needed in the digestion process. A centrifugation step is needed to remove CPC and sediments should be inoculated onto egg-based media only (as egg yolk neutralizes CPC to a certain extent) and not into liquid media 

Centrifugation must be done at room temperature because CPC precipitates at lower temperatures.
Note: Staining after exposure to CPC leads to many false-negative results because smears do not adhere well to slides. There is no added value in smearing of the sediment inoculated into culture medium.
Reagents
1% CPC – 2% NaCl solution 

Procedure
1. Mark the volume of sputum on the centrifuge tube (at least 2 ml, not more than 5 ml). Add an equal volume of CPC–NaCl to the specimen. Transport to a processing laboratory within 7 days at the most.

2. If not delivered in a centrifuge tube, transfer the liquefied specimen into a centrifuge tube.

3. Fill the tube to within 2 cm of the top (e.g. to the 50-ml mark on the tube) with sterile water. Vortex.

4. Centrifuge at 3000g for 15 minutes. Set the centrifuge temperature to 20–25 °C (CPC will precipitate at lower temperatures).

5. Carefully pour off the supernatant through a funnel into a discard can containing 5% phenol or other mycobacterial disinfectant.

6. Inoculate the deposit on two slopes of egg-based medium in tubes labelled with the ID number. Use a pipette (not a loop) to inoculate each slope with 3–4 drops (approximately 0.1–0.15 ml). 

4.5.6 Decontamination using  the simple culture method (modified Kudoh  method)
This simple, robust method is not technically demanding (no centrifugation, no neutralization). However, it is estimated to be 10% less sensitive than methods using proper centrifugation.
 iNote: Staining in the simple culture method (modified Kudoh method) leads to many false-negative results because the method involves diluting the specimen. There is no added value in smearing of the material inoculated into culture medium.
Reagents
Sodium hydroxide solution, 4%

Procedure
1. Add an equal volume of NaOH solution to the specimen in a screw-capped container. Tighten the screw-cap.

2. Vortex for no more than 20 seconds.

3. Keep at 20–25 °C for 15 minutes for decontamination.

4. Inoculate directly onto two slopes of Kudoh modified Ogawa medium in tubes labelled with the ID number. Use a pipette (not a loop) to inoculate each slope with 3–4 drops (approximately 0.1–0.15 ml).
B. Specimens other than sputum

4.5.7 Laryngeal swabs

Smear examination is not done for laryngeal swabs. Swabs must be cultured on the say that they are received.
Procedure
1. Use sterile forceps to transfer the swab to a sterile centrifuge tube.

2. Add 2 ml of sterile distilled water.
3. Decontaminate following section 4.5.1 or, preferably, section 4.5.2.
Note: Before adding the phosphate buffer solution, remove the swab from the tube with forceps.
4.5.8 Gastric lavages
Gastric lavage specimens should be processed as soon as possible after collection. 
Note: The collection tube must contain 100 mg of sodium bicarbonate.
Proceed as for sputum. If specimen is watery, centrifuge at 3000g for 15 minutes, pour off the supernatant, resuspend the sediment in 5 ml of sterile distilled water and then continue as for sputum.
4.5.9 Other body fluids

If collected aseptically, centrifuge and inoculate sediment directly onto culture media, preferably liquid media.

If not aseptically collected:

· when volume is 10 ml or less, handle as for sputum;
· b) when volume is more than 10 ml, centrifuge first and decontaminate the sediment
Note: To maximize the recovery rate, the entire CSF volume (or other small volume of aseptically collected body fluid) should be cultured, preferably in liquid medium. To maximize the recovery rate from urine, it is advisable to add 3 drops of 20% 5-sulfosalicylic acid and 0.5 ml of protein solution (7–8% of sterile bovine serum albumin, serum or plasma) per 50 ml of urine.
4.5.10 Tissue

Homogenize using a mini-blender and inoculate into the medium, preferably liquid medium.
4.6 Reading, interpretation, recording and reporting  

4.6.1 Incubation of cultures
Incubate tubes/vials at 36 ±1 °C.
For solid media, tubes should be incubated in a slanted position, with screw-caps loose, for at least 1 week to ensure even distribution and absorption of inoculum. After 1 week of incubation, caps are tightened to minimize evaporation and drying of the media. Tubes may then stand upright to save space in incubators.
4.6.2 Reading, interpretation, recording and reporting 

Reading and interpretation using solid media
Check colony formation every week, preferably twice within the first week, to allow rapid detection of contamination and a timely request for another specimen if necessary.
Contaminated cultures and rapidly growing mycobacteria (colonies apparent in less than 7 days) are removed. Report results immediately and ask for another specimen.
M. tuberculosis colonies should be well developed within 3–4 weeks. Report results immediately after detection and identification (refer to SOP "Identification of M. tuberculosis".
Cultures should be kept for up to 8 weeks before being reported as negative.
Reading and interpretation using liquid media 
Check every day (or following manufacturer's instructions when using an automated system). 
Any tube detected as positive must be checked for purity by acid-fast microscopy and inoculation on solid medium suited to growth of most bacteria (e.g. blood agar, chocolate, brain heart infusion agar plate). 

Cultures should be kept for 6 weeks before being reported as negative. Rather than discarding the vial, it may be advisable to centrifuge the tube and reinoculate a liquid vial and an LJ slope for further examination of possible growth.

Laboratory register
Record in the laboratory register:
· the date of detection of growth and the colony characteristics of positive cultures;
· negative and contaminated tubes – individually entered at the end of the recommended incubation time or when detected;
· the reporting date.
Reporting
Results should be reported in accordance with qualitative and quantitative criteria.  

Fill out an individual form for each positive patient for whom diagnostic specimens were submitted (see Annex). 

4.7 Quality control 

4.7.1 Sensitivity of plain egg-based medium
The quality of commercially available egg-based media should be certified by the manufacturer. However, storage conditions – especially during long-distance transportation – may not be optimal. It is therefore good practice to check new batches medium used in the laboratory. 
Within the laboratory network, the sensitivity of medium batches should be checked by the laboratory producing the medium and not rechecked by users. It is the responsibility of the network to organize the transportation of media under appropriate conditions. Egg-based media are robust and retain their sensitivity unless exposed to direct sunlight or prolonged high temperatures.

Serious problems affecting the sensitivity of culture medium, i.e. its capacity to sustain consistent growth of tubercle bacilli, can be detected by seeding a 1/10 000 dilution of a suspension of M. tuberculosis calibrated to McFarland No. 1 (equivalent to a bacterial suspension containing 1 mg/ml of tubercle bacilli – refer to the relevant SOP "Preparation of MacFarland standard suspensions"):  

· Prepare a McFarland No. 1 suspension with a M. tuberculosis reference strain.

· Dilute the suspension with 10-fold dilutions to the 10–4 dilution. 

· Inoculate five tubes of a previous batch of medium and five tubes of the new batch of medium with 0.2 ml of the 10–4 diluted suspension. 

· Incubate at 36 ± 1 °C.
· Read and interpret as usual, following instructions given above in section 4.6.1.
· If the number of colonies obtained on the recently prepared or purchased batch of medium is significantly lower than that on the reference batch, the sensitivity of the new medium, whether prepared or purchased, is not adequate.
· It is convenient to keep a register of the following type:

Medium: Lowenstein–Jensen

	Batch no.

	Volume

(ml)
	Date
	Sterility control


	Sensitivity control

	
	
	Preparation

or

purchase

delivery
	Start of use
	End of use
	Contamination

detected

Yes/No


	Strain/ specimen inoculated
	Growth detected at

20 days (colonies)
	Growth detected at

60 days (colonies)

	
	
	
	
	
	
	
	Control batch
	Present batch 
	Control batch
	Present batch

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


This register allows the identification and elimination of deficient media batches.  

In the case of egg-based media, 20 days of incubation are usually enough to determine whether the sensitivity of the batch is satisfactory. If sensitivity is not satisfactory, negative culture results obtained with tubes inoculated with the deficient medium will be invalidated and these cultures will have to be repeated. 

Media batches that are contaminated or not homogeneous or contaminated, those that were exposed to high temperatures of inspissations, and those with inadequate sensitivity should be discarded without delay immediately.  

4.7.2 Sensitivity of liquid medium.

Home preparation of liquid media, which are very susceptible to contamination, must be performed aseptically and with the utmost care.

Commercially available liquid media should be guaranteed by certified manufacturers. Vials of liquid media tolerate larger inoculate than solid media and the sensitivity is 5–10% greater than that of solid media. However, liquid media are more prone to contamination by mycobacteria other than TB bacilli or by bacteria other than mycobacteria. The rate of contamination is usually around 6–8% but can be much higher (up to 40%) in inexperienced hands. A contamination rate higher than 10% means that liquid media will not provide an efficient contribution to diagnosis.
4.7.3 Specimen handling

Reception

Make sure that the samples received are clearly identified and are accompanied by a completed NTP request form. It is critical for the laboratory to be able to differentiate specimens received for diagnostic purposes from those received for control of treatment. This will allow proper interpretation of results and guide the sequence of necessary bacteriological studies for each patient. Lack of this information rules out the use of monitoring of bacteriological results as a method of internal quality control.  

Make sure also that the laboratory register shows the date on which the sample was cultured as well as all the above-mentioned information and any relevant details concerning the processing of the specimen (e.g. decontamination of aseptically collected specimens).
Organization of work

The routine of laboratory work will determine the maximum possible number of days per week that can be allocated to specimen processing. Each day of delay in inoculation of the specimen on growth media diminishes culture positivity rate. Do not delay the processing of the specimens beyond a period of 7 days following collection. Use commonly recommended methods of preservation, such as the CPC/NaCl method, when transportation delays are expected. The processing of gastric washings from children should be expedited as much as possible.  

Maintain a systematic and traceable sequence of processing the specimens during the work day and process smear-positive specimens (potential sources of cross-contamination) last. Do not process culture isolates alongside clinical specimens.

Decontamination and cross-contamination

Take all precautions to avoid the transfer of bacilli from one specimen to another:  
· use aliquoted reagent solutions;

· do not reuse the reagent solution aliquots opened during the work day;

· do not open a specimen container or a tube before capping the previous one;

· dispense solutions without touching the neck of the tubes with the pipettes or dispensers; and

· carefully decant supernatants into a flask containing a 5% phenol aqueous solution to avoid splashing (e.g. along a funnel).
The total contact time (15 minutes) of the sample with the decontaminant must be strictly controlled when using the  methods in sections 4.5.1, 4.5.2, 4.5.4 and 4.5.6. Too short a time results in high contamination rates, too long a time causes loss of viability of the bacilli. 
Note that some manufacturers of commercially available liquid media based on modified Middle brook media recommended the NALC decontamination method only.

Concentration by centrifugation

When using a centrifuge (for all methods applied to specimens except the Kudoh method), verify that the rotor reaches and maintains the required RCF of 3000g for 15 minutes in order to obtain good recovery of the mycobacteria. Non-refrigerated centrifuges are not suitable because temperatures reached during centrifugation  typically exceed 37 °C and will affect the viability of the bacilli. However, using CPC for decontamination/digestion of sputa, centrifugation must be done at room temperature because CPC precipitates at lower temperatures.
Incubation
Record the temperature of the incubator daily with a thermometer accurate to ±1 °C. The temperature should not fluctuate beyond the 35–37 °C range. When an incubation chamber is used, place thermometers at different and easily visible places to ascertain temperature uniformity. Maximum–minimum thermometers provide more information on temperature variation.

Whenever the temperature exceeds 38 °C or falls below 35 °C, the event should be entered in the laboratory registry. Excessive temperature will invalidate culture-negative reports for the specimens that were incubated during the occurrence. New specimens should be obtained from these patients for retesting.

When using automated systems for liquid cultures, refer to the manufacturer's manual.

Reading

· Solid media 

Make sure that cultures are checked at regular intervals:

· at 3 days of incubation to detect and record early contamination;
· weekly to detect growth as early as possible. 
Confirm that new specimens have been requested whenever smear-positive specimens turn out to be culture-negative or when all inoculated tubes/vials are contaminated.

· Liquid media

Check every day or refer to the manufacturer's instructions when using automated systems.

Recording and reporting of results

Make sure that:

· the date of detection of growth and the colony characteristics of positive cultures are entered in the laboratory register; 
· for liquid media, the date and number of days to detection of growth are recorded;
· negative results are entered at the end of the recommended incubation time; 
· contaminated tubes are individually entered when detected; 
· the laboratory register also records the reporting date;
· results are reported to clinicians as soon as they are available;
· results are reported according to qualitative and quantitative criteria.
Using liquid media, contaminated or mixed cultures may be interpreted as positive. A preliminary check for the presence of mycobacteria is carried out by microscopic examination of a smear prepared from the growing organisms at the bottom of the liquid culture (do not mix as the growth is mainly at the bottom of the tube). The purity of a positive liquid culture can be verified by inoculating a blood agar or chocolate agar plate with the liquid culture. Different types of colonies on solid media contribute to the detection of possible mixed mycobacterial cultures, whereas mixed cultures are difficult to detect in liquid media and may require the use of a molecular method that can reveal the presence of other mycobacterial species in addition to tubercle bacilli.
Fill out an individual form for each patient for whom specimens for diagnosis were submitted. Future results of all bacteriological testing will be added to the form. This facilitates the detection of anomalies, e.g. patients who systematically show smear-positivity and culture-negativity, non-reproducible reports, patients positive after the third month of treatment. It also allows the determination of performance indicators, such as the contribution of the culture to diagnosis.

The supervisor, who oversees all technical aspects of TB laboratory work, will monitor monthly the compliance with guidelines in the preparation of reagents, media, handling of samples, recording and reporting etc. The supervisor will also check records of pH readings of the salt solutions used in the preparation of egg-based media and sterilization records obtained with temperature monitoring devices.
4.7.3 Daily monitoring routines

Daily monitoring allows early correction of errors. The following paragraphs deal with “alarm signals” that require attention.
Smear-positive/culture-negative specimens  

Find out whether the specimen was collected for control of treatment. If this is the case, a negative culture could simply reflect the fact that the patient is shedding dead bacilli and that treatment is effective.

If the sample was collected for diagnostic purposes, watch for a recurrence of this type of result.
Ensure that:
· the concentration of the decontaminating solution and the time of contact with the specimens are those recommended in the technical guidelines;
· the temperature of the incubator did not exceed acceptable limits;
· the sensitivity of the culture batch being used has been thoroughly checked.
Contaminated tubes/specimens

Find out whether the time that elapsed between specimen collection and specimen processing was too long. If so, corrective measures will have to be introduced in the specimen transportation system, in the laboratory work routine or in both. 

Recurrent contamination

Recurrent contamination can occur in specimens processed during a particular day or in decontaminated specimens or in specimens collected in one particular place. In such cases, the sterility of the decontamination reagent solutions, of the whole decontamination process or of the specimen collection/transportation system will have to be checked; if errors are detected, immediate remedial action must be implemented. If the problem is traced to the technologist performing the procedure, he or she should be immediately retrained.  

If contamination of specimens from the same patient recurs, a harsher decontamination procedure may have to be used for further specimens from the patient. Increase the reagent concentration, not the time of exposure. Use two volumes of decontaminant solution to one volume of specimen. Do not apply the modified procedure to all specimens – only to contaminated specimens.

Clustering of culture-positive specimens

Cross-contamination between specimens from epidemiologically unrelated patients can cause a sequence of positive culture isolations in a short interval of time. The occurrence of cross-contamination should be investigated to rule out false-positive culture diagnoses. The following circumstances will be investigated:

· some of the patients involved do not have clinical symptoms compatible with tuberculosis;
· other specimens from the same patient are not culture-positive;
· one or several specimens involved, which yielded cultures with very few colonies, were processed immediately after a highly smear-positive specimen.
If, in laboratories processing numerous extrapulmonary, supposedly sterile specimens, it is found that the positive cultures were derived from decontaminated specimens only, this would strongly imply that the transfer occurred via the decontamination solutions or the laboratory equipment. If cross-contamination is suspected in such circumstances, the cultures involved in the contamination episode should be submitted to a reference laboratory for genotyping.  

If cross-contamination cannot be ruled out, check that the following precautions are being respected:

· solutions are dispensed without touching the necks of the tubes;
· aliquoted reagent solutions are being discarded after single use;
· the processing sequence of specimens is maintained, i.e. smear positive specimens are processed last;
· tubes are not uncapped simultaneously or immediately after being taken from the centrifuge;
· supernatants are discarded carefully;
· gloves, if worn, are frequently changed and never reused.

In busy laboratories in high-incidence settings, it may be advisable to have a BSC dedicated to processing of smear-positive specimens since the probability of cross-contamination increases with the number of smear-positive specimens.

4.7.4 Periodic monitoring routine

Depending on the workload and the prevalence of bacteriologically positive cases, analysis of the results obtained during a month, a quarter or a semester allows the detection of systematic errors. These analyses are key to the quality control of diagnostic cultures of pulmonary TB in adults (but do not apply to follow-up). 

Classification of specimens from adult pulmonary TB patients investigated for diagnosis: 

a smear-positive and culture-positive 

b smear-positive and culture not done

c smear-negative and culture-positive

d smear-positive and culture-negative 

e smear-positive and culture contaminated

f smear not done and culture-positive

From this classification,  calculate the following indicators:

· Contribution of culture to diagnosis for a given setting

                             c + f


   ------------------------------- x 100                                      

                  a + b + c + d + e + f
· Contribution of culture to diagnosis over microscopy

                           c









   ---------------------- x 100                                      
                   a + c + d + e 

Culture is more sensitive than smear microscopy and is expected to contribute at least 20% to the bacteriological confirmation of adult pulmonary TB cases.  

· Percentage of smear-positive and culture-negative diagnostic cases

                             d


    --------------------- x 100

                  a  + c + d + e           

This percentage should be very low, typically around 2-3 %. Exceptionally, patients are found with persistent smear-positive and culture-negative diagnostic specimens.  These are usually undisclosed treatment control specimens. Higher percentages could be the result of decontamination procedures that are too harsh or of transport delays. 

4.7.5 Determination of the contamination rate

The contamination rate is a valuable indicator of the efficiency of procedures used for specimen processing. It is calculated as the percentage of contaminated tubes among all inoculated tubes or vials and not as the percentage of samples. It should be within the range 2–5% and not exceed 5% if the Petroff decontamination method is used. 

Using liquid media, the percentage contamination is usually higher but should not exceed 10%, otherwise the contribution of culture to diagnosis is not cost-effective.

When available, computer databases should be preferred to hard-copy forms for registering and monitoring results of positive patients and culture quality indicators.
4.7.6 Alarm signals

The indicators in the following table are valid for specimens from adult pulmonary TB patients investigated for diagnosis  (but do not apply to follow-up): 

	Indicators of culture performance
	Normal value (%)
	Much higher: investigate
	Much lower: investigate

	Contribution of culture to bacteriological diagnosis of tuberculosis
	20 
	A
	B and C

	Percentage of smear positive/culture negative specimens
	2–3
	C and D
	Not a problem

	Percentage of contaminated tubes
	2–4

6–8 with liquid media
	E
	F


	A
	· Smear microscopy reading errors: false-negatives”
· A high percentage of incipient pulmonary TB  and paediatric TB cases are being tested (not a  problem)

	B
	· Inadequate use of culture: patients who are not TB suspects are being examined, rather than incipient TB cases

	C
	· Excessive delay between specimen collection and specimen processing

· Over-harsh specimen decontamination procedures (excessive concentration and/or too long a contact time with the  decontaminant)

· Low relative centrifugal force or overheating of centrifuge

· Low culture media sensitivity (lack of homogeneity, overheating during inspissations, too much malachite green, too acidic a pH ) 

· Incubation at too high or too variable a temperature
· Misclassification of a follow-up specimen

	D
	· Smear microscopy reading errors: false-positives

	E
	· Un-refrigerated storage of specimens  

· Excessive delay between collection and processing of specimens 

· Low decontaminant concentration

· Too short a contact time between decontaminant and specimen

· Deficiency in the sterilization procedure

· Careless use of the Bunsen burner, heavy people movement in the work area, generation of air draughts by fans or air-conditioning systems, etc,

	F
	· Too high a concentration of decontaminant

· Too long a contact time of the specimen with the decontaminant

· Poor specimen neutralization 

· Too high a concentration of malachite green in the culture medium

· Incubation at too high or too variable a temperature


4.7.7 Delay in the delivery of reports

Culture procedures for tuberculosis bacteriology are notoriously time-consuming,

often taking weeks or months to complete. For this reason, interim reports should

be issued. The following schedule is recommended:

• If the cultures have been contaminated, a report should be sent out immediately

and a repeat specimen requested

• If cultures are positive and growth has been identified as M. tuberculosis a

report should be sent out immediately

• At four weeks an interim report (optional) could be sent out on all negative

specimens, stating that another report will be issued in the event of the

specimen becoming positive later on

• At eight weeks a final report should be issued containing all the data previously

reported so that earlier interim reports can be destroyed and only the final

report retained in the patients’ file
4.8 Waste disposal

All inoculated tubes and vials, whether negative or contaminated, should be autoclaved as potentially infectious material.
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Annex. 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:________________
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:________________
Culture register
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NTP policy for culture should be indicated here.








