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Foreword 

The Cambodia National Tuberculosis Program (NTP) has been established to particularly 

detect infectious cases of pulmonary tuberculosis bases on the bacteriological examination, 

to monitor treatment progress and document cure at the end of treatment by means of 

sputum smear microscopy. Bacteriological services also contribute to the diagnosis of 

pulmonary and extra-pulmonary tuberculosis by appropriate methods. Therefore, 

standardization of the basic tuberculosis bacteriological techniques becomes a mandatory 

requirement. 

A reliable laboratory service is one that is cost-effective and provides results that are 

consistently accurate. These demands can be met only through commitment to quality 

assurance. A key component of quality assurance for sputum smear microscopy services 

is External Quality Assessment (EQA),which is a process to assess and monitor laboratory 

performance. 

In Cambodia, for EQA the NTP focuses on two main methods namely blinded rechecking 

and on site evaluation by supervisory visit. 

I hoped that this EQA SOP will be implemented in Cambodia as a means of ensuring the 

high quality of the NTP. In addition, I believe that this SOP is also great importance for 

National Reference Tuberculosis Laboratory including Provincial TB Laboratory 

Supervisors, OD supervisors and microscopist to follow. 

Phnom Penh, ~!) April, 2010 
National Tuberculosis and Leprosy Control 

Director 

Dr. Mao Tan Eang 
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1. Introduction 

Since the diagnosis of tuberculosis relies on sputum smear microscopy, maintenance of 

quality of microscopy is vital to ensure reliable and accurate microscopy service of 

NTP. EQA was started to continuously improve the reliable, efficient and sustainable 

of TB laboratory services. EQA includes (1) on-site evaluation of the laboratory to 

review QC and should include on-site rereading of smears; (2) blinded rechecking ; 

and (3) panel testing . EQA also allows participant laboratories to assess their 

capabilities by comparing their results with those obtained in other laboratories in the 

network (intermediate and central laboratory) through panel testing and rechecking. In 

Cambodia, blinded rechecking and on site evaluation ware chosen for the main 

methods for EQA implementation. 

The purposes of EQA are the followings; 

- To improve quality of services 

- To identify cause of errors 

- To maintain networking between the laboratories 

- To compare laboratory results to intermediate and central level 

To Share experience including good and bad 

This SOP is prepared for those who involved in EQA activities. r.e. Assessor, 

Controller, Provincial TB laboratory supervisor (PLS), OD supervisor and 

Microscopist. 

This EQA SOP is prepared for blind rechecking, on site evaluation, EQA work shop in 

Cambodia. 
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2. Glossary of Terms 

Quality Assurance (QA): System designed to continuously improve the reliability 

and efficiency of laboratory services. It includes internal quality control, external 

quality assessment, and quality improvement. 1 
l 

Quality Control (QC): Also called Internal Quality Assurance, includes all means 

by which the TB smear microscopy laboratory controls operation, including instrument 

checks and checking new lots of staining solutions. l) 

External Quality Assessment (EQA): A process which allows participant 

laboratories to assess their capabilities by comparing their results with those in other 

laboratories in the network (intermediate and central laboratory) through panel testing 

and blinded rechecking. EQA also includes on-site evaluation of the laboratory to 

review quality of performance and should include on-site rereading of smears. EQA is 

an expansion ofthe proficiency testing as described by IUATLD. l) 

Quality Improvement (QI): A process by which the components of smear 

microscopy diagnostic services are analyzed with the aim of looking for ways to 

permanently remove obstacles to success. Data collection, data analysis, and creative 

problem solving are the key components of this process. It involves continued 

monitoring, identifying defects, followed by remedial action including retraining when 

needed, to prevent recurrence of problems. QI often relies on effective on-site 

evaluation visits. l) 

Panel Testing: Sending stained and/or unstained smears from the reference 

laboratory to the peripheral or intermediate laboratory to check proficiency in reading 

and reporting. 

Panel testing is equivalent to the WHO definition of proficiency testing. The term 

panel testing is used in these guidelines in order to eliminate the confusion over the 

different definitions of proficiency testing. 1 
l 
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Rechecking: Sending smears from the peripheral laboratory to a reference 

laboratory (intermediate or central laboratory) for rereading. These guidelines 

recommend that rechecking is always blinded, ensuring that the controller does not 

know the results from the peripheral laboratory. In other documents, this may also be 

referred to as rereading. 1 l 

Blinded Rechecking: Sending smears from the peripheral laboratory to a reference 

laboratory (intermediate or central laboratory) for rereading by blinded, ensuring that 

the controller does not know the results from the peripheral laboratory. 

Assessor: Term used to describe the supervisor of laboratories. Assessor is 

responsible for slide collection and selection, umpire reading for the discordant slide 

between tested laboratory and controllers, on site evaluation, organizing EQA 

workshop and report the EQA results to CENAT (national TB reference laboratory) 

Controller: Term used to describe the technician responsible for rechecking slides. I) 

Major error: This type of 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 management of a patient. Major errors may indicate gross 

technical deficiencies, and include both High False Positive and High False Negative 
errors. I) 

High False Positive (HFP): A negative smear that is misread as 1 + to 3+ positive. 

This is a major error. I) 

High False Negative (HFN): A 1 +to 3+ positive smear that is misread as negative. 

This is a major error. I) 

Minor error: In clinical practice, these errors may have some impact on patient 

management. However, for the purpose of evaluating 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 errors may indicate technical deficiencies. I ) In Cambodia LFP and LFN are 

minor error and QE is not include. 
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Low False Positive (LFP): Previously called a scanty false positive. l) A negative 

smear is misread as a lowp-29AFB/300fields) positive. This type of minor error 

occurs occasionally even in la~~:>ratories that are performing well. 

Low False Negative (LFN): Previously called a scanty false negative. l) A low 

(1-29AFB/100fields). P2siti-yt\ • .,1~ear that is misread as negative. This type of minor 

error occurs occasional!Y ,ev~n._in laboratories that are performing well. 

Low Positive: Term used in this document to describe 1-9 acid-fast bacilli per 1 00 

fields, which is the WHO/IUA T~D standard for quantitation. (1-29 AFB/300VF in 

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

It is up to the physician and the NTP to decide if this represents a case or not. It 

previously referred to as a scanty positive. l) 

Feedback: Process of communicating results of EQA to the original laboratory, 

including suggestions for possible causes of errors and remedies. 1 
l 

Unaccepted laboratory: Laboratory in which major error or more than one minor 

error is found during a period of the time (ordinary one quarter) 

8 
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3. EQA Methods Applied in Cambodia 

3. 1 TB Laboratory network 

It is important to provide TB smear microscopy services that are accessible to 

the entire population, yet to maintain an acceptable level of technical proficiency. 

To accomplish this objective, a network of laboratories with competency in acid-fast 

sputum smear microscopy, supported by· provincial TB laboratory supervisor, and 

overseen by a National TB reference laboratory, is required. 

CENAT 

National TB reference laboratory 

Provincial Health 

Department 

(Provincial TB lab supervisor) 

TB Laboratory 

( AFB Microscopy ) 

Health Center 

( AFB smear preparation and fixation) 

Figure 1. TB laboratory network 
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3.2 EQA network 

·-·---· - ·- ·- ·- ·-·-· - ·-·- ·- ·-·- ·- ·-·- ·- ·-·-· -·- ·---- - ·- ·- ·-· - ·- ·-· - ·-·- ·-·-·-·-·- ·- ·- -, 

- - ·- - · - - · - - - - · - - - - -- · - - - ·- · - - · - · - · - - -- -- -- -- ·- - ·- - - - -- -- -- ·- ·- -- -- -- --

Report 
Provincial Health Department 

~ 

Supervision/ 

On site evaluation 

~ 

.......... ;::.... 

Slide Selection 

~ 

Peripheral Laboratory 

·-· - ·---· - ·- ·- ·-·-·-·-·-·-·-·-·- ·-·- ·- ·- ·-·- ·-·- ·-·-·- ·-·-·-·- ·-·-·-· -·- ·-·-· - ·- ·-·- ·-·- ·-· - ·- ·- ·-·- ·-·-·-· 

Figure 2. EQA network 
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3. 3 Flowchart of EQA activities 

Blinded rechecking 

Activities 

Slide storage 

Slide collection & selection 

Cross checking & smear assessment 

Analysis of the results 

On site evaluation 

Confirm the discordant results 

Read slides 

Observe condition and practice 

Find the problems 

Give recommendation 

Report summary 

[- Follow up (next visit) 

I EQA quarterly meeting 

- Share experiences and summarize reports 
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Actor 

Microscopist (Mx) 

OD supervisor & Assessor 

Controller 

Assessor 

Mx. & Assessor 

Mx. & Assessor 

Mx. & Assessor 

Mx. & Assessor 

Assessor 

Hospital director, 

Laboratory chief, 

Assessor & Mx 

Assessor] 

Assessor, 

00 supervisors, & 

Mxs 
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3. 4 Blinded Recheking 

Blinded rechecking of a sample of routine smears from the peripheral sites 

and intermediate labs by controllers at a higher level laboratory is considered 

the best method for evaluation performance and providing motivation to staff 

for improvement. 

1. Slide storage 

All examined slides should be store serially in the slide box until slide 

selection will be done 

2. Slide selection 

(1) Twenty slides per laboratory are selected for blind-rechecking in 

each quarter 

(2) Count the total slide number in the test quarter for blind rechecking 

and quarterly activity report. If total slide number is less than 20, 

collect all slides. 

(3) Calculate the sequence number (total slide number divide by 20) and 

fill it in the slide selection sheet (Appendix 1) 

(4) Chose the starting number randomly and it should be less than 

sequence number. 

(5) Select the slides from the register book but not from slide box. 

(6) Fill the slide number and results to the slide selection sheet 

(Appendix 1) 

(7) Chose the slides according to the slide selection sheet. In the case 

of needed slide is missing or broken, chose the next slide and erase, 

using pen, the original selection and put the replace slide number 

and result. Note the reason in the remark column 

(8) VerifY the slide number and its results in the slide selection sheet. 

After confirmation with Microscopist, obtain signature from 

him/her] 
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3. Cross checking 

(1) Assessor transfer only slide number to feedback sheet (Appendix 2) 

(2) Assessor give the feedback sheet and selected slide to controller 

without letting him/her know the results (blinded) 

(3) Controller re-stains all slides by Z-N staining method (To avoid 

fading). 

(4) Controller fills the feed-back sheet after reading the slides: date of 

examination, results, and smear assessment such as specimen quality, 

thickness, size and evenness, by ticking in each category. 

4. Analysis of results (Assessor) 

(1) Check the feed-back sheet which is filled by controller. If it is not 

complete, ask controller to complete it. 

(2) Fill the microscopist's results to the feed-back sheet 

(3) Compare controller's results and microscopist's (original results) 

( 4) Re-check the slides if discordant slides are found. 

(5) Calculate the percentage of each smear assessment points 

(6) Fill correlation table, according to the results of microscopist and 

controller/assessor (Appendix 5) 

(7) Fill error classification table according to correlation table 

(8) Fill comments as finding ofthe results 

(9) Date the second cross-check and data the last analysis with 

signature. 

3. 5 On Site Evaluation 
Visits to the peripheral laboratories by trained laboratory personnel from the' 

reference or intermediate laboratory are essential if performance is to be 

improved or maintained at a high standard. These visits allow for the 

observation of worker performance under actual conditions, including 

condition of equipment, laboratory safety, adequacy of supplies, and the 

process for smearing, staining, reading, recording and reporting. Stained 

smears can be reviewed during the visit. When problems are detected, 

solutions can be suggested and potentially implemented immediately. 
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1. Make a plan to visit laboratories which have experienced major error 

or more than one minor errors 

2. According to "Criteria of on site evaluation" (Figure 4 ), select the 

laboratory where Assessor has to perform on site evaluation 

3. Required forms and equipments are listed below, 

slide selection sheet (Appendix 1) 

selected slides (at least discordant slides) 

feed-back sheet (Appendix 2) 

blank on site evaluation sheet (Appendix3) 

the latest visit of on site evaluation sheet (Appendix 3) 

Error 

No error 

Yes 

~~;~~ 
- - - < ~- 0 A~ ' o __ ,.._ ~-- 0 

Figure 4. Criteria of on site evaluation 

* In the case of one minor error, its next quarter results should be followed up. 
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4. Confirm the discordant results in register book 

5. Ask microscopist to read discordant slides together with assessor 

6. Examine at least 5 positive slides at the place. 

7. Observe condition and practice 

8. Find the problem, cause of problems and also good points 

9. Make recommendation to laboratory, obtain signature of 

microscopist and assessor on the on site evaluation sheet, and leave 

the carbon copy of on site evaluation sheet (Appendix 3) 

10. Summary Report to head of institution 

11. Follow up should be done in necessary timing 

3. 6 EQA Quarterly Workshop 

EQA quarterly work shop is formulated to share information between stake-holders. 

There is some possibility to have errors even the laboratory which has no error in EQA 

samples. This is the opportunity to discuss cause or risk of error between all laboratory 

workers in the province. 

1. Summarize all laboratory results in a province. Fill quarterly laboratory 

activity and results of blinded check in EQA report sheet (Appendix 4) 

Agreement rate: "correctly reading slides" divide by "total 

slide number" and multiply 100. In case of Cambodia, 

"correctly reading slide" means correctly read as positive or 

negative by qualitative and it is not for quantitative. 

Unacceptable laboratory: The laboratory which found 1 major 

error or more than 1 minor error called "unacceptable 

performance laboratory" or "unacceptable laboratory" 

Followings are also able to analyze; 

False negative rate: In Cambodia, False negative divide by 

tested laboratory negative multiply 100. 

False positive rate: In Cambodia, False positive divide by 

tested laboratory positive multiply 100 

Percentage of unacceptable laboratory: Number of 

unacceptable laboratory divide by total laboratory number 

multiply 100 
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2. Hold EQA quarterly meeting by Provincial Health Department /Or 

CENAT depend on available budget and facilities. 

3. Attendance listed below: 

Director of Provincial Health Department (PHD) 

ChiefTechnical Bureau in PHD 

CENAT laboratory supervisor 

Provincial TB medical supervisor 

Provincial TB laboratory supervisor (reporter) 

OD supervisors 

Chief of General laboratory in Provincial hospital 

Controller 

Microscopists 

some other HC staff who involve in TB activities 

4. Report EQA results of the last quarter 

5. Report the results of on site evaluation and share experiences 

6. Discuss about critical problems or findings 

Assessor submit the copy of EQA quarterly workshop to CENAT, 

national TB reference laboratory 

3. 7 Reporting to CENAT 
Submit the copy of reports to CENAT, National TB Reference 

Laboratory 

- Slide selection sheet (Appendix 1) 

- Feed back sheets of all laboratories in province (Appendix 2) 

-On site evaluation sheets (Appendix 3) 

- EQA report sheet (Appendix 4) 

- Quarterly laboratory activity report 

16 
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4. Reference 

1) IUATLD, WHO, JATA, KNCV, CDC, APHL, External Quality Assessment for 

AFB Smear Microscopy, APHL, Sept. 2002), 

2) WHO, Quality Assurance of Sputum Microscopy in DOTS programme, Regional 

Guideline for countries in the Western Pacific , WHO 2003 

3) Cambodia EQA Guideline (Draft/ July 2006) 
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5. Appendix 

Appendix 1 Slide selection sheet 

Appendix 2 EQA Feedback sheet 

Appendix 3 On site evaluation sheet 

Appendix 4 EQA report sheet 

Appendix 5 Correlation table and classification of error 

Appendix 6 Definition and Criteria for acceptable smear slide preparation 

Appendix 7 Member of EQA SOP working grou 
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Appendix 1 

Slide Selection Sheet 

Date of selection Quarter Year 

Province OD 

Name of Lab 

Name of Lab tech 

Name of supervisor 

Diagnose Follow-up 

Positive Negative Total Positive Negative Total 

Dl C2,C3,C4 

D2 C5 

D3 C6,C7,C8 

Total 
a 

Total b 

Total # of slide in the quarter : c = (a + b ) 

Sequence number: - c I 20 -

Starting number: randomly and less than sequence# 

Selected Slides 

Slide Number Result Remarks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Signature of Microscopist Signature of Supervisor 
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Appendix 2 

EQA Feed-Back Sheet 

Date of cross check: Lab code: 

Province: OD: Laboratory: QA Center: Q : Year: 
0 

Original Results Specimen Quality Thickness Size Evenness z ... 
"C 

(;j Slide No. Lab c.c Ass good saliv noth good thick thin good big small good bad 

I I 

2 

3 I 

4 

5 

6 

7 

8 

9 

I 10 

II 

12 

13 

14 

15 

total 

0/o 

Results of tested laboratory Summary of errors 
l.o 0 1-29 I+ 2+ 3+ Total High False negative 0 

"' "' ~ 0 High False positive "' .... "' 0 ~ 

"' 1:; 1-29 Minor error -= ~ ..::t: 
"' ~ I+ Total ~ ~ 

0:: -= ~ 2+ "' "' 0 
l.o 3+ ~ 

Total 

Comments 



Appendix 3 

Name of laboratory: 

Date of visit : 

Name of microscopist : 

Finding 

On site evaluation sheet 
OD: 

Date of last visit: 

Recommendation 

21 

Province: 

Follow-up 

Date: ................ .. ...... .. 

Name and signature of microscopist 

Name and signature of supervisor 

• 
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Appendix 5 

Correlation table and Classification of Errors 

Microscopist 

0 1-29 Total 

0 

("') 
1-29 0 

;?. 
..... 
2... I + (S" 
..... "" --- ' )> 2+ R V> 
V> '---
('D 
V> 
V> 3+ 0 ..... 

Total 

Lener Results 

located at 
Error Classification 

C'l Correlation Lab cc Ass 
C'l 

Table 

A 0 0 No Errors Correct 

R 0 l-29 LFN (Low False Negative) Minor Error 

f 

23 



Appendix 6 

Definition of Good I Acceptable Quality of Smear Slides Preparation 

Stained smear slides can be evaluated whether if they are good or poor in terms of the dominance of 

the following checkpoints in the smear area macroscopically and microscopically. 

I) Specimen Quality: The presence of dust cell (macrophage) or presence of more than 25 

leucocytes per field at total magnification of x 1 00 

2) Smear Size: 

3) Smear Thickness: 

4) Evenness: 

(objective x 1 0) are observed. A least 10 fields should be observed. 

Approximately 2 x 3 em in size (1.8-2.0 x 2.8-3.0 em in size) 

The whole depth of the smear layer can be focused sharply in each field 

Surface of smear have to spread evenly by small coiling shape and not to 

slough off 

Note: Percentage of good smear should be equal or more than 80 % for all assessment points. 
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Appendix 7 

Member of EQA SOP working group 

Name Organization/Institute Position 

Dr. Mao Tan Eang CENAT Director 

Dr. Pheng Sok Heng CENAT Laboratory Chief 

Ph. Ton Chavivann CENAT Ex Laboratory Chief 

Ms. An Sokheng CENAT EQAChief 

Mr. Boy Samba WHO/CENAT Technician, CENAT 

Ph. Hout Uong Battanbang PHD Provincial Lab supervisor 

Mr. Chey Vichet Many Kg Cham PHD Provincial Lab supervisor 

Dr. Pin Prakad Sieam Reap PHD Provincial Lab supervisor 

Mr. My Sodara Kg Thorn PHD Provincial Lab supervisor 

Mr. Phan Vuth Kanda! PHD Provincial Lab supervisor 

Dr. Juliet Curry OMF international Laboratory Advisor 

Ms. Hiroko Matsumoto JICA/ RIT Laboratory Advisor 
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