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1. Scope

This SOP describes the procedure for the biochemical test that detects the activity of nitrate reduction from bacterial colonies, which is used for the identification of Mycobacterium tuberculosis.

Because the test involves handling suspensions containing high concentrations of viable, infectious bacteria, strict compliance with safety and protection measures is mandatory. The test must be performed in a laboratory meeting the WHO standards for biosafety level 3 with access restricted to authorized personnel only.

2. Definitions and abbreviations
BSC:
biological safety cabinet

MW:
molecular weight

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

Education and training must be given on the following topics:

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

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

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· handling of potentially infectious materials;

· laboratory design, including airflow conditions;

· use of biological safety cabinets (operation, identification of malfunctions, maintenance);
· use of autoclaves, water-baths, pH meters (operation, identification of malfunctions, maintenance);
· prevention of incidents and steps to be taken by workers in the case of incidents (biohazard incidents, chemical, electrical and fire hazards);

· good laboratory practice and good microbiological techniques;

· organization of work flow;

· procedures;
· waste handling;
· importance of laboratory results for patient management;

· importance of laboratory results for the national TB programme.

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 nitrate reduction test, which measures the enzyme activity, is a key element in the differentiation of M. tuberculosis from other tubercle bacilli.

Nitrate reduction converts nitrate into nitrite which is detected by a colorimetric test. M. tuberculosis exhibits strong nitrate reduction activity whereas M. bovis gives a negative or weak reaction; M. africanum strains are usually negative but approximately 20% of strains give a positive test reaction. 

The test must be carried out on pure cultures otherwise it will yield false results.

 4.2 Samples

Pure cultures of acid-fast bacilli grown on solid media, minimum age 28 days

4.3 Equipment and materials

BSC, class I or II, annually certified
Water-bath
pH meter

Autoclave
Screw-cap reaction tubes, 13 x 85 mm
Loops
Reference strains of M. tuberculosis  (or a previously identified strain) and a reference strain of M. terrae (saprophytic strain)
4.4 Reagents and solutions
Note: Discard any reagent if the colour changes or a precipitate forms.

4.4.1 Sodium nitrate substrate in buffer, pH 7
Sodium nitrate (NaNO3, MW 85)




0.085 g

Potassium dihydrogen phosphate (KH2PO4, MW 136.1)

0.117 g

Disodium hydrogen phosphate dodecahydrate (Na2HPO4.12H2O, MW 358.14 g)

0.485 g
Distilled water

  



      
  100 ml

Check pH using a pH meter. Sterilize by autoclaving at 121°C for 15 minutes. When needed, 2-ml aliquots of the substrate solution are aseptically dispensed into sterile screw-cap tubes.

4.4.2 Reagent 1: hydrochloric acid solution

Concentrated hydrochloric acid (HCl, 36%)



10 ml

Distilled water






10 ml

Add concentrated HCI slowly to distilled water.
Warning: Never add water to acid.
4.4.3 Reagent 2: sulfanilamide solution, 0.2%
Sulfanilamide  (C6H8N2O2S, MW 172.21)



0.2 g



Distilled water



       


100 ml

Dissolve sulfanilamide in distilled water and store in an amber bottle in the dark in a refrigerator.

4.4.4 Reagent 3: N-naphthylethylene diamine solution, 0.1%

N-naphthylethylene diamine dihydrochloride



0.1 g
Distilled water






100 ml

Dissolve N-naphthylethylene diamine in distilled water and store in an amber bottle in the dark in a refrigerator.
4.5 Detailed procedure
The entire procedure must be carried out in a biological safety cabinet.

· Add 0.2 ml of distilled  water to a 16 x 100 mm screw-cap tube.
· Take 2 loopfuls of colonies from positive culture and emulsify in water. 

· Add 2.0 ml of NaNO3 substrate to the tube and mix well.

· Place in the water-bath at 37 °C for 2 hours.
· Remove the tube from the water-bath.
· Add 1 drop of reagent 1, 2 drops of reagent 2, and 2 drops of reagent 3.
· Examine immediately for development of a pink to red colour.

4.6 Result and interpretation

Pink colour developed = positive 

(at least 2+ compared with standard, corresponding to the 
standard tube 5, see Annex)
No colour =
negative result 

(or the reduction has proceeded beyond nitrite)

Add a small amount of zinc powder to all negative tests:
· if nitrate is still present it will be reduced by the zinc powder and colour will turn to red (true negative);
· if no colour develops, the original reaction was positive, but nitrate was reduced beyond nitrite.
4.7 Quality control
4.7.1 Morphology of colonies 
Observe the morphology of colonies on solid medium to check culture purity.

4.7.2 Negative control

Carry out the test as described above, omitting the second step (addition of colonies).
4.7.3 Positive control

Carry out the test with either a previously identified M. tuberculosis strain or a reference strain from an international culture collection such as M. terrae (saprophytic strain).
4.8 Waste management

Autoclave all contaminated materials. 
5. Related documents
Kent PT, Kubica GP. Public health mycobacteriology: a guide for the level III laboratory. Atlanta, GA, United States Department of Health and Human Services, Centers for Disease Control, 1985.

Laboratory services in tuberculosis control. Part III: Culture. Geneva, World Health Organization, 1998.
Vincent V, Gutiérrez MC. Mycobacterium: laboratory characteristics of slowly growing mycobacteria. In: Manual of clinical microbiology. Washington, DC, American Society for Microbiology, 2007:573–588.



Annex. Preparation of standards
Tubes prepared during the following procedure are used as colour standards for  the detection of nitrate reduction activity by  direct  comparison with tubes prepared with test strains.
Reagents and solutions

Stock solutions
1. Na2HPO4.12 H2O, 0.067 mol/litre

Dissolve 23.68 g disodium hydrogen phosphate dodecahydrate (MW 358.14) in 1000 ml distilled water.

2. KH2PO4, 0.067 mol/litre

Dissolve 9.07 g monopotassium dihydrogen phosphate (MW 136.1) in1000 ml distilled water.

3. Na3PO4.12H2O, 0.067 mol/litre

Dissolve 25.47 g trisodium phosphate dodecahydrate (MW 380.12) in 1000 ml distilled water.

4. Phenolphthalein, 1%

Dissolve 1 g in 100 ml 95% ethanol

5. Bromothymol blue, 1%

Dissolve1 g in 100 ml 95% ethanol

6. Bromothymol blue, 0.01%
Prepare by mixing 1.0 ml of stock solution 5 in 100 ml of distilled water.

7. Stock solution 7

Mix 35 ml of stock solution 1 and  5 ml of solution 2 and 100 ml of solution 3.
8. Stock solution 8

To 10ml of stock solution 7, add 0.1ml of solution 4 and 0.2 ml of solution 6.
Detailed procedure

· Place eight clean test-tubes (numbered 1–8) in a rack.  Use the same size tubes as are used for the nitrate reduction test.
· Put 2 ml of stock solution 7 into each of tubes 2–8.
· Add 2 ml of solution 8 to tube number 1.  This is the 5+ colour standard.

· To tube 2 in the series, add 2 ml of solution 8.  Mix well and transfer 2 ml to the next tube (tube 3).  Continue to make serial dilutions of 2 ml in this way, finally discarding 2 ml from tube 8. The colour standards achieved in this way are:
tube 1
=
5+
purplish red

tube 2
=
4+
deep red

tube 3
=
3+
red

tube 5
=
2+
deep pink

tube 6
=
1+
clear pink

tube 8
=
+/-
faint pink

· Autoclave tubes, seal and store at 4 °C. They keep indefinitely and should be used whenever nitrate reduction tests are done.
