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PREFACE

The purpose of this procedure manual is to provide additional procedures and comprehensive
instructions which may not be included in the package inserts of the BACTEC™ MGIT™
960 System. These measures and instructions should help in starting a new liquid culture
system in a laboratory, especially in developing countries. This procedure manual provides
guidelines for the BBL® MGIT™ System, which is a manual system, and for BACTEC
MGIT 960 TB System, which is an automatic instrument system. Because contamination of
liquid media is a concern for new users, special emphasis is given and guidelines for
contamination control have been provided in different sections of the manual.

Every laboratory using the Mycobacteria Growth Indicator Tube (MGIT™) System should
keep this manual readily available and should use this document as a reference for
mycobacteriology procedures, particularly for the MGIT System. Optimal performance is
achievable only if these procedures are strictly followed.

Further changes in the procedure or products, if needed, will be communicated with
replacement pages which should be inserted into your copy of this manual. For further
procedural details used conventionaly in mycobacteriology laboratories, please refer to
Clinical Microbiology Procedure Handbook (Section 7) and Public Health Mycobacteriology
Level 111 Guide, CDC Handbook." 2
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Section |: Principle of Procedure

A. Introduction

Demonstration of acid-fast bacilli (AFB) in a smear made from a clinical specimen provides
a preliminary diagnosis of mycobacterial disease, while the isolation of mycobacteria on
culture provides a definite diagnosis of tuberculosis or disease due to mycobacteria other
than M. tuberculosis (MOTT bacilli) or non-tuberculous mycobacteria (NTM). As much as
50-60% of AFB culture-positive clinical specimens may fail to reveal AFB on smear made
from the specimen. As a consequence, culture techniques play a key role in the diagnosis of
mycobacterial disease.

Egg-based media, such as Lowenstein-Jensen (LJ) or Ogawa have been used for cultivation
of mycobacteria for several decades. In 1958, Middlebrook and Cohn described an agar-
based medium to permit more rapid detection of mycobacterial growth.> However, it still
required an average of 3-4 weeks to recover mycobacteriafrom clinical specimens.

In 1969, Deland and Wagner developed a technique for semi-automated detection of the
metabolism of bacteria by measuring the '*CO, liberated during the growth and
decarboxylation of *C-labeled substrate incorporated in the growth medium.* This
radiometric technique was widely used for blood culture using the BACTEC 460 instrument.
In 1980, this technique was introduced commercially for mycobacterial recovery from
clinical specimens and drug susceptibility testing. A large number of clinical trials were
carried out to compare the radiometric BACTEC 460 TB System with solid media for
primary isolation and drug susceptibility testing. Several evaluations of the BACTEC 460 TB
System published between 1980 and 1985 demonstrated excellent results with significant
time savings,>®"#9% especially from smear negative specimens.’®

The BACTEC 460 TB System has been reported to yield 15-20% increased culture positivity
of clinical specimens as compared to conventional solid media such as LJ medium, with an
average time-to-detection of positive growth from 8 to 14 days as compared to 3 to 5 weeks
on solid media. The introduction of the BACTEC 460 TB System revolutionized laboratory
testing for mycobacteria and has established itself as the gold standard for culture and
susceptibility testing.

The high efficiency of the BACTEC TB System is due to the use of liquid medium.
Moreover, a growth enhancing substance is added to the medium to further reduce the
detection time.™ Since the introduction of the BACTEC 460 TB System, it has been
established that liquid medium is far superior to solid media for recovery, time-to-detection
and drug susceptibility testing. Certain species of mycobacteria are reported to grow in
liquid medium only, thus failing to be detected on solid media.™* In 1993, the Centers for
Disease Control and Prevention (CDC) recommended that every clinical laboratory must use
a liquid medium to isolate mycobacteria in conjunction with solid media®® A follow-up
survey indicated an increasing trend of using liqguid medium for achieving rapid and
maximum recovery of mycobacteria from clinical specimens.™
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Liquid media is more prone to contamination with bacteria that are commonly present as
normal flora in certain types of clinica specimens and sometimes survive the
decontamination process. Thus, addition of antimicrobials is needed to suppress
contamination in liquid media. With the BACTEC 460 TB System, an antimicrobia mixture
caled PANTA™ (Polymyxin B, Amphotericin B, Nalidixic Acid, Trimethoprim, Azlocillin)
is used for this purpose and reduces the contamination rate close to that generaly
experienced with solid media®® Some PANTA formulation is also used in newer liquid
mediathat have been developed in recent years.

One of the disadvantages of the BACTEC 460 TB System is the use of *C-Labeled
radioactive substrate. Because of the strict regulations of handling and waste disposal of
radioactive material, it became necessary to develop a non-radiometric technique for
mycobacterial culture and susceptibility testing. Becton, Dickinson and Company (BD)
developed a new system caled Mycobacteria Growth Indicator Tube (MGIT™), which is
non-radiometric and offers the same rapid, sensitive and reliable methods of testing as the
BACTEC 460 TB System. BBL MGIT™ System is the manual system while BACTEC
MGIT 960 (MGIT 960) is the fully automatic system for detection of mycobacterial growth
and drug susceptibility testing of M. tuberculosis. Numerous studies have been carried out
using MGIT %/stem for primary isolation of mycobacteria as comg)ared with LJ and Ogawa
media16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26 and with BACTEC 460 TB.27' 28, 29, 30, 31, 32, 33, 34, 35, 24, 36, 25, 37,
3,399 gimilarly, testing for drug susceptibility by MGIT has been thoroughly evaluated.*"
42,43, 44, 45, 46, 4748, 49,33, 50,51, 52 M G| T susceptibility testing for PZA produces results similar to
the BACTEC 460 TB system.>®* > Some investigators have also evaluated MGIT 960 for
second-line and M. avium complex drug susceptibility testing.>> *® Better performance of
MGIT, as compared with other commercially available TB liquid culture and molecular
amplification systems, has also been reported.>” > 5% €

B. Principleof the BACTEC™ MGIT™ 960 System
1. MGIT medium

The MGIT (Mycobacteria Growth Indicator Tube) consists of liquid broth medium that is
known to yield better recovery and faster growth of mycobacteria. The MGIT contains 7.0
ml of modified Middlebrook 7H9 broth base. This medium is terminally sterilized by
autoclaving. An enrichment, MGIT OADC (Oleic acid, Albumin, Dextrose and Catalase) or
MGIT 960 Growth Supplement, is added to make the medium complete. This Growth
Supplement is essential for growth of many mycobacteria, especially those belonging to M.
tuberculosis complex.  Addition of the MGIT PANTA is necessary to suppress
contamination.
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2. Principle of detection and drug susceptibility testing

In addition to Middlebrook 7H9 liquid media, the MGIT tube contains an oxygen-gquenched
fluorochrome, tris 4, 7-diphenyl-1, 10-phenonthroline ruthenium chloride pentahydrate,
embedded in silicone at the bottom of the tube. During bacterial growth within the tube, the
free oxygen is utilized and is replaced with carbon dioxide. With depletion of free oxygen,
the fluorochrome is no longer inhibited, resulting in fluorescence within the MGIT tube when
visualized under UV light.  The intensity of fluorescence is directly proportiona to the
extent of oxygen depletion.

MGIT tubes may be incubated at 37°C and read manually under a UV light or entered into a
MGIT 960 instrument where they are incubated and monitored for increasing fluorescence
every 60 minutes. Growth of bacteria as well as mycobacteria increases the fluorescence. In
case of M. tuberculosis, at the time of positivity, there are approximately 10° — 10° colony-
forming units (CFU) per ml of medium. The instrument declares a tube negative if it remains
negative for six weeks (42 days). The detection of growth can also be visually observed by
the presence of a nhon-homogeneous light turbidity or small granular/flaky appearance in the
medium. Growth of some NTM (most commonly rapid growers) results in light turbidity,
while contaminating bacteria generally produce heavy turbidity.

Drug susceptibility testing can be performed based on the same principle. Two MGIT tubes
are inoculated with the test culture. A known concentration of atest drug is added to one of
the MGIT tubes, and growth is compared with the MGIT tube without the drug (growth
contral). If the test drug is active against the isolated mycobacteria, it will inhibit the growth
and thus there will be suppression of fluorescence, while the growth control will grow
uninhibited and will have increasing fluorescence. Growth is monitored by the BACTEC
960 instrument which automatically interprets results as susceptible or resistant.
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Section |1: Procedurefor primary isolation

A. Introduction

Mycobacteria Growth Indicator Tube (BBL MGIT) contains modified Middlebrook 7H9
broth base. When supplemented with MGIT Growth Supplement and PANTA, it provides an
optimum medium for growth of a majority of mycobacterial species. All types of specimens,
pulmonary as well as extra-pulmonary (except blood), can be inoculated into MGIT for
primary isolation of mycobacteria Urine specimens have not been evaluated by BD but
other investigators have reported successful isolation of mycobacteria from urine specimens.
Mucoid specimens are expected to contain contaminating bacteria as normal flora and must
be digested (liquefaction) and decontaminated before inoculation. On the other hand,
aseptically collected body fluids or tissue biopsies do not need to be decontaminated.
However, since it is difficult to maintain sterile conditions throughout the collection of
specimens, it is recommended that all specimens be decontaminated. Aseptically collected
specimens need only light decontamination. Clinical specimens collected in large volumes
(of more than 10 ml) require centrifugation before decontamination to reduce the overall
volume and to concentrate mycobacteria present in the specimens into a smaller volume.
After decontamination, the specimen should be centrifuged again and the sediment used for
preparation of smear and inoculation for culture.

B. Important Safety Precautions

Perform all procedures, such as processing of specimens, smear preparation, inoculum
preparation, making dilutions, inoculation of media, and subculturing in a suitable biological
safety cabinet in a room dedicated for mycobacterial work. The CDC has recommended a
Biosafety Level (BSL) 2 laboratory with negative air pressure and with an appropriate
ventilation system for mycobacterial work .> More recently, the CDC has recommended that
work involving manipulation of TB cultures, such as DST, be done in a BSL 3 laboratory.®*
However, this work may be done in a BSL 2 laboratory providing the exhaust air from the
laboratory is discharged to the outdoors, the ventilation is balanced to provide directional
airflow into the room, access to the room is restricted when work is in progress, and the
practices and equipment recommended for BSL-3 are followed. This includes use of proper
protective gowns, gloves and respirator masks (approved by OSHA) while handling
specimens and mycobacteria cultures. International Safety Standards, along with the local
specifications, may aso be followed.

Use an appropriate mycobacterial disinfectant such as Amphyl® for cleaning the work area.

The CDC states: “With so many disinfectants available, it is important to consult the product
brochures to make certain the disinfectant is bactericidal for mycobacteria.”?
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Prior to use, examine al MGIT tubes for evidence of damage. Do not use any tube that is
cracked or has other defects. Do not use a tube if the medium is discolored, cloudy or
appears to be contaminated. Comprehensive reviews of |aboratory safety procedures may be
found in recognized publications of the Centers for Disease Control,” ® the American
Society for Microbiology® or other International and National guidelines.

C. Specimen Handling
1. Collection

Specimens should be collected in clean, preferably sterile containers with a tight-fitted lid or
cap. At least two morning specimens collected on separate days should be processed for
each new case. For patients with respiratory symptoms, the specimens should be
expectorated sputum and not saliva, with avolume of about 2-10 ml each.

2. Trangportation

Specimens should be transported to the laboratory as quickly as possible. Delays in
transportation, especially in hot weather, result in an increase in contaminating bacteria that
result in higher contamination rate of the medium. Specimens should be transported in a
container, such as an ice box, in which temperature is maintained as low as possible. Thisis
especially important in countries with high ambient temperatures.

3. Storage

Upon receipt, the specimens should be refrigerated and processed as soon as possible.

D. Digestion, Decontamination and Concentration

Numerous procedures for digestion and decontamination have been in use throughout the
world. Some procedures are known to be compatible with egg-based media only and may
not be used with any other medium not containing egg yolk. These procedures include
Zephiran-Trisodium Phosphate (Z-TSP), Sodium Lauryl Sulphate, Cetylpyridinium chloride
(CPC) or other quaternary ammonium compounds.

It is extremely important to follow the standard procedure for decontamination recommended
for MGIT in order to obtain optimal results. Detection of growth in MGIT is based on an
oxygen sensor system, and high concentration of N-Acetyl L-Cysteine (NALC) or sodium
hydroxide (NaOH) may result in false fluorescence. Processing of specimens may vary
according to their type. The following is a general outline of procedures for different types of
clinical specimens.*?
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1. Sputum

Proper sputum collection is extremely critical for best results, and early morning specimens
are preferred. The specimen should be expectorated sputum and not saliva that often would
not yield correct results. A specimen should be between 2-10 ml in volume. Ideally, from a
new patient, three specimens should be collected on consecutive days and should be
processed separately. WHO recommends two morning specimens and a third spot specimen
when a patient visits the clinic. Pooled specimens are not recommended.

a. NaOH-NALC procedure

This is the standard recommended procedure to be used with MGIT, which is also
recommended by CDC.? In this procedure, the initial concentration of NaOH is 4%. This
4% NaOH solution is mixed with an equal quantity of sodium citrate solution (2.9%) to make
aworking solution (NaOH concentration in this solution is 2%). When an equal quantity of
NaOH-NALC-citrate and sputum are mixed, the fina concentration of NaOH in the
specimen is 1%. (For the procedure for the preparation of NaOH-NALC, see Appendix B).
Commercially prepared NaOH-NAL C-sodium citrate solution and phosphate buffer are also
available (BD MycoPrep). Use of MycoPrep would minimize the use of non-standard,
digestion solutions (Cat. No. 240862, 240863).

Materialsand Methods

Materials Required:

o Disposable 50 ml plastic tubes (Falcon tubes)

o Sterile NaOH-NAL C-sodium citrate solution, preferably, MycoPrep

o Phosphate buffer pH 6.8 (0.067M). Commercialy prepared (MycoPrep) or lab
prepared and sterilized

o Centrifuge with a minimum 3000-3500x g force and safety shield (refrigerated
centrifuge is preferred)

° Vortex mixer, shaker
o Timer

o Pipettes/transfer pipettes or a pipettor with cotton plugged pipette tips
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b.

If specimen is not collected in a 50 ml centrifuge tube, transfer it to a 50 ml centrifuge
tube with a screw cap.

Add NaOH-NALC-sodium citrate solution in a volume equa to the quantity of
specimen. Tighten the cap.

Vortex lightly or hand mix for about 15-30 seconds. Invert the tube so the whole
tube is exposed to the NaOH-NALC solution.

Wait 15-20 minutes (up to 25 minutes maximum) after adding the NaOH-NALC
solution. Vortex lightly or hand mix/invert every 5-10 minutes or put the tubes on a
shaker and shake lightly during the whole time.

Make sure the specimen is completely liquefied. If still mucoid, add a small
quantity of NALC powder (30-35 grams) directly to the specimen tube. Mix well.

At the end of 15-20 minutes, add phosphate buffer (pH 6.8) up to the top ring on the
centrifuge tube (plastic tube has aring for 50 ml mark). Mix well (lightly vortex or
invert severa times). Addition of sterile water is not a suitable aternative for the
phosphate buffer.

Centrifuge the specimen at a speed of 3000 g or more for 15-20 minutes. Use of
refrigerated centrifugation at a higher speed is known to increase recovery of
mycobacteria® %

After centrifugation, alow tubes to sit for 5 minutes to allow aerosols to settle.
Then carefully decant the supernatant into a suitable container containing a
mycobactericidal disinfectant. Make sure the sediment is not lost during decanting of
the supernatant fluid. Add a small quantity (1-2 ml) phosphate buffer (pH 6.8) and
resuspend the sediment with the help of a pipette or vortex mixer.

Use the resuspended pellet for making smears and for inoculation of MGIT tubes and
other media.

Other procedures

These methods are routinely used in laboratories for other culture systems.

NaOH Method: Sodium hydroxide (NaOH) aone (Petroff’'s Method) is used
with the starting concentration of 3-4% NaOH. A higher concentration of NaOH could
be toxic to mycobacteria and could affect the oxygen sensor adversely. The procedure
is the same as the one for NaOH-NALC. Add buffer after 20 minutes of
decontamination and after centrifugation to reduce the pH.
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Oxalic Acid Method: Conventionaly, oxalic acid (5% agqueous solution) is used
only for those specimens which have a persistent Pseudomonas contamination
problem.  Neutralization of the specimen with an akali after digestion and
decontamination is preferred.? This method has not been validated for MGIT.

Sulfuric Acid Method: This method is not commonly used and has not been
validated for MGIT. It is recommended only for urine specimens or those specimens
which cannot be processed by NaOH or NaOH-NALC method due to persistent
problems with bacteria contamination.

Zephirain-Trisodium Phosphate Method (Z-TSP): This method is compatible
with egg-based media only and does not work with any other solid or liquid media.

DO NOT USE THIS METHOD FOR MGIT!
Cetylpyridinium Chloride (CPC) Method: A mixture of 1.0% CPC and 2.0%
NaCl is used as a transport medium as well as decontamination reagent. This is a
slow acting decontamination reagent. This method is not compatible with a non
egg-based medium.

DO NOT USE THIS METHOD FOR MGIT!

Benzalkonium Chloride and Lauryl Sulfate Methods. These methods are not
compatible with non-egg-based media and should not be used with the MGIT system.

Important points

NaOH is bactericidal for contaminating bacteria. It is also harmful for mycobacteria
but to a much lesser extent. NaOH also helpsin liquefying the specimen.

NALC only liquefies the specimen and has no decontamination properties.

The final pH of the specimen concentrate greatly affects the recovery and time-to-
detection of mycobacteria.

High pH will lower the positivity rate and increase the time-to-detection of positive
culture.

High pH may also cause transient fal se fluorescence.

Keep the pH as close to neutral as possible. It is not necessary to neutralize the
processed specimen, especially with the NaOH-NALC method. Some laboratories
routinely neutralize the processed specimen. The neutralization step needs to be
controlled very carefully.
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e With NaOH-NALC digestion, do not agitate the tube vigorously. Extensive aeration
causes oxidation of NALC and makes it ineffective.

o If the specimen has some blood mixed with it, do not use NaOH-NALC method
because NALC does not work in the presence of blood. Use the NaOH method?
instead.

o Mycobacteria, being hydrophobic, are hard to centrifuge down. Lower centrifugation
speed (g-force) would not sediment mycobacteria very well and some bacteria would
be lost during decanting the supernatant, which will affect the positivity rate. Higher
centrifugation speeds and longer time (maximum 25 minutes) result in a better
concentration of mycobacteria, which positively affects smear and culture positivity.®

e  Temperature increase during centrifugation increases the killing effect on mycobacteria
which will decrease the positivity rate and increase time-to-detection.

e A refrigerated centrifuge with at least 3000x g force is ideal. If a refrigerated
centrifuge is not available, avoid temperature build-up, especialy if the room
temperature is high. Add refrigerated (chilled) phosphate buffer before
centrifugation which should help in keeping the temperature low.

o Other reagents during the digestion/decontamination step should not be refrigerated but
kept at room temperature. Lower temperatures reduce the digestion decontamination
process of NaOH-NALC.

2. Specimensother than sputum (extra-pulmonary)
a. Pusand other mucopurulent specimens

If the specimen is thick or mucoid and less than 10 ml in volume, digest and decontaminate
with NaOH-NALC method similar to the procedure used for sputum specimens. |If the
specimen is not thick, it may be treated with 2-4% NaOH. The concentration of NaOH
depends upon the contaminating bacteria expected to be present in the specimen. If the
volumeisover 10-12 ml, process only 10 ml or first concentrate by centrifugation at 3000x g
for 15-20 minutes. In such a situation, if the specimen is thick, liquefy the specimen by
adding a small quantity of NALC only (50-100 mg powder) and mix well. After the
concentration step, resuspend the sediment in 5 ml sterile water, decontaminate with NaOH
and concentrate again by configuration. Always resuspend the sediment (pellet) in buffer to
reduce the pH.
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b. Gastric aspirates

Concentrate by centrifugation before decontaminating. Resuspend the sediment in about 5
ml of sterile water and decontaminate with NaOH-NALC or 2-4% NaOH as recommended
for sputum. After decontamination, concentrate again prior to inoculation of the sediment
into culture media. Due to the low pH, gastric aspirates should be processed as soon as
possible (within 4 hours of collection). If the specimen cannot be processed quickly, it
should be neutralized with NaOH before transportation or storage.

c.  Bronchial washings

All other pulmonary specimens, such as bronchial washings (BAL) may be treated as
sputum. If the specimen is up to 10 ml in volume, process the whole specimen. For larger
volumes, concentrate the specimen by centrifugation (3000x g, 15-20 minutes). If the
specimen is thick or mucoid, liquefy by adding a small quantity of NALC powder (50-100
mg). After centrifugation, resuspend the sediment in 5 ml sterile water and decontaminate
like sputum.

d. Laryngeal swabs

Transfer the swab into a sterile centrifuge tube and add 2 ml sterile water. If necessary,
break off the swab stick so the cap of the centrifuge tube can be placed on it and tightened.
Add 2 ml of NaOH-NALC solution replace the cap and mix well in a vortex mixer. Let
stand for 15 minutes. Remove the swab by with forceps, squeezing the liquid out of the swab
and discarding it. Fill the tube with phosphate buffer. Mix and centrifuge at about 3000x to
3500 g for 15-20 minutes. Discard the supernatant fluid and resuspend the sediment in 1-2
ml sterile buffer. Use this suspension for smear and culture.

e Tissue

Tissue biopsies are generally collected aseptically and therefore decontamination procedures
are not required. Homogenize the tissue in a tissue grinder with a small quantity of sterile
saline or water (2-4 ml). All steps must be done in a biological safety cabinet (BSC) and all
equipment must be sterile. Decontaminate the homogenized specimen following the same
NaOH-NALC procedure as in sputum.  After resuspension of the sediment with phosphate
buffer, inoculate 0.5 ml MGIT tube. If the tissue grinder is not available, use a mortar and
pestle. Tissue may also be placed in a Petri dish with sterile water (2-4 ml) and be torn apart
with the help of two sterile needles. Work under the hood and use sterilized materials.
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f. Urine

Isolation of mycobacteria from urine specimens has not been validated due to a very small
number of urine specimens in BD clinical trials. Some investigators have successfully used
BACTEC 460 TB and MGIT medium for isolation of mycobacteria from urine®® ® Asa
routine isolation method, a totally voided, early morning urine specimen is used for
mycobacteria culture. Pooled or mid-stream urine specimens are not recommended. The
specimen is concentrated by centrifugation using several 50 ml centrifuge tubes (with screw
caps) for at least 20-25 minutes. Resuspend the sediment in each tube with 1-2 ml sterile
water and then pool together (total volume 5-10 ml). Decontaminate the concentrated
specimens with 4% NaOH for 15-20 minutes. After decontamination, proceed in a manner
similar to sputum.

g. Other body fluids

Body fluids, such as CSF, synovial fluid and pleural fluid are collected aseptically and thus
can be inoculated into MGIT medium without decontamination (with the addition of
PANTA). However, since sterility is not guaranteed, it is recommended these specimens
should be lightly decontaminated. If the specimen volume is more than 10 ml, concentrate
by centrifugation at about 3000-3500x g for 15-20 minutes. Liquefy thick or mucoid
specimens prior to centrifugation by adding NALC powder (50-100 mg). After
centrifugation, resuspend the sediment in about 5 ml of saline and then decontaminate
following the procedure similar to that for sputum. Isolation of mycobacteria from blood
specimens has not been evaluated thoroughly. A few studies have been published or
presented where blood was used with MGIT System after lysis centrifugation.®®> BACTEC
Myco/F Lytic medium is recommended for isolation of mycobacteria and fungi from blood
samples.

E. Smearsfor Acid-Fast Bacteria (AFB)
1. Smear preparation
Prepare smears from all processed specimens before inoculation into medium.  Details of
the procedure are given in the CDC Procedure Handbook® or any other reference
mycobacteriology book.! The procedure is outlined as follows:
a. After digestion/decontamination, concentration and resuspension of the pellet mix
the specimen well with a pipette and place about one drop or 2-3 loopfulls on a clean
microscope side.

b. Spread the smear about 1¥2cm x 1 cm.

c. Allow the smear to air dry completely.
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d. Hest-fix the smear either by passing over the flame three to four times or by heating
on aslide warmer at 65-75°C for 2-3 hours or overnight. Do not overheat or expose
smear to UV light.

e. Perform al the above procedures in a biological safety cabinet. Handle the smear
carefully since mycobacteria may still be viable.

2. Staining methods

Commercially prepared staining kits are available; for example, BD, Ziehl-Neelsen Staining
Kit, BD Kinyoun's Staining Kit, BBL Two-Step Quick Stain, BBL Fluorescent Staining Kit
(see Appendix A for details). These stains would give optimal results because they have
been quality controlled. However, if the stains are to be made in the laboratory, follow
procedures given in Appendix B. If commercialy prepared stains are used, follow
manufacturer’ s recommendations. Information about different stainsis given in Appendix B.
a. Ziehl-Neelsen staining

This method is used for staining smears made from specimen if fluorochrome staining is not
available. It is aso used to stain fluorochrome positive smears for confirmation, and for
staining smears made from positive cultures.

o Flood the dlide with carbol fuchsin stain. You may stain by covering the smear
with filter paper and flooding the smear with the stain.

o Heat gently until steam rises (electric stainer may be used for heating.) Do not
allow the stain to boil or dry. Keep adding stain asit dries during heating.

o Stain for 5-10 minutes; allow cooling.
e  Wash gently with water.

o Decolorize with acid alcohol for 2 minutes or until no more color appears with
acid alcohol.

e  Wash gently with water. Drain excess water.
o Pour Methylene Blue (counter stain) on the smear and leave for 2 minutes.
e  Wash gently with water. Drain excess water.

e Air-dry and observe under microscope. Do not blot dry as it may remove smear
accidentally.
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b. Kinyoun’sstaining

The procedure for staining is the same as with the Ziehl-Neelsen method, except heating
carbol fuchsin is not necessary since it is a cold staining method (see Appendix B).
Kinyoun's stain is used in place of the Ziehl-Neelsen (ZN) method.

c. Two-step staining

The BD Quick Staining Kit is available and does not require heating or decolorizing (see
Appendix A). Thisis a superior method because the decolorizing step has been eliminated
by adding the decolorizing agent into the counter stain. This is a replacement for Ziehl-
Neelsen or Kinyoun's staining method. The procedure for staining is the same as the
Kinyoun’s method except there is no decolonization step. After washing the carbol fuchsin
stain, apply the counter stain. Follow the procedure recommended by the manufacturer.

d. Fluorochrome acid-fast staining

This method is recommended for quick screening of large numbers of specimens for the
presence of acid-fast bacteria (AFB). Commercially prepared stains are available for
fluorescent staining (BD Brand Fluorescent Stain — see Appendix A). Among their
advantages, fluorochrome stained smears are much quicker to screen, which offers time and
labor savings over Ziehl-Neelsen or other carbol fuchsin methods. Screening can be done
faster using lower magnification (250x to 450x magnification) compared to the ZN staining
(800x-1000x magnification) and thus, a larger area can be covered within the same
timeframe. Fluorochrome staining is considered more sensitive than the ZN staining method
for detecting AFB on asmear. However, it requires an expensive UV microscope, and since
the stained smears are not stable they should be read preferably the same day (overnight
refrigerated storage is acceptable). It is recommended that fluorochrome smears that are
positive for AFB should be re-stained with any of the carbol fuchsin staining methods to
confirm the results, looking for AFB morphology which cannot be easily detected in
fluorochrome stains.? This practice should be followed at least during the initial phase of
starting fluorochrome staining and also for periodic quality control checking of this method.
Fluorochrome staining is not recommended for smears made from positive cultures.

Two fluorescent stains commonly used are Auramine O and Auramine-Rhodamine. With
Auramine O staining, mycobacteria appear bright yellow fluorescent color while with
Auramine-Rhodamine staining mycobacteria develop yellow-orange fluorescent color. The
staining procedure is the same for both stains.
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Procedures

o Shake the bottle of stain and flood the slide with the stain covering the whole smear all
the time (no filter paper, no heating).

e  After 15 minutes, rinse the slide gently with water. Drain excess water.
o Flood the slide with 0.5% acid alcohol (decolorizer) and leave for 2 minutes.
o Gently rinse the slide with water again. Drain.

o Cover the smear with potassium permanganate solution (counter stain) and leave for 2
minutes. Do not over expose the smear to counter stain.

o Rinse with water again.

e Air-dry and examine the smear under 10x, then 40x objective using a UV light
microscope for acid-fast bacilli.

Caution: Use chlorine-free water as chlorine may interfere in the fluorescence. Preferably,
use distilled or deionized water. The time for counter stain is critical. Do not exceed 2
minutes with potassium permanganate. Do not blot dry.

3. Microscopy

It isimportant to examine smears very carefully. Use agood binocular light microscope with
oil immersion (100x) objective and a 10x eye piece (total magnification 1000x for ZN
smears). Examine a minimum of 100 fields for each smear before reporting as negative. For
smears found 3+ to 4+, only afew fields may need to be examined. Report results as soon as
possible.

Below is the recommended procedure of smear examination. Lines with arrows indicate
movement of the field observation by moving the slide under the lens of the microscope.

A 4

A

v
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4. Reporting

Report smear results as soon as they are available. Negative as well as positive results
should be reported. The CDC recommends the smear result should be reported within 24
hours of receiving the specimen.®

There are different criteria for degree of positivity which may be followed to quantitatively

report the number of AFB seen on a smear. One of the quantitative reporting procedures
recommended by the CDC is as follows.?

Number of AFB Seen Report

0 Negative
1-2 AFB / Whole Smear Doubtful positive. Confirm by observing
another

smear from the same specimen or from another
specimen from the same patient.

1-9 AFB/100 Field 1+
1-9 AFB/10 Field 2+
1-9 AFB/Field 3+
>9/Field 4+

If smear positivity is doubtful with only 1-2 AFB seen on the whole smear, stain and
examine another smear made from the same patient. Doubtful fluorochrome stained positive
smears should be confirmed by Ziehl-Neelsen or any other carbol fuschin method.

It is important to run a positive and a negative quality control slide with each batch of stains.
(See Section 11-K for Quality Control.)

F. Preparation and Inoculation for Culture

1. Reagents

a. MGIT medium

The MGIT 960 tube contains 7.0 ml of modified 7H9 broth base. (Note: The manua MGIT
tube is different in that it contains 4.0 ml of the medium.) The approximate formula, per

1000 ml of purified water, contains:

» Modified Middlebrook 7H9 broth base 5.9 gm
» Casein peptone 1.25¢
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Adjusted and/or supplemented as required to meet the performance criteria  There is a
fluorescent sensor embedded in silicone on the bottom of the tube. The tube is flushed with
10% CO, at the time of filling and then capped with polypropylene screw caps. Keep the
caps closed until you are ready to make any addition to the medium. Open the cap for as
little time as possible.

b. MGIT growth supplement (enrichment)

MGIT growth supplement is provided for the BACTEC MGIT 960, 7 ml tube. For manual
MGIT, adifferent enrichment (BBL MGIT OADC, 15 ml) isused. The enrichment must be
added to the MGIT medium prior to inoculation of a specimen. MGIT growth supplement
contains 15 ml of the following approximate formula:

» Bovine Albumin ------------=------ 50.0gm
» Dextrose 20.0gm
» Catalase------------===-=-mmmmmmmmmeee 0.03gm
» Oleic Acid---------=-=-mmrmmmmmmeeee 0.1gm
» Polyoxyethyline state (POES) ---- 1.1 gm

MGIT growth supplement, or OADC enrichment, is a sterile product. Handle asepticaly.
Do not use if turbid or if it appears to be contaminated.

Do not leave MGIT tube caps open after adding OADC. It is important to add the growth
supplement in the biological safety cabinet to avoid contaminating the medium.

c. MGIT PANTA™

Contamination can be reduced by supplementing the medium with a mixture of antimicrobial
PANTA prior to the inoculation of specimen.

Each via of MGIT PANTA (for MGIT 960) contains a lyophilized mixture of the
antimicrobials with the concentrations, at the time of production, asfollows:

» Polymyxin B 6,000 units
» Amphotericin B-------------------- 600 ng
» Nalidixic Acid 2,400 g
» Trimethoprim--------------=-------- 600 pg
» Azocillin------------- - 600 ng

For manual MGIT, the procedure for adding PANTA differs but the final concentrations of
PANTA antimicrobials in the medium are the same in both the systems.
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2.  Procedures

a. Reconstituting PANTA

Recongtitute MGIT PANTA with 15.0 ml MGIT growth supplement. Mix until completely
dissolved. Add 0.8 ml of this enrichment to each MGIT tube. The enrichment with
reconstituted PANTA should be added to the MGIT medium prior to inoculation of specimen
in MGIT tube. Do not add PANTA/enrichment after the inoculation of specimen. Do not
store MGIT tube after the addition of enrichment/ PANTA.

b. Inoculation of MGIT medium
e Labe MGIT tubes with specimen number.

e Unscrew the cap and asepticaly add 0.8 ml of MGIT growth supplement/PANTA
to each MGIT tube. Use of an adjustable pipettor is recommended.

e Using a sterile pipette or a transfer pipette, add up to 0.5 ml of a well mixed
processed/concentrated specimen to the appropriately labeled MGIT tube. Use
separate pipette or pipette tip for each specimen.

e |Immediately recap the tube tightly and mix by inverting the tube several times.

e Wipe tubes and caps with a mycobactericidal disinfectant and leave inoculated
tubes at room temperature for 30 minutes.

e Work under the biologic safety cabinet for the specimen inoculation.

c. Inoculation of additional media

It is customary to use two different types of media for maximum recovery of mycobacteria.
With the MGIT system, maximum recovery of mycobacteria may be achieved by using an
additional solid medium, most commonly an egg-based medium such as LJ is used.** The
decision to use MGIT medium alone or in combination with an additional conventional solid
medium should be made after reviewing each institution’s own experience and requirements.
Usually 0.1 to 0.25 ml of processed/concentrated specimen is inoculated onto solid medium.

d. Precautions

e One of the mgjor sources of contamination in MGIT medium is environmental
contaminants introduced during addition of growth supplement.

MGIT™ Procedure Manual 26



e Makeall additionsinside a biosafety hood.

e Do not open severa tubes at atime.

e Open MGIT tube for as short a period of time as possible.

e A repeat pipettor is very helpful when adding the growth supplement.

e Always recap the tube tightly. If the cap is |eft loose, it may affect the detection of
fluorescence.

e Volumes greater than 0.5 ml of decontaminated specimen may disturb the pH of the
medium and may cause false fluorescence. This may aso increase contamination
or otherwise adversely affect the performance of the MGIT medium.

e I ncubation

Incubation Temperature: All inoculated MGIT (7mL) tubes should be entered in the
BACTEC MGIT 960 instrument after scanning each tube (please refer to the BACTEC
MGIT 960 Instrument Manual for details). It isimportant to keep the cap tightly closed and
not to shake the tube during the incubation. This helps in maintaining the oxygen gradient in
the medium. The instrument maintains 37°C + 1°C temperature. Since the optimum
temperature for growth of M. tuberculosis is 37°C, make sure the temperature is close to
37°C.

Note: If a specimen is suspected of containing mycobacteria which require an optimum
temperature other than 37°C (for example, M. haemophilum, M. marinum, M. chelonae and
M. ulcerans require 30°C), then two sets of media should be inoculated, one in the
instrument at 37°C and the other in an outside incubator at 30°C. These tubes can be
monitored by using a UV light source (Wood's lamp) and can also be checked visualy (refer
to the BACTEC MGIT 960 Manual). Specimens from skin and open wounds should always
be inoculated into duplicate MGIT tubes, one for 37°C and the other for 30°C.

Length of incubation: MGIT tubes should be incubated until the instrument flags them
positive. After a maximum of six (6) weeks, the instrument flags the tubes negative if there
is no growth. Some species such as M. ulcerans and M. genavense may require extended
incubation time. If such species are expected to be present, incubate further for 2-3 weeks.
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f.  Detection of positive growth

The instrument signals a tube positive for growth, and an indicator green light shows the
exact location of the positive tube in the drawer of the instrument. At this point, the tube
should be removed and scanned outside the instrument. The tube should be observed
visualy. Mycobacterial growth appears granular and not very turbid while contaminating
bacterial growth appears very turbid. Growth, especially of the M. tuberculosis complex,
settles at the bottom of the tube.

Information about the time-to-detection of positive growth can be retrieved from the
unloaded positives report. Time-to-detection of positive growth depends on severa factors,
such as:

e the number of viable AFB inoculated into MGIT tube;

e the type of species of mycobacteria, such as M. tuberculosis and M. bovis that
grow more slowly than NTM, such as M. avium complex;

o certain types of specimens, such as specimens from extra-pulmonary sites, usually
take a longer time to turn positive due to lower numbers of AFB present in the
specimens;

e the treatment status of patients aso plays an important role. Specimens from
chronically treated patients with drug—resistant TB take alonger time to grow;

e  processing of specimen influences the positivity as well. A high pH or very low pH
may cause injury or death to mycobacteria during processing of the specimen. Thus, it
takes longer for revival and growth of viable mycobacteria. In some instances, as many
as 60-70% of the mycobacteria are killed during processing.?

o loss of mycobacteria during centrifugation is aso significant.’? If the centrifuge
generates heat it will accelerate killing of mycobacteria during centrifugation.
Insufficient centrifugation speed may not bring down all mycobacteria into the
sediment since mycobacteria, being hydrophobic, are difficult to concentrate.

It has been reported that in a broth system, most of the mycobacterial species grow better and
faster compared to the solid media® ** ® This is especialy true for slow growing
mycobacteria such as the M. tuberculosis complex, particularly from treated patients. M.
avium, which isaslow growing NTM on solid medium, grows much faster in liquid medium.
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Note: In some instances, especially if mycobacterial growth is extremely slow or there is
less oxygen consumption during mycobacterial growth, there may be growth in the MGIT
broth without the presence of fluorescence. It is recommended that at the termination of
incubation protocol, all negative tubes should be observed visually for turbidity and growth
before discarding. If there is any suspicion of growth, an AFB smear and subculture should
be done. This eliminates chances of reporting false negatives. If MGIT results are not
satisfactory due to poor recovery, delay in detection or high contamination rate, follow the
instructions for troubleshooting (Appendix C). Quality Control for the reagents and products
used in the isolation, as well as for the test procedure, is criticaly important for
mycobacteriology laboratories (see Section I1-K, Quality Control).

G. Work-up of Positive Cultures

1. AFB smear from a positive MGIT tube

Once a MGIT tube is positive by fluorescence or by visual observation, prepare a smear and
stain with carbol fuchsin stain.

Procedure
o Useaclean dide.

o Mix the broth by vortexing and then by using a sterile pipette, remove and aliquot.
Place 1-2 drops on the slide and spread over a small area (approx. 1¥2x 1 cm).

o Let the smear air dry.

o Heat-fix the smear by passing it over a flame a few times or by using an electric
warmer at 65°C -70°C for 2 hours to overnight. Do not leave the smear openly
exposed to the UV light of the safety cabinet.

o Stain the smear with Ziehl-Neelsen, Kinyoun's or BBL® Quick Stain. Fluorochrome
stain isNOT recommended. Air dry but do not blot dry.

o Place a drop of oil on the stained and completely dried smear and screen under a low
power objective to locate stained bacteria.  Switch to an oil immersion objective lens
for detailed observation.

. If the broth appears turbid or contaminated, irrespective of AFB smear results,
subculture on a blood or chocolate agar, or TSI, to rule out the presence of
contaminating bacteria.

o If the smear is negative for AFB and the tube does not appear to be contaminated, i.e.

broth is clear, re-enter the tube into the instrument for further monitoring. Repeat
AFB smears after 1-3 days.

MGIT™ Procedure Manual 29



2. Dealing with contamination

Liquid media are more prone to contamination than solid media. It is extremely important to
process specimens with extreme care, adhering very closely to procedures and
recommendations. Following are guidelines for controlling excessive media contamination
(for further details, please refer to Appendix C-3 Troubleshooting).

a. Bacterial contamination

The incidence of contamination with bacteria (other than mycobacteria) varies from
laboratory to laboratory depending upon several factors. According to the CDC guidelines,
up to 5% contamination rate is acceptable in cultures of clinical specimens on solid media.
A general recommendation is that 5% + 2% is acceptable for al media types. However, for
liquid media, dightly higher contamination may be accepted (up to 7-8%). Very low
contamination rate (less than 3%) may indicate too harsh a decontamination process, which
would also affect growth of mycobacteria and may reduce the positivity rate and increase
time-to-detection of positive mycobacterial culture.  On the other hand, a higher
contamination rate (above 8%) may be due to the following reasons:

Improper or under decontamination of specimen.

e  Very mucoid specimensthat are hard to liquefy may result in high contamination.

o Long storage and transportation time of the specimen after collection. In such
situations, especially in hot weather, bacteria tend to overgrow and then are hard to kill
by routine decontamination procedure.

o Use of non-sterile materials such as pipettes, tubes, etc.

Sometimes if reagents are prepared, stored in bulk and used for long periods of time, they
may become contaminated. (For details of troubleshooting, refer to Appendix C-3).

Detection _of contamination: Growth of contaminated bacteria will result in positive
fluorescence. It is important to observe all fluorescent positive MGIT tubes visualy for
turbidity and to make an AFB smear.

If aMGIT tube broth is heavily turbid, contamination is suspected even if the AFB smear is
positive. Usually contaminating bacteria cause heavy turbidity, although M. tuberculosis
growth appears as particles without any significant turbidity, while some of the NTM may
produce light turbidity. Contamination may be confirmed by the following method:

° Make a smear and stain with Ziehl-Nedlsen stain. Presence of non-acid-fast
contaminated bacteria on smear confirms contamination.
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Sub-culture a loopful of blood agar. If blood agar is not available use chocolate
agar or brain heart infusion (BHI) agar plate. Several specimens (4) may be carefully
inoculated on a plate (small streak for each specimen, properly labeled). Divide the
plate and identify specimen number by a marker. Incubate these subcultures at
35°C+1°C and observe after 24-48 hours. If contaminating growth appears, confirm
again by gram and ZN stain.

If contamination is confirmed with negative AFB smear from the broth, discard the
specimen and report as contaminated. 1f contamination is confirmed with positive AFB
smear from the broth, repeat the isolation procedure (see below).

How to control high contamination rate: The following are steps to help reduce a high

contamination rate during isolation of mycobacteria from clinical specimens.

Review all the procedures and make sure all recommended steps are followed closely. |If
high contamination persists, take the following measures:

Increase the NaOH concentration (not more than 1.5% final concentration in the
specimen). The increase in NaOH is known to decrease contamination rate. Do not
increase the exposure time more than 25 minutes to NaOH-NAL C solution.

Increase the concentration of PANTA.

PANTA concentration may be increased by reconstituting with a smaller volume of
Growth Supplement. However, the increase of PANTA concentration should be
carefully evaluated since higher concentration of some antimicrobials present in
PANTA may adversely affect growth of some species of mycobacteria other than M.
tuberculosis. Instead of 15.0 ml use 10.0 ml to reconstitute PANTA. Add the regular
0.8 ml volume in the MGIT tube.

Do not change the NaOH concentration and PANTA at the same time. Try one
procedure at atime and document improvement of results.

If there seems to be a common source of contaminating bacteria (same kind of bacteria
contaminating repeatedly), check sterility of all reagents. It is a good practice to
dispense small quantities of reagents and use only one at a time. Leftovers should be
discarded or re-sterilized.

Try to reduce time between collection of specimens and processing. If a specimen
needs to be stored, use refrigeration.

Transport specimen with ice and in an insulated chest, especially in hot weather.

Inverting the tube during the decontamination process helps decontaminate the
inside surface of the top of the tube.
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o If there is a persistent Pseudomonas contamination problem, oxalic acid procedure is
known to be more efficient for killing these bacteria. However, it has not been
validated for MGIT. AZocillin in PANTA is very effective in the inhibition of
pseudomonas growth; increasing the PANTA concentration may help.

b. Isolation of mycobacteria from contaminated or mixed cultures

Decontamination of contaminated culture: Usualy more than one specimen is collected
from a patient and it is not necessary to salvage a contaminated specimen if other specimens
from the same patient are positive and not contaminated. However, if it is critical to have
results on a particular specimen that was contaminated, the contaminated broth may be
reprocessed to recover mycobacteria.

e  Transfer theentire MGIT broth into a50 ml centrifuge tube.
e  Addanequa quantity of 4% sterile NaOH solution.

o Mix well and let stand for 15-20 minutes, mixing and inverting the tube
periodically.

e  Add phosphate buffer pH 6.8 after 15-20 minutes up to 40 ml mark. Mix well.
e  Centrifuge at least at 3000x g for 15-20 minutes.

o Pour off the supernatant fluid.

o Re-suspend the sediment in 0.5 ml of buffer and mix well.

o Inoculate 0.5 ml into a fresh MGIT tube supplemented with MGIT growth
supplement/PANTA.

o Leave inoculated tubes at room temperature for 30 minutes, and the place in the
instrument and follow for observation of growth.

c. Isolation of mixed mycobacterial culture on Middlebrook Agar Plate

AFB-positive cultures with more than one mycobacterial species may be separated by
streaking a small loopful of positive broth on a Middlebrook 7H10 or 7H11 agar plate.
Spread the loopful on the full surface of the plate to achieve isolated colonies. Incubate the
inoculated plate at 37°C + 1C in a plastic bag. Periodicaly observe for growth (up to 6
weeks).
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d. Cross-contamination

Cross-contamination of mycobacteria from specimen to specimen is aso known in
mycobacteriology laboratories. Usually it happens during the processing of specimens,
especialy at the time when a NaOH-NALC solution is added to the specimen or when a
buffer is added to the tubes. Aerosol generation or splashing during the addition causes
cross-contamination by contaminating the next tube or by contaminating the reagent stock
solution. Touching the lip of the specimen tube with the reagent container during pouring or
adding of the reagent may also lead to high contamination. Sometimes stock solution of a
reagent gets contaminated with mycobacteria commonly found in water (M. gordonae, M.
xenopi). Aliquoting small quantities reduce the chances of cross-contamination. In the event
of a cross-contamination episode, al reagents, equipment and biosafety cabinets must be
thoroughly checked.

3. Sub-culturing a positive MGIT tube

It is always helpful to subculture a MGIT tube positive for mycobacteria on an LJ slant. At
the time positive mycobacterial growth is detected, there is sufficient biomass to use this
growth for making a smear, performing drug susceptibility testing, or performing other tests
such as species identification. However, growth on solid medium is important for
observation of colony morphology and chromogenicity, for biochemical testing, and
speciation, or for a future reference. For subculture, inoculate approximately 0.1-0.2 ml of a
well mixed positive MGIT broth on an LJ medium. This is especially important if MGIT is
used as a stand-alone system. All subcultures should be incubated at 37°C + 1°C and be
examined periodically until good growth is detected.

4. Identification of isolated mycobacteria
Tentative differentiation may be made by the following observations:

a. Rateof growth. Generaly, M. tuberculosis, M. bovis and, to some extent, M. kansasii
are slow growers and take alonger time to turn positivein aMGIT tube as compared to
other mycobacteria (NTM).

b. Inliguid medium growth, M. tuberculosis appears granular, while growth of most NTM
does not show flakes or granules; rather it forms uniform slight turbidity (except M.
kansasii).

c. Smear made from a positive MGIT broth also helps in tentative differentiation of M.
tuberculosis complex from other mycobacteria. Cultures belonging to the TB complex
form typical clumps and serpentine cords while other mycobacteria appear as loose,
smaller clumps and cording or single cells. M. kansasii may be difficult to differentiate
because its morphology is closer to M. tuberculosis.?” The identification of isolates
grown in MGIT tube by molecular methods such as AccuProbe® (GenProbe Corp.) has
been reported with good results.>” % % ™ According to published reports, AccuProbe
testing of positive specimens can be performed withi