Module 6

Processing the specimens and

inoculation on solid and liquid media
	Purpose
	To provide participants with the knowledge and skills for proper processing of specimens for Mycobacterium tuberculosis culture and for the inoculation of cultures on solid and liquid media.

	Prerequisite

modules
	Modules 2, 3 and 5.

	Module time
	2 hours 15 minutes plus 2 hours’ practice in the laboratory. 

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

· work properly within a BSC; 

· process specimens from sterile and no-sterile sites for TB cultures;
· homogenize and decontaminate respiratory specimens by: 

   Petroff modified method 

   NALC‒NaOH method; 

· inoculate cultures (solid and/or liquid media);

· incubate inoculated media under proper conditions.



Module overview

	Step
	Time
	Activity/method
	Content
	Resources 
needed

	1
	 3 min
	Presentation
	Introduction to module
	Slides 1–3

	2
	7 min
	Presentation 
	Work in a BSC
	Slides 4–8

	3
	35 min
	Presentation and discussion
	Homogenization and decontamination
	Slides  9–32

	4
	9 min 
	Presentation and discussion
	Inoculation and incubation
	Slides 33–38

	5
	2 min
	Discussion
	True/false exercise
	Slide 39

	6
	2 min
	Presentation 
	Take-home messages
	Slide 40

	7
	1 min
	Self-evaluation
	Self-assessment
	Slide 41

	8
	   20 min
	Presentation and discussion
	Exercise 1
	Slides 1–13

	9
	50 min
	Presentation and discussion
	Exercise 2 
	transparencies


Materials and equipment checklist

· PowerPoint slides or transparencies

· Overhead projector or computer with LCD projector

· Flipchart

· Paper

· Pens

Teaching guide
	Slide number
	Teaching points

	1
	Module 6: Processing the specimens and inoculation of solid and liquid media

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 training.  

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

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

	4
	Work in a BSC (1)
STATE the points on the slide.

	5
	Example of a written checklist 

STATE the points on the slide.

HIGHLIGHT the importance of correctly labelling culture tubes.

	6
	Work in  a BSC (2)

EXPLAIN that it is important:

· To use only horizontal pipette discard trays containing an appropriate disinfectant.
· To hold opened tubes or bottles in a vertical position and to recap or cover. This will minimize the potential for staff exposure to infectious materials manipulated within the cabinet. As a  general rule, keeping clean materials at least 12 cm away from aerosol-generating activities will minimize the potential for cross-contamination

· To decontaminate materials before removal from the BSC.

	7
	Work in a BSC – practices to be avoided 

EXPLAIN what should not be done in a BSC by LISTING the points on the slide.

ADD that the frequent inward/outward movement needed to place objects in trash containers disrupts the integrity of the cabinet air barrier and  can compromise both staff and product safety.

	8
	Work in  a BSC (3)
EXPLAIN the picture on the slide, EMPHASIZING that everything is arranged according to a logical work flow from clean to contaminated items. 

REMEMBER to limit the movements of dirty items over clean ones. 

	9

Discussion
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	Homogenization and decontamination

DISPLAY this slide and ASK participants whether they have any questions relating to the preceding topics. ANSWER their questions before continuing. POINT OUT that they are beginning one of the most delicate parts of the culture process.

BEFORE displaying the next slide, ASK participants whether they know why homogenization and decontamination are necessary for culture.

	10


	Homogenization and decontamination – why?
Using the list on the slide, EXPLAIN the necessity for homogenization/decontamination procedures.

ADD that the gentler this homogenization process is, the better the results. Neither homogenization nor decontamination should unnecessarily diminish the viability of TB bacilli.

The success of homogenization and decontamination depends on: 

· the greater resistance of TB bacilli to strongly alkaline or acidic digesting solutions;

· the duration of exposure to these agents;

· the temperature build-up in the specimen during centrifugation;

· the efficiency of the centrifuge used to sediment the TB bacilli.

	11
	Remember

STATE the points on the slide.

	12
	Specimens for TB culture

EXPLAIN that not all specimens should be homogenized/decontaminated.

STATE the list on the slide.

	13
	Caution

STATE the points on the slide.

	14
	Digestion and decontamination procedures – good practice

EXPLAIN precautions to be taken while performing the digestion/decontamination procedure

DISCUSS with participants why these points are important:

· To minimize the risk of cross-contamination, avoid opening several tubes at the same time: open them one at a time. 
· Carefully label all the tubes before starting to process the samples.
· Work in batches equivalent to one centrifuge load (e.g. eight specimens at a time) for better control of duration of exposure of specimens to digestants/decontaminants.

· Always digest/decontaminate the whole specimen to improve the chances of finding tubercle bacilli.

· Gently decant from the specimen container into the centrifuge tube to avoid spilling.
· Never transfer the sample before labelling the tube.

If possible, digest/decontaminate the sample in the same container as was used for collection to minimize the risk of contamination.

	15
	Other specimens – gastric lavage
EXPLAIN that from this slide onwards you will talk about the different processes for different specimens.
EXPLAIN that gastric lavage: 
· should be processed within 4 hours of collection;

· has acidity that can kill mycobacteria and need to be buffered;

· does not need decontamination provided that the sample has been collected in  a sterile container.

	16
	Other specimens – urine
STATE the points on the slide.

	17
	Other specimens – tissue
STATE the points on the slide, EMPHASIZING that the entire procedure should be carried out with sterile items.

	18
	Other specimens

STATE the points on the slide.

	19
	Other specimens

LIST the specimens that, in general, do not need to be decontaminated.

REMIND participants that the remaining sediment should be refrigerated for later use if needed (for drug susceptibility testing, further treatment if  specimen is contaminated, etc).

	20

Discussion
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	Processing chart

DISCUSS the processing chart with participants. Find out whether they have retained the most important points of the digestion/decontamination procedures.

	21
	Main processing methods for sputum

EXPLAIN that you are going to describe the different processing methods, starting with the two most widely used for sputum.

	22
	Sodium hydroxide (modified Petroff) method – advantages

STATE the advantages listed on the slide.

	23
	Sodium hydroxide (modified Petroff) method – disadvantages
STATE the disadvantages listed on the slide.

	24
	Sodium hydroxide (modified Petroff) method – procedure 

EXPLAIN the procedure by STATING the points on the slide.

	25
	NALC‒NaOH method – advantages
STATE the advantages listed on the slide.

	26
	NALC‒NaOH method – disadvantages
STATE the disadvantages listed on the slide.

	27
	NALC‒NaOH method – procedure
EXPLAIN the procedure by STATING the points on the slide.

	28
	Trisodium phosphate method – procedure

EXPLAIN the procedure by STATING the points on the slide.

	29
	Kudoh method (acid Ogawa medium)
EXPLAIN the procedure by STATING the points on the slide.

	30
	Kudoh method (acid Ogawa medium)
Explain advantages and disadvantages of Kudoh method

	31
	1% CPC–2% NaCl  method – procedure

EXPLAIN the procedure by STATING the points on the slide.

	32
	Remember!

STRESS the point made on the slide. ADD that this is true only for contaminated specimens –all the sediment from sterile specimens should be inoculated.

	33
	Inoculation and incubation

DISPLAY this slide and ASK participants whether they have any questions on the topics covered so far. ANSWER those questions before continuing.

	34


	Inoculation – solid media

DISCUSS with participants the importance of adequate inoculation volume. Too small an inoculum may lead to a false-negative result. READ the volume of inoculum for solid media.

POINT out that sterile Pasteur pipettes or disposable loops should be used to avoid cross-contamination; wire loops, if used, must be sterilized after each specimen.

ADD that two slopes of solid media should be inoculated for each specimen to increase the chances of recovering tubercle bacilli. If the area has a high rate of M. bovis, a slope with 0.5% sodium pyruvate and without glycerol should also be used.

	35
	Inoculation – liquid media

STRESS that inoculation on liquid media is a process that requires particular care – liquid media are more prone to contamination than solid media: rigorously sterile procedures must be used in adding the supplement and the inoculum. 

ADD that 0.5–1 ml should be inoculated in the tube, under the surface of the liquid medium.

ADD that caps should be tightened and tubes mixed by inversion.

ADD that this procedure may not be required when metal caps and screw-capped tubes are used. 

	36
	Inoculation of liquid culture media – key points
STATE the points on the slide.

	37
	Inoculation work-flow

EXPLAIN the importance of following the correct work-flow for inoculation to avoid contamination.

	38
	Incubation

STATE that:

· Incubation should be carried out at 35–37 °C for 8 weeks (if no growth occurs in the meantime).

· Check the temperature of the incubator before incubating inoculated tubes. STRESS that this is very important to ensure the best conditions for the growth of mycobacteria. 

· Cultures on solid media should be incubated in a slanted position for at least 48 hours (or until the inoculum has dried) to ensure even distribution of the inoculum.

	39 

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).
Green/true: 2

Red/false:1

	40
	Module review: take-home messages         

ANSWER any questions the participants may have.

	41
	Self-assessment

ASK the participants to answer the questions on the slide.

ANSWER any questions the participants may have.


Exercise 1
	Slide number
	Teaching points

	1
	Module 6: Processing the specimens and inoculation of solid and liquid media 
DISPLAY this slide before you begin the exercise. Make sure that participants are aware of the transition into the exercise.

	2

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out the problems.

DISCUSS with participants.

	3 
	Answers

READ and DISCUSS the listed answers.

	4

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out the problems.

DISCUSS with participants.

	5 
	Answers

READ and DISCUSS the listed answers.

	6

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out the problems.

DISCUSS with participants.

	7
	Answers

READ and DISCUSS the listed answers.

	8

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out the problems.

DISCUSS with participants.

	9
	Answers

READ and DISCUSS the listed answers.

	10

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out the problems.

DISCUSS with participants.

	11
	Answer
READ and DISCUSS the answer.

	12

Discussion
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	What’s wrong?

DISPLAY this slide and let participants point out any problems.

DISCUSS with participants.

	13
	Answers

READ and DISCUSS the listed answers.


Exercise 2 – Identify mistakes in the laboratory procedures

Divide participants into groups of 3–4 people.
Time for the exercise is allocated as follows:

· 5 minutes to present the exercise;

· 40 minutes for internal group discussion;

· 10 minutes to report the group work in the plenary session.

Each group is given a sheet of paper with a laboratory protocol. Invite participants to identify any mistakes and revise the procedure. Participants should also describe the consequences of the mistake(s) found and propose the corrective actions.

Mistakes are highlighted in yellow 
NaOH METHOD FOR SPUTUM PROCESSING

Reagents
1. Sodium hydroxide (NaOH) solution: 4%
Sodium hydroxide pellets (analytical grade), 8 g
Distilled water, 100 ml

Dissolve NaOH in the distilled water; sterilize the solution by autoclaving at 121 °C for 20 minutes.

2. Phosphate buffer 0.067 mol/litre, pH 6.8
Mix 50 ml of solution A (9.47 g of anhydrous Na2HPO4 in 1 litre of distilled water) with 50 ml of solution B (9.07 g of KH2PO4 in 1 litre of distilled water).
3. Phenol red indicator solution

Procedure

1. Transfer the sputum (at least 2 ml, no more than 5 ml) into a centrifuge tube.
2. To x ml of sputum, add  2 ml of 4% NaOH.
3. Tighten the cap of the tube and shake to mix.
4. Let stand for at least 15 minutes at room temperature.
5. Fill the tube to within 2 cm of the top with phosphate buffer.
6. Add a few drops of phenol red indicator solution. The colour of the mixture changes from yellow to orange, indicating that the NaOH has been neutralized.
7. Centrifuge at 2000g for 15 minutes.
8. Carefully pour off the supernatant into a discard can containing 5% phenol or other disinfectant.
9. Inoculate deposit onto two slopes of LJ medium (and one slope of LJ with pyruvate if needed).
10. Using a pipette (not a loop), inoculate each slope with 0.1 ml.

Mistakes
· Sodium hydroxide pellets (analytical grade): 8 g in 100 ml of distilled water
This is an 8% NaOH solution: the strength is higher than recommended and the solution may overkill mycobacteria, giving false-negative culture results.

· To x ml of sputum, add 2 ml of 4% NaOH
The volume of NaOH added is higher than recommended and may overkill mycobacteria, giving false-negative culture results.
· Let stand for at least 15 minutes at room temperature

As NaOH is toxic for mycobacteria, the 15 minutes for decontamination should be strictly followed.
· Centrifuge at 2000g for 15 minutes

The centrifuge should be set at 3000g to ensure a complete settling of mycobacteria in the sediment.
· Using a pipette (not a loop), inoculate each slope with 0.1 ml
The inoculation volume should be 0.2–0.4 ml. Too small an inoculum may lead to a false-negative result.

Additional exercises to be proposed in proper settings ( if the procedures are going to be adopted).

NALC‒NaOH

Reagents

1. 50 ml of 1% sodium hydroxide

Sterilized by autoclaving.
2. 50 ml of 2.94% trisodium citrate·3H2O

3. NALC‒NaOH solution freshly prepared

Mix (1) and (2) and add 0.5 g N-acetyl-L-cysteine (NALC) just before use. Aliquot in 2-ml amounts.
4. Sterile 0.067 mol/litre phosphate buffer, pH 6.8

Procedure
1. Transfer the sputum (at least 2 ml, no more than 5 ml) into a centrifuge tube.
2. Mix equal volumes of specimen and NALC‒NaOH solution.
3. Vortex-mix for not more than 20 seconds.
4. Allow the NALC‒NaOH solution to come into contact with the entire inner surface of the tube by inverting the tube. Avoid excessive agitation.
5. Keep at 20–25 °C for 30 minutes for decontamination of the specimen.
6. Fill the tube to within 2 cm of the top with phosphate buffer.

7. Mix the contents by inversion.
8. Centrifuge at 3000g for 15 minutes.
9. Carefully pour off the supernatant into a discard can containing 5% phenol or other disinfectant.
10. Inoculate sediments in  two slopes of LJ medium (and one slope of LJ with pyruvate if needed).
11. Using a pipette (not a loop), inoculate each slope with 0.8 ml.
Mistakes
· 50 ml of 1% sodium hydroxide
The recommended NaOH solution is 4%: a weaker solution does not kill the resident flora, with the result that contamination rates are higher.

· Keep at 20–25 °C for 30 minutes
The recommended time for decontamination is 15 minutes. As the decontaminating solutions are toxic for mycobacteria, prolonged contact time may overkill mycobacteria, leading to false-negative culture results.
· Using a pipette (not a loop), inoculate each slope with 0.8 ml
The volume of the inoculum should be 0.2–0.4 ml: higher volumes will not allow drying of the inoculum.

CPC/NaCl METHOD

Reagents

1% CPC-2% NaOH solution

Dissolve 10 g of cetylpyridinium chloride and 20 g of sodium chloride in 1000 ml of sterile distilled water. Distribute in 5-ml aliquots in sterile bottles. CPC solution is self-sterilizing and remains stable if protected against light, extreme heat and evaporation. The stock solution should be stored in dark bottles at room temperature.
Procedure
1. Collect 5 ml of sputum sample in a leakproof container with 5 ml of 1% CPC and 2% NaCl.
2. Transport to a processing laboratory.
3. Allow liquefaction to occur, which may take about 1 hour.
4. In the processing laboratory, work in a BSC.
5. Transfer the liquefied specimen into a centrifuge tube.
6. Add 15–20 ml of sterile distilled water (to reduce viscosity).
7. Tighten the cap of the tube and mix well by inversion.
8. Centrifuge at 2000g for 15 minutes.

9. Carefully pour off the supernatant into a discard can containing 5% phenol or other disinfectant.
10. Fill the tube with sterile water. 

11. Centrifuge at 3000g for 15 minutes.
12. Suspend the sediment in 1–2 ml of sterile water.
13. Inoculate deposit on two slopes of LJ medium (and one slope of LJ with pyruvate if needed)

14. Using a pipette (not a loop), inoculate each slope with 0.8 ml.
Mistakes
· Allow liquefaction to occur, which may take about 1 hour
The liquefaction may take 48–72 hours. Wait until the liquefaction is complete before continuing.
· Centrifuge the specimen at 2000g for 15 minutes
The centrifuge should be set at 3000g to ensure a complete settling of mycobacteria in the sediment.

· Using a pipette (not a loop), inoculate each slope with 0.8 ml
The volume of the inoculum should be 0.2–0.4 ml: higher volumes will not allow drying of the inoculum.
PRACTICAL ACTIVITY IN THE LABORATORY
ENSURE that every participant has a gown, gloves and a mask. GIVE one sputum sample and one urine specimen to each participant. ASK participants to revise the procedure carefully.
Equipment and materials needed

1. BSC, well maintained, with exhaust air ducted or vented to the outside

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

3. Slide warmer

4. Refrigerated centrifuge with safety shield,  a minimum of 3,000 g relative centrifuge force  and to be operated at 6-25°C. Not necessary for the Kudoh method.

5. Balance 

6. Refrigerator

7. Autoclave 
8. Incubator. 
9. Vortex mixer
10. Timer
11. Rack for tubes 

12. Pipettes for 1.0 ml, sterile, single use, plastic Pasteur pipettes (with graduation). Non sterile pipettes have to be sterilized on site before use.

13. Mini-blender ( for biopsy)
14. Sterile forceps (for swabs)
15. Pipetting aids 

16. Disinfectants. 

17. Separate autoclavable waste containers for pipettes and disposals 

18. Slides

19. Buckets, stainless steel or polypropylene
20. General lab glassware

21. Centrifuge tubes, clear plastic or  thick walled glass tubes with cover, resistant to >3,000g RCF. Use preferably 50 ml tubes. Not necessary for the Kudoh method 

22. Decontamination reagents and solutions

23. Tubes/vials of culture media

24. Emergency spill-kit, stored outside close to the laboratory room entrance, containing the following :
 FFP2/ N95 or FFP3 respirators 

 Head cover, two pieces

 Protection glasses, two pieces, (goggles)

 Overalls, single use, two pieces 

 At least 10 pair overshoes

 At least 5 autoclavable plastic bags 1000 x 700 mm with biohazard sign

 At least two pairs of thick walled household rubber gloves (to pick up shards and sharps)

 One package of latex gloves each, middle and large

 Forceps or tongs

 Container for sharps

 Absorbent paper tissue, at least 500 x 500 mm, about one kg

 Concentrated disinfectant for dilution,

 Bottle with spray head, one litre

 Alcoholic disinfectant, one litre or equivalent

Sodium hydroxide (modified Petroff) method

Reagents

1. Sodium hydroxide (NaOH) solution, 4%

Sodium hydroxide pellets (analytical grade), 4 g

Distilled water, 100 ml

Dissolve NaOH in the distilled water, and sterilize by autoclaving at 121 °C for 20 minutes.

2. Phosphate buffer 0.067 mol/litre, pH 6.8

Mix 50 ml of solution A (9.47 g of anhydrous Na2HPO4 in 1 litre of distilled water) with 50 ml of solution B (9.07g of KH2PO4 in 1 litre of distilled water).
3. Phenol red indicator solution

Procedure
FOLLOW the procedure in Annex 6.1, “Protocol for processing specimens for culture”, and Annex 6.2, “Preparation of reagents for processing specimens for culture”.

NALC‒NaOH method
Reagents

1. 50 ml of sodium hydroxide solution, 4%, sterilized by autoclaving
2. 50 ml of 2.94% trisodium citrate·3H2O

3. NALC‒NaOH solution, freshly prepared

Mix (1) and (2) and add 0.5 g N-acetyl-L-cysteine (NALC) just before use. Aliquot in 2-ml amounts.
4. Sterile 0.067 mol/litre phosphate buffer, pH 6.8, see method above.
Procedure
FOLLOW the procedure in Annex 6.1, “Protocol for processing specimens for culture”, and Annex 6.2, “Preparation of reagents for processing specimens for culture”.

Trisodium phosphate method
Reagents

1. 10% trisodium phosphate, pH 7.5

2. 6% hydrochloric acid
Procedure
FOLLOW the procedure in Annex 6.1, “Protocol for processing specimens for culture”, and Annex 6.2, “Preparation of reagents for processing specimens for culture”.

5% Oxalic acid method

Reagents 

1. 5% oxalic acid

Dissolve 5 g of oxalic acid dihydrate (MW 126.01) in 100 ml water, sterilize by autoclaving.

2. NaOH, 4%, sterilized by autoclaving.

3. Phenol red indicator or pH paper
Procedure

FOLLOW the procedure in Annex 6.1, “Protocol for processing specimens for culture”, and Annex 6.2, “Preparation of reagents for processing specimens for culture”.

CPC/NaCl method

Reagents

1% CPC‒2% NaOH solution

Dissolve 10 g of cetylpyridinium chloride and 20 g of sodium chloride in 1000 ml of sterile distilled water. Distribute in 5-ml aliquots in sterile bottles. CPC solution is self-sterilizing and remains stable if protected against light, extreme heat and evaporation. The stock solution should be stored in dark bottles at room temperature.

Procedure

FOLLOW the procedure in Annex 6.1, “Protocol for processing specimens for culture”, and Annex 6.2, “Preparation of reagents for processing specimens for culture”.


