	Institution

Laboratory name
Location

Head/Responsible person 


	Standard Operating Procedure (SOP)

Ziehl–Neelsen staining

	Code: 

Version: no.

Date: of release

Page: 10 of  13




Content

1. Scope 
2. Definitions and abbreviations
3. Personnel qualifications
3.1 Medical fitness

3.2 Education and training

4. Procedure

4.1 Principle

4.2 Samples
4.3 Equipment and materials

4.4 Reagents and solutions

4.5 Detailed instructions

4.6 Reading, recording and reporting

4.7 Quality control and evaluation of smear quality

4.8 Waste management

5. Related documents

Annex 1. Request and reporting form for sputum examination
Annex 2. Microscope components

	
	Compiled by
	Examined by
	Approved by
	Replaced
	New version

	Name
	
	
	
	Code:
	Code:

	Date
	
	
	
	
	

	Signature
	
	
	
	
	

	Laboratory area:
	No of copies:
	Reason for change:


1. Scope

This SOP describes the Ziehl–Neelsen (ZN) staining technique for  the detection of acid-fast bacilli  (AFB) by microscopy. The ZN staining technique is used with ordinary (bright-field) microscopes. 

2. Definitions and abbreviations

microscope magnification

individual objective magnification x eyepiece magnification 

AFB:

acid-fast bacilli

EQA: 

external quality assessment
QC:

quality control 

ZN: 

Ziehl–Neelsen method

NTP:

national tuberculosis programme
MDR-TB.
multidrug-resistant TB
3. Personnel qualifications

3.1 Medical fitness

In accordance with national laws and practices, arrangements should be made for  appropriate health surveillance of TB laboratory workers:

· before enrolment in the TB laboratory;

· at regular intervals thereafter, annually or bi-annually;

· after any biohazard incident;

· at the onset of TB symptoms.

Ideally, individual medical records shall be kept for up to 10 years following the end of occupational exposure.
Laboratory workers should be educated about the symptoms of TB and provided with ready access to free medical care if symptoms arise.
Confidential HIV counselling and testing should be offered to laboratory workers. Options for reassignment of HIV-positive or immuno-suppressed individuals away from the high-risk areas of the TB laboratory should be considered.
All cases of disease or death identified in accordance with national laws and/or practice as resulting from occupational exposure to biological agents shall be notified to the competent authority.

3.2 Education and training

Basic education and training must be given on the following topics:

· potential risks to health (symptoms of TB disease and transmission);

· handling of potentially infectious materials;

· precautions to be taken to minimize aerosol formation and prevent exposure;

· prevention of incidents and steps to be taken by workers in the case of incidents (biohazard incidents, chemical, electrical and fire hazards);

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· laboratory design, including airflow conditions;
· use of equipment (operation, identification of malfunctions, maintenance);
· good laboratory practice and good microbiological techniques;

· organization of work flow;

· procedures;

· importance of laboratory results for patient management;
· importance of laboratory results for the NTP.
The training shall be:

· given before a staff member takes up his/her post;

· strictly supervised;

· adapted to take account of new or changed conditions; and

· repeated periodically, preferably every year.

4. Procedure

4.1 Principle 
The property of acid-fastness is based on the presence of mycolic acids in the cell wall of mycobacteria. Primary stain (fuchsin) binds to cell-wall mycolic acids. Intense decolourization (strong acid or acid/alcohol) does not release the primary stain from the cell wall and the mycobacteria retain the red colour of fuchsin – hence acid-fastness. Counterstaining (with methylene blue) provides a contrasting background. 
While mycobacteria are AFB, very few other bacteria possess the property of acid-fastness, and then only weakly (e.g. Nocardia). AFB found in respiratory specimens of patients from countries with high TB prevalence are almost always TB bacilli. Non-TB mycobacteria are more commonly found in countries where TB prevalence is low. In high-burden countries, however, some patients suspected of having MDR-TB may actually have disease caused by non-TB mycobacteria. AFB found in extrapulmonary specimens, particularly gastric washings, stool or urine, should never be automatically assumed to represent TB bacilli. 
4.2 Specimens

Any incoming specimen must be properly labelled, as a minimum with a unique identification number. This identification is also written on the request form (Annex 1), and must correspond with the identification in the laboratory AFB-microscopy register.

4.2.1 Sputa

· Spontaneous sputa

Sputa from suspects should be rejected only if they are liquid and clear as water, with no particles or streaks of mucous material. However, they should be accepted if the patient cannot produce a better specimen on a repeated attempt. Sputa from follow-up patients should be accepted and examined even if they look like saliva, since these patients often cannot produce mucoid specimens.

· Induced sputa

These specimens resemble saliva but have to be processed as adequate specimens.

· Decontaminated sputa, concentrated by centrifugation.

4.2.2 Other specimens

· Laryngeal swabs, gastric lavages, bronchial washings, brushings and transtracheal aspirates.

· Urine.

· Body fluids (spinal, pleural, pericardial, synovial, fluids from ascites, blood, pus, bone marrow).
· Tissue biopsies. 

4.3 Equipment and materials
Alcohol sand jar (only if a loop is used, not needed with disposable sticks).
Bunsen burner or spirit lamp

Gas or burning spirit torch

Diamond pencil or lead pencil (if frosted-end slides are available)

Filter paper, small, appropriate for funnel size

Funnels, small, for filtering solutions in use

Forceps

Lens paper or soft tissue paper

Plastic bag for waste disposal

Bamboo or wooden sticks or wire loops

Microscope, preferably binocular, with parfocal lenses, electric light source or mirror, mechanical stage, 100x objective, 10x eyepiece (see Annex 2)
Immersion oil, synthetic, refractive index 1.5180 ± 0.0004 (according to DIN/ISO recommendations). Do not use cedarwood oil.
Slide drying rack

Slide staining rack
Slide boxes
New, clean slides (rinse in alcohol and dry if necessary)

Timer

Staining reagents

Staining bottles, 250 ml, with spout
Beaker for rinsing water

Sink and water supply
Oil-absorbing paper

Disinfectant solution (see relevant SOP)
4.4 Reagents and solutions
See SOP for preparation of staining and reagent solutions.
Note:  The formulations of reagents given here below are consistent with current recommendations and differ from those in previous WHO guidelines. The fuchsin concentration is higher but with a lower methylene blue concentration, which results in stronger red staining of bacilli on a weak blue background, with generally better contrast and visibility. However, the preparation of staining solutions or – if staining solutions are supplied centrally – method used or recommended by the NTP should be inserted or described, if different.
4.4.1 Carbol fuchsin staining solution, 1%
4.4.2 Acid decolourizing solution, 25% H2SO4
4.4.3 Methylene blue counterstaining solution, 0.1% 

Colour-blind workers are advised to use picric acid solution (7 g/l in water) which yields a yellow background.
4.5 Detailed instructions 

4.5.1 Preparation of smears

· Disinfect the working area.

· Label the slides properly using the laboratory register serial number marked on the sputum container.

· Place each slide on its corresponding container.
· Proceed to smearing, taking the labelled slides and opening containers one by one; do the smearing behind the flame of a Bunsen burner or spirit lamp.
· for a direct sputum smear, select a small portion of purulent or mucopurulent material with the stick/loop and transfer it to the slide;

· if a smear is prepared after specimen decontamination, the concentrated material must be transferred to the slide with a sterilized loop to avoid splashing.

Note: If a loop is used, it must be sterilized before use by heating until red-hot within the glass chimney of the Bunsen burner. After use, plunge the loop into the alcohol sand jar, moving it up and down to remove any remaining material, then heat it again until red-hot.

· Spread the material carefully over an area equal to about 2–3 cm x 1–2 cm using repeated circular movements, without touching the edge of the slide. Make the smear as even as possible by continuing this process until no thick parts remain. The thickness of the smear should be such that a newspaper held under the slide can barely be read through the dried smear. 

· Disinfect the working area after smear preparation.
· Let the smears air-dry at room temperature; do not use heat to speed the drying. Where humidity is high, gentle warming will be needed on a slide warmer (or locally made box with glass top under which there is a 20-W light bulb).

· When dry, hold the slides in forceps and fix them by passing three times slowly through the flame of a spirit lamp or quickly through that of a Bunsen burner, smear upwards; do not overheat or AFB staining will be poor.

· Always keep smears out of direct sunlight.

4.5.2  Staining method

· Place the slides, smear upwards, on the staining rack over a sink, about 1 cm apart.

· Place a new filter paper in a small funnel, keep it over the first slide and fill it up with carbol-fuchsin staining solution.

· Let the solution filter through the paper, covering each slide completely.

· Prepare the torch by dipping its cotton wool end in burning spirit; light it.

· Heat all the slides, keeping the torch a little below them and moving it continuously back and forth along the line until steam rises. This is repeated twice at intervals of 3–5 minutes. Do not allow the staining solution to dry on the slides – add fresh solution as required.  Contact time of the staining solution with the smear should total at least 10 minutes.
· Using forceps, tilt each slide to drain off the stain solution. Rinse the slides well with distilled water or clean tap water from a beaker (not directly from the tap).

· Pour the acid solution over the smears, covering them completely, and allow to act for 3 minutes.

· Using forceps, tilt each slide to drain off the acid solution. Gently rinse each slide again with distilled water or clean tap water from a beaker (not directly from the tap).

· If necessary, repeat the acid treatment and rinsing until all macroscopically visible stain has been washed away.

· Flood smears with methylene blue solution for 1 minute.
· Using forceps, tilt each slide to drain off the methylene blue solution. Rinse the slides well with distilled water or clean tap water from a beaker (not directly from the tap).

· Using forceps, take each slide from the rack and let the water drain off. Stand the slide on edge on the drying rack and allow to air-dry. 

Note: The stained smear should show a light blue colour. A dark blue colour usually indicates that the smear is too thick or that the methylene blue staining time was too long; this will hide the red AFB  in the background.

4.6 Reading, recording and reporting

4.6.1 Reading (see Annex 2)
· Set the variable voltage regulator to minimum and switch the power on.
· Slowly adjust the light until the desired intensity is reached.
· Ensure that the lenses, mirrors and other light-conducting surfaces are clean

· Turn the coarse adjustment knob to move the stage away from the objective lens.
· Place a stained slide on the stage, smear upwards.
· Rotate the nosepiece to the 10x objective and adjust the light intensity as required.
· Adjust the inter-pupillary distance until the right and left images merge.
· Focus the image with the right eye by looking into the right eyepiece and adjusting with the fine focus knob.
· Focus the image with the left eye by looking into the left eyepiece and turning the dioptre ring.
· Open the condenser iris diaphragm so that the field is evenly lit (about 80% open).
· Turn the coarse focus knob to bring the 10x objective lens close to the slide; do not allow the objective lens to touch the smear.
· While looking into the eyepieces, slowly turn the coarse focus knob to separate the objective lens and the stage. The smear should come into focus within a few turns. Then turn the fine focus knob until the smear is seen most clearly. Always use the focusing adjustment knobs to lower the stage away from the lens.
· Place a drop of immersion oil on the left edge of the smear; do not touch the slide with the oil applicator but allow the drop of oil to fall freely onto it. Then rotate the 100x objective into place. It is a professional error to focus directly with this objective.

· With parfocal lenses, the immersion objective will now be in the oil; if not lower it slightly until it just touches the oil (looking from the side).
· Raise the condenser as high as possible. Increase the brightness of the light until the field is well-lit but still comfortable for the eye. 
· Focus by adjusting with the fine focus knob. Use a maximum of one turn in one direction; if this is not successful, repeat in the other direction.
· Scan the stained smear systematically from left to right side, covering one length (100–150 microscopic high-power fields, depending on the length of the smear – 2 or 3 cm). This is the minimum that must be scanned before reporting a negative result; the process should take about 5 minutes. Count AFB in positive smears for quantification. Always search for useful areas, i.e. those containing mucoid threads and pus cells; do this by moving up or down when arriving at an almost empty area, until another useful zone has been found, then continue moving to the right. 
Acid-fast bacilli appear bright red against the background material counterstained in blue. Report as positive for AFB when the background is bluish and at least one red AFB is seen in a well de-stained smear (even if the AFB may be mycobacteria other than tubercle bacilli). Tubercle bacilli are quite variable in shape, from very short fragments to elongated types. The typical appearance is usually of rather long and slender, slightly curved rods. They may be uniformly stained or with one or many gaps, or even granular. They occur singly or in small groups, and rarely in large clumps.
· Once the smear has been read, rotate the 100x objective away, without changing focus, and remove the slide. 
· Place the slide smear-down on a piece of absorbent paper (e.g. folded toilet paper, newspaper) to soak up the oil; do not move the slide once it is on the absorbent paper.
· Take the next slide, put a drop of oil on one end of the smear, fix the slide on the stage, turn the 100x objective into the oil and continue reading. If slides are of the same thickness, focusing this (and subsequent) smears should require only slight adjustment of the fine focusing knob.

· When all slides have been examined, reset the voltage regulator control to minimum and turn the power off.

· Store the slides in a slide box in order of  the numbers of the laboratory register;  they will be needed for external quality assessment. Do not write results on the slides.

· Clean the objective lens at the end of each day using lens tissue or other suitable soft tissue.
4.6.2 Recording

Finding






Recording
No AFB found in at least 100 fields



negative

1–9 AFB per 100 fields                                                        exact figure/100

10–99 AFB per 100 fields




+

1–10 AFB per field (count at least 50 fields)


++

More than 10 AFB per field (count at least 20 fields)
+++


Some national guidelines require 300 fields to be read before a smear is reported negative, which takes about 15 minutes. Adjust the SOP if necessary.

4.6.3 Reporting 

Results must be reported in a special register of TB laboratory examination. Use red ink for positive results. Reports must be provided as soon as possible.

· For a negative result report: “Acid-fast bacilli were not seen.”

· For a positive result: report quantification of AFB seen. (It should not be assumed that AFB are tubercle bacilli.) 
· Never report “No TB” (or equivalent wording).
4.7 Quality control and evaluation of smear quality

4.7.1 Internal QC
Internal QC of freshly made staining solutions

· Prepare batches of control slides from suitable sputum specimens. These are negatives that have been thoroughly examined, and a low positive sputum (1+, 10–99 AFB/100 fields) homogenized after liquefaction by standing overnight at room temperature. Prepare at least 20 smears of each, as nearly identical in size and thickness as possible, giving each series the same QC identification number. Check 2–3 of each after good staining, and note the average number of AFB for the 1+ in the QC logbook

· Check every newly prepared staining solution with unstained control smears, using at least one positive, with known approximate number of AFB, and one negative slide.

· Stain the positive smear(s) as in section 4.5.2 repeat the cycle for the negative(s) at least once to ensure that contaminants present in decolourizer or counterstaining solution will be visible.

· Examine the controls as in section 4.6.1, and note the results in the QC logbook, under the batch number (and/or preparation date) of the new solutions.

· Unacceptable control results include the following:

· Positive control AFB are not stained strongly red or are clearly too few in number.

· Positive control background remains red or contains precipitates.

· Negative control shows AFB (possibly from contaminated water).

· Stain deposit is present on the QC slides.

If one or more of these are found, check whether something went wrong with the solution preparation. If this seems unlikely, repeat the controls with two more slides of each control, paying attention to correct staining technique. Accept if these controls give the expected results. If the repeat controls also give unacceptable results, discard the staining solutions and prepare new ones.

Internal QC of staining solutions in use and of staining procedure

· Include positive and negative controls with each day's reading. Read control slides before patient smears.

· If results are unacceptable (as described above), re-stain smears of that day together with new controls, paying attention to correct technique; if these controls are also unacceptable, prepare new staining solutions and repeat the staining.

Internal QC indicators 

Monitor laboratory performance by monthly counts – plotted on a graph – of:

· number of smears, 

· positivity rate, 

· positive cases detected.

These indicators provide an early warning of problems and signal the need for corrective actions. They contribute to staff motivation and self-reliance.

Among the possible reasons for false-positive results are:

· re-use of containers or positive slides;

· contaminated stain prepared with water containing environmental mycobacteria; 

· use of scratched slides;                   

· AFB floated off one slide and became attached to another during the staining procedure because there was no space between adjacent slides;

· inadequate decolourization;

· lack of experience, confusion with artefacts (especially if stains are not or poorly filtered); 

· microscope (lamp) in poor condition or poorly adjusted: interpreting glitter as AFB;

· poor quality of  staining solutions.

Among the possible reasons for false-negative results are:

· poor quality of specimen;

· not taking proper portion of specimen for smear preparation;

· excessive decolourization;

· poorly prepared staining solution;

· too little time staining with carbol fuchsin;

· over-staining with methylene blue;

· overheating during fixing;

· reading less than one length;

· slide exposed to daylight for too long;

· too long an interval between staining and reading, particularly if slides were poorly stained or not kept in the dark.

4.7.2 External quality control

EQA is described in a separate SOP.

4.8 Waste management

At the end of each day, seal contaminated material (used sputum containers, sticks, etc.) in a bag and incinerate as soon as possible. Keep the bag in a safe, closed bin or large bucket until it can be incinerated. 

In intermediate or central laboratories where there is an autoclave, infectious waste should be collected in an autoclavable bag and should be autoclaved before incineration.
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Annex 1. Request and reporting form for sputum examination
[image: image1.emf]Request and reporting form for sputum smear examination     Treatment Unit_______________________________________   Date_______     Patient’s name:__________________________________________________       Age________   Sex (M/F)________     Address (precise)   _______________ ____________________________          ___________________________________________          ___________________________________________      Reason for examination:   diagnosis  □     follow - up  □       If follow - up examination   Month: __       Registration number: __________   Signature of person requesting examination         Results (to be completed in the laboratory)     Laboratory serial No._________     Technique used :    Ziehl - Neelsen / Fluorochrom e     Result (check one)     Date    Specimen    Appearance*   neg  1 - 9  +  ++  +++    1           2           3            * visual appearance of sputum (blood - stained, purulent, mucous, mucopurulent, salivary     Date_____________       Examined by ______________________________     Signature____________________________     The completed form (with results) should be sent promptly to the treatment unit  


Annex 2. Microscope components
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