Module 11

Compliance with established quality assurance requirements

	Purpose
	To provide participants with an understanding of the quality assurance system and its importance in the TB laboratory.

	Prerequisite

modules
	Modules 2 - 10

	Module time
	1 hour 20 minutes, + 1 hour for exercises

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

· explain the three main components of the QA system and their importance;

· adhere to QC and EQA procedures.


Module overview

	Step
	Time
	Activity/method
	Content
	Resources needed

	1
	3 min
	Presentation
	Module introduction
	Slides 1–3

	2
	4 min
	Presentation
	Definitions
	Slides 4–6

	3
	58 min
	Presentation and discussion
	Quality assurance and Quality Control
	Slides  7–41

	4
	6 min
	Presentation
	External quality assessment
	Slides 42-44

	5
	2 min
	Presentation
	Quality improvement
	Slides 45 and 46

	6
	2 min
	Discussion
	True/false 
	Slide 47

	7
	2 min
	Presentation
	Take-home messages
	Slide 48

	8
	1 min
	Self-evaluation
	Self-assessment
	Slide 49

	9
	1 hour
	Discussion
	Exercise: Evaluation of indicators
	Paper, pens  and pencils


Materials and equipment checklist

· PowerPoint slides or transparencies

· Overhead projector or computer with LCD projector

· Flipchart

· WHO forms

Teaching guide
	Slide number
	Teaching points

	1
	Module 11: Compliance with established quality assurance requirements
DISPLAY this slide before you begin the module.  Make sure that participants are aware of the transition into a new module.

	2

[image: image1.wmf]
	Learning objectives

STATE the objectives on the slide 

	3 

Flipchart

[image: image2.wmf]
	Content outline

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

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

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

	4
	Definitions

STATE the definitions on the slide.

	5
	Definitions

STATE the definitions on the slide.

	6
	Definitions

STATE the definitions on the slide.

	7

Discussion
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	Quality assurance in mycobacteriology
EXPLAIN what a QA system is by STATING the sentences on the slide.

ASK participants whether they are aware of the consequences of a poor-quality laboratory service.  

	8
	The process of quality assurance should be continuous and monitored

EXPLAIN that all levels of the TB laboratory network are involved in the QA process.

	9
	Quality assurance

EXPLAIN QA by STATING the points on the slide.

STRESS that QA is the responsibility of all laboratory workers.

	10
	Quality assurance should be:

STATE the three points on the slide. EXPLAIN that a QA programme that is too demanding is impossible to implement for a variety of reasons (lack of human resources, time, etc.). Ideally, all the processes undertaken in the laboratory should be covered, although this is difficult.

	11
	QA should be applied to:
UNDERLINE that every component of the laboratory workflow should be checked according to QA rules.

ADD that only some components will be included in this session: the remainder may be found in the participants’ manual or in other modules.

	12
	QA – laboratory arrangement
STATE the points on the slide.

	13
	QA – laboratory administration 

STATE the points on the slide.

	14
	QA – human resources

EXPLAIN that every person who is going to start work in the TB laboratory should be trained beforehand. ADD that this is crucial for safety reasons and for ensuring the quality of laboratory results. Laboratory workers should undergo refresher training at least once a year and whenever the monitoring of laboratory performance highlights specific training needs (e.g. when there is evidence of problems with the indicators – explained in a later section of this module).

HIGHLIGHT that the number of people working in the TB laboratory should be adequate for the workload and for ensuring continuity of the laboratory services.

	15
	Training form

EXPLAIN that there should be scheduled training for laboratory workers and that the form shown on the slide (an example for the NTP) should be filled in to check the training needs.

	16
	QA - laboratory equipment 

STATE the points on the slide.

	17
	QC – biological safety cabinet
EXPLAIN the daily checks that should be performed on the BSC by STATING the points in the slide.

	18
	QC – other equipment

EXPLAIN the QC procedures for each instrument used in the TB culture laboratory by STATING the points on the slide.

	19
	QC model for monitoring temperature of equipment
EXPLAIN that the results of the checks – as well as any corrective actions taken – should be recorded on specific forms.

ADD that written records should be retained for 2 years.

	20
	QA – collection and transport of specimens

STATE the points on the slide.

UNDERLINE that specimens should be processed only upon written request and INSIST on the importance of receiving completed request forms and properly labelled containers.

UNDERLINE that it is crucial to be able to differentiate specimens for diagnosis from follow-up specimens. This allows proper interpretation of results and dictates the sequence of bacteriological studies needed for each patient. Lack of this information rules out monitoring of bacteriological results as a method of internal quality control.

	21
	QC – handling of specimens 

STATE the points on the slide 
UNDERLINE that  delays in specimen transportation lead to increase contamination rate 

	22
	QC – reagents and media

STATE the points on the slide and UNDERLINE that proper storage conditions and the use of non-expired reagents are crucial for good results.

HIGHLIGHT that media should be checked with M. tuberculosis H37Rv and that M. terrae should be added as internal quality control (negative control) for biochemical identification tests. 

	23
	QC – preparation of egg-based media

STATE the points on the slide.

Explain that the sensitivity of a new batch of media can be evaluated by seeding a 10-4 dilution of a suspension of M. tuberculosis, equivalent to that of a bacterial suspension containing 1 mg/ml of tubercle bacilli. Five tubes of a previous batch of medium and five tubes of the new batch are inoculated with 0.2 ml of the diluted suspension. If the number of colonies obtained on the new batch is significantly lower than that on the reference batch of medium, the sensitivity of the new medium, whether prepared or purchased, is inadequate.

	24
	Media register

EXPLAIN that the use of a register may help in the identification of poor-quality media. 

READ the headings of the columns and EXPLAIN how the columns should be filled in.

	25
	QC – media for DST

EXPLAIN that batches of drug-containing media at the critical concentrations and at lower concentrations should be checked with a M. tuberculosis H37Rv (fully susceptible strain).

ADD that the results of this quality control should be recorded on the appropriate form, such as that shown on the slide.

	26
	QC – culture procedures: decontamination

STATE the points on the slide and HIGHLIGHT that all these procedures help to prevent cross-contamination.

STRESS that cross-contamination is always possible and should be suspected when there are several successive positive specimens or cultures with a few colonies following a heavily positive culture. 

	27
	QC – Reporting of results

STATE the points on the slide.

	28
	Reporting – turn-around time

STATE the recommended turn-around time for TB results.

	29
	Reporting – turn-around time

STATE the recommended turn-around time for culture-negative results.
STRESS that interim reports should be issued because culture procedures on solid media are notoriously time-consuming. 

	30

Flipchart[image: image4.wmf]
Discussion
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	Daily monitoring – alarm signals

DISPLAY the slide. DISCUSS with participants the questions on the slide and WRITE the answers on the flipchart.

DO NOT DISPLAY the next slide until all the questions have been answered by participants.

	31
	Alarms and remedial actions

EXPLAIN the causes and the remedial actions by STATING that:

If smear-positive/culture-negative specimens are found: 

· Find out whether the specimen was collected for follow-up of treatment. If so, 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 diagnosis, be alert to a recurrence of this type of result. Check the sensitivity of the culture batch being used. Also ensure that the concentration of the decontaminating solution and the contact time with the specimens are as recommended in SOPs and that the incubator temperature did not exceed acceptable limits.  

If contaminated specimens are found:

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

· If the contamination of specimens from the same patient recurs, a harsher decontamination procedure may have to be used for the testing of further specimens from the patient.

	32
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Discussion
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	Daily monitoring – alarm signals

DISPLAY the slide. DISCUSS with participants the questions on the slide and WRITE the answers on the flipchart.

DO NOT DISPLAY the next slide until all the questions have been answered by participants..

	33
	Alarms and remedial actions

EXPLAIN that a recurrent contamination can occur several times a day or in all the decontaminated specimens or in all specimens collected in one particular place. ADD that, in such cases, the sterility of the decontamination reagent solutions as well as of the whole decontamination process must be checked and, if errors are detected, immediate remedial action must be implemented.  If the problem is traced to the technician performing the procedure, he or she should be immediately retrained.

EXPLAIN that clustering of culture-positives means a sequence of positive culture isolations from epidemiologically unrelated patients in a short interval of time, which may be caused by cross-contamination.

ADD that it is important to investigate if:

· some of the patients involved do not have clinical symptoms compatible with TB;

· other specimens from the same patient are not culture-positive;

· one or more specimens involved, which yielded cultures with very few colonies, were processed immediately after a highly smear-positive specimen.

ADD that, if it is found that the positive cultures derived from decontaminated specimens only, this strongly implies that the transfer occurred via the decontamination solutions or the laboratory equipment. When cross-contamination is suspected, the cultures involved in the contamination episode should ideally be submitted to a reference laboratory for genotyping.  

STRESS that, in high-incidence countries it might be difficult to recognize a cross-contamination because of the high rate of positive cultures.

If cross-contamination cannot be ruled out, it is important to check that:

· 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 immediately after being taken from the centrifuge;

· supernatants are discarded carefully.

	34
	Periodic monitoring 

EXPLAIN that, depending on the workload or the prevalence of bacteriologically positive cases, a monthly, quarterly or semiannual analysis of the laboratory register allows systematic errors to be detected.  

ADD that this is especially important because EQA for the whole culture process is not feasible due to the transportation constraints and for the poor standardization of the specimen. 

HIGHLIGHT that inoculating a known negative specimen with a suspension of M. tuberculosis H37Rv strain to check the whole culture process is not a reliable control.

	35
	Periodic monitoring – indicators

EXPLAIN that specimens from adult  pulmonary TB patients(for diagnosis, not for follow-up) should be classified in one of the categories listed on the slide. The numbers in each category can be used to calculate the indicators for quality control. 

	36
	Periodic monitoring – indicators

EXPLAIN how to calculate the first indicator – the contribution of culture to diagnosis – by READING the formula on the slide.

HIGHLIGHT that culture, being more sensitive than smear microscopy, is expected to contribute at least 20% to the bacteriological confirmation of adult pulmonary TB.  

	37
	Periodic monitoring – indicators

EXPLAIN how to calculate a related indicator – the contribution of culture to diagnosis over microscopy – by READING the formula on the slide.

HIGHLIGHT that culture, being more sensitive than smear microscopy, is expected to contribute more than 20% (more if liquid culture is used) to the bacteriological confirmation of adult pulmonary TB.  

	38
	Periodic monitoring – indicators

EXPLAIN how to calculate the percentage of smear-positive and culture-negative cases by READING the formula on the slide.

HIGHLIGHT that this percentage should be very low, typically around 2–3 %. Exceptionally, patients are found with persistent smear-negative and culture-negative diagnostic specimens.  Usually these are undisclosed treatment control specimens. Higher percentages could be the result of over-harsh decontamination procedures.

	39
	Periodic monitoring – indicators

EXPLAIN how to calculate the percentage of contamination by READING the formula on the slide.

ADD that the value should not exceed 5% if the Petroff decontamination method is used, but UNDERLINE that it may be as high as 10% if liquid media are used.

	40
	Alarms: what to investigate

EXPLAIN the table on the slide by STATING that:

· If the contribution of culture to bacteriological diagnosis of TB is higher than 20%, investigate whether:

· there are smear microscopy reading errors ("false-negatives”); 

· a high percentage of incipient pulmonary TB and paediatric TB cases are being tested (not a problem);
· very strict selection of TB suspects examined by culture, examination of highly suspicious TB cases (not a problem)

· If the contribution of culture to bacteriological diagnosis of TB is lower than 20%, investigate whether:

· patients who are not TB suspects are being examined rather than incipient TB cases (inappropriate use of culture);

· there is excessive delay between specimen collection and specimen processing;

· specimen decontamination procedures are too harsh (excessive concentration and/or too much contact time with the  decontaminant);

· a low relative centrifugal force was used or the centrifuge overheated;

· culture media sensitivity is low (lack of homogeneity, over-heating during inspissation, too much malachite green, pH too acidic, use of expired media) 

· incubation is carried out temperatures that are too high or too variable;

· specimens have been misclassified as diagnostic or follow-up.
· If the percentage of smear-positive/culture-negative specimens is higher than 2–3%  investigate whether:
· there is excessive delay between specimen collection and specimen processing;

· specimen decontamination procedures are too harsh (excessive concentration and/or too much contact time with the  decontaminant);

· a low  relative centrifugal force was used or the centrifuge overheated;

· culture media sensitivity is low (lack of homogeneity, over-heating during inspissation, too much malachite green, pH too acidic);

· incubation is carried out temperatures that are too high or too variable;

· there are smear microscopy reading errors (false-positives).

	
	· If the percentage of smear-positive/culture-negative specimens is lower than 2–3%, there is no particular problem.
· If the percentage of contaminated tubes is higher than 3–4%, investigate whether:
· specimens have been stored without refrigeration;

· there is excessive delay between collection and processing of specimens;

· decontaminant concentration is low;

· contact time between decontaminant and specimen is too short;

· there is a deficiency in the sterilization procedure;

· there is careless use of the Bunsen burner, heavy people movement in the work area, generation of air draughts by fans or air-conditioning systems, etc.
If a specific technician performing the decontamination procedure has a high contamination rate, possible remedial actions are:

· having the technician describe the procedure;

· watching the performance of the procedure;

· retraining the technician;

· observing to ensure that the problem is solved.
· If the percentage of contaminated tubes is lower than 3–4%, investigate whether:
· the concentration of decontaminant is too high;

· there is overexposure  of the specimen to the decontaminant;

· there is too high a concentration of malachite green in the culture medium.

	41
	DST: QC and indicators

A fully susceptible reference strain e.g. H37Rv is used for QC of drug containing media. Use of monoresistant TB strains from a reference collection is discouraged because of their high level of resistance.

STATE that a useful indicator is the detection of unusual pattern of resistance with new media batches.

Another indicator is a rate of monoresistance to RMP higher than monoresistance to INH.

	42
	EQA  for culture

· EQA for culture procedure: 

EXPLAIN that EQA for culture has to be based on alarm signals, see above (slide 40) for QC

· EQA for culture media

EXPLAIN that laboratories producing culture media should be checked once a year by the national reference laboratory. ADD that the NRL should request 12 randomly selected culture tubes to evaluate the characteristics listed in the slide.

	43
	International EQA for DST

STATE the points on the slide.

	44
	National EQA for DST

STATE the points on the slide.

	45
	Quality improvement

STATE the points on the slide, HIGHLIGHTING that QC and EQA are useless if not supported by a strong commitment to correcting mistakes. 

	46
	Keys to successful quality control

STATE the list of keys to successful quality control.

	47
Discussion


	True and false take-home messages

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

True: 2

False: 1
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	Module review: take-home messages 

ANSWER any questions the participants may have.

	49
	Self-assessment

ASK the participants to answer the questions on the slide.

ANSWER any questions the participants may have.


Exercise: evaluate indicators

Divide participants into groups of three or four people. Give each group a calculator, sheets of paper and pens.

40 minutes are allocated to carrying out the exercise and 20 minutes to presenting the solution in the plenary session and discussing it.

Show participants a prepared slide (or give them printed version) with the details necessary for the exercise.

 Ask participants to calculate the following indicators:

· contamination rate

· percentage of smear-positive and culture-negative cases 

· contribution of culture to diagnosis.

Ask them also to evaluate the indicators, identify the problems and formulate suggestions for improving the quality of the laboratory.

Scenario

In the Central TB Laboratory of Town X, the quarterly report gives the following results:

Specimens received for TB culture: 

1468

Contaminated tubes: 


  
214

Smear-positive and culture-positive: 
45

Smear-positive and culture not done: 
6

Smear-negative and culture-positive: 
4

Smear-positive and culture-negative: 
7

Smear-positive and culture contaminated: 
9 

Smear not done and culture-positive: 
0

Solutions

· Contamination rate: 7.2%. Too high. Possible explanations to be investigated:

· unrefrigerated storage of specimens;

· excessive delay between collection and processing of specimens;

· low decontaminant concentration;

· too short a contact time of decontaminant with 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, air conditioning system, etc.

· Percentage of smear-positive and culture-negative cases: 12.5%.Too high. Possible explanations to be investigated:

· excessive delay between collection and processing of specimens;

· specimen decontamination procedures too harsh (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 inspissation, too much malachite green, pH too acidic, use of expired media);

· incubation temperatures too high  or too variable;

· specimens wrongly classified as diagnostic or follow-up;

· smear microscopy reading errors – false-positives.
· Contribution of culture to diagnosis: 5.6%. Too low. Possible explanations to be investigated:

· inappropriate use of culture: patients who are not TB suspects being examined rather than incipient TB cases;

· excessive delay between collection and processing of specimens;

· specimen decontamination procedures too harsh (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, over-heating during inspissation, too much malachite green, pH too acidic);

· incubation temperatures too high  or too variable.


