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FREFACE

Tubersulosis (TB) ie a serioue problem globally both In developing countries
and developed countries, WHO advocates DOTS (Directly Obeerved Treatment
Short: Couree) strategy all over the world to control TB and TB bacteriology
examination Is a core component of DOTS, Since TB |8 a disease caused by
TE bacilli, TB bacterlology examination le crucial for detecting TB bacilli and
assessing the effect of the treatment, The success of TE control must be
based on reliable results of bactericlogy examination resulting from the use
of quality techniques ensured by proper training.

Thie booklet has been developed for the overseas training participante
conducted In our institute under the sponsorshlp of JICA (Japan
International Cooperation Agency). It ie focueed on the fundamental
procedures and technical methode of TB bacteriological examination, which
are applicable In resource limited countrigs. It describes simply with etep-by-
etep Instructions and many illustrations, which can be utilized easlly by any
one who wants to learn these technlques. | hope this booklet will be useful
not only for training course particlpants but also as a guide for field workers
and thelr supervieors.

Detailed information on the procedures may be avallable In other references
mentioned below. The booklet entitled "TB Microscopy", which hae been
developed few years ago covers sputum smear examination comprehensively
and may be useful if it is applied together with thie newly developed booklet.

Any commente and suggestions are highly welcome.

| wish to exprees my sincere thanks to Dr, Nobukateu lehlkawa, Yice-director,
RIT, for his support in making this booklet and Dr. Sang Jae Kim, Director,
Korean Institute of Tuberculosis, KNTA for his valuable advice and
suggestions,

Akiko Fujiki

Chief Medical Technologiat

International Cooperation Department

The Research Institute of Tuberculosis, JATA
November 18, 200

References:

1) Laboratory Services in Tuberculosle Control, Part L and Il Microecopy and
Culture, WHO, 1928

2) The Public Health Service National Tuberculosis Reference Laboratory and
the National Laboratory Network Minimum Requirements, Role and
Operation in a Low-Income Country, IUATLD, 1926

3) Public Health Mycobacteriology, A Guide for the level Il Laboratory, US
Dept. of Health and Human Services, Public Health Service, CDC, 1985

4) TB Microecopy, The Research Instibute of TB and Japan International
Cooperation Agency, 1998

Any parts of this book, including the lllustrations,may be copied or adapted to local neede. In that
case,it Is desirable to mention the name of the book as a source. For any production for commercial
purpose,permission must be obtained from the author or publisher. We would appreciate if we receive
such a copy any adapted materiale or lllustrations.



Message

It is surprising to note how poorly doctors recognize the
importance of quality in bacteriological examinations. This is
sometimes also true for laboratory technicians themselves. This manual
written by Ms. A. Fujiki was intended primarily to serve as a practical
basis for those involved in laboratory work in the national tuberculosis
control program, especially in a‘evefapiﬁg countries, with special
emphasis on the quality assurance aspect in laboratory work.

[ would be most pleased if this document could help our
colleagutes in the front line of the fight against tuberculosis worldwide
achieve a higher level of their work, resulting in high-quality diagnosis
and treatment monitoring,.

This book is a crystallization of the author's study and
experience in teaching in the fields and in our Institute. Therefore, the
partnership of the various countries' laboratory workers in publishing

this is gratefully acknowledged.

Toru Mori, MD. PhD
Director,
Research Institute of Tuberculosis,

Japan Anti-Tuberculosis Association
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DIRECT
SMEAR
EXAMINATION

(Ziehl-Neelsen method)

Tubercle bacilll In sputum observed ae red rode by Ziehl-Neeleen stalning
under a microscopy at magnification of X1,000,

Microscoplo examinatlon of sputum is the moet reliable method to detect
the sources of TB infestion in the community,

Before starting the examination, the date of examination, name, gender and
age of the patient, reason for examination{diagnosls/follow-up), and
sputum collection order(1st spot/morning/2nd spot) should be filled in
laboratory note. Sputum to be examined |s derlved from the trachea and
bronchi and not saliva from the buccal or nasal cavity.
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| FLOW CHART FOR DIRECT
| SMEAR EXAMINATION

SPREADING
DRYING
FIXATION

STAINING
WASHING
DECOLOURIZATION
WASHING
COUNTERSTAINING
WASHING

DRYING

MICROSCOPIC OBSERYATION




DIRECT SMEAR PREPARATION

Eough and stlck
Smearing of the sputum
Fish out one loopful of yellowish particle of sputum,

Tearly eerlal rurmber L order number Spread the sputum evenly on a clean labeled glass
slide, approximately 122cm or 252¢m in gize The

Numbering the slide rough end bamboo splinter or coconut mid-rik stick

Write down the yearly serial nurmber and order cah be used to take sputum to smear by using the

number of sputum speciman on an end of the slide. rough end. The used sticks are burnt after day's
wark.

Fig.4

Removal of adherent
sputum

Dip the wire loop in a
washing bottle® and
remove the excess
sputum from the wire
leop by moving it up and
down in sand, ("Washed
aand and 70% apirit. or 5%
crasel are containes in the
battle,)

Sterllization of the wire loop
Heat the wire loop In a flame till
red hot. Adequate flame should
be colorless ar blue,

.....

Drying and fixation of the emear Arrangement of the slide

Mllow the emear to dry completely at room Flace the slide on a staining bridge
temperature and fix it by passing through the flame  leaving enough space between slides to
2 to Stimes, about b seconds each.Flame at the avold the solution running off from the
back of smeared surface of the slide. slides,

4 DIRECT SMEAR EXAMINATION (3



STAINING OF THE SMEAR

Heatlng of the slide ;
Heat the slide till steam comes off from the stain.
Do not boil and do not allow the slide to dry. Leave it

Staining with Zlehl's solution for B mihutes. Repeat this procedure 2-3times when
Four Ziehl's (carbol fuchsin) solution and cover the alchol lamp or sprit cotton are used for heating of
whole surface of the slide. the slide.

Fig.9

Removal of excess stain Washing of the slide
Tilt the slide to draln off excese stain. Wash the staining solution off wish a gentle stream
of running water,

Fig.11

Dralning off excess rinse water
Tilt the slide to drain off excess rinse water,
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DECOLOURIZATION BY ACID-SOLUTION

Fig.12 ™ Fig.13

Decolourization with 3% hydrochleric acld-ethanol Washing of the slide

Decolourize with 3% hydrochloric acid-ethanol "until  Wash the slide with a gentle stream of running
solution runs clear("25% H 50, water can be alao water and tilt the slide Lo drain off excess rinse
used inatead of 3% HCl-ethanol) water.

COUNTERSTAINING

Counterstalning with 0.1% methylene blue Removal of 0.1% methylene blue
Four O.1% methylene blue to cover the whole surface  Four off 01% methylene blue.
of the slide and leave for 2-3 seconds.,

Fig.17

Washing of the sllde Drying the stained slide
Wash the slide with a gentle etream of running Tilt and place the elide on the slide rack to dry in the
watear, air, Do not place undar the sun to dry.

f DIRECT SMEAR EXAMINATION (&)



MICROSCOPIC EXAMINATION AND
MAINTENANCE OF MICROSCOPE

Fig.18

Applicatlon of immersion oll

Fut ane drop of immersion oil on the stained smear.
Do not touch the smear with the tip of dropper to
avoid transfer of AFE from one emear 1o another,

Fig.20 R

Storage of slides

Remove the immeralon oil from the slides by dipping
into the jar containing xylol. Reep them in the slide
box for confirmation or for quality check.

Fig,22

Cleaning of the microscope
Clean the objective lens with lenspaper moistened
with petroleum benzine,

Fig.19

Scanning of the smear

Exarnine the amear under 100 objective with 10x
eye plece lens. AFE appear red or pink coloured and
the background is stained in blue colour, Read at
least 100 visual fields to give a report as negative,
Record the result or the laboratory notebook.

Fig21

Recording and reporting by WHO / IUATLD

recommended method

Acid Fast Bacilli (AFB)'appear red or pink colored rod

and the background 1s stained in blue colour.

{+#+) : More than 10 AFB per field In 20 fields

(#+) 1110 AFB per field in 50 figlds

(#)  :10-29 AFB per 100 figlds

Exact figures : -8 ARG per 100 fields. Report: number
found and request repeat specimen(e.q.+)

(=) +Mo acid-fast bacilli found in at least 100 fields

{"Nevar report as "M Lubersulosis” by smear result only,)

Fig.23

Storage of the microscope
Cover the microscope with vinyl cover and store it in
a place free from moisture and dust.

DIRECT SMEAR EXAMINATION (&
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PREPARATION OF
EGG MEDIUM

(2% modified Ogawa medium)

Adequacy of temperature for medlum coagulation can be checked by the
appearance of 8pots on the back of the culture slope (bubbles In the medium),
From left, too high temperature, adequate temperature, adequate
temperature.

Solld culture medium, such as egg medium containlng glycerol and asparaging
or glutamate, is the most commonly used medium to lsolate mycobacterla.
Modified Ogawa and L-J media do not differ inrespect of the positivity and
contamination rate, But the formula and preparation of modified Ogawa
medium are faltly more economleal and simpler,

Glasswares must be brushed and cleansd well. All utenslls used In the

preparation of the medium must be sterllized with autoclave or hot alr oven, It
6 recommended to set the temperature of Inepissator at 90°C peforehand.

8 PREPARATION OF EQG MEDIUM ()



| FLOW CHART FOR |
| PREPARATIN OF EGG MEDIUM

'WHOLE EGG HOMO

KH.PO4
Mg-CITRARE
Na-GLUTAMATE
DISTILLED WATER

SALT S0LUTION

WHOLE EGG HOMOGENATE
GLYCEROL

2% MALACHITE GREEN SOLUTION

‘FREPARATION OF EGG MEDIUM (21




PREPARATION OF SALT SOLUTION

Welghing of salts

Weigh 2g of potassium phosphate mono-basic
(KH,FO }, O1g of magnesium citrate, and
(.5q of sodium alutamate.

Mixing of salts
Put the salts inside of an Erlenmeyer flask
and add 100ml of distilled water,

Fig.3

Dissolution of salts

Dissolve the companents in the flask by
keeping It in water bath at 100°C for
S0minutes” and cool to room temperature
after all cemponents have been

diasolved (*Auteclave can also be uszed at
121°C for 15min.)

10 PREPARATION OF EGG MEDIUM (3



PREPARATION OF
WHOLE EGG HOMOGENATE

Figoﬁ Wy >

Cleaning of outside of egq shell Sterilization of outer shell

Clean outside of egq shell by means of brush and Wipe the outer surface of egge with spirit cotton

runhing tap water. Dry them up In a basket, and allow alcohol to dry up before cracking the shell.
Fig.6

Egg cracking Removal of chelaza

Crack the eqgq shell one by one and pour the Eemova the chelaza attached to the egq volk by
cantente into a Fetri-dish to check the freshness of  means of a eterile forceps, Tranafer the egg fluld to
the egqg(zpoiled egq). If not fresh, discard and a beaker,

change the Fetri-dish with a new one,

Fig.9
V2 ¥

ﬂti o/
Beating of egge ; Filtration of egge *w :
By means of chopsticks®, beat all egqs vigorously Filtar the whole eag E b
within the beaker till the egqg fluid Is no more sticking  homogenate through i
to the chopsticks. (“Electric mixer can be used for 2 layers of sterile gauze into a sterile cylindar until
this purpose) it- reaches the 200ml mark.

11 PREPARATION OF EGGQ MEDIUM (@)



PREPARATION OF
COMPLETE RAW MEDIUM

Fig.10 Fig.11

llr._ (1
b &,
Addition of glycerol Addition of 2% malachite green

Add 4ml of glyserol to the previously prepared salt Add 4ml of malachite green on top.
solution,

Fig,12 Fig.13

Addltion of eqq fluld
Mixing of the contents Four the filbered eaq fluld gently to the sclution
ik contents of the flask gently, along the side the wall of the flask to avold the

fortnation of air bubbles,

Fig.15

Riddance of air bubbles

Allow the flask Lo stand for 30minutes to float air
Mixlng of whole eag homogenate bubbles to the surface. The colour of raw medium
Mix the contents of the flask gently ao as not becomes light greenish colour from dark greenish
create bubbles, colour,

12 PREPARATION OF EGG MEDIUM (&)



DISPENSING OF RAW MEDIUM AND
INSPISSATION OF MEDIUM

Distribution of medium Adjustment of slanting position J
Pistribute Gml of raw medium along the side wall of  Lay the tubes down on the slanting bed.
each tube to avoid air bubble formation. bubbles are still obeerved, fillip the bottom towards

the cap until the bubbles disappear.

Inspissation
]Flac& the beds in an inspissator which has been set
at 90°C beforshand. Leave them at 90°C for one

haur,

e 4 T A

Preservation In plastic bag Storage In refrigerator

After inspissation, leave the tubes on the bench to Note the date of preparation on the plastic bag and
cool down to room temperature. Then keep themina  keep the tubes in upright position Ih a refrigerator
plastic bag, tighten its mouth with a rubber band. il use.

13 PREPARATION OF EGG MEDILM )



CULTURE
EXAMINATION FOR
M.tuberculosis

(NaOH modified Petroff method / NaOH Ogawa method)

M.tuberculosis show sugonic growth on egg medium and form dry,
friable colonies with Irregular margin, a cauliflower center and buff color.

Culture examination can detect about twlce mare new cases of
tuberculosie than direct smear examination, including the patients who
are dlscharglng net eo large number of basilll,

There is high possibility for making occurrence of aerosols throughout
the procedure, especially opening the cap of sputum container, mixing
of sputum and incculating of eputum, Formation of aerosoles muet be
avolded, Avold contamination of the epecimens as well as possible
human infection,

14 CULTURE EXAMINATION FOR M.tuberculosis (1)



FLOW CHART FOR
PRIMARY CULTURE EXAMINATION

| PRETREATMENT OF sPUTUM |
2 VOLUMES OF 4% NaOH EGUAL VOLUME DF 4 NaOH
CENTRIFUGATION
AT 3,000x%g FOR 15 MINUTES
WASHING

CENTRIFUGATION
AT 3,000xg FOR 15 MINUTES

b - Y

INOCULATION

ONE LOOPFUL OF THE 0.ml OF THE SPECIMEN
SEDIMENT

|

INCUBATION

AT 37°C FOR IWEEK-8WEEKS

3

~ READING

AT 15T AND 4TH WEEK,
(BTH, 6TH, 7TH, 8TH WEEK)

]

" RECORDING AND REPORTING

*Laboratorles where centrifuges are not avairable, it could be employed.

15 GULTURE EXAMINATION FOR M,tubsroufosis (2




PRETREATMENT AND INOCULATION
OF SPUTUM SPECIMEN

The specimen exposure time to 4% NaOH must be strictly followed to prevent over kill of
tubercle bacilll. Financial and human resources are avairable, NaOH medified Petroff method
is recommended.If centrifuge is not avairable, NaOH Ogawa method can be used.

Addition of 4% NaCOH

Fl ! Add twe volumes of 4% NaOH o
7 - one volume of sputum specimen.

| 1ob 45 =]
. ,g.r | Then tighten cap of container and
, i. 1 shake to dlgest and let stand for
o - ] 15 minutes at room temperature,
9%. =41
20 L3
=y st — 4% NaOH 2V
0 5
L I Centrifugation of the epecimen,
‘ \ VA sputum 1V Centrifuge at 3,000 xg for 15minutes.Then leave it
L for 10 minutes and pour off suparnatant.
Fig.3 Fig.4 .

Removal of condensed water
Eemove condensed
water in the medium
by putting the media
tube upside-down on
apirit cotton.

U

Washing of the specimen by centrifugation

Add 19ml of aterile distilled water and resuspend
sediment.Then centrifuge at 3,000xg for 15 minutes
again.Allowit for 10 minutes and decant
supernatant.,

Fig.5

Loosening ths aaps

Inoculation l.oesen the caps of inoculated mediutm and |2y The
Inoculate one drop of sediment. onto each of two tubes on the slanting bed, Feep the slante face
culture tubes. upward,

[ Further procedures will be followed fram Fig.7 )

16 CULTURE EXAMINATION FOR M. tubsrculosis (3



o) il 4% NaOH 1V

sputum 1V

Inosulation
Inoculate Cuml of digested specimen onto each of
two culture tubes. Then spread the inoculum evenly
aver the whole surface of each maedium.

Decontamination in transit

1) Add the same volume of 1% CFC (Cetylpyridiniun
chloride) to the epecimen, keep it at more than 20°C,

2) Add saline to the mixture as much as
possible,then centrifuge 3,000 xg for 20min, and
leave for 15min, Discard supernatant, Repeat the
procecure.

3) Inpourate OAml of the sediment to the media.

Addition of 4% NaOH
ST VIO 01t an equal volume of 4% NaCH to
[ 4o .| onevolume of sputum specimen,
| ap .| Then tighten cap of container and
a .o shake to digest and let stand for 19
3 | Minutes at room temperature.

Fig.2 oI,

Removal of condensed water
Eemove condensed

- water in the medium
by putting the media
tube upslde-down on
spirit cotton,

Loosening the cape
Loosen the caps of inoculated medium and lay the
tubes on the slanting bed. Reep the slante face

upward.
[ Further procedurss will ke followed from Fig7 )

Pecontamination for Feeudomonue epecies

1) Add equal volume of 5% oxalic acld to the epecimen,
Then vortex ta mix and leave for 0min,

2) Add 10 volumes of sterile saline to the mixturs aned
sentrifuge for 15 min, at 2,000 #g, then leave for
1Emin,

3) Decant the supernatant and add a few drope of

phenol red indicator® to the sediment.

4) Add 4% NaOH untll pale pink colour forms, then
ineculate C.ml of sediment to the media,
*Fhenol red Bmg+4% NaOH 20miH.0 S60m

GULTURE EXAMINATION FOR M.iubsrculosis (@)



INCUBATION

Tightening the caps
After a few days or mors of incubation, when the

a

Incubation surface of media has been dried, tighten the caps of
Keep the inoculated slante in the incubator at 57°C.  Incubated medium, then continue the incubation.

RECORDING AND REPORTING

[

X

il

el

Obeervation at 1W and 4W Reading the growth at 4W

Observe the culture at one week for rapid growere Read the growth which appeared as colony of dry and
and at 4 weeks for slow growers, If colonies do not irregular margin with buff color at 4 weeks of

appear at 4th week, observe weekly until Sweeks incubation.

before glving decision as NEGATIVE,

Fig.11
Recording and reporting by WHO

* If the cultures have been contaminated, report imediately and a rapeat speoimen requésted,

* IF cultures arg positive and growth has been identified as M. tuberculosis, a reporl should be sent oul: immediately.

* At dweeks an interim report (optional) could be sent out on all negative specimens.

+ At Bweeks a final report should be issued containing all the data previously reported so that earlier interim report
cah be destroyed and only the final report retained in the patients' file,

(-) t No growth
Actual figures : 1-19 colonies, record the acutual number of colonies (e.g.+12)
(+) ¢ 20-100 colonles

(++) 1100-200 colonies
(+++) 1 200-600 colonies, almost confluent growth
(++++) : more than BO0 colonies, confluent growth

contaminated :contaminated (complete contamination)

I8 CULTURE EXAMINATION FOR M.tubarctlosis ()



2% MODIFIED OGAWA AND
LOEWENSTEIN-JENSEN MEDIA

Fretreatment

Inoculation

1) Add an equal volume of
4% NaOH solution to one
volume of the specimen,

2) Stir by mixing apparatus or
pipette for 1-2min, and allow
it for 15min.

Inoculate O.lml of mixture on
the medium by the pipette.

Maalium 2% modifled Ogawa  L-J(without potato etarch)
Monoﬁotnwlum 2,09 2.49
phosphate(KH,FO,)

Maghesium - 0,244
sulface(Mg50, 12H,0)
Maghesium citrate D1y 0.6g
Sodlum glutamate 0.5 -
Ingredient Aspatagine - 2.6g
&
Preparetion Glycerol 4ml 12ml
Distilled water 100ml 800ml
Egg homogenate 200m| 1000ml
Malachlte green 4l 20m|
(2%)
Inepissation at 90°C for 60 min. at 80°C for BO min.
pH of condensed water 6.4 - 6.6 6.86-70

1) Add two volumes of 4% NaOH
solution to one volume of the
specimen,

21 Shake vigorously by hand,

&) Mllow it for 15min. at room
temperature.

4] Centrifuge at 2,000 xg for
1% min.

5] Stand an the rack for 10min.

&) Decant the supernatant.

) Add sterlle distilled water
and centrifuge at 3,000 xg
for 15min.

&) Stand on the rack for 10min,
anel decant the supernatant.

Inoculate the sediment on the
medium by the pipette or the
|00p.

19
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IDENTIFICATION OF
M.tuberculosis

(Niacin test / 68°C labile catalase test /
Growth on PNB containing medium)

nigkn i i}

Yellow color Indicates positive nlacin test by anlline method. From left, (-),

(+)s (+4+):

There ls no completely rellable single teat that will differentiate M.
tuberculosls from other mycobacteria. Therefore at least one or more
precise identification test must be applied besides morphological
observatlon.

ldentification teste muet be performed with the suboultured strain,

hot with the primarlly laolated strain, If culture is contaminated,
decontamination is required,

20 IDENTIFIGATION OF M.tubercufosis (1)



' FLOW CHART FOR
IDENTIFICATION OF M.tuberculosis

| EXAMINATION OF ACID FASTNESS OF THE PRIMARY CULTURE |

| __s_UBCULTURE' |

l

INCUBATION AT 37°C FOR 4DAYS

| OBSERVATION OF GROWTH ON DAY4 |
| |
| |

POSITIVE GROWTH (+) NO GROWTH(-)
{ ;
RAPID GROWERS FURTHER INCUBATION AT 37°C TILL 28DAYS
|
|
POBITIVE GROWTH (+) NO GROWTH(-)
8LOW GROWERS TEST FAILURE
|
- _I
NIACINTEST | | 68°CLABILE
i CATALASE TEST
POSITIVE(+) NEGATIVE(-) f‘—‘ I GROWTH ON PNB*
' {  POSIIVE(+) NEGATIVE(-) | CONTAINING MEDIUM

M. TUBERCULOS!S T { ‘ ‘
MoTT*

POSITIVE
GROWTH (+)

NO GROWTH (-)

MOTT™*

* Penitrobenzoic acld
**Mycobacterla other than tuberculosis

21 IDENTIFICATION OF M.tuberculosis (21



NIACIN TEST

A culture must be at least 3 to 4weeke old and must have without any contamination and
sufficient growth of 100 or more colonies. Niacin test can be made by elther with chemical
reagents or with commercially avalrable paper stripe.

e |'.I=.I el B
\ARNne met

Extraction
Four Zml of belling water onto the media, Keep the
tube at slanting position for 10minutes to cover
whole surface of medium with boiling water.

Addition of aniline ethanol
Add Odml of 4% aniline sthancle in sach tuke,

Fig.5 ‘ l

(+)

Result of nlacin test
Yellow color indicates presence of niacin,
M.tuberuclosia usually show niacin positive reaction,

Transfer of nlacin extract
Prepare two tubes and take 0.2ml of the extract
inte each of tubss,

Addition of 10% cyanogen bromide
Add OIml of 10% cyanogen bromide solution into one
of the tubes. Mix them gently. The rest tube is for
control, Be very careful not to inhale the vapour of
cyanogen bromide. This procedurs should be carrisd
out in well-ventilated cabinet,

Fig.6

Detoxlfication of oyanléﬁ bromide

Cyanogen bromide is FOISON. Cyanogen bromide in
the tube should be detosified by adding 0.2ml of
alkaling (4% NaCH) into the tube after the test,
then autoclave and wash the tube.

pa IDENTIFICATION OF M.tuberculosls ()



Follow the manufacture's directions. Alwaye check the expiration date of commercial paper strips.

Extraction !
Four 2ml of bolling water onto the media. Keep the
tube at slanting posivion for 10minutes to cover
whole surface of medium with boiling water.

Fig.3

Introduction of Niacin test paper
Intreductlon the niacin test paper strip into the
tube, then cap the tube. Leave it for 19 minutes,

Fig.2 \

Transfer of niacin extract
Take Tml of the liquid extract into a tube,

Fig.4 [' F—.
0l |

Result of niacin test
Obszerve the colour of the extract In the tube. Yellow
celur indicates presence of niacin,

Detoxification of cyanogen bromide

Cyanagen bromide is FOISOM. :Sy.anogah brotride in
the tube should be detoxified by adding 0.2m| of
alkaline (4% NaOH) into the tube after the test,
then autoclave and wash the tube.

IDENTIFICATION OF M.tuberculosis ()



©8°C LABILE CATALASE TEST

If niacin test Is not avairable, 68°C lablle catalase test can be used to differentiate
M.tuberculosis from other mycobacteria,

Fig.1

EB8°C for 20 minutes

Suspension of the growth Incubation of the suspension

Suspend several loopful of growth into the screw cap  Incubate the suspention in a GE°C water bath for

tube containing O.5ml of buffer solution (pH7.0). 20 minutes. Then cool the suspention to room
tetmperature,

Fig.3 r Figd | , | |

~{- Tween-peroxide mixture 0.5ml
k‘\y Bacillary suepension 0.5ml

Addition of Tween-peroxide mixture
Add 0.5ml of the frashly-prepared Tween-peroxida =3 (+) (+)
mixture and recap tubes loosely.

o/ Wl

Me bubble formation Bubble formation

Result of the test

Observe the formation of bubbles appearing on the
aurface of the liquld. Do hot shake the tube, Tween
&0 alsg may form bubbles when shaken, Hold
negative tubes for 20 minutes before discarding.

24 IDENTIFICATION OF M.iuberculosis (5]



GROWTH ON
PNB CONTAINING MEDIUM

Fig.1
m 2ml

FNE 280mg
Propylene
glycol 10ml

2&m|

| F

PME contalning

25mg/m| PNB

Fig.2

-

e
L)z

4mg/ml
bacillary
suspension

Fig.3

4

\omi \D‘Jml

FNB PNB
contalning free

No growth(—) Fositive growth(+)

PN

B FNE

containing free

Preparation of 0.5mg/ml-PNB containing
medium

Disaolve 250mg of PNE inte 10ml of
propylene glycol. Add Zml of PNE solution
ito 28t of L-J or 2% madified Ogawa
taw medium. FNE free medium Is prepared
with the same batch of the medium as
well. Diepens &ml of PNB free or &ml of
PHE containing medium Into each tube,

PNB-free then inspissate them at 80°C for

23

50minutes (L-J) or G0minutes(2%
thodified Opawa)

Incculation and incubation

Ihoculate Odml or one loopfull of the suspension®
onto two slants of PNE containlng and FNB free
media, Incubate the slants at 37°C for 4days to
Aweeks.

*One loopful of growth with a Smm diameter-loop la
tikad with Hml of sterile distilled water (4mg/ml-
slspension).

Reading of the result

Observe the culbure at 4th day and 4th wesk of
incubation, M. tuberculosis does not grow on PNE
cantalining medium even at dweeks of Incubation,
Though few colonies are observed on PNE containing
tedium, i i reqarded as negative.

IDENTIFICATION OF M.tuberculosis (&)



Growth of M.tuberculosis on drug free  contalning media. From left, drug free
medium at 107 dilution of bacillary suspenslon (++++), drug free medium at 10*
dilution of baclllary suspension (+++), INH O.2meg ( -/ Sensitive), RFF 40meg

( -/ Sensltive), EB 2.0meg ( -/ Sensltive), M 4.0meg (+++ / Reslstant),

Drug susceptibility test Is very important not only for the treatment of individual
patlents to shoose most effestive drug regimen but also for epidemiological
purpose to assess the efficiency of the treatment service In natlonal tuberculosls
control program. The test should be conducted only at natlonal or central level of
reference laboratory,

If colonies are less than B colonies in the primary culture, the drug
susceptibllity test should not be made. Drugs used for the test must be as pure
as poseible and never use the tablets or capsules to be used for clinical purpoge.
Drug-free medium and drug containing medla should be prepared with the same
batch of medium, All glasswares and distilled water must be sterilized before the
teet and every procedures should be etrictly aseptlc. The test must be performed
with enough growth of subculture within 1 to 2 weeks,
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' FLOW CHART FOR
- DRUG SUSCEPTIBILITY TEST

| DRUGSOLUTION |

INH (20meg/ml)
RFP (4,000mcg/ml)
EB (200mcg/ml)
SM (400meg/ml)

f

DRUG CONTAINING MEDIA

DPRUG FREE (Control)

INH (0.2meg/ml)

RFF (40.0mcgiml) ‘

EB (2.0meg/ml) '

S5M (4.0meg/ml) ‘
|

\

BACILLARY SUSPENSION

10*mgiml And 10*mg/ml-BACILLARY
SUSPENSIONS

Y

INOCULATION

10*mg/ml SUSPENSION TO CONTOROL AND
DRUG CONTAINING MEDIA

| 10*mg/ml SUSPENSION TO CONTROL

INCUBATION

AT 37°C FOR 4 WEEKS |
\

READING

AT 4TH WEEK

\

RECORDING AND REPORTING
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PREPARATION OF DRUG SOLUTIONS

The true potency of the drug ls the number of micrograme of active drug per milligram total
welght of the product. Not all antimicrobial druge have been lsalated in pure form, and a
portion of their weight may be due to impurities or to the sulfate or another radical
component of the molecule.

INH (ISONIAZID) SOLUTION

Potency Is 1,000megftmg

(N VY

o INH il mi
INH 2,000meg/ml  200meg/ml  20meg/ml
e DW bW DW
INH | 20mg 1ml il 1om| aml 9
"bi’?ﬁ“'?_“'f 1oml o} oml o} oml N/ Yiaad! bt
Wi 2,000 200 20
meog/ml mcalml megfml

RFP(RIFAMPICIN) SOLUTION

Foteney is 1,000mealmg
EFF is scarcely soluble in water, Add 10ml m

of propylene glycol into the tube containing

. Com—

RFF while shaking and keep it at 70°C for
abkout B minutes in water bath to dissolve
RFF completely. 40mg RFP
Dimethyl sulfoxide (PMS0) and absolute
methanol can be used for the saluvent of EFF

RFP 4,000mog/ml

S PG

REF 40mg 10ml
Propylene glyool 10m ~
B B 4,000mcg

To prepare 10ml of a 10,000meg/ml solution, following formula can be used to calculate the
weight of drug necessary,

10,000(meg/ml)
potency(mca/ml)

X 10(ml) = mg to weigh
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EB (ETHAMBUTOL) SOLUTION

Fotency is 1,000meg/mg m m

=
20mg EB 1ml
EB 2,000mecg/ml  200mog/ml
i 2 A B B4 AL = WA AR i oW oW
R 20mg 1ml 10ml Sl
Diswater oml o oml Mol N/
i 2,000 200
macg/ ml meg/ml

SM(STREPTOMYCIN) SOLUTION

If potency is 780mcg/mg
(Potency Is varied from 718-800meg/mg) m

(i)
S.1mg —
5M 400meg/ml

8M 5.1mg DW

; ' 10ml
-m_@,wmr ' 10ml N

' 400
mogiml

Example : potency of 5M is 760megimg

10,000
780

128mg of M s dissolved In 10ml of distilled water for 10,000meg-5M per millilitter

X 10 = 128mg
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PREPARATION OF
DRUG CONTAINING MEDIA

Fig.1
Preparation of L-J medium

Frepare 1200ml of raw |-J medium. Then
divide it Into Bportions as below.

Preparation of drug free (control) medium
Kaap one of tha EPOFtiOHE; 400l of raw
L-J medium is used as drug-free or control
thadium,

Il g

Fig.2

INH/_\ 2ml RFP /’\ 2ml EB /_m\ 2ml

RFF EB
200ml 200ml
20meg/ml  0.2mogiml 4,000megiml  40megiml 200megim| 2megiml

Addition of druge to medium &M / \’ 2ml

Add 2ml of the working solution of sach drug to
200ml of remaining 4portions of medium. Mix
Them well avoiding bubble formation,

400mecal/ml dmegiml Prug free
Fig.3

Distribution and Insplssation of media

Label the name of the drug on each tube beforehand, S i L
Vispense Gl of drug free or &ml of drug containing 4 \_'V_ 15/_
|-J medium into each tube. Insplesate them at

90°C for BOminutes. Drug containing media can be
stored at 4°C for a maximum of one month,

|«
|é:'/
|e/

INH INH INH IMH IMH

Bl gl Eml dhnl Ginl

0.2meg/ml
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PREPARATION OF

BACILLARY SUSPENSION

Fig.4
Harvest of the growth
Fut one to two drops of eterile distilled water into
the ecrew-capped homogenizer®, Harvest one loopful
of growbh with a dmm diameter-loop from the wide
spread eurface of the growth. Transfer to the
homogenizer,
"Tube, a 14ml screw-capped bottle, containing several
B-omm sized glass or plastic beads.

Fig.5

Img/ml-baclllary suspension

Homogenize on voltex miker for few minutes and
leave for 10minutes, Add 7ml of sterile distilled
water. Allaw large particles Lo settle. Transfer
supernatant suspension Lo sterile tube and adjust:
density to that of a MacFarland Ne. with sterile
distilled water. This Ie Tmg/ml-bacillary suspension,

Fig.6

Dilution of bacillary suspension for inoculation
Bilute Tmg/ml-bacillary suspension to 107 (0.0Mmgdm
and 10 (0.000mgiml) by making serial 10 fold
dilutions with sterile distilled water.

)

=

o
Tmafml

- Two drops of sterile H,0

One loopfull of growth

& ® 8)— Several beads

L

MagFarland NoJl

10 10* 10° 10+
ima/ml-bacillary suspension 0.5ml 0.5ml 0.5m| 0.6ml
Sterile distilled water 4.5ml 4.5ml 4.5ml 4.5m|

5 i i
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INOCULATION, INCUBATION
AND READING

Fig.7
Inoculation of 10 (0.01mg/ml) and 10" (0.0001mg/ml) of bacillary suspensions
Firstly inoculate Oml of 107 and 107 suspensions onto 2elants of drug free (control) medium. Then
inooulate 107 dilution of the suspension onto a serigs of drug containing media.

/ /! Sl_nfil.‘lml Y 0iml \l 0.1m| \I 0.1ml \ 0Aml \ Odml
.-.-#'f‘: ==

nnn

Bacillary Suspension Drug fres (control INH RFF EB S
“:.f IPD.-d 1%-2 { 10 j 10= 10 10% 10=

Fig.9

Incubation Reading

Spread over the suspension on the whole surface of  When enough growth, more than 100 soloniss for 107
medium, than keep them at slanting position with suapension and mare than 50 colonies for 107
loosen caps. BUBPENGIoN, Was observed on the drug free medium
Keep the slants In the incubator at. 37°C, When the a3 or dweeks of incubation, read the growth on all
growth appears on the control media, tighten the media, T strains showing "drug susceptibility” at
cap and continue the inculration for 4-Gweeka. Jweeks, further reading at 4weeks is required before

reporting susceptibility.
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INTERPRETING,
RECORDING AND REPORTING

Fig.10 0.01mgiml (10%) and 0.0001mg/mi(10*)

bagillary suspensions

Interpreting of the resulte

1_15"" dilution represente 1100th (or %) of the 107
dilution. ThereTore any colonias arowing on drug
containing medium inoculated with the 107 dilution 1 ile e
that equal or more the number of colonies growing on
the drug free (control) medium inoculated with the M?@,
10" dilution represent 1% or more of the test g
population,

The criterion for resistance |s 1% of growth for all
elrugs,

102 dilution 10 dilutlon
Fig.11

Recording and reporting

Compair the growth on the drug containing medium with the growth on the drug free medium at 10" dilution.
When the growth on the drug containing meddium is same or more to that of a drug free medium at 107
dilution, it is classified as "Eesistant”.

When the growth on the drug containing medium ls none or lesg that of a drug free madium at 10 dilution, it
s classified as "Susceptible [ Sensitiva'.

Growth on drug Following formula can be alse used To caloulate the %

centalnin .
9 of reaistant;

Mumber of colonies

Growth ot dug on the drug containing medium

free at 10

- =% reslatance

Mumber of eolonies
on the drug free medium at 10 dllutlon

Example:
Drug free at 10" Drug containing

Same or more
arowth

- b Susceptible
m% hg‘} {Sensitive) s
colonies

120
colohies

HMone or less
arowth

= 2% resletance
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QUALITY CHECK OF MEDIA FOR
DRUG SUSCEPTIBILITY TEST

When each newly batch of media are prepared, the quality of media should be checked by Inoculating the
standard strain H _Rv of M.tubsrculosie suspension onto a serles of drug contalning media.

O.1ml of Ima/ml H37Rv suspension, approximately 10° bacilli, are Inoculated onto each drug containing
medium. Then Incubate at 37°C for & weeks, Observe the number of colonies for natural resistant
mutants,

/ \/ O.aml \r 0.ml \ aaml \/ O.ml

&

Tmg/ml INH RFP EB S
H, Rv Suspenslon 0.2meg/m| 40megiml 4mocglml 2mogiml

Expected results are shown below. Number of colonies are far more than maximum, media, may contain
lower concentration than it indicates.

Minimum, median, and maximum numbers of bacill reslstant to antitubersulosis drugs
for M.tuberculosis H, Rv per 10* bacilll.

0.2

RFP 40.0 0 0.02 =
5 4.0 0 7 300
EE 2.0 100 # 1,000
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M.tuberclosis AND RUNYON GROUPS

Colonies of mycobacteria on Ogawa medium,

M.tuberculosis

Runyon Group I
(Photochromogens)

Runyon Group Il

(&cotochromogens)

Runyon Group I

{Nenphotochromogens)

Runyon Group NV
(Rapid growers)

¥ | M.tuberculosis(H_R.)

Typical colonies of M.tuberculosis on Ogawa medium
show dry, friable, Irtegular margin, sugonic grawth
ane buff color,

M.kansasll

(lefL) and become a bright: lemon yellow after
axposure to light (right).

M.gordonae

Colonies are pigmented to orange in both the light
and dark.

b.Intracellulare

M.chelonae

Colenies are visible within Tdays at primary rsultuns
Some old colenies appear greenish by absorbing
malachite green egg madium.
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REAGENT FORMULAS

1) Baturated alcoholic fuchsin

Fuﬂhﬂ'in [bﬂ&lﬂ} ........................................................................ 59

Ethﬂﬂﬂ‘l (951{’} ..................................................................... 100”’11
2) 5% Phenaol solution

Phenol melbed rorrrreermrirmisi s s s s saas Sl

Diatiued water ..................................................................... Bﬁml
3) Ziehl's solution (Phenel fuchsin solution)

Saturated aleoholic fuchsln serrrrerrrmrin 10ml

5‘}"’ PHBHG| ﬂo|ut10h ............................................................... gﬂnﬂ
4) Acid alcohol (3% HCL-ethanol)

Hydrochloric acid (conc,HCI) rrerrreerrresrmmesinirssinnemnresneenieniannae 3m|

Ethﬂﬂﬂ‘l {95%} ..................................................................... 9?”1'

B) 26% Sulfuric acld water (26%H 80, solution
Eulﬁ.lrfc aﬂld [HEEO"] nununuuuunuuuuuunuuuuu-nuununun|25m|

piﬁtl"ﬂd Water. --------------------------------------------------------------------- ?'ﬁm[
6) 0.1% Methylene blue solution
Methylene blug  +oosesesreentinniiiminiiiniiiiiie 0.g
Diﬁti"ﬂd T L R L A R AL EREE R 1[::|Dml
7) 2% Malachlte green
Malaﬂhitﬂ ar&a" |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 23
Diﬁtlllﬂd W ot s s R TSR ey 109“1[
8) 4% NaOH
Sodium hydroxide (NaOH)  +»+rrisessrsasiassiniiinsiniie 4g
Diﬁtillﬂd Wﬂtgr ..................................................................... 1[]0"'[
9) 4% Aniline ethanol
ﬁm””e ................................................................................. 4"‘”
Ethanﬂl {95%) ..................................................................... gam!
10) 10% Cyanogen bromide (Saturated cyanogen bromide)
Cyanogen bromide +-e=s1srevssssimemmiimammnisannm i Bg
Diﬂt"lﬂd WAL G rrr R R R R R R 50""'
1)Buffer solution(pH7.0)
Stock solution (@) Anhydrous Na HPO, ==srrrrsrrsemssssssnisssmasnisanie 9.47g
Dfﬂl‘-i"&d Waber *trerrrrrsiisis s ey 1000""
{b} |‘;"‘j..|z[.'.1":')l+ |||||||||||||||||||||||||||||||||||||||||||||||||||||| 9.0?@
Diﬁti"ﬂd Watsl‘ .......................................... 'IGDD“.II
pH7.0-buffer solution (a) solution  +:sessrsesrrresrmiimismine. &1.iml
[b} Eﬂlutiﬂﬂ ------------------------------------------ 55'9"”

Check pH. If pH ie lower, add (a)solution, If pH s high, add (b)solution
12)Tween-peroxlde mixture
(2) 10% Tween B0 solution  +++++ressmsssiiisinini gy
(autoclaved at 121°C for 10min. store at 5°C)
{b} 209, H:.rdmgen pemxl’de ......................................................... n,,‘
(store at 5°C)
Just before uee, mix same volume of (a) and (b)
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