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Introduction 

Tuberculosis (TB) is a serious public health problem in Nigeria, with a prevalence of 330 per 

100,000 populations with an incidence rate of 322/ 100,000 population, (National TB 

Prevalence Survey Report, 2012). Nigeria ranks forth among the 22 TB High Burden 

Countries (HBCs) in the world (World Health Organization (WHO): epidemiological burden 

of TB, 2014) with an estimated 564,460 new cases of TB occurring annually. Nigeria adopted 

and commenced the implementation of the Directly Observed Treatment Short-course 

(DOTS) strategy in 1993 and as at the end of 2013, the case notification and treatment 

success rates for TB was put at 17% and 86% respectively with a co-infection rate of 23%. 

Low TB case finding remains the biggest problem of Tuberculosis control efforts in Nigeria. 

This has been supported by findings from the 2013 mid-term review of the National Strategic 

Plan (NSP) for TB (2010 – 2015), TB prevalence survey report 2013, National Tuberculosis 

and Leprosy Control Programme (NTBLCP) annual report 2013 and Global TB report, 2014. 

The 2014 Global TB report noted that there were an estimated 9 million incident TB cases 

globally in 2013, out of which 5.7 million cases were both detected and notified, leaving an 

estimated 3.3 million “missing” TB cases that were either not diagnosed or diagnosed but not 

reported. Of this global gap, Nigeria accounts for 15% (about half a million) of the gap in TB 

case notification.  

At the end of 2011, 100% state coverage of DOTS was still maintained in all 36 states and 

the Federal Capital Territory (FCT). The Local Government Areas (LGAs) DOTS coverage 

was also 100% as all the 774 LGAs in the country had at least two to three health facilities 

implementing DOTS. The DOTS facility coverage also increased from 40% (2829 DOTS 

centres) in 2006 to 81% (5728 DOTS centres) at the end of 2014 (1 DOTS centre /25,000 

population) while the Acid-fast bacilli (AFB) microscopic centres also increased from 37 % 

(819) in 2005 to 79% (1765) using 1 Microscopy centres /80,000 (NTBLCP annual report 

2014). 

Although laboratories are essential to make an evident based diagnostic decision, they have 

long been neglected component of the health care system. This has led to weak lab system 
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and poor quality standards which in-turn led to decrease in the confidence of clinicians in the 

laboratory results. The implementation of Quality Management System is the best way to 

improve a laboratory.  

The NTBLCP is committed to the WHO Stepwise Laboratory Quality Improvement Process 

Towards Accreditation (SLIPTA) accreditation process for competency aimed at developing 

and improving laboratory services to attain quality for established national and International 

standards. As at early, 2014 the two National TB Reference Laboratories (NRLs) and three 

other TB Reference laboratories had commenced the WHO SLIPTA programme and are at 

various levels of accreditation. Based on the NSP for NTBLCP 2015- 2020, there are plans 

for enrolment to achieve accreditation process for other TB Reference laboratories. 

Currently the NTBLCP laboratory information management system is built on both a paper-

based and an electronic recording and reporting system. Considerable progress has been 

made in deploying electronic platform such as Gx Alert and e-TB manager. The newly 

instituted information system will be augmented with the already existing data quality 

management system which is built into the routine Programme supervision and quarterly 

meetings at all levels where feedback is provided on identified data challenges.  

The entire TB surveillance system is linked to the current National Health Management 

Information System (NHMIS) to ensure the timely availability of a harmonized data for the 

country.  

The procurement process is coordinated by the NTBLCP in partnership with the Global Fund 

Principal Recipients and other partners. The NTBLCP oversees quarterly distribution to the 

zones, from where they are further distributed to the states and facilities based on reported 

case load and consumption data. A third party logistics system is used to transport the 

commodities.  

The NTBLCP had recognized the weaknesses in the procurement and supply management 

(PSM) system and has taken steps to strengthen management of commodities, particularly at 

the state and facility levels. There is plan for the laboratory component to be well integrated 

into the excel-based tool and the e-TB manager for tracking the utilization of laboratory 

commodities. 

Though stock outs have been greatly minimized, poor recording and reporting and therefore 

management for laboratory and related commodities have however been observed. This may 

not be linked to the fact that most GHCWs are yet to be trained on use of basic logistics 
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management information system tools. The storage system at lower levels for some facilities, 

need to be upgraded to meet minimum standards of storage.  

The rationale 

To strengthen the TB laboratory quality management system at all levels of health care 

system.   

TB LABORATORY NETWORK 

 

The NTBLCP laboratory network is organized in a pyramidal fashion consisting of a large 

number of peripheral laboratories at the state and local government levels providing AFB and 

Xpert MTB/RIF diagnostic services. At the top of the pyramidal structure are two National 

Reference Laboratories (NRL) located at the National TB & Leprosy Training Centre 

(NTBLTC) Zaria (serving the Northern part of the country) and the Nigerian Institute of 

Medical Research (NIMR) Lagos (serving the southern part of the country). The NRL is 

linked to Supra-National Laboratory for purpose of technical support and external quality 

assessment. The diagnostic network is further enhanced by reference laboratories located 

within the six geopolitical zones. In addition, there is a state and private TB research 

reference laboratories complimenting the capacity of the national and zonal TB reference 

laboratories. The diagnostic network has an established EQA system in place for microscopy, 

Xpert, LPA, Culture and DST. At the end of quarter 3 2015, 1774 functional microscopy 

centers were reported. 

 

The TB laboratory network services: 

 

The primary objectives of the TB laboratory network include the bacteriological confirmation of 

TB and drug-resistant TB, monitoring of treatment progress and support for surveillance 

studies (e.g. drug resistance survey, prevalence survey). The above objectives play critical 

roles in TB control. The following are the diagnostic services provided by the TB laboratories at 

various levels aimed at achieving the set objectives: 

The Supra- National TB Reference Laboratory: 

The NRLs are linked to the SRL and provides technical assistance to the programme 

 

The TB National Reference Laboratories: 

The two NRLs have the capacity to perform microscopy, solid and liquid culture, and DST, 

LPA and Xpert tests 

 

The Zonal TB Reference Laboratories: 

There are six Zonal Reference Laboratories (ZRLs), in tertiary health facilities in each of the 

zones, established under GFATM R5 Phase 1.  
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The programme also enjoys the services of a private health facility located at FCT Abuja 

(Zankli Medical Center) and one state TB reference laboratory located at the Dr. Lawrence 

Henshaw Memorial Hospital (DLHMH), Calabar, Cross River State with capacities to 

perform microscopy, culture, DST and molecular assays (LPA and Xpert MTB/RIF) assays. 

 

 

The State and Peripheral levels: 

The laboratories at these levels largely perform AFB smear microscopy and Xpert MTB/RIF 

diagnostic tests 

 

 

 

Figure 1: National TB Laboratory Diagnostic Network 
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Laboratory Commodity and Equipment Supply Distribution System 

 

The TB laboratory commodity and equipment supply distribution system is principally 

coordinated by the procurement and supply management (PSM) unit. The following shall be 

the guiding principles for the national laboratory commodity and equipment supply distribution 

system: 

 Laboratory supplies required for each level of health facility shall be standardized 

with a revised list of essential supplies drawn up.  

 System of commodity and equipment demand shall be in place where laboratories 

specify and quantify their needs based on standards defined at national level.  

 Appropriate inventory and stores management shall be established. 

 Capacity of laboratory personnel shall be developed at all levels of the laboratory 

network to plan, manage, and use available resources. 

 Decentralized demand-driven procurement and supply chain shall be established.  

 Procurement unit shall plan, cost, budget, manage, stock manage and warehouse as 

well as promote rational use of laboratory supplies. 

 Procurement unit shall account for laboratory supplies and equipment. 

 Essential supply list shall be based on recommended standardized test menu, 

techniques and equipment and made available to laboratories within the network. 

 The quarterly record, requisition and issue form (QRRIF) shall be used to monitor 

supply, consumption rate of commodities and recording and reporting (R & R) tools. 

 Heads of reference laboratories and identified procurement officers shall be trained in 

supplies management and logistics. 

 Personnel trained at facility level and the national laboratory team will determine the 

countrywide requirements of laboratory supplies based on regular returns of 

laboratory activities. 

 Procurement shall be implemented at bi-annual basis. 

 A national logistic officer shall be responsible for physical inventory and random 

selection of supply for quality control at the reference laboratory. 

 Reference laboratories shall be responsible for testing the commodities and validating 



 

 

 

 

14 

 

technical integrity of equipment to ascertain quality of the procured items. 

 The report of quality tests for each procurement, shall be made available to the 

NTBLCP PSM unit and the laboratory team. 

 

Laboratory Health Management Information System (HMIS) 

A strengthened Laboratory Health Management Information System (HMIS) will be 

established to provide regular accurate data for evaluating and planning quality TB laboratory 

services. Majority of the laboratories in the network use paper based tools; however in  recent 

times with the introduction of new technologies, electronic based tools shall be made 

available.  

Considerable progress has been made in deploying electronic platform such as Gx Alert and 

e-TB manager. The newly instituted information system will be augmented with the already 

existing data quality management system. This is built into the routine Programme 

supervision and quarterly meetings at all levels and feedback will be provided on identified 

data challenges.  

The entire TB surveillance system is linked to the current National HMIS to ensure the timely 

availability of a harmonized data for the country.  

The laboratories shall use standardized data collection tools.   

 

Human Resources 

The NTBLCP uses various cadres of registered medical laboratory personnel as prescribed by 

the Medical Laboratory Science Council of Nigeria (MLSCN) for the purpose of diagnostic 

services. These cadres of personnel include Medical Laboratory Scientists (MLS), Medical 

Laboratory Technicians (MLT), Medical Laboratory Assistants (MLA) and Research fellows. 

Requirement per unit laboratory:  

Peripheral Laboratory: A minimum of 2 trained medical laboratory personnel are required 

per unit laboratory to maintain an acceptable level of proficiency in AFB microscopy and 

GeneXpert MTB/RIF services. 
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State Reference Laboratories: A minimum of 10 (3 MLS, 2 MLT, 2 MLA, 1 Data Manager 

and 2 Laboratory Attendants) trained medical laboratory personnel on TB diagnosis are 

required to carry out the activities.  

 

Zonal/Tb Reference Laboratories: A minimum of 15 (5 MLS, 3 MLT, 2 MLA, 2 Data 

Manager and 2 Laboratory Attendants) trained personnel of various cadres are required to 

carry out the activities.  

National Reference Laboratories: A minimum of 24 (9 MLS, 6 MLT, 4 MLA, 2 Data 

Manager and 3 Laboratory Attendants) trained personnel of various cadres are required to 

carry out the activities.  

The NTBLCP laboratory network implements all the components of the external quality 

assessment at the various diagnostic centers. 

 

Quality Assurance (QA) 

Quality assurance is a system designed to continuously improve the reliability and efficiency 

of laboratory services. In order to achieve the required technical quality in laboratory 

diagnosis, a continuous system of quality assurance must be established. 

In the TB laboratory services the three components of quality assurance programme 

implemented are; Quality Control (QC), Quality Improvement (QI) and External Quality 

Assessment (EQA). 

Quality Control (QC) 

QC is a process of effective and systematic monitoring of the performance of work in the TB 

laboratory against established limits of acceptable test performance. QC ensures that the 

information generated by the laboratory is accurate, reliable and reproducible and serves as a 

mechanism by which TB laboratories can validate the competency of their diagnostic 

services. 

 

Quality Improvement (QI) 
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QI is a process by which the components of TB laboratory services are analysed continuously 

to improve their reliability, efficiency and utilization. It has been shown that the most 

effective and long-lasting improvements are achieved by anticipating and preventing 

problems rather than by identifying and correcting defects after they have occurred. Data 

collection, data analysis and creative problem-solving are the key components of this process. 

It involves continuous monitoring and identification of defects, followed by remedial action 

to prevent recurrence of problems. Often, problem-solving can be done efficiently only 

during on-site supervisory visits. This is the quickest and most effective form of QI because 

of the personal contact and it allows on the spot corrective action. Supervision should always 

be done by more experienced laboratory personnel. 

External Quality Assessment (EQA): EQA is a system designed to allow participating 

laboratories assess their capabilities by comparing their results with those obtained with the 

same specimens in other laboratories of the network. There are three component of EQA that 

can be combined to evaluate laboratory performance. 

 On-site Evaluation 

 Panel Testing 

 Blinded Rechecking 

 

ON-SITE EVALUATION 

On-site evaluation is a visit to the laboratories by trained medical laboratory personnel from 

the supervising laboratory to assess and obtain a realistic picture of the conditions, 

requirements and practices in the laboratories. This shall be performed quarterly to assess 

proficiency by qualified laboratory personnel from higher level TB Reference Laboratory. 

There shall be quarterly mentoring and supportive supervision  visits to respective facilities. 

On-site evaluation is used to:  

 Observe workers performance in their environment. 

 Assess laboratory infrastructure, equipment, supplies, basic procedures and 

performance of internal QC using a checklist. 

 Provide technical support. 
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Annually, the SRL shall supervises the NRL. Quarterly, the NRL shall supervise the ZRL and 

subsequently the ZRL supervises the STBRL. Monthly, the STBRL supervises the peripheral 

laboratories. However, laboratories with gaps/challenges are visited more often to resolve 

discrepancies.  

During the planning process for implementation, the following are considered; the frequency 

of visits, use of checklists, follow-up visits to monitor corrective actions and training of site 

staff. 

Note: Respective checklist shall be applied during on-site visit. 

 

BLINDED RECHECKING 

This process involves the random sampling of routine specimens from laboratory for 

rechecking by a higher-level laboratory. The national EQA blinded rechecking method is 

based on the Lot Quality Assurance System (LQAS).  

 

PANEL TESTING 

Panel testing (PT) is a method of assessing individual performance of laboratory personnel. 

This method specifically tests individual performance not necessary the laboratory overall. 

 

EQA for Acid Fast Bacilli Sputum Smear Microscopy 

 

Direct sputum smear microscopy remains the most cost effective tool for diagnosing patients 

with infectious TB and for monitoring their progress on treatment. Laboratories should 

therefore be readily accessible to the whole population and diagnosis should be accurate and 

reliable with constant availability of laboratory reagents and supplies. Inaccurate and 

unreliable laboratory services affect other activities within the NTBLCP. Microscopy errors 

are likely to result in; failure to detect persons with infectious TB who will then continue to 

spread infection in the community and unnecessary treatment for non-TB cases or 

mismanagement of treatment.  Both availability and quality of AFB smear microscopy is 

dependent on a national programme that supports and monitors the testing performance of 

individual laboratories. Strong and consistent support from the national TB control 

programme is necessary to implement and sustain a functional EQA programme.  
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EQA component includes: 

 On-site evaluation of TB microscopy services. 

 Blinded rechecking to monitor performance. 

 Panel testing for evaluating individual performances. 

 

ON-SITE EVALUATION OF TB MICROSCOPY SERVICES 

Some of the things to look out for during on-site evaluation: 

1. Proof of standardized SOP.  

2. Adequate supply of reagents (at least 3 months’ supply). 

3.  Functional microscope(s) and other laboratory equipment. 

4. Adequate supply of consumables.  

5. Performance and documentation of internal QC at regular  intervals (per batch of staining). 

6. Observance of safety practices.  

7. Accurate record keeping consistent with the NTBLCP. 

8. Dissemination of results are reported within established TATs (48 hours). 

9. Evidence of proper preventive maintenance of microscope (daily logging of microscope 

PM sheet). 

10. Evidence of patient slides being stored properly for blinded rechecking (quarterly until 

sampling has taken place). 

11. Staff has received adequate training including proof of staff training records. 

12. Workload and staffing (25 smears at a stretch per microscopist). 

13. Quality indicator (TAT, positivity rate, workload, equipment down time, stock outs, etc). 

14. Evidence of QC performed on new batch of stains. 

15. Evidence of feedback on blinded rechecking, proficiency testing, supervisory visits. 

16. Use of disinfection log.   
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. 

Technical practice: 

1. Evaluate sputum collection procedures. 

2. Observe and evaluate procedures for smear preparation, staining and reading. 

3. Ensure that controls are used on new batches of stains and during daily staining of smears. 

4. Recheck several positive and negative smears to evaluate quality of staining, thickness and 

size of smear and results. 

5. Review results of panel testing and blinded rechecking. 

6. Provide suggestions for corrective action. 

 

BLINDED RECHECKING TO MONITOR PERFORMANCE 

This process involves the random sampling of routine slides from a peripheral laboratory for 

rechecking by a higher-level laboratory. The national EQA blinded rechecking method is 

based on the LQAS.  

A well-functioning network of laboratories with an established relationship of collaboration 

is necessary. Rechecking requires a large investment of human and logistical resources. 

The process involves re-reading a sample of slides from a participating laboratory to assess 

whether that laboratory has an accepted level of performance. Blinded rechecking is the only 

EQA method that provides reliable assurance that a country has an effective AFB microscopy 

laboratory network supporting DOTS. All laboratories should therefore strive to implement 

blinded rechecking programme.  
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Figure 2: Showing slides selection from peripheral Laboratories 

 

Components of a rechecking system include: 

 Systematic selection of slides which are representative of the slides that are read at the 

site. 

 Blinding of the first controller (should not know the result of the slide). 

 Identification of errors. 

 Resolving of discrepant results by a second controller.  

 A system to provide timely feedback and improvements. 

 

Procedure for selection: 

At peripheral laboratory 

1. Orderly storage of slides after reading for a quarter. 

2. EQA blinded rechecking slide selection method is based on the LQAS. 

3. A valid sample size should be determined from the TB Laboratory register (byTBLS). 

4. Selection of representative sample from the stored slides. 

6. Based on LQAS method, Currently 15 slides are selected quarterly by the State TBLS 

using NTBLCP form. TBLS takes selected slides to State Quality Assurance Officer. 
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At STBLCP  

1.  State Quality Assurance Officer hands over selected slides to the first level 

controller who re-stains the slides before reading. 

2. First controller must conduct rechecking of slides blindly to prevent bias. 

3. Second controller compares the two results from peripheral and the first controller. 

4. Discordant results are read by 2nd controller whose decision is final. 

5. Discordant results should be resolved between original results and readers. 

6. A continuous feedback should be provided to improve the quality of the 

laboratories that are supervised.  

 

Interpret results and establish corrective action requirements: 

1. Results of the rechecking should be reported to the peripheral laboratory and the 

NTBLCP. 

2. Reconciliation of the results are resolved during the state quarterly review meeting. 

3. Potential sources of errors are also investigated during on-site evaluation. 

4. Remedial training or other corrective measures should be provided. 

 

 

PANEL TESTING 

Panel testing (PT) is a method of assessing individual performance of laboratory personnel in 

TB smear microscopy. This method tests individual performance not the laboratory overall. 

Utilization of PT for EQA is considered to be less effective than rechecking because it does 

not monitor routine performance. Each laboratory personnel should be given a batch to 

process, read and report. 
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A panel consists mainly of a batch of  10 slides (5 stained and 5 unstained smears) that are 

sent out by the reference laboratory to the peripheral laboratories for processing, reading, and 

reporting of results.  

 Proficiency panel slides are shipped to the participating sites for testing and feedback reports 

are provided by testing laboratory within specified time frame of two weeks 

Purpose of PT: 

 Supplement rechecking programs. 

 Assess the current status of the performance or to quickly detect problems 

associated with very poor performance. 

 Provide some preliminary data on laboratory capabilities prior to implementing a 

rechecking program. 

 Evaluating the proficiency of laboratory personnel following training. 

 

Criteria for implementing PT  

 Proper preparation of test smears. 

 Number of slides to be included in the test panel set. 

 Number and types of smears for example ten slides comprise one slide graded 3+, one 

slide graded 2+, one slide graded 1+,two slides graded actual no and five negative 

slides  (refer to table…1) 

 Mechanism for sending slides to the peripheral laboratories, courier, TBL supervisor 

and QA officer). 

 Forms for test laboratories to record results. 

 Time allowed for medical laboratory personnel in the test laboratories to complete 

panel and report results. 

 Evaluation criteria for acceptable performance. 

 Plan for reporting results to the test laboratory and implementing corrective action if 

needed. 

 Mechanism to resolve discordant results. 

 

PT Process 
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• PT shall be organized and coordinated by the reference laboratories. 

• Reference laboratories shall send out sets of stained and unstained smears for testing 

to TB laboratories. 

• Participating laboratories shall analyze the smears, generate and send back reports to 

the reference laboratories. 

• Results are evaluated and scores sent to participating laboratories. 

• Appropriate corrective actions are undertaken and documented if needed.  

 

  

 

 

Figure 2: The white color arrows show panel sets flow from Reference laboratories to peripheral 

laboratory personnel via state laboratories. The broken type arrows of blue color demonstrate the panel 

testing results’ reporting flow. 

Requirements 

 Number of laboratories to be assessed. 

 Number of laboratory personnel to be assessed. 

 Test smears (to be obtained from RL). 

 Evaluation criteria for acceptable performance. 
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 PT and reporting forms.  

 Plan for reporting results to the test laboratory and implementing corrective 

action. 

 Microscope. 

 Stationery. 

 

Sample: 

The sample shall be Positive sputum of grade >2+.  

Note:  If sputum is left at room temperature for less than  5 days some of the mucus 

will auto-digest, resulting in a more liquefied starting material. 

Negative sputum (recently collected) with WBC.  

 

Special Safety Precautions:  

A certified Biosafety Cabinet (at least class 2) is required to prepare the panel. Safety 

precaution is very critical and must be fully practiced. 

Quality Control:  

The positive (> 2+) and negative samples must be rechecked before commencement of panel 

slide preparation. 

Dilution Process 

Once all the standard deviations have been calculated and it has been determined if each will 

be accepted or rejected, examine all the results for each dilution. There will be 6 accept or 

reject results for each dilution. The entire dilution is acceptable if at least 5 readers’ results 

are acceptable (1 reader’s results can be rejected and the dilution can still be acceptable). If 2 

or more readers’ results are rejected, then the dilution should be considered rejected. 

The preparation of AFB smear panel involves both precision and accuracy.  The process of 

calculating the standard deviation and determining acceptability will determine the precision 

of the panel, or how consistent the smears within each dilution are with each other.  Accuracy 
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can be determined by ensuring all smears prepared from a dilution are within the required 

range. For example, all the smears prepared from the 2+ dilution should exhibit an average of 

1-9 AFB/field. If the smears from a dilution are not within the appropriate range, an 

additional amount of positive stock or negative stock can be added accordingly, and 6 more 

smears can be prepared after ample vortexing.  The standard deviation will then need to be 

recalculated for the dilutions that have been altered and all additions should be properly 

documented. 

Smear preparation 

The reference laboratory shall use known positive and negative patient specimens to produce 

a large collection of positive slides with a consistent, predetermined quantity of AFB per 

slide as well as negative slides with authentic background material. By using prepared slides, 

all medical laboratory personnel involved in the PT exercise will receive an identical set of 

slides, which should minimize variation in expected results due to variation in the consistency 

of smears. Well prepared slides with good consistency should result in demonstration of good 

performance by the microscopists being evaluated. 

In country, two types of mucolytic agents (NaOH or N-acetyl-L-cysteine (NALC)) shall be 

used for panel preparation. 

Each batch of slides shall be validated by selecting a sample of >6 slides from each batch to 

be stained and read by different microscopist to document consistency. To increase the 

efficiency, reference laboratories shall develop, produce and validate the prepared slides. 

Number and Type of Smears: 

Below are examples of acceptable slide set. 

Table 1: examples of acceptable slide set. 

Column 1 Column 2 Column3 Column 4 

1 slide graded 3+ 1 slide graded 3+ 1 slide graded 2-3+ 1 slide graded 2-3+ 

1 slide graded 2+ 1 slide graded 2+ 2 slides graded 1+ 2 slides graded 1+ 

1 slide graded 1+ 2 slides graded 1+ 3 slides graded 1-9 4 slides graded 1-9 
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/100 fields /100 

2 slides graded 1-9 

/100 fields 

3 slides graded 1-9 

/100 fields 

4 negative slides 3 negative slides 

5 negative slides 3 negative slides   

 

Frequency of testing: 

PT should be done bi-annually and should be produced by the team of National Laboratory 

Experts (Working Group) at the NRLs. 

Evaluation and Interpretation of Results: 

Standardized criteria for grading the results of each smear shall be followed. It is helpful to 

determine the aggregate results from all laboratories before determining a final score. If 

majority of the microscopists fail to report correct results for the same slide, it may represent 

a problem with slide preparation at the reference laboratory, and results should be excluded 

from grading.  

Scoring System: 

Set of 10 slides, each slide is worth 10 points, total possible score = 100. 

a. High False Positive (HFP)and High False Negative (HFN) scores 0. 

b. Low False Positive (LFP), Low False Negative (LFN) and Quantification Error (QE) 

scores 5. 

c. Passing score is80.  
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Table 2-: Classification of Errors 

Result of 

Microscopist 

Result of controller 

Negative 1-9AFB/100 

field 

1+ 2+ 3+ 

Negative Correct LFN HFN HFN HFN 

1-9AFB/100 

field 

LFP Correct Correct QE QE 

1+ HFP Correct Correct Correct QE 

2+ HFP QE Correct Correct Correct 

3+ HFP QE QE Correct Correct 

 

 

Correct                                                                                                 No errors 

QE                                                                     Minor error 

LFN                                                                     Minor error 

LFP                                                                        Minor error 

HFN                                                                    Major error 

HFP                                                                       Major error 

 

Major Error – Major error is considered the most critical since it has the highest potential 

impact on patient management, and can result in an incorrect diagnosis or improper 
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management of a patient. Major errors may indicate gross technical deficiencies. It includes 

both HFN and HFP errors. 

 

High False Positive (HFP) – A negative smear that is misread as 1+, 2+ or 3+. 

 

High False Negative (HFN) – A 1+, 2+ or 3+ positive smear that is misread as negative. 

 

Minor Error - minor error may have some impact on patient management in clinical 

practice. However, for the purpose of evaluation laboratory performance, this type of error is 

considered less serious, because of inherent limitations in consistently detecting a few AFB 

that may be unequally distributed within a smear. The frequency of minor error may indicate 

technical deficiency. It includes QE, LFP errors and LFN errors. 

 

Qualification Error (QE) - Difference of more than one grade in reading a positive slide 

between examiner and controller. This is a minor error that generally has no impact on case 

management. 

 

Low False Positive (LFP) – A negative smear that is misread as 1-9 AFB /100 fields. 

 

Low False Negative (LFN) - A 1-9 AFB/100 fields positive smear that is misread as 

negative. 

 

Low Positive – A 1-9 AFB/100 fields, which is the WHO/IUATLD standard for 

qualification. These results are reported to the physician as exact number of AFB seen. 

 

 Interpretation of Results 

Results are interpreted using the above scoring system. Any score below 80 points is 

considered to be poor performance. 

 

Feedback 
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 Reports shall include individual results and aggregate performance for all laboratories 

tested. 

 

o be sent to the Health facilities / microscopists, NTBLCP, supervisors and 

coordinators  

o Include criteria for acceptable performance, possible sources of error and 

suggestions or requirements for remedial action. 

 Poor performance shall always result in investigation to identify the reason.  

 Investigation shall include evaluating overall performance by all participating 

laboratories to determine if the problem was poor slide preparation at the reference 

laboratory. 

 Individual laboratory investigation shall include on-site evaluation to determine the 

source of the problem. 

Resolving Discrepancies: 

No system for developing test panels and distributing them to peripheral sites is completely 

without problems, which may include: 

• Technical difficulties in preparing individual slides. 

• Error in the initial reading of a smear at the reference laboratory. 

• Incorrect recording of expected results. 

• Fading of stained smears during transport to peripheral sites. 

The system for PT should include a mechanism to resolve discrepant results. Any discrepant 

slides should be returned to the reference laboratory for rereading or sending a laboratorian 

from the reference laboratory to the peripheral site for comprehensive on-site evaluation and 

rereading of test panel slides with individual personnel. Analysis of the data reported by 

various participating laboratories will be coordinated and analyzed by the reference 

laboratory team.  
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GENEXPERT MTB/RIF ASSAY 

INTRODUCTION 

MDR-TB has emerged as a major problem in the world. The national DR-TB survey 

conducted in 2010 demonstrated an MDR-TB prevalence of 2.9% among the new cases and 

14.3% among re-treatment cases, thus MDR-TB is a major public health issue in Nigeria 

(National DR-TB Prevalence Report, 2012). In response to this global emergency, the WHO 

in December 2010 endorsed the use of a new molecular assay called GeneXpert MTB/RIF, 

which is an automated technology with the capacity to detect TB and rifampicin resistant TB 

within 2 hours, thus facilitating the early detection of MDR-TB in infected patients. The 

NTBLCP adopted the Xpert technology in 2011 and is actively involved in the scaling up of 

its implementation in many health institutions in the country. By December 2015, 201 

machines were installed with Dual sims Router for GX Alert expanded to more than 50 sites. 

Introduction of the machines and the adopted assay requires a highly effective quality assured 

implementation. To this effect, it is important that the GeneXpert implementation provides 

concise quality assurance system that improves the reliability and efficiency of the DR-TB 

diagnostic services.  

In 2013, ASM through Centre for Disease Control and Prevention (CDC) funding mechanism 

supported the first round of panel preparation and distributed to 50 GeneXpert sites. This 

shall be sustained by the NTBLCP as more GeneXpert laboratories are being established.   
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Diagnostic Algorithm using GeneXpert MTB/RIF  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

All PLHIV with 

symptoms of TB  

1 clinical specimen (3-5mls) 

GeneXpert MTB/RIF MTB/RIF 

MTB Not detected  

 
Rifampicin Resistance 

Indeterminate 
Rifampicin Resistance not 

detected  

Rifampicin Resistance 

detected  

Repeat Xpert test using 

new specimen 

 

Refer for enrolment 

for DR-TB care 

Classify as a 

bacteriologically 

confirmed TB case 

Collect & send 2 

specimen for Culture 

& 1st lineDST  

If Not MDR TB, Stop MDR 

TB treatment regimen and 

take appropriate action as a 

team 

MDR TB confirmed 

(Continue MDR-TB care) 

& send isolate for SLDDST 

Consider NTM 

• If AFB Positive; Send one 
sputum for culture/LPA 

• If AFB Negative; Manage 

respiratory symptoms 

appropriately and follow up 

patient 

Treat as Drug 

susceptible TB  

Start on Regimen 1 

 

MTB detected 

All Presumptive  

DR-TB cases 
Other priority 

Groups at risk 

NB: Priority groups for Xpert/MTB Rif test 

1) All known symptomatic contacts of a confirmed DR-TB 

case 

2) Any failure to Regimen 1 treatment 

3) Any failure to convert when AFB is repeated at month 
three (3) of  Regimen 1 treatment 

4) Retreatment cases (Relapse, Treatment after failure, Treatment 

after loss to follow-up, and Other previously treated patients) 

5) All patients with smear negative AFB result who still show 

symptoms of TB after 1 week administration of broad spectrum 

antibiotics 

6) All PLHIV with symptoms of TB 

7) Any health care staff with symptoms of TB who has not 
been treated for TB before 

8) All children with symptoms of TB 
9) Extra-pulmonary TB (Where applicable) 

 

*In patients with NTM, MTB will not be detected by Xpert, therefore a culture and speciation or LPA must be 

conducted
 

LPA: Line Probe Assay  

NTM: Non-Tuberculoid Mycobacterium 
DST: Drug Sensitivity Test  

SLDDST: Second Line Drug Sensitivity Test  
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PRINCIPLE 

The GeneXpert MTB/RIF system is a fully automated nested real-time PCR system, which 

detects MTB complex DNA in smear positive and negative sputum samples. It 

simultaneously identifies mutations in the rpoB gene, which are associated with rifampicin 

resistance. The primers in the Xpert MTB/RIF assay amplify a portion of the rpoB gene 

containing the 81 base pair “core” region. The probes are able to differentiate between the 

conserved wild-type sequence and mutations in the core region that are associated with RIF 

resistance. Furthermore, the assay includes a sample processing control (SPC) to control for 

adequate processing of the target bacteria and to monitor the presence of inhibitor(s) in the 

PCR reaction. A Probe Check Control (PCC) verifies reagent rehydration, PCR tube filling in 

the cartridge, probe integrity, and dye stability 

QUALITY ASSURANCE 

GeneXpert implementation involves concise quality assurance (QA) system that will improve 

the reliability and efficiency of the DR-TB diagnostic services. There are three major 

components of the QA system implemented for the test procedures namely: 

 Internal Quality control (IQC). 

 External Quality Assessment (EQA). 

 Quality Improvement (QI). 

 

Internal Quality Control (IQC) 

The Xpert MTB/RIF assay includes several internal quality controls that verify specimen 

processing, success of PCR and cartridge integrity. Each cartridge includes a SPC, which 

contains non-infectious spores in the form of a dry spore cake that is included in each 

cartridge to verify adequate processing of MTB to:  

 Verify that lysis of MTB has occurred if the organisms are present. 

 Verify that the specimen processing is adequate. 
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 Detect specimen associated inhibition of the real-time PCR assay. 

 

The PCC is a check undertaken before the start of the PCR reaction. The system measures the 

fluorescence signal from the probes to monitor bead rehydration, reaction-tube filling, probe 

integrity and dye stability.  As part of QA measures, the modules of the machine must be 

calibrated after 2,000 runs per module or after one year from the date of last calibration. Also 

each machine comes with a warranty of at least two years to ensure adequate maintenance. 

Verification  

Each module in the GeneXpert machine should be evaluated as being “fit for purpose” 

through verification with known positive or negative material prior to commencing routine 

testing of clinical specimens. A single verification test shall be performed per module upon 

installation.  

Quality Improvement (QI) 

This is the continuous monitoring of laboratory performance through data collection, data 

analysis and remedial action following detection of defect. 

External Quality Assessment (EQA) 

EQA allows participating laboratories to assess their capabilities by comparing their results 

with those obtained in the laboratory network through panel testing, blinded rechecking and 

on-site supportive supervision and mentoring. 

Panel Testing (PT) 

PT involves the preparation of dried culture spots (DCS) and dried tubes.  

Methodology 

Panels for Xpert MTB/RIF assays are prepared using a modified version of the method used 

by Scott et al, 2011 and Leung et al., 2012.  After preparation of stock EQA material, DCS 

and dried tubes (DTs) are prepared and validated before sending to participating laboratories.   

The use of DCSs allows samples to be shipped without biohazard concerns and at a cost that 

is less than one tenth the costs of other EQA transportation methods.  
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The five DCS panels to each of the participating laboratories should contain either of the 

MTB-positive Rifampicin-sensitive strain; MTB-positive Rifampicin-resistance strain; Non-

TB mycobacteria and a negative strain.  

 

 

The scoring system is as follows:  

The requirement for a passed EQA is 80% and above while less than 80% and no result 

submission constitute a failed proficiency. See appendix 6 for NTBLCP PT failed Xpert 

checklist 

Grading 

Satisfactory:  80-100% 

Unsatisfactory: Less than 80% and below including No result submission. 

Correction action: For participating Sites with less than 80% performance should have a root 

cause analysis carried out and documentation for corrective and preventive action sent back 

within two weeks of receiving the EQA results. 80% and above accuracy of retested panels will 

be the bench mark for of effectiveness of corrective action.  

Preparation of Gene Xpert Panels:   See Appendix I 

Instructions for participating laboratories are found in Appendix II 

NTBLCP PT failed Xpert checklist appendix VI 
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TB MOLECULAR LINE PROBE ASSAY       

 

INTRODUCTION 

Multidrug-resistant tuberculosis (MDR-TB) poses a formidable challenge to TB control due 

to its complex diagnostic and treatment challenges. The annual global MDR-TB burden is 

estimated at around 490 000 cases, or 5% of the global TB burden; however, less than 5% of 

existing MDR-TB patients are currently being diagnosed as a result of serious laboratory 

capacity constraints. Alarming increases in MDR-TB, the emergence of extensively 

drugresistant 

TB (XDR-TB), potential institutional transmission, and rapid mortality of MDR-TB and 

XDR-TB patient with HIV co-infection, have highlighted the urgency for rapid screening 

methods. 

Conventional methods for mycobacteriological culture and drug susceptibility testing (DST) 

are slow and cumbersome, requiring sequential procedures for isolation of mycobacteria from 

clinical specimens, identification of Mycobacterium tuberculosis complex, and in vitro 

testing of strain susceptibility to anti-TB drugs. During this time patients may be 

inappropriately treated, drug resistant strains may continue to spread, and amplification of 

resistance may occur. 

Novel technologies for rapid detection of anti-TB drug resistance have therefore become a 

priority in TB research and development, and molecular line probe assays focused on rapid 

detection of rifampicin resistance (alone or in combination with isoniazid) are most 

advanced. 

Line probe assay technology involves the following steps: First, DNA is extracted from M. 

tuberculosis isolates or directly from clinical specimens. Next, polymerase chain reaction 

(PCR) amplification of the resistance-determining region of the gene under question is 

performed using biotinylated primers. Following amplification, labeled PCR products are 

hybridized with specific oligonucleotide probes immobilized on a strip. Captured labeled 

hybrids are detected by colorimetric development, enabling detection of the presence of M. 
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tuberculosis complex, as well as the presence of wild-type and mutation probes for 

resistance. If a mutation is present in one of the target regions, the amplicon will not 

hybridize with the relevant probe. 

Mutations are therefore detected by lack of binding to wild-type probes, as well as by binding 

to specific probes for the most commonly occurring mutations. The post-hybridization 

reaction leads to the development of colored bands on the strip at the site of probe binding 

and is observed by eye. 

Genotypic (molecular) methods have considerable advantages for scaling up programmatic 

management and surveillance of drug-resistant TB, offering speed of diagnosis, standardised 

testing, potential for high through-put, and fewer requirements for laboratory biosafety. 

Molecular line probe assay (LPA) technology for rapid detection of multi-drug resistant 

tuberculosis (MDR-TB) was endorsed by the World Health Organization (WHO) in 2008. In 

2009, Hain Lifescience introduced a new LPA, the Genotype MTBDRsl® test, for the rapid 

determination of genetic mutations associated with resistance to fluoroquinolone, 

aminoglycosides (kanamycin, amikacin), cyclic peptides (capreomycin), ethambutol, and 

streptomycin. The assay format is similar to the Genotype MTBDRplus assay for the 

detection of mutations conferring rifampicin and isoniazid resistance, endorsed by WHO in 

2008, and allows for testing and reporting results within 24 hours. 

A patient is considered to be a DR-TB case if only there is a laboratory confirmation of 

resistance to one or more anti-TB drugs. 

Multi DrugResistance (MDR): Refers to a DR-TB case whose resistance pattern to clinical 

isolates is to at least both isoniazid and rifampicin. 

Extensive Drug Resistance (XDR): Refers to MDR-TB case whose resistance pattern to 

clinical isolates is to any Fluoroquinolone, and at least one of three second-line injectable 

drugs (Capreomycin, Kanamycin and Amikacin).  

Genotypic (molecular) methods have considerable advantages for scaling up programmatic 

management and surveillance of DR-TB, offering speed of diagnosis, standardized testing, 

potential for high through-put, and fewer requirements for laboratory biosafety. Molecular 

LPA technology for rapid detection of MDR-TB was endorsed by the WHO in 2008. The 

Genotype® MTBDRplus assay is for the detection of mutations conferring rifampicin and 

isoniazid resistance which allows for testing and reporting results within 24 hours (National 

Drug resistant TB prevalence survey report Nigeria, 2012.). 

 In 2009, the Genotype MTBDRsl® was introduced for the detection of resistance to second 
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line anti-TB drug.Though this test cannot be used as a replacement for the conventional 

phenotypic DST (WHO Expert Group, 2013). 

The Genotype MTBDRsl may be used as a rule-in test for XDR-TB but cannot be used to 

define XDR-TB for surveillance purposes. 

As cross-resistance between second -line injectables is incomplete, the Genotype MTBDRsl 

cannot be used to identify individual drugs to be used for treatment. The Genotype MTBDRsl 

may be used to guide infection control precautions while awaiting confirmatory results from 

conventional phenotypic testing (WHO Expert Group, 2013). 

LPA can be performed directly from clinical specimen (sputum), or from culture isolate. In 

the country, four testing kits have been adopted based on the WHO recommendation. These 

include: 

 GenoType® MTBDRplus assay for the rapid detection of MTBC and mutations 

conferring rifampicin and isoniazid resistance.  

 GenoType® MTBC permits genetic differentiations of the MTBC. 

 GenoType® MTBDRsl for the rapid determination of genetic mutations associated 

with resistance to fluoroquinolone, aminoglycosides (kanamycin, amikacin), cyclic 

peptides (capreomycin), ethambutol, and streptomycin). 

 GenoType® Mycobacterium CM/AS (Common mycobacteria/Additional species) 

for the speciation of Mycobacterium tuberculosis complex (MTBC) and    certain 

species of Non TB mycobacteria (NTM). 

This technique requires a highly effective quality assured testing. To this end, it is important 

that the LPA provides concise QA system that improves the reliability and efficiency of the 

DR-TB diagnostic services; thus this technique requires highly skilled personnel, specialized 

equipment and appropriate biosafety measures. 

 

QUALITY ASSURANCE 

LPA implementation involves concise QA system that will improve the reliability and 

efficiency of the DR-TB diagnostic services. There are three major components of the QA 

system implemented for the test procedures namely: 

 Internal Quality control (IQC) 

 External Quality Assessment (EQA) 

 Quality Improvement (QI) 
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Quality Improvement (QI) 

 This is the continuous monitoring of laboratory performance through data collection,     

data analysis and remedial action following detection of defect. 

 

 

External Quality Assessment (EQA) 

 EQA allows participating laboratories to assess their capabilities by comparing their 

results with those obtained in the laboratory network through panel testing, blinded 

rechecking and on-site supportive supervision and mentoring. 

 

External Quality Assessment for LPA 

EQA assures clients (physicians, patients and health authorities) that the laboratory can 

produce reliable results. It is an indispensable part of a laboratory quality management system 

(QMS). EQA panels should be prepared and sent to testing laboratories biannually as 

recommended by the NTBLCP. The panels are meant to evaluate the proficiency of the 

laboratory staff conducting the tests at the various laboratories. The CDC in Atlanta, United 

States of America (USA) provided EQA panels in 2010 for the two national reference 

laboratories. In 2013, through ASM support another round of panel preparation was carried 

out and distributed to four TB Reference laboratories (NTBLTC, NIMR, Calabar and 

AKTH).  This shall be sustained by the NTBLCP as more LPA laboratories are being 

established.   

The supranational laboratory shall administer panels to the NRLs (NIMR and Zaria) annually 

while the NRLs shall administer PT to all the ZRLs and STBRLs biannually. 

 Elements of LPA EQA programme 

1. The panels shall contain inactivated Mycobacterium tuberculosis complex 

(MTBC)   and NTM. 

2. The panel shall be transported under the required biosafety conditions (IATA 

regulations). 

3. The testing procedure should be safe and compatible with the testing protocols. 

(Refer to SOP on LPA). 
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4. The laboratory personnel performing the test shall have the required skill.  

5. Time line for feedback from testing facility shall be a maximum of 10 working 

days.  

 

 

 

CULTURE AND DRUG SUSCEPTIBILITY TESTING 

Introduction 

The NTBLCP is currently intensifying its efforts in providing quality diagnostic and 

treatment services across the country by establishment of more diagnostic and treatment  

centers for the programmatic management of DR-TB  cases. The 2012 National DR-TB 

prevalence survey report revealed a DR-TB prevalence of 2.9% among new cases of TB and 

14.3% among previously treated cases. 

Prompt diagnosis of both drug-susceptible and DR-TB cases is the first step to achieving TB 

control. A strong and efficient laboratory network, providing diagnosis according to the 

established diagnostic algorithm and under quality assured procedures is the key component 

for this task. The role of laboratories at different levels includes services for the management 

of individual patients, programmatic activities which includes monitoring trends of drug 

resistance and surveillance. 

To achieve universal case detection and treatment of all forms of TB, expanding services for 

MDR-TB/ XDR-TB and HIV associated TB requires developing capacity of national 

laboratory network, through quality-assured culture and drug susceptibility testing. 

Examination by bacteriological culture provides the definitive diagnosis of tuberculosis.  

Culture increases the number of tuberculosis cases found, often by 30-50%, and detects cases 

earlier, often before they become infectious. Since culture techniques can detect few bacilli, 

the efficiency of diagnosing failures at the end of treatment can be improved considerably. 

Culture also provides the necessary material for drug susceptibility testing.  

 

EQA for Culture and DST 

EQA assures clients that the laboratory can produce reliable results. It is an indispensable part 

of a laboratory QMS. EQA panels should be prepared and sent to testing laboratories 
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biannually or annually as recommended by the NTBLCP. The panels are meant to evaluate 

the proficiency of the laboratory staff conducting the tests at the various laboratories. In 2010, 

the SRL located in Milan, Italy administered the first identification and DST panel to 

NTBLTC, NIMR, ZMC and DLHMH. From then two and four rounds of the panels have 

been administered to ZMC/DLHMH and NTBLTC/NIMR respectively. In 2014, the WHO-

Afro administered the culture, identification and DST panels to the two NRLs.   

The SRL shall continue to administer panels to the two NRLs annually while the NRLs shall 

administer panel testing to all the ZRLs and STBRLs biannually/annually. 

 Elements of culture and DST EQA Programme 

1. The panels shall contain MTBC, NTM and well characterized isolates. 

2. The panel shall be transported under the required biosafety conditions (according 

to IATA regulations). 

3. The testing procedure should be safe and compatible with the testing protocols. 

(Refer to SOPs on Culture, FLD and SLD). 

4. The laboratory personnel performing the test shall have the required skill.  

Time line for feedback from testing facility shall be according to their individual SOPs. 

 

Culture, identification and Phenotypic DST panels 

See appendix preparation of panels for Culture, identification and DST. 

Each reference laboratory will receive 20 panels (10 strains in duplicate). Panels will be 

accompanied by instructions on how to handle them 

  

Budgetary and administrative arrangements: 

 

S/N Phases Activities Responsible 

Parties 

Timelines 

1 Pre-

preparation 

phase 

Prepare budget and 

seek approvals for 

funds 

NTBLCP & 

NRL 

3 months  
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2 Constitute and notify 

the panel technical 

team 

NTBLCP 2 months 

3 Notify the host 

national reference 

laboratory 

NTBLCP 2 months 

4 Notify participating 

laboratories of the 

intent to send panels 

NTBLCP 1 month 

5 Host laboratory 

ensures that 

materials and 

reagents are in place 

NRL 1 month 

6 Preparation 

phase 

Advance team meets 

at the host reference 

lab for preliminary 

preparations 

NTBLCP, 

NRL and 

others 

1 month 

7 Notification of 

courier companies 

NTBLCP 1 week 

8 Panel preparation for 

two weeks 

NTBLCP, 

NRL, ZRL 

0 week 

9 Distribution of 

panels 

NTBLCP 0 to 1 week 

after 

preparation 

10 Post-

preparation 

phase 

Send monthly 

reminders 

NTBLCP 1 month after 

distribution 

11 Collate and analyze 

results 

NTBLCP/NRL 3-4 months 

after 
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distribution  

12 Send feedback 

results 

NTBLCP/NRL  Within 

1month of 

collation and 

analysis 

13 Targeted supervisory 

visits 

NTBLCP/NRL Within 1 

month after 

sending 

feedback 

reports 

 

 

- Pre-Preparation Phase: The NTBLCP should consider the resources required for 

proficiency testing rounds for the year. The host NRL should have the capacity to 

accomplish the preparation of proficiency panels.  

- Preparation Phase: The NRL should have the capacity to implement quality control 

and safety measures. There should be an available mechanism to deliver panels to the 

participating laboratories including mails and courier.  

- Post-preparation Phase: The NTBLCP and the host NRL should have the capacity to 

review evaluate results and provide recommendations and follow up for corrective 

actions. This will provide an opportunity for problem solving, corrective action, on 

site-retraining and mentorship.  

 

Panel preparation 

Characteristics of panel strains: 

- Panels combine resistance to the main FLDs and SLDs such as isoniazid, rifampicin, 

ethambutol, streptomycin, kanamycin, amikacin, capreomycin, ofloxacin and 

pyrazinamide, with a possible variation of  resistance profiles used,  striving at 50% 

representation  for each drug.  Standard strains of NTM should be included. 
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- Standard strains from international proficiency panel providers will be used for the 

panel preparation.   

- All strains should be validated prior to panel preparation and distribution by the NRL. 

-  Primary strains received routinely at NRL with known resistance pattern to FLDs and 

SLDS can be used if they have been tested by minimum inhibitory concentration (MIC) 

on Lowenstein Jensen media (LJ). 

 

The following considerations will be made in determining MIC;  

SN Anti TB Drug Concentrations in LJ (µg/ml) 

1 Sreptomycin 1, 2, 4, 8, 16 

2 Isoniazid 0.05, 0.2, 0.8, 1.6, 3.2 

3 Rifampicin 10, 20, 40, 80 

4 Ethambutol 0.5, 1, 2, 4, 8, 

5 Kanamycin 7.5, 15, 30, 60,120 

6 Amikacin 10, 20, 40, 80 ,160 

7 Capreomycin 10, 20, 40, 80,160 

8 Ofloxacin 0.5, 1, 2, 4, 8 

  

 Additionally, polymerase chain reaction (PCR) sequencing of resistance genes 

should be carried out on the strains using single colonies harvested from LJ 

media of 

SN Anti TB Drug Genes 

1 Sreptomycin rpsL, rrs 530 and rrs 912 

2 Isoniazid katG and inhA 
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3 Rifampicin rpoB. 

4 Ethambutol Nil 

5 Kanamycin Rrs 

6 Amikacin Rrs 

7 Capreomycin rrs and tlyA 

8 Ofloxacin gyrA and gyrB 

 

 Compare the phenotypic and genotypic results and exclude strains that have known 

resistance-conferring mutation but gave susceptible results by MIC.  

.  

Panel preparations 

  Preparation of the panels either small or large scale shall depend on the number of 

participating laboratories. (Detailed procedure in appendix 1) 

Administration and distribution 

The proficiency panels should be sent out with a standardized reporting form which is to be 

developed, and accompanying documents should describe the purpose and basic instruction 

on how to handle and process. The panels should be packaged using the triple packaging 

system, the choice for transport of infectious substances (see Figure 1a and 1b) and labeled 

with a bio-hazard label. The package should be shipped according to existing IATA transport 

regulations for shipment of infectious substances. 

Results: Scanned results from participating laboratories should be sent back to both the 

NRL/SRL and NTBLCP through e-mail. 

Results should be entered (double entry) in Microsoft Office Excel worksheet to calculate 

performance specifications (true and false results besides total results, sensitivity, specificity, 

efficiency and predictive values, and also reproducibility). 

Documentation DST protocol 
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Refer to appendix  
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APPENDIX 1 

Materials: EQUIPMENT, SUPPLIES AND REAGENTSFOR SMEAR PANEL 

PREPARATION 

EQUIPMENT SUPPLIES REAGENTS 

 BSC 

 Centrifuge with 

safety cups capable 

of 3,000 X g 

 Water Bath set at 

55 – 60oC 

 Vortex 

 Microscope 

 Spirit lamp 

 Staining racks 

 

 50ml & 15ml plastic 

centrifuge tube 

(Falcon Tubes) 

 Pasteur Pipettes 

 automatic pipettes (1 

mL and 200 µL) 

 Loops 

 Microscope slides 

 Forceps 

 Marking pencil 

 Timer 

 10 µL inoculating 

loops or automatic 

pipettes with tips 

 2 mL screw cap 

tubes 

 1 mL serological 

pipettes or 1 mL and 

200 µL pipette tips 

 Permanent marker 

 40% Formaldehyde 

 2% NALC-citrate 

 Phosphate buffered saline 

 4% NaOH 

 Sputasol 

 Distilled water 

 ZN stains 

 

 

 



 

 

 

 

49 

 

SPECIMENS: 

 Sputum samples (<5 days old) 

 Positive 3+, 3.0 mL placed in a labeled 50 mL plastic centrifuge tube 

 Negative with WBC (if possible) 3 mL placed in a labeled 50 mL plastic centrifuge tube 

 

Preparation of AFB Smear Microscopy TB Panel Slides 

Preparation of negative sputum suspension: 

1. In a class II biosafety cabinet add 1 drop of 40% formalin per 1 mL of negative sputum and 

vortex vigorously for 30 seconds, invert the tube, vortex again for 30 seconds. 

2. Incubate for 1 hour at room temperature. 

3. Vortex the pooled negative sputum for 2 minutes and make 2 direct smears using a 10 μL 

loop to confirm that the starting material is negative for AFB.  

4. Dry the slides and heat fix by passing through a flame or on a slide warmer at 65-80oC for 2 

hours. 

5. Stain the smears using the Ziehl-Neelsen method and observe at 1000 X to confirm that 

sputum is negative. 

6. Place 3 mL of the negative sputum in a 50 mL conical tube 

7. Add 1 mL of 4% NaOH, and invert to mix 3-5 times 

8. Add 20 mL of distilled water, and mix well by inverting 3-5 times 

9. Incubate in a 55-60oC water bath for 10 minutes, mixing by inversion 1-2 times during the 

incubation period 

10. Use the negative sputum suspension for preparing dilutions of the positive stock suspension  

Note:  The minimal treatment of the negative sputum will allow for preservation of background 

materials and thus the preparations will look more like direct smears. 
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Preparation of positive stock suspension: 

1.  In a class II biosafety cabinet, add 1 drop of 40% formalin per 1 mL of sputum to the 

tube of positive pooled sputum and vortex vigorously for 30 seconds, invert the tube, 

vortex again for 30 seconds. To ensure there is adequate room for mixing, limit the 

amount of sputum in each 50 mL plastic conical tube to 10 mL.  This may necessitate 

using several 50 mL conical tubes for the formalin step and re-pooling them after step 2. 

2. Incubate for 1 hour at room temperature. 

3. Vortex the pooled positive sputum for 2 minutes and make 2 direct smears using a 10 μL 

loop to confirm the AFB load of the starting material. 

4. Dry the slides and heat fix by passing through a flame or on a slide warmer at 65-80oC 

for 2 hours. 

5. Stain the smears using the Ziehl-Neelsen method and observe at 1000 X. 

6. If there are less than 50 AFB/field prepare 2 tubes of the following procedure, if there are 

less than 20 AFB/field prepare 3 tubes. 

7. Vortex the pooled sputum for 1 minute and aliquot 3 mL into a 50 mL plastic conical 

(Falcon) tube for each tube. 

8. Add 1 mL of 4% NaOH (add 2 mL NaOH if sputum is very viscous) to each tube. 

9. Vortex vigorously for 1 minute. 

10. Add approximately 20 mL of distilled water, plus 5 mL of Sputasol (one vial (7.5 mL) if 

sputum is very viscous) and mix by gently inverting several times.* 

11. Incubate in a 55-60oC water bath for 30 minutes, mixing by inversion several times 

during the incubation period. 

12. Add distilled water up to 40 mL and mix by inverting several times. 

13. Centrifuge at 3000 x g for 20 minutes. 

14. Decant the supernatant into tuberculocidal disinfectant. 

15.  If more than one tube is being prepared, begins with tube one, re-suspend the sediment in 

1 mL of phosphate buffered saline pH 6.8 (if available) or distilled water, vortex 1 minute 

to achieve a homogeneous suspension. If only one tube of positive stock was prepared 

proceed to step 18. 
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16. Using a plastic pasture pipette add all the suspension from tube 1 to the next sediment, 

vortex 1 minute to achieve a homogeneous suspension. 

17.  Repeat step 16 until all sediments have been combined and vortex. 

18. Prepare 6 slides of the re-suspended sediment using a 10 μL loop.  

19.  Allow to air dry and heat fix. 

*Vigorous or intense mixing will disable the mucolytic action of Sputasol. 

  

Preparation of the positive stock dilutions: 

1. Stain the slides using the Ziehl-Neelsen staining method. 

2. Have 6 different readers read each of the 6 slides to determine the average number of AFB 

per field (ideally between 60 to 75 AFB per field).  This average will be represented by (A) 

in the formula below. 

 

Note:  The unique way in which AFB clump and stick together necessitates that the dilution 

target be more concentrated than what is expected to be observed in order to achieve the desired 

range. Further testing now suggests that it isn’t so much the clumping of AFB that is the 

challenge but the loops used to deliver the suspension to the slides actually deliver less that 

10µL.  

 

Target Dilution Concentrations for Smear Panel Preparation 

Reporting Scale 

Expected 

concentration of AFB 

to observe 

Target concentration of AFB 

in each dilution 
Formula 

3+ > 10 AFB/field 
50 AFB/field or 5000 

AFB/100 fields 

50 AFB/field x 1 mL ÷ A = 

B 
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2+ 1-9 AFB/field 
10 AFB/field or 1000 

AFB/100 fields 

10 AFB/field x 1 mL ÷ 50 

AFB/field = 0.2 mL 

1+ 10-99 AFB/100 fields 
2 AFB/field or 200 AFB/100 

fields 

2 AFB/field x 1 mL ÷ 10 

AFB/field = 0.2 mL 

Actual/Scanty 1-9 AFB/100 fields 
0.4 AFB/field or 40 AFB/100 

fields 

0.4 AFB/field x 1 mL ÷ 2 

AFB/field =  0.2 mL 

 

Formula for Preparing the 3+ Dilution 

The target concentration for the 3+ dilution is 50 AFB/field where: 

A = Concentration of the positive stock solution.  

B = The amount of positive stock solution added to the 3+ dilution tube (total volume = 1 mL). 

C = The amount of negative stock solution added to the 3+ dilution tube (total volume = 1 mL). 

All dilutions are prepared in a total volume of 1 mL. 

 

B =   Target concentration x 1 mL     =    50 AFB/Field x 1 mL      

       Concentration of positive stock                    A                   

Calculate the amount of the negative stock: C = 1 mL – B = _______mL 

 

The following example indicates how to prepare the dilutions 

Assume that: 

The positive stock suspension contains 80 AFB / field (A = 80) 
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The final volume of the each suspension will be 1 mL 

Prepare slides from each dilution using a 10 uL loop 

 

 

To prepare 3 + dilution (50 AFB/field) from original suspension (80 AFB/field) 

Volume of the positive stock suspension required= 50 x 1 ÷ 80 = 0.63 mL  

  0.63 mL + 0.37 mL of Negative sputum = 1 mL 

  Prepare in a 2 mL tube and mix well by vortexing 2 minutes 

 

To prepare 2 + dilution (10 AFB/field) from 3 + suspension (50 AFB/field) 

Volume of the 3 + suspension required = 10 x 1 ÷ 20 = 0.2 mL  

  0.2 mL + 0.8 mL of Negative sputum = 1 mL 

   Prepare in a 2 mL tube and mix well by vortexing 2 minutes 

 

To prepare 1 + dilution (2 AFB / field) from 2 + suspension (10 AFB/field) 

Volume of the 2 + suspension required = 2 x 1 ÷ 10 = 0.2 mL  

1.2 mL + 0.8 mL of Negative sputum = 1 mL 

Prepare in a 2 mL tube and mix well by vortexing 2 minutes 

 

To prepare Actual dilution (0.4 AFB / field) from 1 + suspension (2 AFB / field)   

Volume of the 1+ suspension required = 0.4 x 1 ÷ 2 = 0.1 mL  
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1.2 mL + 0.8 mL of Negative sputum = 1 mL 

Prepare in a 2 mL tube and mix well by vortexing 2 minutes 

 

Note: It is critical that each dilution of the positive sputum suspensions is well mixed before 

preparing the next dilution.  

 Key Step:  Vortex each dilution for 30 seconds before preparing slides 

Prepare 6 smears from each dilution using a 10 μL loop. Heat fix, stain with ZN method and 

have 6 readers read each smear at 1000X and record the AFB/field for each smear. 

Calculations: 

Calculate the standard deviation (SD) for each reader using the results from each of the 6 smears 

prepared for a dilution. The data set will have 6 values and a separate SD will need to be 

calculated for each reader for each dilution.  To validate the entire panel, the standard deviation 

will need to be calculated 24 times (4 dilutions x 6 readers = 24 data sets) 

 

If the mean – (2 x SD) > 0 then the readings for that reader for that dilution are acceptable if the 

mean – (2 x SD) < 0 then the results from that reader for that dilution are unacceptable 
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  Stepwise Worksheet for AFB Smear Panel Preparation 

 

Table 1  

√ here 

when 

each step 

is 

completed 

Preparation of negative stock suspension: 

 

Observations 

and documented 

procedure 

variations 

□ Put on personal protective equipment (PPE)  

□ Wipe down work area with 5% phenol  

□ 
Receive and pool (about 10 mL) of 3+ smear positive 

sputum from diagnostics 

 

□ 

Arrange reagents, sputum, pipettes, vortex, slides and 

discard container in a biosafety cabinet if available 

(perform all steps in a BSC) 

 

□ 
Place 3 mL of smear negative sputum (verified by direct 

smear) in a labeled 50 mL plastic conical (Falcon) tube. 

 

□ Add 3 drops of 40% formaldehyde    

□ 
Vortex vigorously for 30 seconds, invert the tube, vortex 

again for 30 seconds 

 



 

 

 

 

56 

 

□ Incubate for 1 hour at room temperature  

□ 
Add 1 mL of 4% NaOH, and mix gently by inversion 3-5 

times 

 

□ 
Add 20 mL of distilled water, and mix well by inverting 

several times 

 

□ 
Incubate in a 55-60oC water bath for 10 minutes, mixing 

by inversion 3-5 times during the after period 

 

□ Store at 2-8 ˚C if dilutions are not prepared the same day  

 

 

 

Steps 1-4 on table 2 is not in table 1, any implication? 

Table 2 

√ here 

when 

each step 

is 

completed 

Determining how many AFB/field in starting material (pooled 

sputum) 

Observations 

and 

documented 

procedure 

variations 

□ Put on personal protective equipment (PPE)  

□ Wipe down work area with 5% phenol  

□ 
Receive and pool (about 10 mL) of 3+ smear positive sputum 

from diagnostics 
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□ 

Arrange reagents, sputum, pipettes, vortex, slides and discard 

container in a biosafety cabinet if available (perform all steps in a 

BSC) 

 

□ Add 1 drop of 40% formalin per mL of sputum  

□ 
Vortex vigorously for 30 seconds, invert, vortex again vigorously 

for 30 seconds 

 

□ Incubate at room temperature for 1 hour  

□ 
Vortex the pooled 3+ positive sputum for 2 minutes (use a timer 

or clock) 

 

□ Label and prepare 2 direct smears from the pool  

□ Dry, heat fix, and stain using Ziehl-Neelsen staining method  

 

 

 

 

 

Pooled positive starting material (sputum): 

Slide 1 = _____ AFB/field  +  Slide 2 = _____ AFB/field  ÷ 2 = _____average AFB/field 

 

Guide for achieving highly concentrated stock (80-100 AFB/field): 

>50 AFB/field on direct smear = prepare 1 tube of the following procedure 
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50-20 AFB/field on direct smear = prepare 2 tubes of the following procedure 

<20 AFB/field on direct smear = prepare 3 tubes of the following procedure 

 

 

Table 3 

√ here 

when 

each step 

is 

completed 

Preparation of positive stock suspension (for each tube): 

 

Observations and 

documented 

procedure 

variations 

□ 
Using the guide above determine how many tubes are needed to 

produce a concentrated stock 

 

□ 
Working in a biosafety cabinet, vortex the pooled positive 

starting material for 1 minute 

 

□ 

Pipette 3 mL of the positive starting material into a 50 mL 

plastic conical (Falcon) tube labeled “positive stock”for each 

batch 

 

□ 
Add 1 mL of 4% NaOH (or 2 mL if sputum is very viscous) to 

each tube 

 

□ Vortex vigorously for 1 minute  

□ Add approx. 20 mL of distilled water   

□ 
Add 5 mL of Sputasol (Oxoid), or one vial (7.5 mL) if sputum 

is very viscous, and mix by inverting 3-5 times (do not vortex) 
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□ 
Incubate in a 55-60˚C water bath for 30 minutes, mix by 

inversion once or twice during the incubation 

 

□ Add distilled water up to 40 mL  

□ Mix by inverting 3-5 times  

□ 
Centrifuge at 3000 x g for 20 minutes ( rpm = 1000 X √ 

(RCF÷1.12 X Rmm)) 

 

□ Decant the supernatant into phenol disinfectant  

□ 
Resuspend the sediment from tube 1 in 1 mL of phosphate 

buffered saline pH 6.8 (if available) or distilled water 

 

□ Vortex 1 minute  

□ 

If more than one tube is being prepared, add all the suspension 

from tube 1 to the next sediment. Vortex for 1 minute and 

repeat for tube 3 if necessary 

 

□ Prepare 6 slides of the resuspended sediment using a 10 uL loop  

□ Allow to air dry, heat fix, and stain using the ZN method  

□ 
Store prepared stock at 2-8˚C if dilutions will not be prepared 

the same day 

 

 

AFB results from positive stock suspension 

Have 6 different readers read each of the 6 slides to determine the average number of AFB per 

field (ideally between 60 to 80 per field). 

 

Table 4 
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Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 

Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field 

1   1   1   1   1   1  

2   2   2   2   2   2  

3   3   3   3   3   3  

4   4   4   4   4   4  

5   5   5   5   5   5  

6   6   6   6   6   6  

Average   Average   Average   Average   Average   Average  

 

The sum of the averages from all reviewers = A = _________ ÷ 6 = _________average 

AFB/field  

 

Formulas for Preparing the 3+ Dilution 

The target concentration for the 3+ dilution is 50 AFB/field where: 

A = Concentration of the positive stock solution (average AFB/field determined above) 

B = The amount of positive stock solution added to the 3+ dilution tube (total volume = 1 mL) 

C = The amount of negative stock solution added to the 3+ dilution tube (total volume = 1 mL) 

All dilutions are prepared in a total volume of 1 mL 
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B =   Target concentration x 1 mL           =            50 AFB/Field x 1 mL 

       Concentration of positive stock                                      A          

 

 

 

Table 5 

Target Dilution Concentrations for Smear Panel Preparation 

Reporting Scale 

Expected 

concentration of AFB 

to observe 

Target concentration of AFB in 

each dilution 
Formula 

3+ > 10 AFB/field 
50 AFB/field or 5000 AFB/100 

fields 
50 AFB/field x 1 mL ÷ A = B 

2+ 1-9 AFB/field 
10 AFB/field or 1000 AFB/100 

fields 

10 AFB/field x 1 mL ÷ 50 

AFB/field = 0.2 mL 

1+ 10-99 AFB/100 fields 2 AFB/field or 200 AFB/100 fields 
2 AFB/field x 1 mL ÷ 10 

AFB/field = 0.2 mL 

Actual/Scanty 1-9 AFB/100 fields 
0.4 AFB/field or 40 AFB/100 

fields 

0.4 AFB/field x 1 mL ÷ 2 

AFB/field =  0.2 mL 

 

Table 6 

√ here 

when 

each step 

Preparation of dilutions from positive stock solution 

Observations 

and 

documented 
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is 

completed 

procedure 

variations 

□ 
Label four 2 mL screw cap plactic tubes (cryovials) with : “3+, 2+, 

1+, and Actual” and place in a rack 

 

□ 
Place the positive and negative stock suspensions that were 

prepared earlier in a rack in the work space 

 

□ 

Calculate the amount of positive stock to be added to the 3+ 

dilution by using the formulas listed above.  B = Amount of 

positive stock to be added to 3+ dilution tube = ______mL  

 

□ 
Calculate the amount of the negative stock: C = 1 mL – B = 

_______mL 

 

□ Vortex the Negative stock for 20 seconds   

□ Add amount C _______mL  of the negative stock to the 3+ vial  

□ 
Add 0.8 mL of the negative stock to each of the 2+, 1+, and the 

Actual vials 

 

□ Vortex the positive stock for 2 minutes  

□ Add amout B ________mL of the positive stock to the 3 + vial  

□ Cap and vortex the 3+ vial for 2 minutes  

□ Add 0.2 mL from the 3+ vial to the 2+ vial  

□ Cap and vortex the 2+ vial for 2 minutes  

□ Add 0.2 mL from the 2+ vial to the 1+ vial  

□ Cap and vortex the 1+ vial for 2 minutes  
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□ Add 0.2 mL from the 1+ vial to the Actual vial  

□ Cap and vortex for 2 minutes  

□ 
Prepare 6 smears from each dilution using a 10 μL loop, vortex 

each dilution 30 seconds directly before smear preparation 

 

□ Dry, heat fix and stain using the Ziehl-Neelsen method  

□ 
Have 6 reviewers examine each slide and document results in the 

following tables 

 

 

Notes and Observations: 

 

Table 7 

3+ Dilutions 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 

Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field 

1   1   1   1   1   1  

2   2   2   2   2   2  

3   3   3   3   3   3  

4   4   4   4   4   4  

5   5   5   5   5   5  

6   6   6   6   6   6  
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Average   Average   Average   Average   Average   Average  

 

 

2+ Dilutions 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 

Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field 

1   1   1   1   1   1  

2   2   2   2   2   2  

3   3   3   3   3   3  

4   4   4   4   4   4  

5   5   5   5   5   5  

6   6   6   6   6   6  

Average   Average   Average   Average   Average   Average  

 

1+ Dilutions 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 

Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field 

1   1   1   1   1   1  
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2   2   2   2   2   2  

3   3   3   3   3   3  

4   4   4   4   4   4  

5   5   5   5   5   5  

6   6   6   6   6   6  

Average   Average   Average   Average   Average   Average  

 

Actual/Scanty Dilutions 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 
 

Read by____ 

Date_____ 

Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field  Slide# AFB/field 

1   1   1   1   1   1  

2   2   2   2   2   2  

3   3   3   3   3   3  

4   4   4   4   4   4  

5   5   5   5   5   5  

6   6   6   6   6   6  

Average   Average   Average   Average   Average   Average  

 

All solutions and dilutions prepared by__________   on ____________. 
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Table 8 

Statistical Validation of Panel 

□ 

Use the standard deviation (SD) calculation form to statistically 

validate the panel (need 24 forms, 6 forms for each of the 4 

dilutions)  

 

Step 1 
Record a set of 6 readings from one reader in the reading column 

(R).  Record the dilution and the Reader at the top of the form 

 

Step 2 
Calculate and record the mean (the average of the 6 readings) in 

the “Mean of the Readings (M)” box 

 

Step 3 

Using the spaces provided in the third (M) and forth column (R-

M), subtract the mean from each individual reading and record 

the answer. 

 

Step 4 
Square each of the 6 values in the “(R-M)” column and record 

the answer to the right in the “Square of R-M” column 

 

Step 5 
Calculate the sum of the squares of R-M and record it in the 

space provided 

 

Step 6 

Divide the sum of the squares of R-M (answer from step 5) by N-

1 (N is the number of values in the data set in this case N = 6 and 

6 – 1 = 5) 

 

Step 7 

Calculate the square root of the answer from step 6 ((sum of 

squares of R-M) ÷ (N – 1)). This number is the standard 

deviation (SD) for this data set, record it in the space provided 

 

Step 8 Insert the Standard Deviation (SD) into the following formula to  
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determine if the panel is acceptable. 

Mean – (2 x SD) =_________ 

If the Mean – (2 x SD) > 0 then the panel is acceptable 

If the Mean – (2 x SD) < 0 then the panel is rejected 

 
Determine the SD for each reader’s 6 slides for each set of 

dilutions. There should be 24 SD calculations 

 

 

Once all the standard deviations have been calculated and it has 

been determined if each will be accepted or rejected, examine all 

the results for each dilution. There will be 6 accept or reject 

results for each dilution. The entire dilution is acceptable if at 

least 5 readers’ results are acceptable (1 readers results can be 

rejected and the dilution still be acceptable). If 2 or more readers 

results are rejected then the dilution is considered rejected. 
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Calculation of Standard Deviation and statistical validation of the AFB smear 

microscopy EQA panel 

DILUTION: ……………………….     READER: 

…………………………. 

Slide Step. 1. 

Reading  

(R; 

AFB/field) 

M Step 3. 

R - M 

Step 4. 

Square of  

R - M 

Average 1.     

Average 2.     

Average 3.     

Average 4.     

Average 5.     
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Average 6.     

Step 2. 

Mean of readings  

(M; AFB/field) 

 Step.5. 

Sum of Squares of R - M 

 

Step. 6. 

Sum of Squares of R - M 

n-1 

 

Step. 7. 

Standard deviation (SD) = Square root of the last number 

 

Step 8. 

ACCEPTABLE        (if M – 2XSD is > 0) 

Sign                                                                                 Date 

REJECTABLE         (if M - 2XSD is < 0) 

Sign                                                                                 Date 

 Appendix 2: Aliquoting and distribution of Supplies and Equipment Set Up for AFB Panel 

preparation 

 The supplies provided are to be aliquoted and dispersed to each laboratory station. 

 There will be 5 laboratory stations that will need to have the following amount of 

reagents and supplies laid out for use. 

 Centralized areas need to be created for shared equipment. 

 Large immovable equipment (centrifuge and hot water bath) need to be prepared and 

switched on. 
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1. Place the following at each of the 5 laboratory stations: 

a. 4 plastic graduated transfer pipettes. 

b. 4 –2 mL screw capped tubes. 

c. 2 bags of loops. 

d. 1 vial of sputasol. 

e. 1 timer.  

f. 1 box of slides. 

g. 1 pencil. 

h. 1 rack for tubes. 

i. 1 freezer storage box to fit the 2 mL tubes or racks if available. 

Note: If any of the above equipment is in short supply place it in between groups to facilitate 

sharing. 

 

2. Arrange the following items in areas of the lab so that they will be accessible to all 

groups: 

a. Vortex(s) 

b. Bunsen burner 

c. Automatic pipettes (1000 µL) and tips 

d. Eppendorf repeater pipette and tips 

 

3. Locate the centrifuge 

a. Ensure the rotor and safety cups that will fit the 50 mL conical tubes are in place. 

b. Switch on the centrifuge, balance the rotor (empty cups), close the lid, and set for 

3000 x g for 5 minutes to ensure it is in proper working condition.  

 

4. Locate the hot water bath 
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a. Fill with water to the level where it will cover the 30 mL graduation line on a 50 

mL conical tube when the rack and tubes are placed in the water bath. 

b. Ensure that there is a thermometer in the water bath 

c. Switch the bath on and set thermostat to 57°C to ensure that it is ready when it 

will be needed. 

d. Periodically check the temperature throughout the day to ensure it is within the 

range of 55-60°C. Adjust thermostat if necessary. 

 

 

 

 

Appendix 3: PREPARATION OF PT PANELS FOR GENE XPERT ASSAY 

Steps: 

1. Identify cultures – BSL3 lab 

2. Pool cultures – BSL3 lab 

3. Inactivate cultures – BSL3 lab 

4. Prepare panels 

5. Validate panels 

 

Step 1:  Identify cultures 

 Wear appropriate PPE and take necessary safety precautions for working in a BSL3 Lab. 

 Perform all steps in certified BSC 

 Select liquid cultures that have been previously tested with the following characteristics: 

o AFB Positive, MTBC, Rifampicin Sensitive 

o AFB Positive, MTBC, Rifampicin Resistant 
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o AFB Positive, NTM 

 

Step 2: Pooling of cultures 

 Label three sterile 50ml Falcon tubes with the above. 

 Transfer positive cultures to respective labeled tubes using sterile pipettes. 

 Centrifuge falcon tubes at 3000xg for 15 minutes at 4oC to pellet cells. 

 Remove supernatant with sterile pipettes and discard in liquid waste container. 

 Re-suspend pellet in 15ml sterile PBS. 

 

Step 3:  Inactivation of cultures 

 Add 30ml SR buffer to suspended pellet and leave at RT for 2 hrs to inactivate AFB cells.  

Mix intermittently during this incubation process. 

 After incubation centrifuge at 3000xg for 15 minutes at 4oC to pellet cells. 

 Wash cells twice with PBS as above. 

 Re-suspend cells in 10ml sterile PBS. 

 Prepare 1:10 and 1:20 dilutions of the stock cells in sterile PBS. 

 

Step 4:  Preparation of dried culture spots 

 Wear gloves and do not touch surface of circle with gloves or hands. 

 Label filter paper cards with neat, 1:10 and 1:20 dilutions. 

 Add 25ul well mixed cells to the center of the circle in the cards using a sterile pipette tip. 

 Place unused stock and dilution cultures in refrigerator at 4oC for later use. 

 Leave cards on the open bench to dry for 1 hour at room temperature. 

 Place dried filter paper in plastic zip lock bags. 

 

Step 5:  Preparation of dried tubes 
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 Label snap-cap tubes with identification of cultures (neat, 1:10 and 1:20 dilutions). 

 Add 100ul of well mixed cells to the respective tube. 

 Place tubes upright in a tube rack in an incubator set at 95oC. 

 Leave door slightly open to allow evaporation of the liquid from the tube. 

 When all the liquid evaporates from the tube, close tube with cap and store at room 

temperature. 

 

Step 6:  Validation of dried culture spots 

 Wear gloves during handling of dried culture spots. 

 Clean scissors by wiping with 10% bleach followed by 70% alcohol. 

 Cut out entire spot using clean scissors and place in a labeled snap cap tube. 

 Add 2.8mls of SR Buffer, vortex and leave for 15 min with intermittent mixing. 

 Use suspension to perform Gene Xpert assay as per SOP. 

 

Step 7:  Validation of dried tube 

 Add 2.8mls SR buffer to each tube. 

 Vortex and leave for 15min with intermittent mixing. 

 Use suspension to perform Gene Xpert assay as per SOP. 

 

Step 8: Compile results for review by the participants 

S/N Specimen Identification Results Comments 

1.    

    

    

2.    
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3.    

    

    

4.    

    

    

5.    

    

    

 Positive Control   

 Negative control   

 

 

 

APPENDIX 4: INSTRUCTION TO PARTICIPATING LABORATORIES                         

 

A. For all GeneXpert laboratories, a panel 0f 5 samples will be sent: 5 Dried Culture Spots 

(DCS) or 5 Dried Tube (DT). 

B. Also enclosed will be the forms for reporting results. Use the appropriate forms for 

reporting. 

 

Please read the instructions below carefully before processing the panels.  

 

NOTE: The Dried Culture Spots (DCS) and Dried Tube (DT) contain dried, inactivated/ non-

infectious, Mycobacterial isolates. DO NOT REFRIGERATE PANELS. 
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Steps in analyzing samples on dried culture spots with GeneXpert 

 Wear gloves during handling of DCS taking care not to touch the spot. 

 Disinfect scissors by wiping with 10% bleach followed by 70% alcohol.  

 Cut out entire spot using disinfected scissors and place in a clean labeled tube. Disinfect 

scissors after each spot cut. 

 Add 3.0mls of Sample Reagent (SR) Buffer, mix gently and leave for 15 min with 

intermittent mixing. 

 Add 2.0ml suspension to cartridge and  analyze in Gene Xpert machine as per SOP. 

Steps for analyzing sample of dried tube on GeneXpert 

 Add 3.0mls Sample Reagent (SR) buffer to each tube. 

 Mix and leave for 15 minutes with intermittent mixing. 

 Add 2.0ml suspension to cartridge and  analyze in Gene Xpert machine as per SOP. 

 

Storage:  

If panels cannot be processed immediately, they should be stored in the dark between 15-26°C.  

Stability test suggest panels are stable up to 6 months at room temperature. Deadline for 

Submission: Results reporting 

Samples should be assay within two weeks of receipt and result should be scanned and sent to 

the NTBLCP and NRLs.  

 

 

 

 

 

 



 

 

 

 

76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 5: GeneXpert Proficiency Reporting Form 
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Appendix 6: Xpert MTB/RIF Assay Proficiency Testing Failure Checklis 

Test 

Sample ID
Date Tested

MTBC 

Detected 

(Y/N) 

Rifampicin  

(R/S)

Y R 

Signature: Date:

Lab Address

Lab  Contact Person

NTBLCP Proficiency Test  for  Xpert Test Panel ID:  Due Date: 

Name of  Laboratory Date PT Received Date PT  Reported

 Results Table

Final Result Comment

MTBC,  RESISTANT TO RIF 

Xpert Kit Lot No:

Contact Email Expiry Date:

Name of Supervisor:                                                       Signature:                                                                              Date:

Test Performed By:
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Xpert MTB/RIF Assay Proficiency Testing Failure Checklist 

State Name:    LGA Name: 

Site Name: 

   Date of root cause 

analysis: 

Name and sign of Root cause analyzer 

Name, sign and date of Site Xpert  lab focal person 

Name, sign and date TB lab i/c of Xpert Site  

  

Assessment Review 

PT Report Reviewed for 

Clerical Errors:         

  Evaluation results match your copy of submitted results Yes No N/A 

  Wrong Data Entered Yes No N/A 

  Wrong Units Reported Yes No N/A 

  Incorrect instrument or methodology indicated Yes No N/A 

Sample Handling:           

  Unexpected delays in receiving panel sample Yes No N/A 

  Packaging contents correct and in acceptable condition Yes No N/A 

  

Testing performed within suggested instructional time 

guidelines Yes No N/A 

  

Specimens stored at correct temperature between 

receipt and analysis           Yes No N/A 

  Specimen analyzed at correct temperature Yes No N/A 

  Sample mixed properly before testing Yes No N/A 

  Sample diluted properly Yes No N/A 

  Special Handling instructions were followed Yes No N/A 

Testing Procedure:           

  Testing Personnel competent to perform analysis Yes No N/A 

  Manufacturer's package insert available and followed Yes No N/A 

  Testing procedure properly followed Yes No N/A 

  Packaging components replaced from other packs Yes No N/A 

  Sample mix-up Yes No N/A 

  Instrument recently calibrated or due for calibration Yes No N/A 

  Instrument maintenance up-to-date Yes No N/A 

  New lot number of reagents or calibrators used Yes No N/A 

  Reagents/cartridges within expiration date Yes No N/A 

Sample Results:           

  A single sample fails on several runs Yes No N/A 

  All samples failed for the run Yes No N/A 

  

Previous panel results for the run demonstrate a problem 

emerging Yes No N/A 
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  PT material reassayed Yes No N/A 

Findings: 

Conclusion:   
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APPENDIX 7: ROLES AND RESPONSIBILITIES OF FMOH - NTBLCP IN XPERT 

MTB/RIF IMPLEMENTATION 

 

To facilitate a coordinated and systematic introduction of the GeneXpert system into the national 

TB laboratory network, it is crucial that the roles and responsibilities of NTBLCP are precisely 

outlined as below:  

 Develops and issues policy documents and guidelines on the introduction and use of the 

GeneXpert MTB/RIF assays in line with current international recommendations.  

 Defines the national algorithms, eligibility criteria and placement strategies in line with 

the WHO recommendations.  

 Coordinates and overseas the overall implementation of the GeneXpert MTB/RIF in 

close collaboration with Country GeneXpert Advisory Team (CGAT).   

 Ensures the integration of Xpert MTB/RIF assay into the existing system.  

 Ensures proper forecasting and quantification of cartridges as may be required. 

 Mobilizes resources for scale up of the GeneXpert MTB/RIF assay.  

 Ensures the current training packages on TB/HIV and PMDT include Xpert MTB/RIF 

test as one of the recognized diagnostic tools.  

 Leads training/sensitization workshops on Xpert MTB/RIF. 

 Coordinates maintenance issues by ensuring that stakeholders live up to their expectation 

in calibration and warranty extensions. 

 Ensures the enrollment of all diagnosed TB cases to treatment.  

 Conducts monitoring and evaluation of Xpert MTB/RIF test implementation in the 

country. 
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APPENDIX 8:     BASIC SUPPLIES REQUIRED FOR XPERT MTB/RIF ASSAY NOT 

PROVIDED BY CEPHEID 

• Equipment 

− Power supply backup (Inverter & batteries, Generator & surge protector). 

− Refrigerator (Need for fuel storage and maintenance). 

− Printer and printing cartridges. 

− Timer. 

− Thermometer. 

− Vortex (optional). 

• Biosafety supplies 

- Bio-hazard bags. 

- Tuberculocidal disinfectant (phenolic, bleach solution, 70% alcohol, etc.). 

- Discard containers (for pipettes, sputum containers and used cartridges). 

 

• Laboratory supplies 

 

− Specimen containers. 

− Additional transfer pipettes (optional). 

− Paper towels (for cleaning bench tops and external surfaces of instrument). 

− Gauze, Soft tissue paper (for cleaning cartridge bays and plunger). 

 

• Personal protective equipment 

− Laboratory coats. 

− Gloves. 
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− N95 Respirators (optional). 

• Stationery 

− Laboratory registers and request/report forms. 

− Printing paper. 

− Permanents markers. 

− Pens (red and blue or black). 

− Write-on stickers (optional). 
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Appendix 9: Preparation of panels for EQA of line probe assay  

 

Steps: 

1. In a BSL2 plus/BSL3 laboratory, select well characterized TB culture isolates with 

known drug susceptibility profile. 

2. Pool culture isolates. 

3. Inactivate culture. 

4. Prepare panels, (DCSs and/or dried tubes). 

5. Validate panels. 

 

Step 1:  Select well characterized TB culture isolates 

 Wear appropriate PPE and take necessary safety precautions required for working in a 

BSL3 Laboratory. 

 Perform all steps as required in a certified BSC II 

 Select liquid cultures that have been previously tested with the following characteristics: 

 AFB Positive, MTBC, Rifampicin and Isoniazid Sensitive. 

 AFB Positive, MTBC, Rifampicin Sensitive, Isoniazid Resistant. 

 AFB Positive, MTBC, Rifampicin and Isoniazid Resistant. 

 AFB Positive, MTBC, Rifampicin Resistant, Isoniazid Sensitive. 

 AFB Positive, NTM. 

 

Step 2: Pooling of cultures 

 Label five sterile 50ml Falcon tubes with the above respectively. 

 Transfer positive cultures to the respective labeled tubes using sterile pipettes. 

 Centrifuge falcon tubes at 3000g for 15mins at 2- 8oC to pellet cells. 

 Remove supernatant with sterile pipettes and discard into the liquid waste container. 

 Re-suspend pellet in 15ml sterile Phosphate Buffer Saline (PBS). 

 

Step 3:  Inactivation of cultures 

 Heat kill cultures in a water bath or incubator at 80oC for 1 hour. 
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 Prepare 1:10 and 1:20 dilutions of the stock cells using sterile PBS 

 Use heat killed cells to prepare dried culture spots, dried tubes and liquid cultures 

 

Step 4:  Preparation of dried culture spots 

 Wear PPE and do not touch the surface of circle of the card. 

 Label filter paper cards as Neat, 1:10 and 1:20 dilutions. 

 Place cards on the bench and   add 25µl well mixed cells at the center of the circle using 

automatic pipette with sterile tips. 

 Place unused stock and diluted cultures in the refrigerator and store at 2-8 4oC for later 

use. 

 Leave cards on the open bench to air dry for 1 hour at room temperature. 

 Place dried filter paper in a plastic zip lock bag. 

 

Step 5:  Preparation of dried tubes 

 Label 5ml screw capped transparent tubes with identification of cultures (neat, 1:10 and 

1:20 dilutions). 

 Add 100µl of well mixed cells to the respective tubes. 

 Place tubes in a tube rack in an upright position. Remove screw caps and incubate at 80 - 

95oC.  

 Leave incubator door slightly open to allow evaporation of liquid from the tubes. 

 When all the liquid evaporate from the tubes, replace caps and store at room temperature. 

 

Step 6:  Preparation of liquid culture 

 Label sterile 2ml micro-centrifuge tubes. 

 Aliquot 0.5ml respective cultures (step I above) to the labeled tubes. 

 Store tubes at 2-8oC until tested. 

 

Step 7: Validation of DCS 

 Wear PPE during handling of DCS. 
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 Clean scissors by wiping with 10% bleach followed by 70% alcohol. 

 Cut out the entire spot using clean scissors and place in a labeled   screw capped tube. 

 Add 0.5mls of sterile molecular grade water, vortex and leave for 15 min with 

intermittent mixing. 

 Use the suspension for DNA extraction and LPA  according to the SOP. 

 

Step 8:  Validation of dried tube 

 Add 0.5mls of molecular grade water to each tube.  

 Vortex and leave for 15min with intermittent mixing. 

 Use the suspension  for DNA extraction and LPA as according to the SOP. 

 

Step 9:  Validation of liquid culture 

 Use liquid culture for DNA extraction and LPA according to the SOP. 

 

Step 10: Compile results for review by the participants 

S/N Specimen Identification Results Comments 

1.    

    

    

2.    

    

    

3.    

    

    

4.    

    

    

5.    
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 Positive Control   

 Negative control   

    

 

Appendix 10: Panel preparation for Culture and DST 

Materials needed 

 Cell culture flask (175 cm2).  

 Middlebrook 7H9. 

 BBL Middlebrook OADC enrichment. 

 Sterile cryovials. 

 Blood agar plates. 

 Adhesive labels, (38.1 x 8 mm, 170 per sheet). 

 Zipper plastic bags for single tube, 40 x 60 mm. 

 Safety containers UN model 4G. class 6.2. 

 LJ solid media. 

 Plastic inoculating loops. 

 

(a) Preparation on a small scale on solid medium 

 Retrieve the selected strains from -80oC freezer and subculture on two LJ solid 

media bottles. 

 Incubate at 37oC until it turns positive (with no contamination). 

 Using plastic inoculating loops, harvest colonies into sterile water or PBS to make 

a suspension of McFarland 1.0. 

 Add about 0.5 ml of suspension into a cryovial containing 0.5ml of 7H9 ( 2 for 

each strain for each laboratory) to make 20 strains (10 duplicated). 
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(b) Mass culture in Liquid medium 

 For preparation of 7H9 medium, follow manufacturer instructions. 

 After enriching the 7H9 with OADC, control the sterility of the medium prepared 

by incubating it at 37°C for 48 hours. Discard any medium presenting turbidity. 

 To each of the flasks (175 cm²), aseptically add 75 mL of enriched 7H9. 

 Estimate the necessary volume and amounts of the components, according to the 

number of strains that will be mass cultured. 

 Control the sterility by incubating all the flasks at 37°C for 48 hours. Discard any 

showing turbidity. Label correctly each of the flasks with the corresponding 

culture number and the date of inoculation. 

 According to the growth obtained on the LJ, select 10 to 12 strains that seem the 

easiest growing ones, and inoculate two flasks containing enriched 7H9 medium 

with one loop full of colonies per strain. These will be the strains to be tested in 

double by the SRL in order to check their reproducibility.  

 Inoculate only one flask per strain in the same way for 10-12 other strains that 

will be sent out single. 

 Incubate at 37°C for a minimum of 3 weeks.  

 Check every day during the 1st week for contamination, looking for turbidity of 

the medium. Mix gently to enhance gas exchange. 

 In case of doubtful growth (turbidity), check for contamination by inoculating the 

suspected culture on blood agar plates. Bottles suspected of contamination are in 

principle excluded and discarded. If this risks result in few strains left to make the 

panels, a contamination check on blood agar needs to be done to exclude it. If 

negative, the strain can be included. 

 Incubate in total 3 weeks. If strains cannot be further processed immediately 

(waiting for other candidates etc.), they can be kept in the incubator at this stage, 

exchanging part of the medium after 4 weeks. 

 If there is still a reserve, select the strains with best growth from among those 

with identical resistance patterns and comparable MICs. 
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 Allocate proficiency testing round strain numbers, from 1 to 20. The first 10 being 

the strains that have been cultivated in double. So there will be nr. 1A, 1B, 2A, 

2B… up to 10A and 10B.  

 Add these numbers to the sheet with “candidates”.  Copy all relevant information 

of panel strains only to the sheet “strains sum” in the same Microsoft Office Excel 

workbook. Besides, they will be the only strain identification numbers appearing 

in the sheet of the same workbook, “reports”. 

Harvesting and filling of dispatch vials 

 

 

 

 

  

 35 sterile 50 mL conical tube, aseptically transfer 40 mL of sterile enriched 7H9. 

Check for sterility by incubating at 37°C for 48 hours. Label with the 

corresponding round code. 

 For harvesting, allow the mycobacteria to sediment in a corner of the flask (flask 

upright, inclined 45°). Altogether 30 flasks need to be harvested (20 for the 10 

duplicate strains). 

Using 10 mL pipette, aseptically, aspirate the maximum possible of the sedimented 

colonies and transfer to their corresponding 50mL conical tube, containing the 40 mL of 

sterile enriched 7H9. 

Using a 5 mL pipette, aseptically, dispense around 0.75 per cryovial tube. Fill at least 60 

cryovials per strains. 

Keep all the tubes from the same culture in a plastic bag with the corresponding culture 

number and proficiency testing round number written on it. 

In order to avoid  

 cross contamination, each of the strains will have to be treated separately. Allow 
between 20 to 30 minutes between the strains, allowing droplets created by aspiration, 
mixing, etc. to settle with the safety cabinet running. 

 contamination of the fresh 7H9 medium: close the bottle after each usage. 



 

 

 

 

89 

 

When one strain has been totally dispensed, leave the safety cabinet for 20 to 30 minutes, 

UV lamp on. 

Note: duplicate strain can be processed in the same run. 

Repeat for all strains. 

Store the bags at room temperature in the dark. 

Per culture harvested, select 2 cryovials and inoculate two drops of each on blood agar 

plates. Incubate 37°C-48 hours. 

In case of contamination, discard the batch and use the reserve strains. 

 

 

 

 

Packaging 

The basic triple packaging system 

The triple packaging system, the choice for the transport of infectious and potentially infectious 

substances, is shown in Figure. 

This packaging system consists of three layers: the primary receptacle, the secondary packaging 

and the outer packaging. 

♦ The primary receptacle containing the specimen must be watertight, leak proof and 

appropriately labeled as to content. The primary receptacle is wrapped in enough absorbent 

material to absorb all fluid in case of breakage or leakage. 

♦ A second watertight, leak-proof packaging is used to enclose and protect the primary 

receptacle(s). Several wrapped primary receptacles may be placed in a single secondary 
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packaging. Volume and/or weight limits for packaged infectious substances are also critical, such 

that excess chance of breakage is not there. 

♦ The third layer protects the secondary packaging from physical damage while in transit. 

Specimen data forms, letters and other types of information that identify or describe the 

specimen and identify the shipper and receiver, and any other documentation required must also 

be provided according to latest regulations. 

Each surface of the external dimension of the packaging must be 100 mm (3.9 inches) or more. 

The completed package must pass specific performance tests, including a drop test and a water-

spray test, and must be capable of withstanding, without leakage, an internal pressure producing 

a pressure differential of not less than 95 kPa (0.95 bar, 14 psi). The completed package must 

also be capable of withstanding, without leakage, temperatures in the range of -40 ºC to +55 ºC (-

40 ºF to 131 ºF). The completed package must be marked “Infectious substances" and labelled 

with a Bio-Hazard label. 
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Upon receipt of the package, 

1. Wear gloves and protective clothing. 

2. Carefully take package in to the Bio-safety cabinet. 

3. Open the box and observe carefully, for any leakage or spill. 

4. Act accordingly, in case of leakage or spill. 
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5. Else, carefully, take out the contents into appropriate holder/strand. 

6. Note down the details and any identity numbers in your lab register. 

7. Wipe off the surface of specimen bottles/ cultures with appropriate disinfectant or 

70% ethanol or methanol. 

8. Proceed further for primary culture, or sub-culture or DST. 

9. Autoclave  any recyclable packaging material, and discard the rest.   

 

 

Door Entry Sign 
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Appendix 11: PROTOCOL FOR PROFICIENCY ROUND 

 

 

 

PURPOSE 

To determine the uniformity and reproducibility of conventional procedures of drug 

susceptibility testing and identification of M. tuberculosis in TB Reference Laboratories. 

 

PARTICIPATING LABORATORIES 

 

The proficiency testing programme within the NTBLCP is an ongoing activity which is 

providing quality assurance for anti-TB drug resistance surveillance for Nigeria. This network of 

laboratories guides and assists participating laboratories in the preparation, implementation, 

evaluation and quality control of drug resistance surveillance activities. The list of participating 

TB Reference laboratories can be found in the appendix -xx.  

 

 MYCOBACTERIAL CULTURES 

The panel has been constituted striving at 50 percent representation of resistance to most of the 

drugs to be tested (isoniazid, rifampicin, ethambutol, ofloxacin, kanamycin, amikacin and 

capreomycin), with as much variation of profiles as possible. Every effort has been made to 

completely exclude XDR-TB strains.  

The panel consists of 10 different strains, of which ten are sent in duplicate (total 20 cultures). 

One or more may represent non-TB mycobacteria. The cultures are identified with randomly 

chosen numbers varying from site to site.  
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 DRUGS 

Isoniazid (INH), rifampicin (RIF), ethambutol (EMB), pyrazinamide (PZA), ofloxacin (Ofx), 

kanamycin (Km), amikacin (Ak) and capreomycin (Cm) will be tested. Participating laboratories 

will use their own drug powders. 

  

 

DRUG SUSCEPTIBILITY TESTING METHODS 

The conventional drug susceptibility testing methods being evaluated are those described for M. 

tuberculosis, i.e. the Nitrate reductase assay, proportion method and BACTEC MGIT 960  

radiometric method may be used. Each laboratory will test the TB strains in the panel with the 

method it uses routinely. Additionally other methods can be used to arrive at the correct result, if 

required. For non TBmycobacteria (NTM) no further species identification or drug susceptibility 

testing is required, but each strain in the panel should be identified as TB-complex or NTM. 

Laboratories are requested to specify the phenotypic susceptibility testing method used for this 

panel, together with the critical concentration or cut-off. Laboratories are strongly advised to use 

the revised critical concentrations as specified in the accompanying table (see Annex xxx). 

Participants are encouraged to test all TB isolates in the panel also by their routinely used 

genotypic method (Xpert MTB/RIF; lineprobe assay), for as many drugs as possible. These 

results and the method used should be reported separately. 
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INTERPRETATION OF THE RESULTS 

Results of phenotypic testing will be interpreted as described in the WHO bulletin publication 

(1). Strains will first be reported as MTB complex or NTM. Only MTB complex isolates will 

additionally be classified as Resistant (R) or Susceptible (S) to each of the drugs tested. The final 

results, together with any other information that may be useful for the interpretation of the results 

or for the documentation of the strains (i.e. MIC values), will be reported to the laboratory’s 

NRL, with copy to the coordinating laboratory in NTBLCP. As a minimum, the standardized 

data entry form provided should be used. 

Results of genotypic MTB drug susceptibility testing will be reported in as much detail as the 

method used allows, together with a final interpretation Resistant (R) or Susceptible (S). As a 

minimum, the standardized data entry form provided should be used. 

 

 

ANALYSIS OF THE DATA 

The sample size i.e. 20 strains has been set according to the Lot Quality Assurance Sampling 

method. This will allow the identification of laboratories performing at 90% efficiency or more 

at the 95% confidence level. Combining the results of two successive rounds, minimum 95% 

efficiency performance levels can be ascertained. Ten isolates are sent in duplicate to allow 

calculation of intra-laboratory reproducibility. For each laboratory, the reproducibility, 

sensitivity, specificity and predictive value of TB complex identification, susceptible or resistant 

results will be calculated by the coordinating laboratory in NTBLCP. For drug susceptibility 

testing, these analyses will be performed separately for pheno- and genotypic results. 

For phenotypic methods, results from all laboratories will be compared to the judicial NRL 

results. When there is no true NRL consensus result, i.e. less than 80% concordance susceptible / 

resistant, this strain/drug will be excluded from final performance analysis. Genotypic results 

will be evaluated considering DNA sequencing as the gold standard, if needed completed by the 
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judicial phenotypic result for interpretation of a mutation as drug resistant or susceptible (e.g. 

inhA or pncA mutations). 

A copy of the analysis of the testing round among the NRL only, as well as the documentation of 

the problem strains, will be mailed to all participants.  

 

 

RESOURCES 

 

Each laboratory is expected to provide the testing free of charge.  
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Appendix 13: TUBERCULOSIS REFERENCE LABORATORIES 

TUBERCULOSIS REFERENCE LABORATORIES, ROUND XXX 

1. NTBLTC NRL Zaria, Kaduna State. 

2. NIMR NRL Lagos State. 

3. Aminu Kano Teaching Hospital North West Zonal TB Reference Laboratory Kano. 

4. Jos University Teaching Hospital North Central TB Reference Laboratory JUTH Jos. 

5. University of PortHarcourt Teaching South South TB Zonal Reference laboratory UPTH 

Port Harcourt.  

6. UCH IbadanSouth West TB Zonal Reference laboratory.  

7. ZMC TB  Reference laboratory Mabushi Abuja. 

8. DLHMH Calabar TB Reference laboratory.  

 

 

Appendix 14: Drugs concentration 

 

 Recommended critical concentrations 

Drug LJ* 7H10 7H11 MGIT 960 

Isoniazid 0.2 0.2 0.2 0.1 

Rifampicin 40.0 1.0 1.0 1.0 

Ethambutol 2.0 5.0 7.5 5.0 

Pyrazinamide NR NR NR 100.0 

Streptomycin 4.0 2.0 2.0 1.0 

Kanamycin 30.0 5.0 6.0 2.5 

Amikacin 30.0 4.0 - 1.0 

Capreomycin 40.0 4.0 - 2.5 

Ofloxacin 4.0 2.0 2.0 2.0 

Levofloxacin - 1.0 - 1.5 
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Moxifloxacin - 0.5 & 2.0 - 0.5 & 2.0  

Gatifloxacin - 1.0 - - 

 

Changes from previously:  Km no conc. MGIT 

    Ak lowered LJ, no conc. 7H10 

    Cm lowered 7H10, dropped 7H11 

    Ofx increased LJ 

    Levo added 

    Moxi halved lower concentration + higher concentration 
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Appendix 15: Algorithm for Culture/DST 

 

                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Do Culture test 

If XDR, ship isolate to SRL 

Key:  

- Patient on follow up 

examination will have only 

culture test. 

- MTBC: Mycobacterium 

tuberculosis complex 

- NTM: Non Tuberculous 

Mycobacteria 

- FQ: Fluoroquinolones 

- AG: Aminoglycosides 

- Specimen for culture can be 

(Sputum, urine, CSF, gastric 

fluid & lymph node) 

 

Send 2 spot sputum samples to the culture/DST Lab 

1 sample to be processed for culture and the other sample frozen for back up 

If contaminated (repeat 

culture from frozen sample) 

If Culture positive 

(MTBC)Store isolate &do 

1stLine DST 

If MDR Send isolate to NRL for 

2nd line DST and store isolate 

 

Confirm with Genotype MTB 

If any resistance in FQ/AG 

If Culture positive             

(? NTM) 

Do Speciation; send 

isolate to NRL 


