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Case Report
A 6-month-old girl was admitted to the intensive care unit of a tertiary pediatric hospital for shortness of breath and respiratory distress for three 

days following one month of cough. A�er �ve days antibiotics therapy (amoxicillin sulbactam for three days followed by meropenem for two days), 
chest CT scan showed severe pneumonia with local consolidation. A�er �beroptic bronchoscopy and alveolar lavage, she was intubated for ventilation 
and transported by ambulance to our hospital because of persistent cyanosis. �e girl was gravida 2 para 2 and vaginal delivered spontaneously at full 
gestation age to a gravida 2 para 2 mother with Apgar score of 10 at �rst minute and birth weight 4000 g. Her non-consanguineous parents and elder 
brother were healthy. �ere was no family history of tuberculosis. She was vaccinated at birth for BCG and hepatitis B and no other vaccinations 
were given because of recurrent infections with oral herpes, bronchitis and pneumonia a�er one month old.

Physical examination revealed le� sub-axillary lymphadenitis (Figure 1) and bilateral pulmonary rales, no rash and no hepatosplenomegaly 
were observed and failure to thrive (6000g at admission). Peripheral blood routine test showed: white blood cell counts 9.7 × 109/L, lymphocytes 
di�erential 8%, hemoglobin and platelet were normal. C-reactive protein, procalcitonin, serum electrolytes, biochemical enzymes of organs, liver 
and renal function and coagulation function were normal. Chest radiographs showed bilateral in�ltration pneumonia. Abdominal sonography was 
normal. Super�cial sonography showed le� sub-axillary lymph node enlargement and liquefaction. High-throughput sequencing on Bronchoalveolar 
Lavage Fluid (BALF) identi�ed 697 sequences of Mycobacteruim tuberculosis complex and 95146 sequences of Pneumocystis jiroveci, respectively. 
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Introduction
Recently the World Health Organisation (WHO) recommended the use of molecular line probe assays (LPAs) for rapid screening of MDR-TB 

in low and middle income settings [1]. LPAs use multiplex polymerase chain reaction (PCR) amplification and reverse hybridization to identify M. 
tuberculosis complex and mutations to genes associated with rifampicin and isoniazid resistance. LPA can be performed directly from acid fast 
bacilli (AFB) smear-positive sputum, or from culture isolates, and provide results in 1-2 days. A recent systematic review concluded that line probe 
assays are highly sensitive and specific for detection of rifampicin resistance (≥97% and ≥99%) and isoniazid resistance (≥90% and ≥99%) on 
culture isolates and smear-positive sputum. Overall agreement with conventional DST for detection of MDR-TB was 99% [2].

WHO recommends the use of LPA as a rapid diagnostic test for detection of rifampicin and isoniazid resistance? The WHO recommended 
commercially available tests include GenoType MTBDRplus VER 1 and 2 (Hain Lifescience, Germany), Nipro NTM+MDRTB detection kit 2 
(Nipro, Japan) [3].

Line probe assays are drug susceptibility tests that use PCR and reverse hybridization methods for the rapid detection of mutations associated 
with drug resistance. Line probe assays are designed to identify M. tuberculosis complex and simultaneously detect mutations associated with 
drug resistance. One of the disadvantages with these assays is that they have an open-tube format, which can lead to cross contamination and an 
increased risk of false positive results [4].

Line probe assays (LPAs) are rapid molecular diagnostics that can detect M. tuberculosis and drug resistance. Although LPAs are more 
technically complex (designed for reference or regional laboratory settings) and take longer to perform than the Xpert MTB/RIF assay (Cepheid, 
Sunnyvale, CA, USA), they have the ability to detect isoniazid (INH) resistance in addition to rifampicin (RIF) resistance unlike Xpert MTB/
RIF [5]. LPAs detect RIF and INH resistance by identifying mutations in the rpoB, katG, and inhA genes. By targeting mutations in the 81-base 
pair “core region” of the rpoB gene, more than 95% of all RIF resistant strains can be detected [6]. In comparison, the mutations that cause INH 
resistance are located in several genes and regions [7,8]. Although mutations in katG and inhA account for approximately 80–90% of INH-resistant 
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strains [9], an additional 5–10% of INH-resistant strains have mutations in the ahpC–oxyR intergenic region, often in conjunction with katG 
mutations outside of codon 315 [10].

Materials and Methods
Specimen collection

A good sputum sample should consist of recently discharged material from the bronchial tree. Quality of the specimen implies the presence 
of mucous or mucopurulent material. Ideally a sputum specimen should have a volume of approximately 5 ml although smaller quantities are 
acceptable if the quality is satisfactory.

It is best to obtain sputum early in the morning before the patient has eaten or taken medication. A wide-mouthed (at least 35 mm in diameter) 
sterilecontainer “falcon tubes”, is preferred so that the patient can expectorate easily inside the container without contaminating the outside. 
Volume capacity of the falcon tube would be 50 ml. Made of translucent material in order to observe specimen volume & quality without opening 
the container. Screw- capped tubes obtain an air tight seal to reduce the risk of leakage during transport. The falcon tubes are labeled with the 
patient details and later on with the specific laboratory registration number (Figure 1).

The packed containers from the couriers or individuals are received at the laboratory. If a delay is unavoidable the specimens should be 
refrigerated to inhibit the growth of unwanted Micro-organisms; Extra – pulmonary specimens however, should be submitted as soon as possible 
after collection. Aseptically collected tissue specimens should be submitted in sterile containers without fixatives or preservatives.

Ziehl preparaton neelsen (zn) staining
Dr. Franz Ziehl (1857-1926) a German bacteriologist in Lubek introduced the Carbol fuchsin stain for the tubercle bacillus in 1882. With 

Friedrich Neelsen (1854-1894), pathologist Ziehl developed the Ziehl-Neelsen stain, which is used to identify acid-fast Mycobacterial. Ziehl 
described a new method in a paper published on 12 August 1882 which showed that the solutions could be acidic rather than alkaline. The new stain 
was less damaging to tissue preparations of tubercles while still permitted the visualization of the causative organisms. With minor modifications 
this is the stain in routine use today.

Principle 

The property of acid-fastness of Mycobacterium is based on the presence of Mycolic acid in their cell wall. Primary stain (fuchsin) binds to cell 
wall Mycolic acids. Intense decolourization (strong acid) does not release primary stain from the cell wall and AFB retains the red color of fuchsin. 
Counter stain (Methylene blue) provides contrasting background.

Materials 

1% Carbol fuchsin, 25% Sulphuric acid, 0.1% Methylene blue.

Collection of Sputum collection, selection of the purulent portion for smear preparation and making smear is critical for good quality of smears.

Smearing process

The smear size is 2x3 cm. Spread the sputum on the slide by using a loop. Allow the slide to air dry. Heat fix the slide by passing it over the flame 
3-5 times for 3-4 seconds.

Staining procedure

Place the slides on a staining rack in batches (maximum 12) with the smeared side facing up. Ensure that the slides do not touch each other. 
Flood entire slide with filter 1% Carbol- fuchsin. Heat each slide slowly until it is steaming. Do not boil. Set aside for 5 minutes. Rinse each slide 
individually in a gentle stream of running water until all free stain is washed away. Flood the slide with the 25% Sulphuric acid solution for 2-4 
minutes. Rinse the slide thoroughly with water. Drain off excess water from the slide. Flood the slide with 0. 1% Methylene blue for 30 seconds Rinse 
the slide thoroughly with water. Drain excess water from the slide. Allow smear to air dry. Do not heat or use blotting paper.

Microscopic examination

Put a drop of immersion oil on the left edge of the stained smear. Focus the smear with x 100 lens. Systematically examine at least 100 fields. 

 

Figure 1: Sputum samples.
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Read results as negative, positive by grading table (Figure 2 and Table 1).

Processing by NALC-NaOH Method
Digestion-decontamination of sputum using N-acetyl L-cysteine sodium hydroxide (NaOH):

The starting concentration of NaOH is 4% and the final concentration after processing the sputum specimen will be 1%. The inclusion of the 
mucolytic agent N-acetyl L-cysteine (NALC) enables a more rapid digestion of sputum and decontamination agent, sodium hydroxide to be used 
at a lower (1% vs. 2% by the petroff method) final concentration. NALC loses activity rapidly in solution. So it has to be made freshly daily. Another 
difference compared to the petroff method is that Tri -sodium citrate is also included in the decontamination solution to bind the heavy metal ions 
that might be present in the specimen and could inactivate NALC. Similarly to the petroff methods timing of exposure to the NaOH must be rigidly 
controlled to prevent over kill of tubercle bacilli. If more active decontamination is need to reduce excessive contamination, increases the starting 
concentration of NaOH to 5% or 6% rather the time exposure.

Reagents
 4% NaOH-SODIUM CITRATE STOCK SOLUTION:

• To prepare 1litre of NaOH-sodium citrate

• Sodium hydroxide (NaOH):  15 grams

• Tri sodium citrate dehydrate: 14.5 grams

• Distilled water: 1 liter

Add separately each of  them into 500 ml of distilled water. Mix well, after proper dissolution mixes both of them. This makes 1liter of NaOH, 
sodium citrate solution. This solution should be autoclaved before use.

NALC –NaOH Solution

Just before use to the NaOH-sodium citrate stock solution add 5 grams of NALC. This working solution should be used within 24 hours.

Phoshate buffer (PO4):

To prepare 1 liter of PO4 buffer. Di-sodium hydrogen phosphate: 4.73 grams. Kalium/Potassium di-hydrogen phosphate: 4.53 grams. Distilled 
water: 1 liter.

Working phosphate buffer pH- 6.4 Mix equal volume of stock solution and acid buffer. Check the pH of this working the solution with a pH 
meter. Then autoclave the mixture at 121°C for 15 minutes in a screw cap flasks. Storage under refrigeration 2-8°C is preferred.

Methodology 

To the sputum sample in the falcon tube add equal volume of NALC-NAOH solution. Vortex it for 5 min.

Keep it aside for 15-20 min at room temperature. Add PO4 to the falcon tube up to the 50 ml mark for neutralizing the activity of NALC-NaOH. 
Invert 4-5 times for mixing. Then centrifuge at 3000 g for 20 min at 4°C. Discard the supernatant. To the pellet add 2 ml of PO4 buffer and vortex 

Figure 2: The number of bacilli seen in a smear reflects severity of illness and patient’s infectivity.

Examination Results Grading Number of fields to be Examined
More than 10 AFB per oil immersion field. Positive 3+ 20
1-10AFB per oil immersion field. Positive 2+ 50
10-99 AFB per 100 oil immersion fields. Positive 1+ 100
1-9 AFB per 100 oil immersion fields. Positive Scanty 100
No AFB in 100 oil immersion fields. Negative - 100

Table 1: Grading Chart for ZN Microscopy.
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Aspirate 500 µl of decontaminated sample and dispense it into1.5 ml screw capped Eppendorf tubes for DNA Extraction.

DNA extraction

Take 500 µl of the processed sample or 500 µl of bacterial growth in liquid media and dispense into the 1.5 ml screw capped eppendrof tubes. 
Centrifuge in an aerosol tight rotor for 15 minutes at 10,000 g (RCF), discard the supernatant. Dispense 100 µl of lysis buffer (A lysis) and resuspend 
the pellet. Incubate for 5minutes at 95°C. Dispense 100 microlitres neutralization buffer (A-NB) and vortex. Centrifuge for 5 minutes at 13,000 g 
and transfer the supernatant without disturbing the pellet into another tube.

Line Probe Assay Method (LPA)

Materials for master mix

AM-A: 10 µl, AM-B: 35 µl

Composition

• AM-A: PCR buffer

             Mgcl2

Molecular grade water

             Taq polymerase

• AM- B: Primers & nucleotide mix

Procedure:

To 35 µl of AM-B 10 µl of AM-A is added and mixed well. Take 45 µl of this is then aliquot in each PCR tube for sample. Add 5 µl of molecular 
grade water in negative control. Add 5 µl of extracted DNA in extraction room for the negative control (Figure 3).

Polymerase Chain Reaction (PCR)

PCR amplifies DNA.It consists of 3 basic steps (Figure 4 and Table 2):

1. Denaturation

2. Annealing

 
Figure 3: LPA results.

 
Figure 4: Polymerase Chain Reaction(PCR).
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3. Extension

Denaturation: The double stranded DNA will separate at 95°C into single strand DNA, which is called heat Denaturation.

Annealing: Primers will come and add to the single strand DNA at 65°C.

Extension: DNA polymerase is added and the nucleotides will add at the single strand chain at 72°C. Finally, the PCR run ends at 8°C.

Hybridization
Reagent preparation

Pre warm solution HYB (hybridization) and STR (stringent) at 37-45⁰C before use. Dilute conjugate/substrate concentrate with conjugate/
substrate diluent in the ratio of 1:100 with respective buffer and mix well at room temperature. For each test add 100 µL concentrate to 900 µL for 
respective buffer.

Precautions

Dilute CON C before use that is prepared fresh. Dilute SUB C is protected from light by covering the bottle with aluminum foil. Change filtered 
tips when going back into the reagent bottles after adding reagent to the troughs.

Procedure

Precautions to be taken - stops fan or AC to avoid spreading amplicon. Dispense 20 µL of DEN solution in a corner of each well used. Add 20 
µL of amplified DNA (amplicon). Incubate at room temperature for 5 mins. Meanwhile take the strips out of the tube using tweezers and number 
them with a pencil underneath color marker. Add 1 ml of pre warmed HYB to each well. Change tips between through. Now gently shake the 
tray to get homogenous color. Place a strip in each well. Place tray in shaking GT blot or Twincubator. Incubate for 30 min at 45°C. Aspirate the 
HYB reagent from the wells using sterile pipettes, change pipette tips between troughs, and dispense 1 ml of STR. Incubate for 15 min at 45°C. 
Completely remove STR wash solution using sterile pipettes, change pipette tips between troughs. Wash each strip once with 1ml of RIN solution 
for 1 min on shaking incubator. Pour out RIN after incubation. Take upside down on absorbent paper.

Add 1 ml of conjugate to each well. Incubate for 30 mins on Twincubator at 25°C. Remove solution tap upside down on absorbent paper 
& wash each strip with 1ml RIN for 1 min. Repeat the wash with 1 ml RIN for 1min. Wash with 1ml of distilled water on shaking Twincubator. 
Discard the solution each time then tap upside down on absorbent paper and leave no traces of water. Add 1ml of substrate to each well. Incubate 
in darkness without shaking for 5 min. When the amplification control (AC) band is clearly visible stop reaction by rinsing with 1 ml of distilled 
water twice. Using tweezers remove strips from water containing tray and protect the strip from direct sunlight. Place the wet strips on the score 
sheet and align the template on strips with the conjugate control (CC). Fix the strips with clear tape see that static change does not make fixing 
difficult. Store folder in dark lasts than 2 years.

Sputum material Cycles Culture material
15 minutes  95⁰C 1 cycle 1 cycle
30 seconds 95⁰C
2 minutes 65⁰C

20 cycles 10 cycles

25 seconds 95⁰C
40 seconds 50⁰C
70 seconds 70⁰C 

30 cycles 20 cycles

Table 2: Amplification cycle.

Serial No Rifampacin Isoniazid
11520 Resistant Resistant
11521 Sensitive Sensitive
11522 Sensitive Sensitive
11523 Resistant Sensitive
11525 Sensitive Resistant
11526 Sensitive Resistant
11527 Sensitive Sensitive
11529 Sensitive Sensitive
11530 Sensitive Sensitive
11531 Sensitive Sensitive
11533 Resistant Resistant
11534 Sensitive Sensitive
11483 Sensitive Sensitive

Negative Controls Negative Negative
Master Mix Negative Negative

Table 3: LPA Results.
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Results
In figure 5 the bands on the GenoType MTBDR plus indicates the results of the collected sputum.

Conjugate control:

The conjugate control (CC) documents two steps in the procedure: 

1. The efficiency of the conjugate (streptavidin-horseradish peroxidase) binding to the biotinylated primers (incorporated into the PCR 
products that have been hybridized to specific probes on the strip) and; 

2. The efficiency of the substrate (hydrogen peroxide) reaction with the conjugate to detect the positive bands (above Figure). 

If the CC band is negative, either or both of these steps must have been unsuccessful and the hybridization process must be repeated. The 
absence of the CC band may be due to expired reagents or to an analytical error during the procedure, e.g. incorrect dilutions of the conjugate and/
or substrate solutions, or the substrate or conjugate solutions were left out (or +++one was used twice). In these cases, no colorimetric reaction 
would develop on the CC band or any of the other bands. The entire LPA procedure will not need to be repeated from the beginning since the PCR 
reaction mix contains sufficient volume to perform the hybridization reaction twice, if necessary. However, the entire hybridization process must 
be repeated. Care should be taken to avoid such mistakes since expensive reagents will be wasted and there will be a negative impact on the turn-
around time in the laboratory.

Amplification control

When a test is performed correctly, control amplicon will bind to the amplification control zone. If this band is developed, mistakes during 
extraction and amplification setup and the carryover of amplification inhibitors can be excluded.

In case of positive results, the signal of amplification control zone can be weak or vanished totally. This might be due to competition of single 
reaction during amplification. In this case, however, the amplification reaction was performed correctly and the test does not have to be repeated.

A missing AC band in case if negative test result indicates mistakes during amplification setup or carryover of amplification inhibitors. In this 
case, the test is not valid and the respective sample has to be repeated.

MTBcomplex [TUB]

This zone hybridizes as known, with amplicon generated from all members of the MTB complex. If that TUB zone is negative, the test bacterium 
does not belong to the MTB complex and can’t be evaluated by the test system.

Locus Controls [rpoB, katG & inhA]

The gene locus control bands for the three genes analyzed on the strip (rpoB, katG and inhA) are located on the strip just before their respective 
WT and MUT bands (Figure). These bands must always be present for the assay to be considered a valid test. However, when only one gene locus 
control band is missing, the validation of results for the two other genes is not affected and they can be interpreted. Only the results for the gene with 
a missing locus control band are not interpretable. In all the cases, if the TUB band is absent, the organism does not belong to the MTB complex 
even if these and other bands are present.

Wild type probes

The wild type probe comprises the most resistant area of the respective genes when all the wild type probes of a gene stain positive, there no 
detectable mutation within the examined region. Hence, the strain tested is sensitive for the respective antibiotics. In this case of mutation the 
respective amplicon not bind the corresponding wild type probe. The absence of a signal for at least one of the wild type probes hence indicates a 
resistance of a tested strain to the respective antibiotics.

Only those bands whose intensities are about stronger than that of amplification control zone (AC) are to be considered. Each pattern deviating 

 

Figure 5: GenoType MTBDR plus card for interpretation of results.
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from the wild type pattern indicates a resistance of the tested strain. The banding  pattern obtained with rpoB allows to draw a conclusion about 
RIF resistance of a strain tested, the banding patterns obtained with the katG probes allow to draw conclusion about  a high level INH resistance, 
the  banding pattern  obtained with  the inhA probes allow  to draw a conclusion about a low level INH resistance of the strain  tested respectively.

Mutation probes

The mutation probes detect some of the most common resistance mediant, mutation. Compared to the other probes, positive signals of the 
mutation probes rpoB MUT2A and MUT3B may shower longer signal length.

Only those bands whose intensities are about stronger than that of the amplification control zone (AC) are to be considered.

Each pattern deviating from the wild type pattern indicates a resistance of the tested strain. The banding pattern obtained with the rpoB probes 
allow to draw a conclusion about a RIF resistance strain tested, katG banding pattern about a high level and the inhA banding pattern about a low 
level INH resistance, respectively.

If all wild type bands display a signal, this is classified as positive and marked in the wet column of the respective genes as”+”. If at least one of 
the wild type band is absent, this is classified as “-“. Negative entries are made only to the mutation column when none of mutation bands displays 
a coloration, this is classified as positive and the MUT column of the respective gene is marked with “a”.

Evaluation and interpretation of results

According to the interpretation card the pasted strips are interpreted (Figure 6 and Table 3).The infection of the patient to MTB complex can be 
determined based on the intensity of the TUB band Resistance to RIF and INH hence further interpreted based on the intensity of the wild type and 
Mut bands and the patient is then declared as an MDR or non- MDR.The LPA has two internal controls on the strip shown in Figure: the Conjugate 
Controller CC, and the Amplification Controller AC. 

When positive, these controls indicate that the test has been carried out correctly. If the CC & AC band is negative, either or both of these 
steps must have been unsuccessful and the hybridization process must be repeated. The gene locus control bands for the three genes analyzed on 
the strip (rpoB, katG and inhA) are located on the strip just before their respective WT and MUT bands (Figure). The WT reactions zones on the 
strip contain probes that comprise the areas containing the most common resistance-associated mutation sites of the three respective genes being 
interrogated. 

If all the WT probes give a positive signal, there is no detectable mutation within the examined regions, and the interpretation is that the strain 
is predicted to be sensitive to the respective antibiotic(s). If one or more WT probes of a gene are missing, it is likely that there are one or more 
mutations within the examined region, and the strain is considered to be resistant to the respective antibiotic(s).

When a mutation occurs, the amplicons cannot bind to the corresponding WT probe on the strip because of a mismatch between the amplicons 
and the probe. If the mutation corresponds to one of the common resistance-associated mutations that are included in the MUT probes on the 
strip, the amplicons will “recognize” and bind to this probe, predicting that the strain is resistant to the specific antibiotic.

Conclusion
Molecular diagnostic tools increases the detection and identification of MDR TB in the clinical laboratory at a short time span. Reliable 

identification of MTB complex directly from clinical specimen is also possible. Potential advantages to rapidly detect drug resistance.
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