Chapter 11

. Review of literature
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Tuberculosis, discovery and deflinitio

N
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Tuberculosis ‘ht_\ee

as a widespread and

grave clinical ent P : and its incidence was
probably increase . ces of the Industrial
Revolution. However omm ‘w' ] re was not recognized
until Villemin prod T dse in rabbits in 1862, by
injecting material fpom drdiil of man § and in 1882
Koch discovered th t- }mpressively fulfilling
the criteria that he

ST

agent of an infectious di

8,

- @ then,tuberculosia has been
one of the most .intdﬁg¥¢%i$§j

= ®d infectious diseases. Not
.

BR=Ma 100 -Il—'—--‘.—.l-f-‘.-.--l.'. 34 olons‘ed disabil ity'

only has it been

8 ;udk people at the age
r

of greatest vigor and promise (Davis, 1980).
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with varying degree of necrosis called caseation. The disease

i i
but also, until Pe{.ntﬂtjnes, it

attacks practically any organ such as nervous system particularly
at meninges (tuberculous meningitis),gastrointestinal tract system
or peritoneal tissue (tuberculous peritonitis or tuberculous
ascites), lymph nodes, bones , etc. In addition to ¥. tuberculosis,
tuberculosis can be caused by other mycobacteria such as ¥. bovis,

M. africanum and M. avium. The disease caused by M. bovis has now



become very rare for years as a result of the widespread pasteuriza-
tion of milk and the virtual elimination of tuberculosis in cattle.
Tuberculosis caused by M. africanum has only been found in certain
parts ~ of Africa. WM.avium , which was recognized as a distinct
species prior to 1900, causes tuberculosis in chickens, pigeons

and other birds but is rarely found in human. (Smith, 1981)
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Classific

between eubacteris _ AN , of

example, N. tubercu-
losis, M. leprse
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a. Slow growers t Colonies are first seen on media

are four groups such

usually more than or equal to two weeks of incubation.
The organisms in this group are /X, tuberculosis ,
mycobacteria in Rungon group I,I! and I1l1l.

b. Rapid growers : Colonies are seen on media within
only one week of incubation. The mycobacteria in

this g€roup are Rungon group IV.



2, M. tuberculosis

Tubercle bacilli in animal are typically slightly bhent
or curved slender rods, sbout 2 um-4 um long and 0.2 um-0.5 um wide.
The rods may be of uniform width but more often appear beaded, with

irregularly space, unstaxnewrvles. or heavily stained knobs.,

rom coccoid to filamentous.

In culture media, the c

Strains differ in t w as discrete rods or as

aggregated long stea rds or cord factor.
The cells in infec onger than 3-4 um and

can be seen to be culture and, of greater

importance, cord fo .s: u o} ouﬁsed (Goren, 1972 and
Youmans, 1979). ,'ﬂf} = non motile and have no
capsule or flagella. . stain with the Graﬁ
stain but are consider id-fast as demonstrated in
Ziehl-Neelzen or fluorocéé = ~0Ce . Unlike most other patho-

FE St )

genic bacteria, which are’f&éuhﬁﬁ ‘Q bes. or anaerobes, the

; lcolonles are cream

ulﬁi or wrinkled surface

tubercle bacillui’
coloured, rough, ri}sed-
with an irregular th}n margin.
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with diaminopﬂ!elate. The cells can be converted to spheroplasts
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polysaccharides include glucan, mannan, arabinogalactan and
arabinomannam. The ¢glycolipid and protein are located in a
firmly attached outer 1layer of the wall, and the external
location of the lipid accounts for the hydrophobic character

of the cells (Davis, 1980).



3. Growth characteristics and nutritional requirement

a. Growth characteristics

The optimal temperature for growth is 35°-37° C and
the optimal pH is 6,0 - 7.6 (Ratledge , 1976). The organism

will grow best in 5-10% add }’ ition. The growth of
o

M. tuberculosis is cons ly s d_i__hban that of most other-

bacteria. Even under Lhe.opt 2

S
requires 18-24 hour

ons, cell division
s a rst seen on media
' an yne, 1976).

'1.

usually after 3-4 w

b, Nutrition
1) Carbon
Glycerol is' the- ;o carbon source for growth

of M. tuberculosis. as carbon source for

this organism = 5 dia ........._- as Lowenstein _
Jensen (L-J) medi»nl ﬂjddloh@;f' ‘ nd 7H9 medium. In

addition, glucose &

|
d pyruvate have been stlwn to be good carbon

" AU SR iy

14| \ede] v0 1kl babl obn |« orio (onk, Botisk teuent. of

Mycobacteria geneFall show~a marked nétritional prefe-
rence f‘a ﬁ M
.the rich qvmedia used for diagnostic culture (L-J medium).

Though the tubercle bacillus is very sensitive to the
inhibitory effect of long-chain fatty ascids , it is stimulﬁted by
them at a very low concentration. A satisfactory concentration
is maintained by the addition of serum albumin into the medium so

the albumin would bind to the fatty acids at the sufficient

affinity to maintain a low free ooncentretion.'



The examples of long-chain fatty acids are oleic acid

and tween 80 (Lyon, 1974).

2) Nitrogen
Ammonium salts such as ammonium chloride ,ammonium

phosphate , ammonium succinate‘ d some amino acids are usually

added to promote the init \\gr yrove the rate of sgrowth
of the orgenism (Redm s 4 -

The amino ed| ar gine. (L-J medium,
Kirchner medium) an . ' d < dium, Middlebrook
wd) 408 \ ‘

7H10,7H11 and 7TH9 m w

aerated, liquid syn

gine and either L-al

A

zation is diphesic, with Waparay ulilized first (Lyon,
1974). : , AT A

Casei

is also used as n

soge ~1983),
|

Albumin ; in Kirchn;;gmedium. céées from celf serum .
In Middlebrook«7H11 ‘vﬁ { s ?in fraction V
is added. Thq ﬁbﬁll ﬁﬁmuﬂzj:lah ‘of INH-resistant
M. tuberculosis. ¢ ¢ o '
W IASDIUAALINZUINEL, e oo

of this organism. It was found that INH-resistant M. tuberculosis
could not produce catalaselenzyme (Cohn, 1946). Thus, the addi-
tion of catalase in the culture media is very useful as £he growth.
promoter for M. tuberculosis, particularly the patient's strains

which are often resistant to antituberculous agents.



3) Miscellaneous nutrients

Minerals that enhance growth of tubercle bacilli are
zinc , phosphorus, magnesium and iron. Iron is impoftant for
glycerol ultilization of mycobacteria. These organisms could produce
iron chelators (mycobactins), which compete with the host chelators

(transferrins) and pley a role pathogenesis and drug resistance.

Absorption of iron +to mgéﬁh\ cell requires oxochelin to
AN :
N

dissolve ferric ion an4:£E§§ﬂres in to traensport this ion

—— - T ——
through cell wall., T sglts should be added to the media
with serum contai eranste ;’s?TM‘BY‘QLoouId chelate iron in
serum, in order to pAbGL " of lirom.(Davis, 1980).

Biotin wa e f ; imulating or even absolu-
tely required for the '  ;{' ‘ n of several strains
of M. tuberculosis |

Jaquess (

L-cysteine HC1 and iro

ferrous ammonium sulfataﬂaéﬁiﬁeéagiiga%h}of M. tuberculosis but did
k| ol

not enhance growﬁsz»/

contrast, Stauf‘f‘ej A nd th = gas no significant
i |

enhancement of growth by the addition of sodium selenate to either
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4, Chemical structure

a. Lipid : The most chemical feature of the mycobac-
teria is their high lipid content. Various lipid fractions are
defined by the conditions used for their extraction from dried
organisms. The striking abundance of lipids in the cell wall

(up to 60X of 1its dry weight) accounts for the hydrophobic
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character of the qrganisms. Among the lipid extracted with neutral
organic solvents are true wéxes (esters of fatty acid with f;tty
alcohols) and glycolipids (mycosides 3 lipid-soluble compounds
with covalently linked lipid and carbohydrate moieties).

1) Mycolic acid &+ While many different fetty acids

are found in mycobacterias, the mycolic acids appear to be unique
to the cell walls of these or{ 1 s, nocardiae and corynebacteria.
These very large, sat.urat_\d, “\[7. -hydroxyl fatty acids are
found in both free and-m f‘orm gﬁk‘lpid) (Goren, 1972).

2) Cor ord(?!otag_jn which acid fast
bacilli are arrange ‘lw q?ain;HTbgg,mycoside that contain

two molecules of my i'h_are é\herifted to the disa-
charide trehalose (t
can be found only in ‘ ;'.;;:‘ !; t was found that cord
factor could inhibi tgr ii : o ﬁzrphonuclesr leukooy-r
tes which caused chroni __:?J?’ ' f ation. In addition,

it could bind to mitoc onﬁﬁ%ﬁi‘mégggikee and caused the functional
damage to respira%ﬂon anﬂdéi%%séfg@;;kbspbpry!ation (Bloch, 1950

'-’—----m-—_. stor in the patho
3) Sulfetide (or sulfoltpid)L}
of glycolipldﬁﬁ multiacylated
t.rehalose 2-s ﬂg Qey havm ﬂnml?niblt phagosome-
lysosom ? é‘(v of phago-
cytosed%ﬁj a\j ﬁj‘lﬁu ﬂ%ﬁ Wg ;7 g

4) Wax D ¢ Wax D is not a true wax but is a peptido-

and Kato, 1970) T

genesis of tubercu 11':#5 is is unknown

Sulfatide is a sgroup

glycolipid (mycolic acid plus glycopeptideg) in which 15-20
molecules of mycolic acids are esterified to a large polysaccharide
which appear to be linked to-the peptidoglycan of the cell wall,
When emulsified with water and oil, wax D acts as an adjuvant to

increase the antibody response to an antigen, and it is probably
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the active component in Freund's complete adjuvant.

b, Polysaccharides t There are protein-free polysaccha-

rides of four principal types, areabinogalactans, arabinomannans,
mannéns and glucans from both mycobacterial culture filtrates and
cell wall extracts (Daniel, 1978). There is a8 high degree of
chemical similarity or identity among polysaccharides isolated
from various mycobacteria (AzW[Er 1970 and Birnbaum, 1968).

?s processes & number of

ot appear to be toxic or

c. Protein 3 42 éu
protein antigens that s:}v
is highnhug that all cytoplasmic

?ntl;:ﬁﬁq._in man and laboratory

involved in- virule»

proteins of myco

animals. They can
and also induce tub

species specificity

5. Antigenic s

I T

Chromatographf{" ﬁact@ion of extracts, followed
that
by immunodiffusion, hsa'naﬁhalqd here are at least twenty
8

antigens in M. tab specific, others are

common to many myc':aoten!g and eve fiee and corynebacteria.

Strain or type- speclfic ant igens BPB alsorgl
ilflf:"ﬁliﬁlﬁﬂ? YLEJYJ"? Wmm‘s(ﬁil:?ftiiﬁ.
q AR AN Y

a. Lipid antigen ¢ Phosphatidyl inositol mennosides

entified by agglutina-

(PIM) is glycolipid that can elicit antibody production and is
also named serologically active glycolipids (SAG) {(Khuller,
1971). A strain-specific phenolpthiocerol glycolipid has recently
been reported in the Canetti strain of M. tubercuiosis (Daffe,
1987). More recently, an analog of the phenolic glycolipid of

M. leprae has also been found in ¥. tuberculosis H37Rv (Makonkaw-
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keyoon, 1989),

b. Polysaccharide antigen ¢t Arsbinomannan has recently

been shown that the native molecule is not a free polysaccharide

but possesses a8 lipid tail so called lipoarabinomannan (LAM)‘

(Hunter,1986)., LAM and arabinogalactan have been shown to

have antigenic property. They are capable of eliciting immediste

skin reactions, serological r r ons but incapable of eliciting
ﬁ . nan has also been shown to

have immunosuppressiv rty, ( :ﬂ:::;1978).

= W ——
8 . “:-""

\,
delayed skin test reactiq&y.'ﬁ

Prote

Ce
1) 0

antigens, designat Ul rq‘!in. wtn‘first prepared by
=4 sed 63 a skin test reagent

(OT is made from hea 1 bize tyre filtrate of tubercle

%,

of small molecular v. ranging form 2,000-9,000

T prote
D00 %)
daltons (Joklik, %§88). 1%”3%38f§;33355 ﬁiac jon of OT, which

has been wildely DSed-as—ea-standard-entigen for the study of macro-

phage migration in 5b{tion_§9d g7" :siﬂ in cultured lymphocy-
tes (Schrek, 1963 and Davld, 1964). 7

’?%‘E} wfﬁjqﬂ Fsens were isolated

by simple oneﬂ‘ime onal electrop ioresis of unheated culture fil-

oy, R RO EIV e 11N ) N

were eleven antigens. The antigenic analysis showed that the
antigen 1| and 2 are celi wall polysaccharides and antigen 4-11 are
proteins. Antigen 5 , was found to be limited only to culture fil-
trates of N. tuberculfosis and M. bovis (Daniel, 1978). However,
subsequent data showed that antigen 5 still contained nonspecific

epitopes (0l1ds,1987).
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Pathogenesis

M. tuberculosis does not produce toxins and destructive
enzymes. Thus, the .consequences of inhaling tubercle bacilli
depend on the virulence of the organisms and resistance of the
host as well as the size of the inoculum. Since there is no
immediate host response, thq lﬁ?ﬂ sm could grow and multiply

until the development .gf 54‘ reaction. This organism

is capable of prolonge%fvab inﬁbhages. probably due to

the failure of fus:? ercle ~entrapping phagosomes with
lysoéomes that cont A {hs a;;Hhvdrolyt!c enzymes that
1

help to kill the be down quLcomponents (Joklik,

d break

1980 and Schlossbergy 1 ‘;i;iﬁu }ﬁisl t?fegtion in a
tuberculin negative i 'eixi;si f‘en produces a8 self limited
lesion but sometimes t 1sa¢£é34 é:s. A few bacilli may
survive for years in r‘maﬁt‘.i'.sgz an the reactivation can occur

.
o

whenever the host immunit§%ﬁ§§fdeé§§gﬁbd as a8 results of malnutri-
AT
tions, diabetes me&1itus:“hﬁﬂﬁnﬁugggggiressioL. The primary
b s

f ctious droplet

infection is usuaf.WV ~
nuclei (1-5 u in sizes) and is asym c {Rosenthal, 1983).
| 1 = NS 1|

The lung is usually t?e first organ involved. The tubercle
X -

bacilli can p EJ\ OWEJ T?’ EJM‘] es and organs {n
the body. 'Thquex rapzambnaryirlberjc{osis I:T:Ee dissemination
from an 1 f. . tﬁ: S‘g erberg,
1982). Qﬁnaqziﬁmyma ﬁga:t Hlly are

ingested by alveolar macrophages. In such macrophages, the bacilli
will be destroyed or inhibited or else can multiply intracellularly.
If they can multiply, the initial macrophages will die, the released
organisms will again be ingested by other alveolar macrophages and
by transformed macrophages emigrating from the pool of circulating

monocytes. Thus, this causes the initial lesion which appears to be

an exudative type, consisting of an acute or subacute inflammatory
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reaction, with edema fluid , polymorphonuclear leukocytes and
later monocytes around the tubercle bacilli., After then, the
organism will be carried to the draining lymph node and, by way
of lymph and blood, throughout the body of the host. Lymphocytes
in lymph node become activated and released lymphokines, which
will initiate the cell mediated immunity (CMI), After two to
four weeks of infection, r immunity or delayed type
hypersensitivity (DTH), whlch &,the host to increase the
sbility to destroy the 4!i Ey m local sccumulation and

activation of macrop

eveldi!in-gptivated macrophages

are rich in lysosom p@oduc&hﬁilatively large amounts

of reactive oxygen tes: aﬁ# other microbicidins (Dennen-

S - f*.
- m"y 'P these macrophages are

F al

Y !} ber ulin-like products. The
LA W

ﬁioductive or granuloma-

berg, 1989). At the
killed by the bacilli
exudative lesion now h 'pngédﬂ th

\
tous type which consist d giant cells containing

tubercle bacilli at the ceﬂiﬁ% dnégigﬁiounded by lymphocytes,
monocytes and proliferatfﬁg’ﬂ%bqoégﬁ;zt‘ Such lesion is called a
b V3§

tubercle. Latter,{ 5568aLi0H NeCIrGB 16 OCCuIred ‘#n which the necrotic

e‘ er than softening to
‘l‘
form pus, presumably because the enzymes that usually liquefy dead

cells and tlsﬁ mﬂ? wgw ?WEJ d’Tmusually heal by

fibrosis or cahﬁ

e AETESDY RN

rarely by bacilli newly inhaled from the environment. Secondary

center of the tubercle remains semis

tuberculosis is characterized by more chronic tissue lesion and

a predém(nantly ”productive* type of tissue response (the forma-
tion of tubercle, caseation and fibrosis). By the time the disease
is recognized, 1liquefaction of +the caseous lesion ueuall& has
occured and a cavity has provided a favorable site for the rapid

proliferation of the bacilli.
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Epidemiology

The incidence of tuberculosis may be estimated by tuber-
culin test surveys as well as from reports of active cases or of
deaths. The frequency is higher in improverished social sgroups
that 1leave wunder crom‘led%k :’ compared with the more
affluent and with those wh,\ l“ [& sely populated regions.
(Braude, 1981). -"‘--

The world- id!'r-’r
cases of active tubd"’,sa'f

year. Tuberculosis

\

5

ence ng;:E::;z:d to be 15-20 million

leéﬁ& illion desths each

; ) ch\Eﬂbf death amons repor-—
table infections (1 _ i: . h }ndpuberculosis,ISSZ).

In developing countr ,_;: s 25% of:children between ages
5 and 6 years and 7 # higher of ose age 40 years and over,
react positively to tub lence rate),over 90% of Thai
population above 30 years‘b&ﬂ:ar;g¥%§grculin positive (Sunakorn,

LA 7N

ihealth priorities
T@i land, the epidermio-

1969). Tl
Tuberculaz"

of many countries fE%ludiﬂgL
logic surveys of tub%roulosis in ‘3;‘ (from | January to 15 July)

for six and aﬂau ﬁn% ‘ﬁrﬁ}%kgﬁ!‘ Ha’] ﬂ ?atients with tuber-

culosis were tGtally 6,983 casea with the morbidity rate 12.4 per
100.000 ﬂ ?ml .?1.%]‘11 ese cases
they wereq‘pq;oner:{tuberculos s 6,696 cases (95°§§). tuberculous
meningitis 142 cases (2.,03%) and others tuherculous system 145
cases (2.07%). Morbidity rate were high in adult group with the
ages of 35 years or over. The incidence in male was twice as much
higher than in female (Division of epidemiology,1991).

In addition, the mortality rate of tuberculosis from 1986
to 1989 were shown to be 9.8,10.2,8.2 and 7.6 per 100,000 popula-

tioﬁs, accordingly. This made tuberculosis to be the fourth leading

018327
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cause of death in Thaiiand (Konjanart, 1987 and table 1),
However, the epidemioldgic study has indicated the slow

decrease of incidence of tuberculosis in Thailand. One of the

reason is that a number of effective anti-tuberculous drugs has

been developed during the present decade.

N\

1. Chemot her\apr-\_'.";_

;:::::::;,
Before t s '

the discovery of st

Chemotherapy and drug resistapQQL/

\\\

apyh’%ecome available, with

in 194’5., the treatment of

tuberculosis was 1i bunsﬁgly. the value of STM
1 -0

was restricted by its hth cranial nerve on

prolonged administrati ‘as welil asi by the frequent emergence of
resistance to tubercle i rapy. The real revolution
in tuberculosis therapy cdﬁbfhithggéggintroduction of isoniazid

(INH) , which is more effeﬂé?vef ;J@%E%i t bactericidal agent
% %9

and has an effecti ;—unu-«na—-m—-—f ————— —-hJextracellular tubercle

bacilli. Moreover,

err toxicity, inexpensive,

and easy to take (i.e., sma!l doses, given orally). The rapid

response to 1?1 u:g.re‘glﬁ E«j% l?wg 6rﬁ ?hulatory treatment

feasible. Rifa!!icin (RMP), which has been introduced later, is

N [ RN 11/ 11100 110151 Y

the most effective regimen (primary drugs). The p-aminosalicylate

(PAS), wused as a companion to INH, has been largely replaced by

ethambutol (EMB). Other useful drugs include kanamycin, capreomycin

(injected), cycloserine, ethionamide and pyrazinamide (given orally)i

they are generally used only in the presence of allergy or resistance

to the primary drugs.
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In general, patients must be treated with a combination
of available drugs, since each drug was active against the resis-
tant mutants to other drugs. They are many anti-tuberculous
drugs available today. The standard regimen is 9-month daily
course of therapy with INH,RMP and EMB. (Grosset,1989).
However, the short - course chemotherapy of 6 months' duration
was found +to be as effecti the standard 9-month regimen.
The drug ('.;ombination of INH \‘U& d either EMB or STM, has
now become routinely p-:ztxg F ntriea (Farga, 1983,

Algerian Working Gr an w

with the conversion of
Y .
relatively ineffective
RCIro thes. presumably because
of the presence of metaboii&gg tggg%‘gvérse its action. RMP also
‘ e ook
has bactericidal Qction'ﬁQﬁﬁhshgb e bacilli, including those
| “with wmycolic acid

synthesis, which fjplsing__ éijective only against

|
mycobacteria,

ﬂUB?WﬂWiWﬂWﬂ?

2. Drug resistance

AWIAAIRHNINEAA L e

favored by several features of the disease. The multiplication of

bacteria in the lesions, especially in the walls of cavities }
during the required long periods of therapy § and the limited
degree of host resistance provide the rare mutanﬁ cell with a good
opportunity to proliferate before being eliminated by host
defenses. Hence, specifically resistant strains often appear in

patients treated with any one of the drugs used singly. The
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rationale for preventihg the emergence of resistant strains is

‘the use of the combined therapy.

The problems of'chemotﬂerapy include the poor compliance
of the patients and the occurence of drug-resistant mycobacteria
after treatment with standard regimen, which implies +the
unsuccessful therapy. The po pliance is related to the dura-
tion of treatment, the \XW

used , the frequency of

administration of “54 an toxicity of the drugs
(Reichman, 1987) T?, Q.P&G\he’rapy is needed for
improving the comp esistant mycobacteria.

Immune response

In 1982, scientist who described

the reinfection phenom on:&ﬁir;* 1 his name as the Koch

P P ' .
phenomenon, The pr imary“@mgfect ion site was associated
1 -l"‘.'

with a slowly Ei-ogress'fv"e” d%r ulomatous response

with- extensive .ymph—mode invol ;1w-~~——4-=lsecondary infection

site developed a-'I ear DC ndﬂiative response that

peaked at 72 hours, followed by rapid healing. Koch went on to

show t::t ﬂﬁ ?ﬂWﬁWﬁﬂﬂﬁm be induced in

the skin tuberculous individuals by +the intradermal
' ¢

e RS AT I N D TR e

1982). q ;

1. Cell mediated immunity (CMI)

CMI ususlly develops within 2-4 weeks after infection.
The development of CMI requires cooperation of two cell types,
specific lymphocytes which act as specific inducers, and

mononuclear phagocytes, which serve as nonspecific effector cells.
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The role of T cells is to ;ecruit mononuclear phagocytes for
the formation of dranulomatous 1lesions and activate +the
phagocytes to enhance the bactericidal activity within the lesions.
‘The expression of immunity ultimately depends on the
performance of nonspecific effector cells, +the activsted
macrophages. The activation of macrophages ig mediated by

lymphokines released by imp&p \ t T cells when they contact

processed antigens of t@ercl& us, There are My types
—_— ,J

of lymphokines swrmii @bibory f‘actor (MIF),

chemotactic factor,

fc@‘r\etc. MIF inhibits the

migration of macroph ytes r%p the sites of infec-

tion. Chemotacti _ the accumulation of
macrophages to the gbﬁ#ﬂﬁc factor causes the
multiplication of t pkbqytea. The most
important lymphokine

which activates the

can be directed

against a number 6f unrelated micrao gt¥es, viruses and

tumor cells (Edward%t 1986;3.

) Huﬂ,uﬁﬁmm%’wmm
Ao S0 HBATHEN 8 Heomeonions

an initial rise in IgM followed by a rise and

appears
persistance of IgG (Grange, 1984) The role of antibodies in
immunity to tuberculosis is not clear. Serum antibodies do not
account for this immunity. Thus, though the tubercle bacillus
enhances formation of antibodies to a wide variety of immunogens,
antibodies to proteins and polysaccharides of the tubercle bacillus

itself are generally found only in low titers in tuberculous
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individuals, and the levels observed have no prognostic value.
Moreover, these antibodies are not bactericidal in vitro , even
in the presence of complement § end though they promote phagocy-
tosis of tubercle bacilli in vitro, the organisms multiply within
the phagocytes. Finally, increased resistance to infection cannot

be transfered passively with s [ m, but it can be transfered with

viable lymphoid cells. Thhg\g& he delayed-type hypersensi-

tivity -to tuberculin, % plie le of CMI in host defense
against tubercle b

aci 7 t; of HI. Thus, humoral
antibodies wmay be : S : é}‘Q\\\\hftaging or serodiagno-

sis of infected persons

Total serum is increased in

-

patients with tubercul-siﬁg’ %13

". In addition, circula-

ting immune complexs (ClG&iﬁﬁféiﬂ'r unoglobulins (IgA, 1gG, IgM)
N

b

and mycobacteriaﬂf- have been found

in serum of these Tmual. 1984). The CIC

i
fjriengs (May
concentration is increased in patients with poor prosnosis

RNV TL ) 113003 M4 i e
piesmosd W 181N T um’iw £ 58

1. Clinical and history feature

Tuberculosis can involve in almost every organ system.
Its clinical symptoms are divided into two categories, constitu-
tional and local symptoms. The constitutional symptom most
frequently seen is fever. Characteristically, the fever develops

in the late afternoon and may not be the dominant symptom. Other



sign such as weakness, lost appetite and weight loss may also be
present (Holden, 1971).

The local symptoms are divided into three categories
as followed

8. Respiratory symptom t Respiratory symptom occurs
in patients with pulmonary \gsad, sis who usually have pleural

effusion. These symptoms dyspnea and chest pain.

1 ]
"Gl@m t Gl symptom in
peih-‘;n'{ mainly 1is ascites.
‘_ vomiting are often found.

mptom in patients

b. Gastroin

patients with t

Diarrhea, abdomina

with tuberculous men _i: élﬂfche. drowsiness,

bacilli or tuherculosis.,‘

*_.rc -'Jr

Clinicﬁ and "h‘fft.ofy re useful for the
: ;linical and history
nt.ﬂ infeoted with other

diegnosis by physicians: Howeve

featnre may also-zre"‘

infectious agents su%P as atypical nycobacteria. some pathogenic

e Y AR NEAN
Et can Ce possiile ?hlt Lhe abnorma:]cgi;gis in the

chest X-ray examination in patients with pulmonary tuberculosis
is similar to those patients with other diseases~suoh as lung
carcinoma, etc.

The most common characteristic in chest X-ray of
- pulmonary tuberculosis is the presence of a parenchymal infiltra-
tion and enlargement of hilar or mediastinal lymph nodes with or

without cavitation. These changes are characteristic of a granulo-
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matous infection of the lung and are not limited to tuberculous
infection but are also seen in coccidioidomycosis, histoplasmosis
and other non~mycobac£erial pneumonia (Reichman, 1975 and Khan,
1877). Another common radiographic manifestation of tuberculosis
is the appearance of a pleural effusion which represents an
extension of the initial DB W 1 _tuberculous focus to the
pleural surface. The e J“B'sult of netincreases influx
of fluid into pleurai—.p..-fbyﬂthe-hg,tvtensxtivity reaction to

”tuberculoprot.e in”7
Although r

as consist with t

by clinical evalu
and bacteriological

sis (Wehrle, 1981).

berculin is highly
specific for the ti}erci; closﬂjy related mycobacteria.
Reactivity appears about one monthy after infection in man and

persists for ﬂ u;‘g 'a. %}‘&Lﬂ %‘ 11“8 qﬂithe frequency of

reactors in thy population increases c mulativelydth age. A
oottt IENFIFTU AN VIV B QY Eovton 1 1
does not ‘establish the presence of active disease.

The persistence of hypersensitivity probably depends
.on persistence of bacilli in dormant foci, and reactivity may
disappear following chemotherapy of recent infection.

Advantage of tuberculin test 3 The tuberculin test
can provide valuable information regarding

a. The prevalence of tuberculosis in the community.
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b. The prevalence of opportunistic mycobacterial
infection.

c. The effectiveness of control measures against
tuberculosis.

d. The differential diagnosis of tuberculosis.

e. The differential diagnosis and assessment of condi-

ence type IV reactivity.
re: / vaccination.
g. Those who-may . &phylaxls.
- T——— A
(Caphin, 138077 ———
. Diaadvaqﬂi!g"a'f ﬁ::&’:?!&; Tuberculin skin test

can be found both f

tions which ma

f. Those who #

alse positive rgsuit.
False ne in patients with @

(Comstock, 1975)

a.

b. ve disease

C.

d. sor mononuclear cells
these patients fr Umber of peripheral

blood monocytes.

7
e. An acute viral illness such as exanthemata or

influenza , ﬂeu ﬁﬂﬁﬂj w‘E:I’T‘ﬂ ?8 weeks interval

following firs‘]at ack tuberculos:s.

H A ST IIAY e

disease.

h. Using the out-dated tuberculin, inaccurate technique,
etc.,

False positive results may be attributed to a number
of technical or biologic cause including ¢ (Pepys, 1955 and Chapa-

ras, 1978).
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a. Some sensitive individuals may develop local ulcera-
tion and necrosis formation.

b, The patients have already had BCG vaccination.

c. The poor technique of injection used.

d. Tuberculin is not consequently specific because it

is a biological product from M. tuberculosis which

Two types of tukggﬁl v ; in use, OT and PPD. There

are several testing lures s+ 1980) such as The Von

shares antigens !' h other stypical mycobacteria.

e-puncture test and

] 1
"“iaigzhiquberculin skin test.
e N

Pirquest test, The Vol

Mantoux test. The 1
It is the standard for detection of tubercu-

6@!5 after the injection.

fosis is to demonstrate

i —
the tubercle bac;jZi in the clinical specimens. Therefore , the

laboratory tea:wﬂvﬁwzjwmejﬂ uﬁcxude '
YICENESELMAINZNAL, .« o en

rapid and simple procedure for the detection of tubercle bacilli
in clinical specimens.

Two types of staining method commonly used are carbol-
fuchsin and fluorochrome.

a. Carbol-fuchsin method ¢ This method can be performed

using either Ziehl-Neelsen or Kinyoun technique . In Ziehl-Neelsen

technique , heating is required to promote the complete formation
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between dye and mycolic acid whereas the increased amounts of basic
fuchsin by phenol is used in Kinyoun or cold technique (see the
formulas of dyes in appendix part)., Carbol-fuchsin binds with
mycolic acid to form fuchsin-mycolic acid complex, which tolerates
to the decolorization with acid alcohol. After counterstaining
with methylene blue, tubercle h‘ﬁr l1i appear as red rod against

the blue background obthva oil immersion len of the
microscope. --__; 2 a_.-—l-’

b. 5t X t~533‘3-nonly used staining

reagents are auramine

counterstaining wit i m plrm nghnctam.the bacilli appear as
bright yellow rods =a a ksrouqd observed under
fluorescent microsco " L;T. : gf the auramine
fluorochrome stain inc vhe use of mine, giving a golden

appearance to the cells e acridine orange as a

“a—rs
LA 2/ A
1977). A2 7 m"‘ .
N

The adventege of fiuorochrom ining is that this

staining method is Ere sensitive bijfuchsin technique.

Fluorochrome—-stained smears can be scanned using a 25 x obJjective

<Carbolfulsin-ﬁﬁﬂ 4%;4” Ejam Wﬂﬂ ﬂﬁx objective)

thus, a8 signlfﬁgantly larger araa of the smear can be scanned per

A1, KNP (113013 D

brighly colored mycobacteria and the dark - background offers a
distinct advantage in scaning the fluorochrome - stained slide.

The disadvantage of fluorochrome staining is that
it is an indiscriminate staining of non viable and viable organism,
so mycobacteria killed by chemotherapy may be also stained. The
questionable fluorochrome results may be confirmed by carbolfuch-

sin method.
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Although the acid-fast staining is available for
the diagnosis of pulmonary tuberculosis but it is rarely useful for
the diagnosis of extrapulmonary tuberculosis or for the diagnosis
of pulmonary tuberculosis with minimal amount of tubercle bacilli.

At least 10°-10" bacilli per millilitre of specimens are required
for the detection of the org by acid fast staining (Toman,
1979). The sensitivity o “0\ Iw/ ining is variable while

‘\ E
Bét al.(1975) showed that the

:!_,,
the specificity is us igh
cificity was 99.5%

(1976) which showed

sensitivity of the

while Lipsky et al

the specificity wa

sensitivity ranged f
99.3% to 99.9%.

It can B acid fast staining

method is quite specific 1 bacilli. Eventhough it

was also found thg} this“%%ﬁ%ﬁiﬁégigaﬁpd: an 8lso stained some
Y i

Norcardia (Beamaﬁ#‘ (Berg, 1954), the

hooklets of Taenia ( hinococcu ;7 1973) end the
|

embryophares of Taéngp saginate (Pawlowski, 1972). However,
besides the dﬂﬁ ﬂd}ﬂﬂwqiﬁrﬂ mﬁtory tests should
s f tu

be necessary or the diagnosis o erculosis.

EARNIANMINYAY

The culture of specimens for tubercle bacilli yields a
more positive result +than that by microscopy. Cultivation of
clinical specimens is the only way to obtain pure isolates of
M. tuberculosis for subsequent identification, confirmation and
antimicrobial agent susceptibility tests. The cultural procedures

are as followed
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8. Specimens collection

When pulmonary tuberculosis is susﬁected. specimens
should be a deep respiratory expectorated sputum. Containers of
specimens should be sterilized before collection. If the specimens
have some materials which can produce coagulation, the containers

should be filled with anticoaglulant such as heparin, sodium

citrate, etc. These eural effusion, ascites, blood,

etc.
b, Proce :
The purpes // \ i8 to homogenize, liquefy
and decontaminate ¢ 1S ere ing bacilli that are
entrapped in mucousfand ce 5-" a i eliminating other bacteria

insofar as possible. -fmplished by digestion

of the specimens with @ or mucolytic agent,

then followed by chemic

.-; for this process are

( Lennette, 1980)t

- 13% Trisodium phosphate plus benzalkonlum chloride

cnmhingh) ﬂungﬂﬂ§WSﬁﬂ§

l% Cetyl—pyrﬂf!um chloride plus 2% aCl

RN wnwma d

- 3% Lauryl svifate plus 1% NaOH

— 4% Sulfuric acid
5% Oxalic acid

The processed specimen is then concentrated by
centrifugation and the aedlment obtained will be to inoculate

into the culture media.
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Ce Cultures'prepsrétion

In order to isolate the tubercle bacilli, enriched
media should be used. The example of these enriched culture medis
are as followed ¢t (The formula of each media was shown in the
appendéx)

1) Solid media ¢t There are two types of solid

2 3
contain egg yolk, are Mtej b

The example of thes

sed media

media used t egg based and a a‘

a) Egg Btgk Egg based media which

r_‘.ﬁlng (80-90°, 30 min).

P m dlsw‘{ﬂ;‘l.owenstein-densen
; % ﬁ‘km um, Gudohs' P.D.
b

\ \\‘

(L-J) medium; most

medium, etc.

Hospital, Bangkok, ?'{ifl I m dfg? for isolation of myco-
bacteria. From the ‘
culture for TB (960 cut f__¢§24;___93. %) was from sputum

specimens which often conﬁ&iﬁ.h ég:;gzmount of tubercle bacilli

than other specimens (tdbthf?ﬁ.ffgzggkgih ve
A N

fluid and CSF weﬁP'L_“;__q__% ______ Z:DD% an 3;3 out of 234 or 1.71%,

ulture from pleural

respectively. No itive cultur
, 2%

=siﬂric fluid, gastric
washing and urine.

u Ejﬁﬂgmﬂﬂﬂ ﬁﬂ Eﬂ *T’ﬂ“‘? culture method

(L-J medium) agp gawa's culture method (Ogawa medium) for isola-

MY PR P O (R0 T N

the Ogawa's method. In addition, the comparative study of L-J
method and the new method with modified Ogawa medium (Kudoh medium)
was shown that 16.9% and 17.9% were positive culture, respectively.
(Kudoh, 1974)., Long after that, Kudoh medium was then modified to
Gudohs' P.D. medium. This medium was compared to Ogawa medium on
rout ine mycobacterial laboratory. The result was found that 82.24%

and 84.13% were positive culture on Ogawa_medium culture and Gudohs'



P.D. medium culture, donsequently. The growth rate in Gudohs' P.D.
medium was better than Ogaws medium, 60.83% and 50.66% were positive
culture at three weeks of incubation, respectively (Pumpruesg, 19380).

b) Agar based media 3 Middlebrook 7H10 and 7H11

media contain agar, could enhance the visualization of characteris-
tic colonies of M. tuberculosis. The formula of Middlebrook 7H11
medium is very similar to the 1 he 7H10 except that pancreatic
digest of casein USP (lgﬁizfrﬁﬁ Z}f

added.
Nuc m élgﬁestigated the growth of
7HAO"ETar mediu _containing two different kinds
#ﬂgiﬁig?F 1 i':tczzgghia - dextrose - catalase)

e ts. irowth in both medias

M. tuberculosis in

of the enrichment,
and the bovine ser
of M. tuberculosis

fﬁi c bc\ion. Of the 66 paired

bovine serum and OADC r o4k monstrated growth by the end
,p,l\.‘zdif.;-- . * R
of fourth week of lnc&ﬁg§§on ﬂ’, s experiment suggested that
TS
bovine serum wh%&h was chbap rias r to prepare in the

laboratory could be enrichment in 7H10
medium, l) -

Mé&chison (1973) compared selective 7H11 medium

(Middlebrokk ﬁ Wﬁ?ﬂﬂ W?Wﬂfﬂ ﬂjppendix) with L-J

medium for isolation of tuhercle bacilli from 0 tissue specimens.

oo VRT3 E 00N 113 g

as compare to 1.8% positive cultures on L-J medium.

2) Liquid media 1 There are several formula of

liquid media. For example 3 Sula medium , Kirchner medium, Middle-
brook 7H9 medium, etc. The formula that have been reported to

be useful for diagnosis of tuberculosis are as followed
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a) Qula medium ¢ The comparative efficacy study

of Sula medium and L-J medium in primary isolation of 41 strains
of M. tuberculosis showed 36 positive cultures in Sula medium and
34 positive cultures in L-J medium. There was no difference in
the number of contamination (Sula, 1960).

b) Kirchner medium In 1932 4 Kirchner medium

was first used for isolatio ‘b,m cobacteria. Kirchner medium was

then modified by the ad¢LH§;¥ /r /litre casein hydrolysate

and the suhstitution cs#f or horse serum. This
TA— W OO—

medium was called It was then made selec-

tive by the additi led selective Kirchner

medium. In 1973,

*IA:E.

obtained from the operati mts with spinal tuberculosis

s selective T7TH11

v
for M. tuberculosfs. Tﬁe‘uﬂdie‘égg%}%i L-
(A _1

and selective KinGhner—med: tasCuitures in Kirfchner media were
never found +to i ﬁﬂre twice more positive
cultures than those in the L-J media. Nine from fifty-two patients

were found tﬁﬁﬂ?ﬁﬂm?wgﬁmm“ Kirchner

media. on, the number of positive cultures in Kirchner

'::::“';mmmmmﬁm 1)}l

study in the culture of specimen other than sputum for mycobacteria.
The results showed that the use of L-J medium alone would yield
only 64%'positive culture. The use of selective Kirchner medium
increased the yield of positive to 98%. Selective 7H11 medium was
less contaminated than selective Kirchner medium but selective
Kirchner media showed higher positive yield than selective 7H11

medium.
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lh 1984, Sparham et al performed the compa-
rative study in the isolation of mycobacteria by using selective
Kirchner medium and L-J medium. They found that selective Kirchner
medium was much more superior than conventional medium (L-J medium).

c) Fluid medium ¢ In 1984, Leelarasamee, and

Trakulsomboon used this medium for isolation of tubercle bacilli
from CSF which was the clinic:rl cimen that contained a very low

number of the organism. The howed one positive culture

from totally 25 specim urss é

rodk m‘m Martin (1989) found
if ﬁgongzsﬁﬁb%ng 7THS medium while

media (L-J and selective 7H11

three cases of myc
these cases were sa
media). He then sug quid‘?edia in addition to
egg-based or agar-ba fer isolation of mycobac-
teria from specimens w M 1;'7 e o 1becilli.

A single step method for

il ks J;jc
the digestion and decontan io of putum in order to culture
the tubercle bacilli was dﬁsbribb;JE;EV' :S$Zakumsr1(1990). This
method employed ET rensport medium. Sputun ths collected directly

using this medium. ne method was o hf superior to several

other commonly used g?chniques and it also avoided the problem of

lengthy, mulﬁfﬁﬂtgeﬁﬁ ﬂaj WSVTﬂ Fﬁsks of contamina-

tion from the atmosphere, costly reagents, etc. The single stap
L R R ﬂmﬁ'ﬂ 1 RN,
mination IZL ntl ure results.

3. Guinea—pig inoculation (GPI) $ Guinea-pig is very

susceptible to ¥. tuberculosis , so GPI is useful for diagnosis
of tuberculosis except that the animal experiment is costly.
Fortunately, the improved culture methods for M. tuberculosis
have very greatly reduced the need for guinea-pig inooculation

(Morris, 1983 and Martin, 1989)
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4, Serological tests

The development of many serological techniques for
diagnosis of tuberculosis is really necessary because there are sa
lot of problems concerning in isolation and identification of the
tubercle bacilli such as the Y sitivity of sacid-fast staining,
the long time of culture \é! difficulty in obtaining

sputum from patient w(ﬁ?s e‘,teéﬂisease or extrapulmonary
disease , and f‘rom?ﬂfr )ﬁh -"mstically do not produce
sputum.

The ser

antibodies to mycob
and the immune compl "_'t s clinical specimens (Dhand,
1986 and Leelarasamee 1‘“ 5' s of the serological

tests are

g ".-H "?“‘Fﬂ‘
a. Prec pitatiﬁﬁ;ihdfii' 8%+

&
-

,"
This ?t{ﬁ‘

bodies in serum egsiqgt M. 6ubercu(osxs antigens. The ability of.

antigens and Wﬁl’} %'ﬂ Wﬁ weﬁjq ﬂ.ﬁmpxexes has been

widely exploited in serolog{cal investigations. The antigen and

NC )\ a\'m?m“n Tﬂ"T"] NYTRY - -

form a prqcipitin line.

oi]the detection of anti-

Diffusion in gel techniques were first used for diagno-
sis of tuberculosis by Parlett et al (1958). They used the culture
filtrates of M. tubercufosis H37Rv as entigen and found the
positive results of anti - culture filtrate of ¥. tuberculosis

-H37Rv in sera of 49 out of 52 tuberculous patients sera (sensiti-

vity = 94%) and only 2 in 38 healthy control subjects (specificity
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= 95%). However, these promising initial results could not be
repeated in subsequent studies.
Schubert and Brasher (1969) performed the similar study

and found the positive results in 61 of 140 tuberculous patients

sera (sensitivity = 44%) and 41 of 242 nontuberculous patients

sera (specificity = 71%).
Kaplan and Chas \\\W/k: culture filtrate of

M. tuberculosis H37Rv % nt:‘ig

_7 - I -

croimmunodiffusion test

for the detaction of

i sera and found the
positive results in %us patients (sensiti-
vity = 63.5%)., -

In contr;
(1965) suggested that &p
than serology.

The differ

(Grange, 1982).

Agglut-ination

m@miﬂm NN
“’o’l W ’iﬁ@ﬁ"ﬁﬁmn NE AR Eheconon

test performed during the past 90 years show that this test is

b.

unreliable and has not increased diagnostic yield in tuberculosis.
For exaﬁple, Mitchison et al.(1977) found false negative up to 30%
and false positive up to 63% and Williams et al, (1978) found false

negative up to 29% and false positive up to 52%.
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c. Hemagglutination test

Middlebrook and Dobos were the first who demonstrated
the hemagglutinating  antibodies to +tuberculin in the serum of
patients with active tuberculosis by usihg normal erythrocytes

incubated with extracts of tubercle bacilli (Middlebrook, 1948).

Subsequently developed hemag ination technique was done by
Boyden (1951) and Cole ¢ 9&5\ mnone of these tests has
been proved to be usef he di of active tuberculosis,

either beause of theif

3 g or false positive
"bno‘ ulous patients (Cole,

results obtained wi

1955).

Turcot d 1966) found theat y,—€lobu-
lin fraction of serum e ;‘lous patients had high
hemagglutination titer ;ht study with this
fraction showed that ©n 81&@%%_ '_pat nts (sensitivity = 56%)

with active tuberculosis é&:"&*S o@(spectfmity = 97%) nontu-

berculous patients gave p051¥k11j¥§EEh&&'

(A

Jaga ing aldehyde treated

i o
ergthrocytes sensitged._yg_ith M. i :'1; cell extracts or PPD
I

to detect serum ant odies, found the sensitivity of only 54-58%

in 71 tubercuﬂl”ﬁ%ﬂﬂi“ﬂqﬂi

Middlebrook, using the hemolytic modification of
the Middlebrook-Dubos hemagglutination test, found that sensitivi-
ty and specificity of the test were 88.89% and 60%, respectively
(Middlebrook, 1950).
Maillard and Gagliardo (1983) showed that the sensiti-
vity of the test was 94% and spec{ficity.was 95%. Subsequently,

Schubert and Brasher (1967) found less attrative results, the
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sensitivity of the test was 45% while the specificity was 79%.

e. Fluorescent antibody tests

Antibodies bound to an antigen are demonstrated by
the addition of an antiglobulin conjugated to a fluorescent dye.
The antigen may be either an i luble one, such &8s a whole
bacterium, or a soluble onﬁ\ 7/# suitable solid surface.

- N
The latter test is ref‘%\o as @uhle antigen fluorescent
| — d J TT—
antibody (SAFA) test i

een developed as & test for the

diagnosis of tuberc T (1969)

visually by the use o ek ﬂ1 ' They found that

Bhardwaj (1 aline extract of N. tuberculo-

sis H37Rv as the antiganfﬂgfﬁiﬁﬂif?;f. Pfor the diagnosis of disse-
- 3

mineted and ‘ﬂ‘.uill.l;!u’_ﬂllll;lu.ll-u-m-

i .
& mix culosis and 50% in
j )

extrapulmonary tuberculosis.

B )04 L 1
RARNDIUBINYNY

This highly sensitive technique is based on the

nd the sensitivity

of the test were 28

binding of a radiolabelled antibody to an antigen. In the Farr
technique (Grange,1984),labelled antigen combines with antibody
which is then precipitated by the addition of a protein-precipita-
ting agent. The radicactivity of the co-precipitated antigen is

measured. If the antigen itself is a protein, the labelled antigen-

1 19102525
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ant ibody cohplex may be precipitated by an entiimmunoglobulin
serum.

Naussau et al.(1975) developed a solid phase RIA
with culture filtrate of M. tuberculosis H37Rv as the antigen for
the detection of antibody in sera of tuberculosis patients. The
solid phase RIA for measuring level of antibody specific to soni-
cated ¥. tuberculosis H37Rv 3\ in CSF was carried out by
Samuel et 81,(1983) who ﬁg:ndn§H£7 itivity and specificity of
the test were 83% and reg,ec

xadiy_
using '*“I-labelled &6ni

antibody. The ass

1982) ﬁ‘m\h: a competitive RIA,
M ﬁhbeﬂQO s antigen and anti-BCG

degxﬁﬁ 1t x 10" organisms/ml

or 1 ng/ml of sonic on.. un‘waa assayed and the
" - (C78 4
antigen levels deter é’a@ ; é%i ens ‘:th either smear or
Y FPEPY |

er then thos

¥ | ﬁrji"’
e.+ Howe Sa

culture positive were specimens with both

smear and culture negat 2 el et al.(1983) found no

reliable result when theytgﬁifopéégégtmilar study with CSF.

Radgﬂlmmunofsss*ﬁ,é‘e‘" €h i ; powerful research
Find J;fion in the study of

ceiﬁres on account of the

tool,is unlikely‘f
tuberculosis outsfir major

cost of the equipment and reagents (Grange, 1984) .

AYLANYNINGINT

g. Enzyme-linked immunosorbent assay (EL!SA)

AN, INAANIN L. .

enzyme to detect and quantitate antibodies bound to entigen adsorbed

to a solid phase. The conjugated enzyme serves as an indicator by
converting a8 colourless substrate into a coloured product which can
be assayed optically. The test was first applied to tuberculosis by
Nassau et al. who used a concentrated culture filtrate of N. tubercu-
losis H37Rv as an antigen. A serum dilution of 131100 gave discrimina-

tion between patients and controls. They showed the sensitivities of
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the test to be 84% and 67% in pulmonary tuberculosis and
extrapulmonary tuberculosis, respectively (Nassau,et al., 1976).
The use of a more purified antigen was suggested to improve the
sensitivity of the method. A similar result was obtained when PPD
was used in place of whole cell free extract. In this study,
significant levels of antibody were detected in 80% of AFB posi-
tive of tuberculosis, 66% 9?\\&#/ ive tuberculosis cases and

4% of control subjects ’ 5}19 . Similar results were
,J‘aaﬂg ::===:r

reported by Grange et;ﬂ—;mBO)fwhom ultrasonicated of BCG
g,
y\.ﬂNin the 1gG,IgA and IgM

as antigen. They quant
leyels of tibody to be 75.2,31.4
/ \ b

classes and found si

and 11.8%, respective 153 cases of tuberculosis.

%

ihiiiate antibodies in

Reggiardo et al.(1

tuberculosis patients ¢ active glycolipids,

A,B and C , extracted ‘he results showed that

glycolipid A was the m ;: , itive antigen among the three
lycolipids. T

gly ¥ B ;r’-}_fm‘-‘-

In ,l,é_'.?z. Vilja"nen:et ‘l@ﬁ d ELISA for determi-

nation of Ig M, 1| i IQA antibodie : : The mean level of

= e et
three immunoglobuli* classes were foundtlo correlate with the

extent of the tuberculocus infect ions However, the concentration

of IgM anti bo@j\u EL\:}%LEJ woi‘w ELL‘a migl antibodies

which confirmed the study of @range et Al.(1980) Stroebel et al.
(1982) uegd|Rieh ] e igd] bhek s “drrde e o kbba ena rouna
that the éLst was highly sensitive (94%) and specific (100%) for
diagnosis of extrapulmonary tuberculosis. Benjamin et al. (1984)
performed the ELISA using three different antigens : a highly
purifie& antigen "antigen 5", PPD and antigen 6. The last over-
lapping ELISA values between the diseases and controls was observed

when using "antigen".
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Enzyme iﬁmunoassays have seversl advantages over RIA
such as the preparation of reagents are easier and cheaper and the
reagents are stable for months, the equipment is relatively inex-
pensive and there is ﬁo radiation hazard (Grange, 1984). Daniel et
al.(1985) compared antigen 5 and PPD for the detection of antibodies
in sera by ELISA and found that the sensitivity in PPD test was

higher than antigen 5 test qu\e specificity was lower.
a

In 1986, eveloped a8 double antibody
sanwich ELISA using &ﬁCG‘I ) for the detection of‘
mycobacterial_ ant.{? CS‘. Md the sensitivity and
specificity of the & 'x;?x m %, respectively. Using

the similar ELISA t Ya zﬁe@ al. (%Q@G) found the similar
IR
results which were ns?f? ' nd 91 43%, specificity.
Trakul . ) ﬂg 1!9 e opbd an indirect ELISA for
Aot \\

8 modified double antibody
W3 e
sanwich method for M. ¢ ereﬁﬂ%s: nt igen detection in order to

assess 3 groups of pulmondt¥_£ ﬁééé%ﬁ@sis patients. It was foqnd

that 48% of the p tients‘@ﬁrév n’ est,. roentgenogram and posi-
! -y

tive sputum cultdrxﬁ ere positive 1 ror 8nti j:j§ and 92% for antigen
while 50% for antiéf?y and 95% for ¥en in pulmonary tuberculosis
pattents proven by chest roentgenogram and acid fast staining. and

36.1% for antﬁouﬁo?ﬂﬂ Bwﬂ' w El]«arﬂq? only positive

chest roentgenqgram. n comparison with non mycobacterial pulmo-
nary pe CT: N/ trol :j a§§{ dy positive
but onl:’%ﬁ;‘[@ iﬂeﬁﬁ&ﬁe m:ﬂ:l tE]were antigen
positive. |

In 1987, Banchuin et al. applied this technique to
assay ahti-PPD antibody in pleural fluids of 25 tuberculous
patients and 28 cancerous patient control. They were unable to
find the evidence of local antibody production. The anti-PPD 1gG

levels in pleural fluids were not different from those in sera.

In addition, anti-PPD IgG levels in both pleural fluids and sera
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of tuberculous patients were also similar to those of controls.

In 1988, this technique was also used for the detec-—
tion of mycobacterial antigens in pleural fluids, by Dhannd et al.
They found +that 12 of 15 tuberculous patients, 1 of 9 patients
with miscellaneous diseases and all of 12 cancer patients gave
positive results. False positi reactions found in patients with
lung cancer may limit th *ﬁgh his test. Mycobacterial
antigen detection in Gaz==2§eural itic fluids by a competi-

tive ELISA was perfor

was found in CSF of
94 controls. All 1
patients were positi gyecimens obtained from non-
tuberculous-patients ;bﬁr was also found in all
5 pleural fluids obtai Kpatients. However, no

pleural fluid from t ntpbl srodp was included in this study.

Watt et al.(1988) used cqﬂn‘i‘ﬁ‘étié@tﬁo ELISA methods to examine

CSF specimens. Anti-BCG 15%1%6d&5gg;2hied_in a8 double antibody

(A

sandwich ELISA fdf d BCG was used to an

indirect ELISA for frteQ§ion of M;antlbody. The antigen
| — |
was detected with sensittvity of 39% and specificity of 98%.

Antibodies weﬂ uaﬂﬁ fﬂ«gj ﬁqw ﬁmrﬁqj and specificity

of 98%.

e TR I R

(ant i BCG system) could be used efficiently for the diagnosis of
pulmonary tuberculosis. Though the determination of antibodies
both anti-PPD and anti-PM antibodies, to mycobacterial antigens,
in CSF, serum aend pleural fluid showed that the sensitivity of
the tests in all specimen was low, but the specificity of the test

for CSF was quite specific.
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h. Hybridization with deoxyribonucleic acid (DNA) probe

DNA probes, developed as tools for molecular biology
and genetic engineering reseach, are unique DNA sequences labelled
with either radioisotopes, enzyme or chemical agent. They can

RNA. Shoemaker et al. (19Q§

specifically hybridize with ementary single-stranded DNA or
\QT 1 genomic DNA isolated from

M, tuberculosis as DN s for 1cation of M. tuberculosis
—

in clinical isolates. y ou otal genomic DNA probes
7 ' ]k&\h*i;culosss but also with

hybridized not onl
DNAs from other my rom bacterie other
than mycobacteria w ‘:iﬁh this total DNA probes.
Pao et al.(1988) use ‘ts the DNA probes for
the detection of m er *.%; v 'nces. They found that the

mycobacterial DNA se ected in 30.4% of various

types of uncultured cl nf.b%:ij spe@a.'
method showed only 19% paﬂ{ﬁi&ﬁﬁégﬁgii~for the same specimens.
- :

whereas traditional culture

s DNA probes tech-

‘"The overall sensﬁ?} Q:;”

mam T Wt 11011 s

ria. The growth can be recognized by detecting production of “coa
‘from metabolizing of "C labelled palmitic acid present in BACTEC
Middlebrook broth medium, in an automatic ion chamber system
(BACTEC"’. Johnston Laboratories). The BACTEC éystem may detect
the early growth of mycobacteria in 2 to 12 deys (Collins,
1985), and now is the most rapid method for culturing mycobacte-

ria. However, its cost and isotopic material requirement make
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this system unsuitable for using in the developing countries.
Detection of M. tuberculosis from smear-positive specimens by the
BACTEC system required an average of 7 days compared with 18 days
by conventional system. From smear-negative specimens, the BACTEC
detected M. tuberculosis in an average of 20 days versus 28 days
by conventtonal procedure (P 984) .

By combind ni\& / and probe methodology,

most isolates of A. 6 s: y M, avium and M. intracellulare

in the study perf‘ormw' - (1988) could be detected and
WA \ii‘Q to 11 weeks with

identified within 4
iden' ication.

Compar {mproy Al TEQ.* and L-J medium of

conventional medise

culture of mycobact specimens. The results

L

showed that 91% wer mycobacteria) with

numb ; of positive culture

for M. tuberculosis complék were @it{h BACTEC and 87% with

L-J medium. One difadvanbugﬁbdf;é%ggﬁkin_ iques was that the
(D '

contamination raﬂ? 3551 3 %) than in L-J

BACTEC and 73% with L=J

:_;;1.-

medium (3.3 %). ’l'hejieun.__isoll t.g BACTEC was 15.5
| - f
0

days. and 25.6 days with L-J (Anargyros, 0).

@uﬂammwmm
QRANIATAUNBNINNGY. ...

(PCR) permits the in vitro amplification of DNA segments. This

technique has been shown to -increase the level of detection of
mycobacteria enormously. By extracting DNA from clinical samples,
amplifying a pathogen-specfic DNA sequence and detecting the
amplified sequence with a labelled oligonucleotide probe, it is
theoretically possible to detect a single microoganism in clinical

sample. By this technique abount 103 M. tuberculosis were detecta-
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ble in sputum. In addition, it is possible to detect ¥. tuberculo-
sis cells in clinical material such as pleural fluid, brochial
waéhings and biopsies using PCR technique (Hermans—-Peter, 1990).
Patel et al.(1990) demonstrated the use of PCR in the developmental
method for the specific identification of M. tuberculosis. They

proved that a combination of s fication and subsequent hybri-

s the most sensitive and

f‘tca ‘,II. tuberculosis.,
‘ T———

=] as‘ ared with conventional
’ _.‘-‘ﬂng--

qe for the detection of

dization with labelled PCR
specific method for th
The PCR t
bacteriological meth
antibodies in CSF fopx ulous meningitis (TBM).
PCR was found to be t ique, it detected 15
(75%) of 20 cases M (base on clinical
feature), 4 (57%) o (43%) of .7 possible
cases. ELISA detect 1 y probable cases and 2
each of the probable a : ulture was positive in
only 4 of the highly prohﬂii&f}f o imong the control group, 6
-rlitive. Second DNA
preparation from tF all PCR negative,

I
suggesting that theji ere due to the cross-

contamination :ﬁ ?ﬁﬂ%%ﬂ ;Thﬂples retested
were all stil% EL ﬁ as positive in
3 controls ﬁﬁite the use of‘ high cuoff value {(Shankar, 1991).

ANTIIEU NIV E

alse-positive results
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Table 1 Classification of non-Runyon sgroup

Characters Species’ Year of Patho- Synonyms

discovery ¢&enicity

In vitro not M. Hansen's bacillus

growing Leprosy bacillus

Slow growing M.lep : ' 303 ; _ Rat leprosy bacillus
M.par ‘ : -7’ : M. johnei.

M.ul ) M. buruli.

M.tuberculosis M.tubergui(ps s .gk, N.tuberculosis

mjﬂ

complex typhus humanus
M.microti 1&97" ] M.tuberculosis

var murines

M. tuberculosis

typhus boviness

Pathdgen

C R ATITRATING 16 Y



Table 2 Classification of Runyon sgroup
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Characters

Species

Year of ?atho

discovery ¢genicity

Synonyms

Runyon Group I

Photochromogens

Runyon Group 11

Scotochromogens

Runyon Group 111

Non-chromogens

N,

r

nonchronogen:cun 1965

ﬂummmﬁmm
q W'mrr‘iﬁy_wﬁwma i

Runyon Group IV M.

Rapid growers

N,
N,

smegmatis

philef

thamnopheos

F vellow bacillus
F M. balnei
P M. habana
F M. marinum
F M. aquse
F,P M. aquae
P M. tuberculosis
avium
.F Batty bacillus
F M. [ittorale
S Radish bacillus

1885 S smegma bacillus
N, b&tyrfcu,,
M. lacticola
1895 S M. moeller

1929 F




Table 2 (continue)
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Characters Species Year of

discovery genicity

Patho

Synonyms

M., fortuitum 1938

{ - I
1 L
thermoresist ib

M. dﬁgalii 1971
- "

» afchiense

¢

Facultative pathogen

w
"

Saprophyte

“w v v v u u u u u w

ARYANENIRYING

mimatti,M.ranal
giae,
peregribun
abscessus
runyonf{ {

borstelense
acapulcensis

parafortusitum




Table 3 Number of positive AFB staining, positive culture and identify result
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TB

tuberculosis

non-TB

non - tuberculosis

from various specimehs. data from mycobacterial laboratory, Siriraj
Hospital, Bangkok, Thailand (1990)
Specimens Number of |AFB+|{Culture+| AFB+ AFB- AFB+ Identify
specimens Culture+{Culture+|{Culture- | TB non-TB
Sputum 201 960 15
Pleural fluid 1 8 0
Ascitic fluid 0 0 0
CSF 0 4 0
Bronchial washing 4 23 i
Gastric washing 0 0 0
Pus zﬁ 21 0 18 4
r

. | ‘al b

Urine e j ‘ ‘ 0 0 0
INPNINE N
Tissue o 7 i_t ¢ m 0 2 1
ARNAYNHEU U a
3 ‘ - . J

Qther 177 5 12 2 7 0 9 1

Total 9,988 962} 1,098 666 425 206 1,024 22
AFB’ = positive acid fast staining AFB™ = negative acid fast staining
Culture‘ = positive culture on L-J medium Culture = negative culture on L-J medium
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