CHAPTER III

LITERATURE REVIEW
GENERAL CHARACTERISTICS
Mycobacteria are aerobic, non-spore forming, nonmotile, slightly curved or

straight rods, 0.2 t0 0.6 x 1.0 to 10 pm i
have cell walls with a high lipid cont

0,aerial hyphae are grossly visible. They

es (Figure 1). These waxes have
characteristics mycolic acids . The lipid content of the cell
wall excludes the usual amilif es-used to. stain baeteria. Mycobacteria are not
therefore readily using AN . mycobacteria are usually
considered gram positive . 1ing methods sed to promote the uptake of
dye and, once stained, mygébagferia @ T y de ised; that is, they retain the

stain even when washed withdicid-aleohol solutions. Theirresistance to decolorization is

A\

Colony morphology va fes A e 165, ra ging from smooth to rough and
from nonpigmented (nonphotochnmb‘&fﬁj (0 pigmented. Colonies of the latter are
regularly or variably yeBow, orange, O s due . carotenoid pigments. A

Y

natural division exists b€ - cen | ng species of mycobacteria. The

most slowly growing one equires more than 7 days to produce colonies on solid media

from a dilute ino ﬁ ﬁﬂ%{%ﬁ owers, by definition,
require less than ‘ﬁ nj on primary culture
from clinical specimens [40]. A few s§&ws are fastidious, requiring special supplements
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biopsy from a lepromatous lepr:
of leprosy. In 1882, Robert Koeh
LTI T
tuberculosis) as the cauif‘tive agent’ of ubercu
el

establishing a causal relationship=between-a-susp:
1886, these species Were subseqt =d cobacterium leprae and

Mycobacterium tuberculosi's,a;espectively, and placed in the genus Mycobacterium.
F=3

L7
The genuﬁy\}yéogcte’gmxl é‘l Z]rre?tlzﬂtlé‘l ’:Jnlt:' gnus in the family
Mycobacteri g T ﬂ4 inomy, ﬁ; ' ﬁlﬁlﬁ mﬁ" including a
species in tacﬁuig ?Tai m 3\]
(1) acid-alcohol fastness (i.e. resist decolorization by acidified alcohol after being
stained with a basic fuschin dye)

(2) the presence of mycolic acid containing 60-90 carbon atoms which are cleaved

to Cy2-Cys fatty acid methyl esters by pyrolysis and
(3) a G+C content of the DNA of 61-71 mole%, except for M. leprae (55%) [42]



For the most part, mycobacteria can be divided into two major groups based on
fundamental differences in epidemiology and association with disease: those belonging to
the Mycobacterium tuberculosis complex (M. tuberculosis, M. bovis, M. africanum, M.

microti and M. canettii), M. leprae and those referred to nontuberculous mycobacteria

(NTM).

The term nontuberculous mycobacteria (NTM) and M. leprae includes all other

mycobacterial species that do not belong to M. tuberculosis complex. In 1959 Runyon

classified NTM into four groups a@‘”f/}wd of growth and pigmentation.

These groups are:

I. photochromogen (¥

Mycobacteria are diyis 1 16 Tap! C growers and those not yet
45 o addt o- Name’ mycobacteria have
el NTM that cause disease in
humans but have not been assi

_--l‘ .-\"r" .il"'"l

mycobacterium resemblﬁ M. kansasii, alﬁ

lar species yet. For instance, a
ghromogenic, was isolated
from an AIDS patient| with acute lymphadenitis [44] ‘king the same clinical
manifestation in a child, aq‘?l;er novel 1 c ateﬂto M. triplex was described
by Harza et al.[45].
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CULTURE MEDIA'AND ISOLATION METHODS
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pathogenic for humans. The generation time of mycobacteria is more than 12 hours, that

of M. tuberculosis having the longest replication time at 20 to 22 hours. The growth of
mycobacteria is enhanced by an atmosphere of CO, between 5 and 10% in primary
isolation cultures. Mycobacteria require a pH between 6.5 and 6.8 for the growth medium
and they grow better at higher humidity[46].



In detection as few as 10! as 10° viable organisms/ml, specimen culture is more
effective than smear. Media available for the recovery of mycobacteria include
nonselective and selective on33es, the latter containing one or more antibiotics to prevent
overgrowth by contaminating bacteria or fungi. Broth media are preferred for a rapid
initial isolation of mycobacteria [40]. The many different media available for the recovery
of mycobacteria from a clinical specimen are variations of three generation types (Table

2) : egg medium, serum albumin agar medium, and liquid medium.

-yolk, potato flour, salts, and
&fer capacity and a long shelf life
of most mycobacteria. Also,

. e
(several months when refri gﬁwuppd’t g@

Egg-based medium contain Wh\

glycerol and are solidified. Thgsm“

materials in the inoculum or medium that)ar Wobacten’a are neutralized.
Disadvantages of these media 1g' yari rom, batch to batch depending on the
quality of the eggs used, diffi crning coloni

to achieve accurate and ¢ \r“}ﬁsceptlblhty testing. When
egg-based media become co contrast to egg-containing
media, agar based media are ¢ —based media are transparent
and provide a ready means of /detecting of microscopic colonies easily
distinguished from inoculum debngf-%i 1\ be observed in 10 to 12 days, in
contrast to 18 to 24 da}ﬁ with éégi’ﬁ’;g’éd "ﬁ; " media can be used for
susceptibility testing. TheydonotTeadily supportthegrowtn taminants; however, the

plates are expensive to plﬁyafé' and their - elaﬂ]/ely short (1 month in the

refrigeration). Care should bﬂc ge:(ercised in pregﬁration, incubation, and storage of the

media, because exﬁ;su EF«? wﬁmw Eiml mﬁoraﬁon and in the

release of formaldeliyde, which is toxic to mycobacteria. addition of antimicrobial

¢
A A T A
selective medium 'is used fo c imen, it s beu ne but should

be used in conjunction with a nonselective agar or egg-based medium [40].



Table 1 The species of mycobacteria [40, 42, 43]

Slowly growing

M. tuberculosis M. bovis M. africanum M. shimoidei

M. microti M. kansasii M. marinum M. cookii

M. celatum M. simiae M. asiaticum M. gordonae

M. interjectum M. scrofulaceum M. szulgai M. paratuberculosis
M. canettii M. intracellulare epreamurium M. avium

M. malmoense M. haemophilum M. hiberniae

M. triviale

M. ulcerans

M. genavense M. int M. heidelbergense
M. lentiflavum M. M. doricum

M. kubicae M. pal M. shottsii

M. botniense

Rapid growing

M. chelonae M. peregrinum
M. smegmatis M. immunogenum
M. neoaurum M. mageritense
M. komossense neg para M. alvei

M. thermoresistible nfluentis M. septicum

M. goodii M. chitae

M. diernhoferi M. vaccae M. duvalii

M. archense eﬁ % . gilvum

M. rhodesiae ﬂ M}EI Vl E] ﬂ ﬂﬁ’ ’1 ﬂ % komossense
M. porcium M fallax ¢ M pulverzs M. ma agascarzense _

cre A

M. terrae

M. gastri

M. conspicuum
M. branderi

eIt N IINY W

M. poriferae q
M. novocastrense
M. frederiksbergense

M. elephantis M. holsaticum

M. hodleri M. murale

M. chlorophenolicum

M. vanbaalenii

Non-cultivable

M. leprae
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Table 2. Suggested Media for cultivation of Mycobacteria from clinical specimen*[47]

Solid
Egg-based
1. Lowenstein-Jensen (L-J)
2. L-J Gruft
3. L-J with pyruvic acid
4. L-J with iron

Agar-based 'l/
. idd1ebrook 7H rook7H10 selective

amwk 7H11 selective
. Mi sk bipla < (7H10 / 7H11S agar)
Liquid J - ' \

Septi-Check AFB

Commercially stipg eﬁ ”1‘ }' continuously monitoring system for

mycobacteria

*For optimal recover;

0 ﬁ ination of liquid

f T

Broth media may be_used for both primary isolation and subculturing of

mycobacteria. C\ﬁ%%ﬁl’} Wﬂ 51 ngﬁqaﬁy‘gmre rapid results than

do those based on'solid media. At g,resent a number of elaborate culture systems

o QPRI CIHNA I

Medium selection for the isolation of mycobacteria and culture reading schedules

medium and soli¢

are usually based on personal preference and/or laboratory tradition. Addition of a solid
medium is advantageous for the detection of strains which occasionally do not grow in
liquid medium, aids in the detection of mixed mycobacterial infections, and can serve as a
back-up for broth cultures, if contaminated. All positive cultures, even if identified
directly from the broth, must be subcultured to solid media to detect mixed cultures and to
correlate direct identification results with colony morphology [40]
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Table 3. Commonly used commercial liquid media systems to culture and detect the

growth of mycobacteria [47]
System Basic Principle of detection
BACTEC 460 TB (Becton Culture media containing '*C-labeled palmitic acid. If present in the

Dickinson Diagnostic Systems, | broth, mycobacteria metabolize the '“C-labeled substrates and release
Cockeysville, Md.) radioactively labeled “CO,, in the atmosphere, which collect above the

broth in the bottle. The instrument withdraws this CO,-containing

e amount of radioactivity present. Bottles

f alled a growth index, greater than or
'der&

Septi-Cek AFB System TB Bi 1 e syste modified Middlebrook 7H9 broth
(Becton Dickinson Diagnostic i ¢d pa le faini ocolate, egg-based, and modified
Systems) 7 L i ed regularly to inoculate the solid
megdia. m t ) e three-side paddle.
Mycobacteria Growth Indicator ' d WHQ broth and a fluorescent
Tube (MGIT) (Becton C ei’xl?ér 1 & ili ; nsor. Growth is detected visually
Dickinson) ing L P?"%‘If} Oxygen (O,) diminishes the fluorescent output
0 ensor: —: ore, O, consumption by organisms present in the
medi ':i o increase in fluorescence. This system is
conducti’ = ‘“.'-‘;' bl tion
Continuous Growth Monitoring Systems *;E?"%‘ir {.-
ESP Culture System IT ‘:5 Organisms are_cultu f adiebroor 7 ot v
Accumed International, Inc., “.| enrichment ar se the culture’s surface area.
Chicago, III. '||The ins by gm'toring pressure changes that

occur as a result of O, cons tion or gas production by the organisms
'Gn 5 b ump gas p Y 24

BACTEC 9000 MB (Be L ireé 1'3 J modified 'Middfebrook 7H9 broth. The
Dickinson) instrument detécts growth by menitoring O, consumption by means of a

2)

I
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IDENTIFICATION
1. MICROSCOPIC EXAMINATION

The examination of direct smears for mycobacteria is important for several
reasons. Although the smear is not as sensitive as culture techniques and requires
approximately 10 bacilli per milliliter of sample to be positive, smear examination

provides an easy, rapid, presumptive d1agnos1s of mycobacterial disease.

%obactena They may be gram-

ear as beaded gram-negative

The common Gram st
invisible, may appear as cle

rods, partlcularly rap1d1y gr bactena are able to form stable

[
counter stain. A fluorochrome stam, au uramine-rhodamine, is the screening
MG D = " :
method recommended foﬂaboratorfe‘é with a1 6 trayiolet) microscope [48]. In
A . , .

practice, the fluorochronie
read at lower magnificatio ; robably be %e-stained smears are easier

to read. The overall sen51t1V1£y of the smear has been reported to range from 22 to 80%

491 The spemﬁmﬂﬂde&ln’} NHRIHHIDT s oy ion one

factors mﬂuencmg smear sensitivity ificlude the t)i ﬁ cimens éxdmined, staining

ctniques AheIRkp i bf e obds e ot pabalon b st g

whether the gmear has been done with or without pretreatment (indirect versus direct
smear) [40].
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2. PHENOTYPIC CHARACTERISTICS
2.1 Growth rate and Preferred Growth temperature

Growth rate refers to the length of time required to form mature, isolated
colonies visible without magnification on solid media (Table 4). Mycobacteria forming
colonies within 7 days are termed rapid growers, while those requiring longer periods are
bated at 35 to 37°C. Some species have

e
r’%}th Cultures are observed at 5 to 7

7 1n relation to temperature can
usually be adequately determin : @7 and 30°C. When more
definitive identification is ne ‘ S W at 24, 25, 32, 35, 37, and

42°C. Growth at these tempe

termed slow growers [50]. The cultures are i
special nutrient or temperature requir !

days and weekly thereafter for

Some mycobacteri fuc aro ents without light, whereas

others require light (photoactivat n)'mi _ roduction. The terms photochromogen,

scotochromogen, and non-photoc [0 ge! i to distinguish the M. tuberculosis
g p W gu

complex (MOTT) based,_‘,hn their pigmentat oM?ivity. Photochromogens

produce nonpigmented eolonies when grown 1 k and pigmented colonies only

after exposure to light. gotochro (: uce deep ﬁllow to orange pigmented

colonies when grown in eitherthe light or the dark (some strains show an increased

pigment productioﬂ %'ﬂs %}cﬂr% ﬁhw ﬁn’q:ﬁ %ns are nonpigmented

in both the light anﬂ!'dark or have only 2 pale yallow buff or tan plgment that does not

wensity SRR BPYF) TEU FSULW) "Jb mﬁﬁ Y
delineated td!aid in the identification of ers o however, are

considered nonchromogens, and pigmented mycobacteria may be preliminarily reported
as NTM [50] as shown in Table 4.
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Table 4. Colony morphology and growth characteristics of mycobacteria encountered in

the clinical laboratory [52]
Mycobacterium Colony morphology Colony pigment | Growth comments
species rate* (wk)
M. tuberculosis Rough N(buff) 4-6
M. bovis Rough; thin or transparent N(colorless to buff) 4-6
M. avium complex Smooth; small, thin, N 4-6 Growth may required 8 wk;
transparent, or large opaque, colonies of some strains
domed; £ rough come lightly pigmented with
\ y// prolonged incubation
M. scrofulaceum Smooth, globoid. 4-6 Pigmented varies from light
/ yellow to deep orange
M. kansasii Rough, B-carotene ciysta : Rare strains N or S
M. fortuitum-chelonae Smooth or Roug]
M. xenopi Smooth, filam Growth at 42°C
(“bird nest’
M. szulgai Smooth or Rg
M. malmoense Smooth, dysgonig
M. simiae Smooth ‘ 4-6
M. marinum Wrinkled, shiny; s H-3

M. haemophilum
M. gordonae

M. thermoresistible

M..terrae-triviale

M. nonchromogenicum

M. flavescens

M. smegmatis

hemispherical; (rarely
dry
Rough; + smooth
Smooth

Smooth oFR

4-6

Smooth (M.
triviale)
Intermediate m‘)ﬂess

FETNE NN

ae); rough

Optimal growth, 31-33°C

Optimal growth, 20-32°C

Optimal growth, 37-45°C
pigment is yellow-orange,

becoming brown

e AFANINTYU NN INYIN Y

+ Pigment prodiiction often requires prolonged exposure to light.

N = Nonphotochromogen; S = Scotochromogen; P = Photochromogen; occasional strains have the

indicated morphology
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Table 5. Growth of mycobacteria regarding to temperature [51]

Growth Temperature Organism
Rate

Slow (22 | Growth at 35°— 37 °C but none at 24 °r 42° | M. tuberculosis or M. bovis

wk) Growth at 35°-37°C and 42° C but none at | M. xenopi, some M. avium
24°C complex
Growth at 35°-37 °C, slowe ¥ M. kansasii
negative at 42°C | ,)//
Growth at 32° and ﬁ M. marinum

poorly at 35 y

Growth at 32 . haemophilum

in 4-8 wk, no g

Slow (=3 | Growth at 32 °GJ'b né at24°C o ’- ‘ M. ulcerans
wk) 37°C NG 4 \
g . ﬂJ o '-‘
Growth at 357-3 Wrode . malmoense
21
2.3 Colony morphology

eful clues to its
ot unﬁharacterization of colony

morphology. Some 1solates are uniform with regard to their colonial morphology,

whereas others .Tcﬁ ﬂlﬂ ?W‘E}Wﬂ ﬁ?lpﬂafj features of colony

morphology (whichqmay vary signi cantly dependmg on age and growth conditions)

e TR T e

3 BIOCHEMICAL IDENTIFICATION

identification. Isolated cﬁme

The biochemical tests are based on the enzyme the organisms posses, the
substances that their metabolisms produce, and the inhibition of their growth on exposure
to selected biochemicals reagents. Table 6 gives biochemical test profiles for the most

commonly encountered species. Selected key tests, those useful for identifying the
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suspected species, are performed on the isolate based on the preliminary grouping in
Table 7 [47]. Biochemical typing is commonly employed for species identification but is-

time-consuming, and is unable to differentiate some closely related species.

Because culture-based identification using conventional biochemical tests may
take weeks after sufficient growth is observed. Furthermore, biochemical identification

based on phenotypic characteristics may not be highly reproducible, complicated, and

non-reproducible [11]. ’ ,

Table 6. Distinctive properties e my ncountered in clinical

specimens [52]

“liniéal = : Suscepti- |,
Rungon v " { Niz- biliyie Nate
£ ..x = S
. adcera | .

N - &
18 N +

N - * -
| P = - -
P - ~ +
P ¥ - -
P s - -

0 M oscrofide M,s s - -
3.: SP - - &
M. g s = =
M. $ - - +
M. xenop 8 - s -

1%
i
i

. memmm |
a_.,ﬂimmaﬂﬁ"%mﬁ’s E

£
i

4. nonchro- 5 & &

M.terree  M.1erae 4 $ § SR N - - -

M. triviale 4 M § R N - -

Iv M. forwitem 43 - R R SIR! Noo- - e
M. forndum M. chelonse.  4-3 - R R. SR N v - -

M. phiei 4 R R R R § +

M. smegr 4 R R R RS N &

M. vaccae 4 R R S s &
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Table 6. Distinctive properties of cultivable mycobacteria encountered in clinical

specimens [52] - continued

m'“mrmwmwmmu Pyrazine TR

Species cstae  hydrolysis, : wsm ¥ , : amidase,

Clmey s Sdys el wuke LT spr ddays Lo

M. ulcerans - + - - - - "

M. tubercrdo- = - wh z - - - - & +

5is

”-.W 2 - k4 - %+ -

M. marinum - - -

M. kansusii + + - : : :

M. simiae * + * 4 %

M. asiaticum * * - -

i!.a:::ﬁda- * + = + - %

ﬁg‘&‘ : : - + + +

M. fla + + - o & *

M. xenopi » + - - v +

M. avium = z = - + *

&W = * 7 - & +

M. gastri = - - + -

M. malmoerse - * v +

H,MM - - - &

M. nanchro- . + % v

M. terrae + + - v

M. triviale ¢ + - v

M. fortuitum + + + + +

M, chelonae ¢ v + + +

M. smegmatis 4 +

M. waccae + +

* Plus and min 'Magmllﬂenieﬂ; a'a;ltre]#jually present;-/+ usually

absent.

TSI ST T e

4 Urease test perform by the method of Steadham.

¢ Probe identifies M. tuberculosis complex.

f Requires hemin as growth factor.

£ Arylsulfatase reaction at 14 days is positive.

" Young cultures may be nonchromogenic or possess only pale pigment that ma intensify with age.

Includes M. Jortuitum, M. perigrinum, M. fortuitum third biovariant complex.
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Table 7. Key biochemical reactions to help distinguish mycobacteria belonging to the

same mycobacterial group [47]

Mycobacterial group Key biochemical tests

M. tuberculosis complex Niacin, nitrate reduction, susceptibility to
TCH (Thiophene-2-carboxylic acid
hydrazide) if M. bovis is suspected

Photochromogens een 80 hydrolysis, nitrate reduction,
DY ERZIN: minidase, 14-day arylsulfatase,
Urease, niaein
Scotochromogen owth temperature, Tween 80
nitrate reduction, semi-
_L ' \\ activity, urease, 14-
Nonphotochromogen .ﬁ #\?&;{i.‘. semi-quantitative
o ?ﬁ activity, nitrate reduction, Tween
1801 :\‘t urease, 14-day arylsulfatase,
reduction, acid phosphatase
Rapidly growing 1 on M 7 onkey agar, nitrate

0 hydrolysis, 3-day
- arylsulfatase, &uptake

ﬂ‘lJEl’J'VIEWﬁWEJ']ﬂ‘i
QW?&Nﬂ‘iﬂJ NN Y
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4 CHROMATOGRAPHY

The mycolic acid pattern of the cell wall generally varies with the species. Thus,
mycolic acid analyses can be a useful tool for mycobacterial identification. Two direct
approaches may be used for the analysis of mycolic acids: thin-layer chromatography
(TLC) and high-performance liquid chromatography (HPLC). A third method, gas-liquid
chromatography (GLC), in which mycolic acids are investigated in the form of their

cleavage products, is also used.

In HPLC analysis, the my cids a on the basis of their polarity
r eluting first. In contrast to

the arrangement of major

bl

comparison with other peal

- o
characterized by a pattern ; €L, » and height of peaks. The
visual comparison of HPLC n: nown species is still the most

AT
_,ltl_,-'"g o i
-l .p'" o

Method based on g! ]
genes such as the 16S rRNA, recd, rpoB, dnaJ or 65-KDa genes combined with

s i@ﬁﬂﬁ'ﬁ BYTSRETAY e =
» RADA NI BTN LA Ehrsctne

analysis (PRA) method for the rapid identification of mycobacteria to the specific level.

-amplification of specific

This technique was based on PCR of a sequence of the gene encoding the 65-kDa heat
shock protein (Asp65), followed by restriction enzyme digestion [53]. In 1993, Telenti, et
al. [20] presented a modification of this method using a smaller frafment (439 bp) and
only two restriction endonucleases, BstEIl and Haelll [20]. The method has been
extensively used for mycobacterial identification [20, 54-56] M. tuberculosis is easily

differentiated from the NTM by a charcteristic band on Haelll restriction endonuclease
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digestion. However, members of the MTBC are not discriminated by their PRA. By
contrast, most NTM can be recognized by their PRA patterns. Several alleles have been
identified in M. gordonae [57], M. kansasii [58, 591, M. abscessus, M. chelonae, and M.
peregrinum[49], indicating that the molecular clock of the hsp65 gene is faster than that
of 16S tDNA. In addition, the other gene sequences for PRA, such as the rpoB gene
coding for the RNA polymerase [32], dnaJ gene [23], and the 16S-23S rRNA gene spacer
[60]. The advantages of PRA are that identification is largely independent of growth rate
and requirements, equipment is not very exp ve and the method is relatively rapid and
identified most mycobacterial specmg ST e not identified by phenotypic

method and/or HPLC. The dis s are es knowledge of PCR, the

results are not easy to interpret for speeies id tlﬁ@ the limit size difference of
DNA fragments after digestﬁ : N =

not commercialized or Food

significant amount of in-house

AccuProbe (Gen-Pro
well as separate probes for
gordonae are FDA approved an
the assay is within 2 h [61] . Bneﬂy'f—t 1 E; A
sonication. The labeledENA prol;:e cgmb{nes
DNA-rRNA hybrid. The j-_c._'nr_— eter. Tests with DNA

probes can be performedﬁsing"r olates | olid medﬁ or from broth cultures.

Combining probes with a brgtkculture systemqy)s the advantage of optimizing rapid

omotin FHHHAHEHENEA AT
It hﬂbﬁ ﬂrﬁ T Em u%w‘hej ﬂ;@ m;rﬁagjnal colonies.

Sensitivity, however, varies w e species Or species to 97.2% for
MAC, 100% for MTBC, 100% for M. gordonae, and 97.4 to 100% for M. kansasii [63-
65]. Later studies using AccuProbe on more than 11,000 positive BACTEC (Becton

Dickinson) cultures also showed 100% specificity and >85 to 100% sensitivity for all
species tested [61, 66]. Advantage of this test include the simplicity and rapidity with

which mycobacteria can be identified. The use of a nonradioactive precedure and the

extended shelf life of the chemiluminescent probes offer the potential for widespread
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application in most clinical laboratory settings [63, 67] but requires a well-growth culture
and testing with several probes, covers only a narrow range of mycobacterial species, and

high costs.

Recently a new DNA probe kit (INNO-LiPA Mycobacteria; Innogenetics, Ghent,
Belgium), available only in Europe at present. It is based on the reverse hybridization

principle, in which the mycobacterial 16S-23S rRNA spacer region is amplified by PCR.

INNO-LiPA was developed for the detec Mycobacterium spp. and identification of
members of the M. tuberculosis comp{\ enopz M. gordonae, M. avium,
M. intracellulare, M. scrofulac che 6]. Biotinylated amplicons are
subsequently hybridized with probes-immot hz?@anel lines on a membrane strip.
The addition of streptavidi clec Wi sphatase and a chromogenic

lines. The kit may be applied

AccuProbe, it does not requiire 4 tghtative ction of the adequate probe. The test is

consuming washes. An automatéd mae v - (Tecan Trading AG, Mannedorf,

Switzerland), which runs the WasheS—@n es the

A .f‘rﬂ_ 1

fo time saving and
clinical laboratories. %

into laboratories [50]. D ﬁj

Kox et al. [ﬁ ue&}!g wﬁ%%‘swx@@fﬂ@g for the 168 subunit

of rRNA, combineditwith IS6110-based‘PCR assay for detection of M tuberculosis in a

multiplex WIIS ijﬂ dqhw Hbﬁthﬁtl assay. They
found this que 1dentifie tuberculosis and the most important opportunistic

mycobacteria. Tanaka et al. [69] chose multiplex PCR to detect only IS67/0 in isolates

..--‘_,.H__

steps of the procedure g}yaﬂy contnbutes

identified as MTC and IS7245 was found only in the M. avium isolates, and concluded
that multiplex-PCR assay may be used in a routine diagnosis and especially for detection

of these organisms in mixed cultures.

To reduce the time taken for the identification and species determination of M.

avium and M. intracellulare to a few days. Various approaches have been described for
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the identification of MAC by PCR. Fries et al.[70, 71] used primers and probes to detect
and identify a species sequence of M. avium after in vitro culture of the organism.
Boddinghaus et al. [31] amplified a 16S rRNA gene of mycobacteria at the genus level
and identified the species of MAC by hybridizing the amplified product with species-
specific oligonucleotide probes. By comparison, Wilton and Cousins [37] described a
sensitive multiplex PCR which specifically amplified DNA fragments of different sizes
~ from the MPB70 gene of M. tuberculosis and from the 16S rRNA gene of members of the
genus Mycobacterium, M. avium, and M. %cellulare in a single-tube assay without

gimens and es at an earlier stage of growth
— e m—

4

using a hybridization step. The m also be used to detect and identify

x PCR assay, basically a duplex PCR
(DPCR) assay, to differentiate /. ulosis ¢ N a:id M by using a single gene,
the RNA polymerase f-s i ng gene (rpoB). ‘}ﬂunded (i) rpoB nucleotides
specific for M. tuberculosi : E__ ‘ 1 i constant. Therefore, false-
positive or -negative results % ce 1 not occur. (ii) DPCR yields
ies tested. Even the coexistence

of M. tuberculosis and NTM éan t ~detected by the presence of two different PCR

AT T J =
_,,a;,-’—*‘,‘.# PR i: 'ﬂ =

products in a single reacﬁm mixture. (iii) ‘Mdi'eomgfb ) rpoB DNAs of NTM
can be further analyz

identification. U UJ
¢ o Qv
The availa ﬂ%%ﬂ%ﬁnﬂg&j Qrﬁ:ﬁd a great benefit for

mycobacterial identification, owing to the peculiar slow growth of these organisms.

to supplement species

Recent improv i aw ti tir e i %i q_g alysis led to
practical Elﬂﬂa@ onDiAguqu tﬂaﬂuj‘lﬁalﬂ:mry. The
polymorphism of several conserved genes has been investigated for identifying
mycobacterial species, such as the gene encoding the 32-kDa protein [72], the dnaJ gene
[23], the sod gene encoding the superoxide dismustase [73], the gyrB gene coding for the

gyrase subunit B [74], the 7poB gene, and the ITS 16S-23S sequence [60, 75, 76]. The
most widely used targets are the Asp65 gene [28, 49] and 16S rDNA [30, 31, 77].
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The 16S rRNA gene is highly conserved in all prokaryotes and is an essential
constituent of bacterial ribosomes [31, 78]. Therefore, bacterial 16S rRNA gene is widely
used for phylogenetic analyses [75, 78-80]. Unfortunately, in the genus Mycobacterium,
this gene has few polymorphic sites. In fact, some mycobacterial species have identical
16S rRNA (16S rDNA) sequences and others share a high degree of sequence homology
[30, 75] . This hampers the design of probes that can be applied for a panel of clinically
relevant species [75]. Rogall et al.[30] and Amin et al.[77] evaluated a scheme for
identification of clinical isolates of Mycobacterium species by nuclelc acid sequence
analysis of the 16S rRNA gene an \QJJ uencing ana1y51s of the this target

gene is an exact way to spec1ate ria m e laboratory.

hybridized with oligonucleotides prﬁl =-:é,“;: on a micro-titer well plate or

=
_rli‘a-, 3

membrane strip, and de}gcted using a colf;nmem }Gommermal kits using a

their sensitivities and
eEps rRNA gene [27, 83-85]
and 16S-23S rRNA spacer Eeg'en [43, 84] ar&;nost widely used for the PCR linked

reverse hybndlzatlﬂn%%l‘l ’g ‘n EJ 7] j w EJ q ﬂ ﬁ
Ro wri m ﬁ ﬂ%j tﬁﬁxon technique
based on the amplification of j gene seque :rl, cobacterium

primers followed by hybridization of the amplification products to M. tuberculosis- and

specificities are being con@uoﬁé y evalue

M. avium-specific probes, and concluded that the PCR-hybridization technique can also
be used to detect and identify M. tuberculosis and M. avium from particular biological
samples (formalin-fixed, paraffin-embedded tissues) and especially from blood specimens
at an early stage of growth. Kox et al. [39]and Sanguinetti et al.[86] evaluated PCR

amplification of 16S rRNA gene sequences and a subsequent reverse cross-hybridization



24

assay with species-specific probes for the identification of mycobacteria and concluded

that this technique was able to identify a wide variety of clinically relevant mycobacteria.

Recently, partial rpoB sequences suitable for the mycobacteria identification were
reported [32]. Hong et al.[26] developed new M. tuberculosis-specific probes, rpoB
oligonucleotides, used to identify M. tuberculosis and evaluated the efficiency of M.
tuberculosis-specific rpoB probes. They concluded that rpoB probes can satisfy two
major concerns associated with the diagnosis of mycobacterial infections, (i) rapid and
precise identification of mycobacterial species t"y gene level, and (ii) the determination

=,
< e

5.1 The polymerase chain r@(l’ R) e

of rifampin resistance among M. tuberculosis is

The polymerase chai g )_:is'za fechnique for'the in vitro amplification of
specific DNA sequences by € sifmu e@ p.'x‘i;ner extension of complementary strands
of DNA. DNA polymerase camfiesou the ‘samtb;d;'sfs of a complementary strand of DNA in
-anded template, but starting from a double-stranded
reqqﬁt‘)h (Fi';é‘g_Z) and is a basis for a variety of the
labelling and sequencing techniques.*;‘l;ﬂ:_éféycle,'@ only takes a few minutes, is

the 5° to 3’ direction using a single-

region. This is the primer extefisi

repeated many times so that after maﬁﬁi&cles th-m'—%rmy be a million-fold replication of
the target DNA (Figure 39"@7]
oM

—2
X
, .
Figure 2. Primer extension. DNA polymerase extends a primerby using a complementary

strand as a template {87]

Polymeragse chain reaction: basic principles and automation

. DNA polymerase

pnnior
-ﬂi\l‘-————’

¥ 5
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Figure 3. Schematic diagram of PCR [88]
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5.2 DNA Sequencing (Didﬁiy

The dideox g ﬂfﬁngsr F. [89] utilizes
E. coli DNA polym esme a complementary copy of a s1ngle stranded DNA

copy of a s m nsion. DNA
polymeraseﬁ ﬁaj aﬂﬁﬁeﬁ‘mﬁm DTE plate [88] is
annealed to DNA template, the deoxynucleotide added to the growing chain is selected by
base-pair matching to the template DNA. Chain growth involves the formation of a
phosphodiester bridge between the 3’-hydroxyl group at the growing end of the primer

and the 5’-phosphate group of the incoming deoxynucleotide. Overall chain growth is in
the 5°— 3’ direction.
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The Sanger sequencing method capitalizes on the ability of E. coli DNA
polymerase I to use 2°, 3’-dideoxynucleotides as a substrates. When a dideoxynucleotide
is incorporated at the 3’ end of the growing primer chain, chain elongation is terminated
selectively at G, A, T or C because the primer chain now lacks a 3’-hydroxyl group
(Figure 4) [89].

Automate sequencer; thermal cycle sequencing is a method of dideoxy sequencing
in which a small number of template DNA molecules are repetitively utilized a generate
a sequencing ladder, A dideoxy sequencing né,i?o mixture (template, primer, dNTPs,
ddNTPs, and a thermostable DNA polymere’is@g{asubjected to repeated rounds of
denaturation, annealing and“synthesis step’s, similar~t6" PCR using a commercially
available thermal cycling W 0]. practice, automate sequencing that use

fluorescent-based chemistry cansr

i g'dccutate sequence de;ta within 24-48 hr.

Figure 4. Dideoxynucleotide'an T sEquegcng principle [89]
i
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Figure 5. Chromatogram of sequencing by automate sequencer

so _ «0 70 )
TGEGGT G2 T CTGCCCTEC I TTLGEL 2T 2:6CCTEGH » +

5.3 Hybridization

Nucleic acid hyb

sequences are now extensiv; boratories [26, 27, 91-93].

Labeled nucleic acid probes formats including dot blots.
Southern blots (DNA target),
hybridization and colony hybndlgggoiﬁ— . ‘J’Jfl t aspect of nucleic hybridization
assays in the choice of @ substance used to labM§ id probe and the label
detection method. The fr.«- adioactiy horus label. However, this
label has the major disadva&ge of a relati a f-lifqﬂ 4.2 days). Many different
substances have been tested ag'nonisotopic replagement for } 2phosphorus.

AUEINENINEINT

Choice of lalﬂl and detection systgm

TR AT a0l 9 S ST

assess the sempltm etection required in a given experiment. For many applications,

t), in situ hybridization, plaque

radiolabeled offer the twin advantages of excellent sensitivity and compatability with
many labelling techniques. However, there are inherent disadvantages of radioisotope
labelling such as the half-life of the radioisotope (therby limiting the storage time of the
probe), potential health hazards, containment, and the need for relatively long detection
periods (compared with, for example, chemiluminescent detetion). An increasing number

of non-isotopic labelling and detection schemes are now available which are now used by
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many researches for many applications where radiolabels were formerly the method of

choice.

Non-isotopic methods of labelling and detection

Choice of label

Recently a number of non-isotopic labelling and detection systems has become
available for applications where absolute sensitivity of detection is not required. The two

‘V/ ioisotopic labels;

main advantages of such systems are:

(1) their relative safety in compe

(2) their storage stability«(g than /)d has been claimed) which, unlike
radiolabelled pr@nﬁt by@of the label.

sensitive of radioisotopic
detection in situations re S€ e de cction of target species, although
successful use for these applica n’é‘ { lainke by some manufactures. Non-
isotopic labels, however, have' foum rticularly cressﬁ.ll application for more

and the detection of PCR product,

s

abundant targets suchas in library sere

-, F
- ; - I_g"'ij'::‘-' f'l_ ol

particularly in combinaf-_iﬂn with cﬁe’ﬁn’ﬂihﬁino . non-isotopic labels are
§ |

currently of three main t@
) :

(a) Direct labels areﬁ dgpxyribonucleotide &I}iphosphates chemically tagged with a

hapten reporter gro wﬂﬁﬁﬂ%W@ﬂtﬁlimGd techniques for

uniform labelling. hen used as a hybridization probe, detection is mediated either

. . g o &
directly (if uﬁplr e ﬁﬁgﬂrﬁﬁ}iﬂ;%ﬁaﬂcﬂﬁon with an
anti-hapten%o y guﬂt d'to , or with a streptavidinenzyme conjugate if

biotin is the hapten. The signal is then visualized using either a colorimetric or

chemiluminescent substrate for the conjugated enzyme.

(b) The second method of labelling nucleic acid probes non-isotopically is to
cross-link directly an enzymic activity to the DNA. Either horseradish peroxidase (HRP)
or alkaline phosphatase (AP) can be cross-linked directly to nucleic acid whilst remaining

their activity.
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(c) The third main non-isotopic labelling method uses photoactivatable analogues
of biotin or dioxygenin to label DNA probes directly. Upon brief irradiation with visible
light of high intensity, stable linkages can be formed with both single- and double-

stranded nucleic acids.

Choosing which is the best non-isotopic label for a particular application is often
dependent on such factors as the level of sensitivity required , ease of use, and cost. The

use of chemiluminescence for detection with most systems has allowed non-isotopic

results.

(b) Colorimetry E

Colorimetry assays produce soluble colored products and are relatively
intensitive comp I _ ﬂl ines fluorescence, etc.).
Most attention hasmalﬂmnﬁjjd e oﬂ:lﬂjproducts for locating
hybrids on_soli asgs. .Thes ¢“advantz sir is ad-out and a
permanent%o%ﬁﬁﬁ fj mwxgiﬁv TET’ﬁ ﬁi’g

(c) Electrochemilunescence

In this process, an electrochemical reaction produces excited-state species
that decay to produce a ground state product and light. A disadvantage of this detection
reaction is the need for specialized equipment that combines electrochemical-generation

and light-detection capabilities.
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(d) Fluorescence and Time-Resolved Fluorescence
Fluorescence measurement are capable of detecting single molecules of
fluorescien[94].  In practice, however, fluorescence is plagued by background
fluorescented to be short-lived, it can be avoided by using a long-lived fluorophore that is
excited by a rapid pulse of excitation light. The fluorescence emission is then measured

after the short-lived background has decayed, thus eliminating interference.
OLOGY Q&‘ ,I//é
EPIDEMIOLO ‘__\ﬁ j
—
Tuberculosis is the , ; W of death from infectious

disease, after HIV/AIDs.
in 2000, fewer than half @ 1 TE repor -%cascs were sputum-smear
positive, the most infectious foun Of thedisease. ases (5-6 millions) are in

est incidence rate (290 per

o

catised by nontuberculous
ymph n@les, limited to skin, or, in
rare cases, disseminated [97]¢ The picture of nenfuberculous mycobacterial disease has

been radically chanﬁi uﬂr%%ﬂm %e&jaﬂam the world. Some

25 to 50% of patieﬁu with AIDS in the United Staﬁ and Burope are infected with

nontubersufals Tjcopigrd b DAL hE 3 ) B Whiined B Evubercutons

mycobacteriaﬁdisease has accelerated rapidly since the first reports of nontuberculous

mycobacteria was pulmong', _

mycobacterial disease in AIDS patients in 1982 [103]. In the United States and Europe,
where the incidence of tuberculosis is low, the incidence of nontuberculous infections is
high in AIDS pétients [98-102, 104]. In addition to the fact that mycobacterial disease in
AIDS patients is usually disseminated, there has been a change in the distﬁbution of
mycobacteria causing disease. Disease in AIDS patients is caused principally by .

avium.
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In King Chulalongkorn Memorial Hospital, there was an increased incidence of
NTM infection. In 2002, a total of 777 (23.7%) mycobacteria were isolated from 3,278

clinical specimens. Out of these 777 isolates, 485 (62.42%) were M. tuberculosis, 292
(37.58%) were NTM. These NTM could be differentiated to be M. avium complex, M.

kansasii, M. gordonae, M. chelonae, M. flavescens, M. abscessus, M. scrofulaceum, M.

JSortuitum, and unidentified NTM at the number of 189 (64.72%), 15 (5.14%), 11 (3.77%), 9
(3.08%), 9 (3.08%), 4 (1.37%), 4 (1.37%); (0.34°9)_and 50 (17.12%), respectively.

——

When only hemocultures*was consit r@lm (14.73%) mycobacteria

1ese 1 74.isolates, 32 (18.39%) were M.

\
| k \\\\ d be differentiated to be M.

M ¢

~These N’ .
- - : . \ M at the number of 125
5
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