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ANTROUCTION

Tuberculesis is a diseese known to mankind at least
for the last 6,000 years (1), Some Egyptian mumsies
showsd a deformity of the spine which in sll prebability
u‘ Pott's diseass or tuberculosis of the vertedras.

Thiiu is probadbly the earliest evidence of the disesse (1). |
Over subsequent centuries, thers ere descriptions in old
Hinda nhﬂfuro, desoriptions by Hippocrates and others.
The disesss vas nearly slwsys fatal in ancient times.

The setiopsthology of the diseass was graduslly unveiled
in the late nineteenth century. The pressnce of tubercies
was demonstrated by Laennec snd Bayle (2). The speoific
sgent causing Suberoulosis ves isolated by Robert Kooh im
1882. Bowever, ss recently ss the late ninetesnth end
first half of twentieth centuries thers vas still no
dd‘ﬂ.mt{n trestment availsble. Isolastion of the pstient
u:;ll uooé mrsing csrs was the only regimen avsilable,
.q;nt from the surgical treastments like artificisl
prisumothorax and thoracoplesty (2). In 194, Bohats,
Bugie and i.imua publiished their landmsrk paper on the
bacteriostatic effect of streptomyoin on mycobacterie

that rivoluttoﬂaod the treatment of tuberoulosis.

I 1949 streptomycin csme into gemeral use. Other drugs



ﬁkﬁ p~saino salioylio ucu and fsonicotinto acid
fﬁ'ydnﬁ&dt becams aveilsbis as sntituberculous drugs in
the dscede that followed. With this, the epidemiology of
s‘fmz-eul.oph changed rapidly. In Vestern counwui the
incidence of suberculssis started falling with sach

successive yesr (3).

u . dcfiutin m.tum for tubsrculosis becems
wtunbh otlur pnunn nimd pmntuuno. Tuberculosis
v“ nu-mum . chroxﬂc dhuu. In nut ‘ceses 1t takes
vulm to lotmu tor tm asiouu praotu %o mmu'o-t iteels
cumuuy. Evan thon. paum‘n my present with vague
syuptoas m« ;lou ot’ upptuto and hthwgy; 8&6!: ncuc
prnunhtiom lnd to prolouod dounm in work ctﬁcaomy
md ﬁmu& nr !.nl'oceton bctoa tho an.unonu h made, Both
oourwuoncu hau grave noetouono-so iupucauom. There
ie, ttmntcu. & nud for urLy. d-umnn dﬁ.owoh and

' tm&uuﬁau ot tm propcr nulan.

[

" In chronio cuses of pulwonary tuberculosis or
iixbii_!:cahm” iymphedenitis thers sre certain feirly
‘satiefectory wethods for definitive diagnosis like ‘x"rﬂi
" or Wiopsy of the involved msterial. Usually suoch cases

are not emsrgemoy cases, so that s biopsy repert ebtaimd



sfter a few days does ot ocsuse grsve harm to the health of
the patient. But there are certsin forms of the disease
which present as ewergencies. Usuelly these sre
oouﬁnc-uom of the tuberculous disesss process, e,.g.
severs hcmptyaio, intestinal obstruction and _inﬁqﬂiml
pcr#‘oniion. - These emergencios iun be treated along "3‘%
‘genarel x‘sﬂn;c&pl‘ci of manegement of such cases with -
'swioﬁmnﬁ ‘dAnstitution of entituberculous tmém;' But
-thﬂﬁ& ore certain other emesgencies in whioch the
tuberculous lsston itself constitutes the sotual emergency.
These conditions are tuberculous mnﬂ.n‘aﬁ;i and miliery
tuberculosis involving the centrel nervous systes. In
these cases prompt lﬁsuuﬂm of ‘-upuouii é&ﬁﬁm is
mandatory for survival since tuberoulous ‘mn!.uéﬂu h

tpvéﬂabiy l"ahi ihm untrosted (4).

o *rn. trastoent of any form of tuberculosis usually

: cxtn;@&a for a mininam period of one year. In ssversl cases
it wq}:-xtanﬂ for evan longesr periocds. Bccaﬁu* of the long
durat;ion snd & long course of injecteble drugs, there 4o
the problem of toxicity and cost of therspy. In view of
these antituberoculous therspy is not to be decided lightly
upon, unless supported by very definito diagnostic evidemse.

Co



' ‘The inocidence of tuberculous meningitis is very high
in oh;udmn and yeung adults. The peedistrio age group is
the n,c;mt vulnersble age group for this condition.

Affected ohildren have a grave prognosis. If the
tmatﬁim is not started early t!; thes courss of the
disesse, morbidity and mortelity figures reasch very high
i-nu:;p.

Therefore, esrly detinitive disgnosis attains
psramount importance. However, the commonsr forms of
mﬂb‘iﬂ.th or meningoencephsiitis nmmely tubsrouler,
pya;a@é and virel sre very often difficult to diatinguish
both clindcslly end by routine exssination of the
ceredbrospinel fluid (CSF). The definitive disgnosis oan
only be made 4f tuberols bacilli are demomstrated in the
CsP. %ho rate of finding such baoilli 4in smears of CSF
concentrate 1s less than 508 in all the reported deta (3).
In nu",ﬂu practics, the positivity of the smear is iuoh
lens t,ipm 0% (6). The other slternstive of isolating end
tdentafying sycobeoteris by culturing is mo grest help in
sn emevgency, as it tekes at least L6 weeks for tubercle
bacilli to grow on s culture medium. Culture positivity

in cesés of tuberculous meningitis is also quite low (7)’.



‘fl‘nkt_fu into consideration this whn of sarly
diagrosss of oms form of meningitis from the other, the
use of » hewsr technique to detect the presense of
-ycebaeurza in the CSP of s case of meningitis wves
mooted. ’Busyu « linked imsunosorbent mw (KLISA) 2
used to di%ci nanogram Quantitios of meny diftexrsnt
auusam. snd it was thonghi thet uyoobutarhx auusom
s.n the asr obonu bo mmu to aﬂmuoa by tho
tochﬂ.quc. ml tcohnﬂ.m will give nmua wl.thtﬁ
| P1A heurl, md amm. thontou. pmvi to bt more useful
thm mmr oﬂur wata dﬂmnd to pcnntt a «nuuu
duttuetiou to be ndo batum euhomuuo and

| mntmml.ouu mn&unu.



Tuberculesis has s worldwide distrbution. At one
ts.ur u weas & dunu' with very high mrﬁ“ﬂy and
mortslity throughout the world. With $he sdvent of
abﬁ'pﬁ&uﬂuﬁﬁ me asures and hpéond ém&taﬂun )
conditions the morbidity snd mortslity figures have
droppoa significantly in the developed oonnﬁius. At the
‘ turn%ot the century, the mortality figures in most |
countries were vary high, ¢.g., in 1901 the United Kingdom
hed & mortality sate of 126 per 1,00,000 populstion,
Gerusny end Norwsy 192 and the United Stotes of aserios
169 (1‘8}. 'ﬂun figures have come down very drasticaslly.
In 1958 mortality rates in thwse four countries were 9, 17 ’
B aM 7 mespectively (8). Along with a decresss in
mrcolﬂy rates the pnuuma ct mtbccton as indiocated
by tabarcnnn umuinty bas .m tau‘n to » hni of
1-2$ ut the age ot w y’un (9). In cwuﬁruo 'ukc maq
| tht wnuncc uen tor infection are nry htah. At the
age ot 14 the rate is ibout 29% whereas at tbn age of 35
it cmuu 60% (10). yor thu survey uﬂy mpu without

BCG soer mﬂ takon into considerstion. Most developing



and undwdionlopod countries do not have scourats dats
regarding prevelence snd incidence rates of tuberculosis.
in India trn. first large - scale organised suberculin
testing was started in 1948 as a preluds to the
introduction of BCG vaccination in the country. A
nstional ssmple survey was cerried out in 1955+57 (11).
The 1nromiqt10.n collected then was the first suthentic
report of morbidity stetus in Indis. Some salient

features o;r this report were as follows -

1) Prevalance rate of ective and probsbly sotive
tubercdlosis veried from 13 to 35 per 1,000 population
aged 3 years .nd above.

2) The rete of bacteriologically positive cases varied
bam& 2 to 8 per 1,000 populetion.

3) Prevalence im the villages wos not apprecisbly less
then h'i the cities.

b) Prevalence rates were on the whole lower for females
then males, especielly in the age group over 35 years.

5) a’vcnu&mco rete in wen showed contimuocus inoresse with

t 7 '
6) In overorovded slums with low income group populstion

as tuidontt. the prevalence was very high.



The morbidity pioture in Indis compares poorly with
Western countries. The morbidity picture that we have
today is similar o what Vestern countriss hed 50 years
ago. Vith improved messures for disgnosis and treatwent
of tuberculosis and improved sanitestion messures, Vestern
oountries lwn mansged to improve tiwir morbidity figures.
Taking this snta scoount, the uonrmm of Indie set up
the xnuoul m«wm‘h Institute (nx) at amaloro.
"m vu to ,propuu i owpnmmho. nﬁmtxa anﬂ

caomuicslw tuubh tamrcnlmu oontrol proarm for

| the outtﬂ countrr. m dusrlot wbuctxzoth mwm
ves cvnlwdl hy nx An 1962 (12). Pummry tnbcrculuu
bum the commnt Torm ot the dunﬂ as uu ss sn |
in!’ooﬁz.otu on-. nmru were to l:o cdmu to onntml. ite
au-nmn?n in the qomm.ty a8 early ss possible.
Diegnostio faoilities were installed st verious places and
drugs were supplied to every case of confirmed tuberoulosis
through the district tubsroulosis progresme. n-& these
attempts whhw at detscting infectious csses nﬂy

in the course of the discese.

Tuberdulosis exists in meny different forms. The

coEmone st to;m of the disease is pulmonary tuberoculosis.



Tuberoiler lymphadenitis is probasbly the next most common
com’iitgom _othw ‘comparatively less common forms inolude
sbdominal tubsroulosis, skelstal tuberculosis, n:luary

ﬁubcrcti;unu, tuberculous meningitis (TBM) and urogenital

tnbcxm'éuﬂu

A pationt of tuberculosis usually pressnts with
. oonstitutionsl symptons and specifio aymptoms. The
constitutional mtnn are lsssitude, loss of weight and
t‘wﬁ-. The specific symptoms usually depend upon the aite
‘of infedtion, e.g.,cough is the commonest symptom in
' pulmonssy tuberoculosis. Pain in the chest might be
‘ nnboi;ﬂé_éd with plsuriey. Amsnorrhoea ey be o presonting
' ﬁatm An genital tuberculosis in & young womasn. Vague
pun 4n the back may be bevause of affeoted vertebras.
L :

~_In the course of the disesse the centrsl nervous
systen i.l sffected in one or wore weys. The bscilii
‘resch the brain and meninges commonly vie the blood stream.
There might be invesion of meninges sione to give rise
to TBM.. '_Bm;ﬂ. meningltis is seen coummonly in such veases.
Oms or more tuberculowss wight be formed. The incidence of
affection of the bruih snd ths weninges is much higher in
children snd young adults. Abeﬁt 80% of all cases of TBM



sre balow 20 years, though no m is exempt (13). The
officisl mortality stasistice of India for ‘t"hp lest |
G“:F“!‘,:;’ iz show that Suberculosis scoounts for abous 10§
of nn the reported deaths. Out of this about 5% are
due to tubsroulosis of the mervous system. Asout 60% of
the desths from tuberculosis of the Wrvous system sre

" of s age less than 15 years. MNsles are effected 1.5

times more often than femmles (14,15).

The patient may present in any oxm of the following

common forms (16):

| 1}] mniﬁ tubersulous meningitis ~ aAlong with symptoms of
~ meningesl irritation iike restlsssness snd irritebility
with headeche, symptoms Of s more genersl nature like
loss of appestite, fever and unexplained loss of mugm
are 'prumi. sum' of meningesl irritation iike meck
ric&;iiv, XKernig's sign, Brudzinski's sign are present.
Deep reflexes m exaggerated, Lateral rectus palsy
nﬁ.ghﬁ be apparent, With mﬁur progression of ths
dinonito. clouding of consciousness sets in . 8Signs of

inoresssd intracranisl tension are seen.

10~
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2) Tuberculous srachmoiditis = The chersoteristic feature
is an insidious onset of multiple oranial nerve palsies.
Third, Uth and 6th oranial nerves are affected eatly.
Bunn of weningeal irritation or increased intraoraniasl
wnfuioa might be absent. In the later stages of ths
disease hydrocephalus snd incressed intrsoraniel

terision may resuls.

3) W@ﬁ&oq{yﬁwgwoyhnuﬂq = Headeohe of sn
,S.t'z:lj@q;lpun. onset, o ﬂwan ygn_i.tm, visual
dléturbances or ui.'ami im:.-'to  0sse of any spuce
oconpytnc hﬂoﬁ. cﬂ-n tonr md pun in t!ﬂ mck
are mt u-oou“d ui.th n. cuniou.l oxuﬁ.ﬂmum ney
| nhov bﬂutcul papauocdmn. | uuuau um gy be
prnont. luth zm promnton ol' ttu dl.uuc an scute
‘untagiﬂs uil.th Mhor mralnunnl mzm.s m nt

im_

b) Mixed veriety - Ciinicel pioture may not £it im eny

) ‘_:yinteuiw tm m cmwlnp or signe nnd aynptm nay
be! matqat:., __ !pptmu; irritation, orsnial nerve
ﬂéog‘aona. incressed intrecranial tension and focel

S

deficits, sl) miy be present.
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'amtmctieh to the oirculstion of tiw mnﬁmap&ml .
f1uid (CSP) due to orgenizution of exudate in tho
subarachnoid spsce is a frequent ecourrence, especially
when trestmont is started laste, and results in hydruoapnhu.
The ou:‘ﬂoi‘tk. especially for nental function, is grave in
such csses. Paresis of lichs and of oranial nerves are
usually trensient features and subside efter institution
of apt_;uiﬂc therapy. Dasal meningitis leading is_p— sxudation
and subsequent fibrosis msy invelve crsmial norves.

‘Biindmess can commonly result in sush cases. Mental

retardation is seen frequently in the psediatric age group

i€ trestment ie delayed.

. Xubsroulosis is s ohronic disesse with slow |

- progreasion of the ;ﬁuton. - The disease bﬁuun 'mniﬁnn
;ii;uli in amh form only rarely, e.g.,in TBM. The
definitive disgnosis of -immnxﬁlu in nonemergency ceses
18 done by laboretory sxomvination of infectod materisl.
Sputum, laryngeal sveb, gastric sspirste or urine are

collected and subjected to microscopic exsmination of the



smear. mnany for such proocedures the semples sre
oomnmﬂud by verious methods like osantrifugasion of
arine oalr sputum concentration by Petroff's method. The
smear u stained by Ziehl-Neelsen's method to visuslise
aaid-u?t becilli. The sawe comentraeted materisl is
Amauh#“ on to suitable culture media to isolate
uycabwiiaru. Lowenstein « Jensen medius is commonly
umeE: for this. In certain circumstances gainsaspigs
are mlf to detect the pressnce of pathogenic mycobacterie.
Muupi;.u srs highly susceptible to tubsrole bacilis.
conc-atafmud materisl at neutral pH 18 injected
_l’tihcutn;nouny in tm» thigh of the guineapig. 7Two animals
are ns‘ufl for each seaple., One animel is killed and
as.nuwfm assptically at the end of J weeks. The snimal
is ahtuf-na for s casecus looal lesion, enlsrgement of
dutntu}a lymph podes and spleen and a few disorete lesions
in the llumo Smears from csseous mstorisl are observed
for the presence of scid - fast bacilli. In doubtful oases
tissuee fixed in formelin are studied for histopsthologiosl
wté‘moiy of tuderculosis. If the guineapig dissscted at
the ma}of 3 veoks does not show eny evidence of
tmrou%xuio the otier guinsapig is dissected st the end of

6 wesks| and processsd in s similer manner (18).

13
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If a biopsy of an infected lesion cam De obtained
1t is fixed in formelin and exsmimed for any
histopethelogiosl evidence of tubsroulosis.

Tubsroulin testing is dome routimely im a case of
suspected Suberculosis. 1In Indis & dismter of in-
duration of 10 mm or more st the end of 48 « 73 hours

in uupmm to 1 Tuberculin Unit (T.U.) injected
| itntndouanv is teken s an evidence of tn!&otum (19).
In cu"flfy yoars » dismeter of 5 mm op more was teken as
the tmnhom level., Exposure to nonpsthogenic or
| imp&uc mycobscteria gives rise 30 oross reactive
'..‘.me:;;..mn to purified protein derivative (PPD) which
fe used for testing the response, but infection with
pnhonnto ‘tubsrole baoilli gives rise to specific
Mchor umiuvuy to $he mamﬂ smnton. Ismunisotion
| of tu'pﬁnoa slih noe nocs.m slse guu rise to '
ponun tub'mun ruou.on.‘ 'rlsi tmrcuun tosﬁ can
be muuw in . ptmon wum ncun tmmunu Au |
oartntu iunmu. A p-n.m nmnnumny 1ntwc“d
by vh-n:u nk: muln umany don wt give poal.ﬂ.w
tub-nuun nacuon. m mnr-murubd ohtu or s chﬂ.u

wath udnmta m"tmloah i nm wmunly to gtu

positive results. In mmnz. tm;-eunn tuung is mot
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s very relfable method to diasgnose a oase of tudberculosis.

Tor the disgnosis of pulmonsry tubiﬂmah,
raﬁiopaphlc svidence of the disssse is very useful.
Early tubsrculsr infiltrotion, pmsusonic or bronchopnsumonic
lesions, osviteting lesions, disseminated or miliery |
lesions end lymph node involvement; all csn be visuslised
by ediogrephy. Te adopt this wathod for msss scresning,
X-reys of a very small size are offered. This provedure,
tRass Misiature Radisgriply (MR} 44 wisd e & large
soale soreening procedurs in the community.
. Por @ csse of TBM, radiclogicel exeminetion of the
skull ia not 'n,oviailljr aseful, l‘!uozy,‘ lmirocuphum'a or
. jppci occupying lesion mey be visible. The only useful
exasinstion for such ceses is the exeminstion of CSP.
In routine practice, the disgnosis of TBM is done ss
" followe «

TBM being an emergency condition early diagnosis
and mm trostment are the keypoints in the recovery
of the patient. Todate, the diagnosis is based msinly



on the clinical presentation aided by routins exeminstion

Pamily history of an sctive case of tuberculosis
or uyum in other forms as from neighbours or
schoolmates can give s clue to & lesion in the lungs,
and an attack of meningitis 4in s case of tubspculosis
points to a tubercular setlology of the meningitis. A
history of failure to thrive and inorsased irritability
in an infant can aleo contribute to the diagnosis of
nilliary tmroaxuu aind TBN. |

The tuberculin test is positive in most cases of
TBM. In very sdvanced cases of TOM or miliary

tuberculonis, sspecislly in grossiy undermourished

pationts 1t say De magative.

"mntl.m exsmination of the C3F is underteken before
sdministration of drugs. Im cases of basal meningitis
the pressure is usually elevated. The ﬂnﬁd is ususlly
olear but 8 ocbwed or pellicle might sppeer after i:«ipiﬁc
_the sample for 1-2 hours at 4°G.

16



If the fluid is examined immsdistely, s olassical

case of THM will show the following pioturs (20):

1) Cells 't Cell count im the COF is fncressed. More than
$0% are mononuclesr cells. Cell counts are rarely
sbove inO/m.. more frequently they are in
so-zno:/m. renge exd may be as lov es. only a fev.

" lymphooytes. In acute severe diseosc; the CSP moy

' contein predominsntly polymorphonucle sy loukooytes,
‘Shus resembling pyogetiic meningitis.

2) M s éréiuﬁ'uv -xﬁoc;sfwa‘w imﬁsﬁé except in
osses of & mear complete block to the flow of CSP.

3) Glucoss 1 Glucese is ususlly decrsssed e ocomparsd to

sixulsaneously determined blood gluoose..

&) m ' cnum. nuu are :ouw duoru“d but
they m not cinn dumsue upoﬂonu :.n recont

yoars (81)-

5) _wt 1 wu‘- ot tlu natunt utwt u.lm
nowmtrution mchod- m panun ror wuﬁtnt
b-auu in ubont !0-23’ ot’ cac“ (23). m oobnb or

the pﬁlucu on tho tep or the ﬂum tpaaina, u

used te make smear gives good resultes.

17
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6) m + A centrifuged dapouu of the car used for

mlem cmu boctw ﬁiuxto than W- amnr nou.

‘In sbout 38-88% of ceses the cumwa ds positive (22,23).

From the sbove battery bf tests the only tests thet
are ussful for urgent diagnosis are cell count, smear
report and biochemical investigations of OSP. Tuberculin
. teas t't read after 48472 hours snd 1t wight help in
deciding the direction of treatment but culture methods
ere not ussful Decnuse pathogenic myoobaoteris teke

anyvwhers betwsen 3 to 6 veoks fo form visible colonies.

XIn the oourse of the disease a patient of fm
presents sither with soute onset of symptoms of
meningitis or with an instdiously progreseing meningitis,
'rhu cuntcnx piciun md thl atfannthl aumu-
ohmn aopcaum on the mode or omea |

~|In cases presenting with soute or subacuts onset
of sywptoms of meningitis, pyogemic meningitis and virsl
encephialitis meed $o be differentiated from TEM., For

this, olinicos) presentstion of the patient and lsborstory



sxmminstion of the OSP m the only two pasrsmeters which
halp :ln the diagnosis, The valuss of the various
constituents of CSF which belp in the differentisl
dtn;nfuu. overlsp to sn extent of 0-40% in oases of
TEM, I;ma«nto weningitis and viral encephelitis (24).
This is mainly becsuse of the cellular exudate, as in
the ecute csses the exudate consists mainly of

mawéph&h. irrespective of aestiology.

The ohronic oxnset TBN is mainly to be differentiated
from syphilitic, cryptecoocal, candidel end leptospiral
nn&n&lﬁu, tozoplasme omophaﬁ;uh opr oystiocercosis (22).
in mﬂ of thess including TBN the clintcal picturs is
vory émv and diggnostic physicel findings are rers (23).
Routine lsborssory examinstion of C5F is also not of
significent help (26). As & resuls, smpirical treastment
is na?tod in many instances. Al apparent response
to Sreatment msy pﬁn the astiology of meningitie

retrospectively.

The only definitive way %o ascertsin the presence
of mycobscteria in G&tlu to visuslize thwm in saears or

cultures or, alternatively, to look for specific avidence
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of their presence. This csn be (1) specific antibody

directed sgeinst mycobacterisl antigens or (2) entigens

of myoobsoterie, or (3) disintegration products of

mycobacterin.

In addition to this, many other nonspscific tests

have beesn tried in which attempts were made to esteblish

diagnostic findings for TBM. Some of thess are:

1) Quentitetion of different classes of immunoglobulins

2)

in the CSP (27) and their comparison vith serum levels.

nomln r meh omdiu onow w&do nruuon :I.n the
muau or tmwcl.obu:.m cztnn. The dtrr‘romc in

un oomoatrauom in nrioun éinnu imn mt

oim ﬂcmny dittoront.

mum,'m.on of free sislic scid in CSP (28) - Sialio ecid

content of normal snd Subercular CSF was comparable

but lh cssos of pyogenic meningitis it wvas significently

_bigher. Thie might help im differentieting pyogenio
‘menitigitis from other tonditions, but other cmises of

! ‘
maningesl and cerebral inflsmmation wers not taken into
stcount in this study. Therefors the interpretation of

resuits cannot bBe done with certeinty.



3) Isooisric dehydrogensse levels in the Gﬂ!‘ (39)} The
__énayme levels wers inoressed in TBM snd in benign
m'nusmnt brein tumors. In congenital
hydrocephalus it was not imnm‘g._ This paper does
pot mention any other inflammatory condition of the

bBrain end meninges.

R ————
srythrocyte aodt.yo’nﬁiutip—vn rate (BSR) V*rd im{ma in
 cases of mlﬁom tuberculosis. anm fl',ieo;i'q was
~ proved to be a better audsontpr_thqn‘ ,ls‘!ji hcrnn
starting the treatment. The study claims usefulness
of the estimetion in the diagnosis of tubsroulosis,
but 4t oen only be used as sn ancillary indicetor in
the diagnosis.

5) s-zaronidn tost ~ sgﬁr. was used in the differentisl
disgrosic of 'lymphocytio' meningisis in 1960 by
Grook st g1, (31). 1In ceses of meningitis the

| mnmx bhod Buin buﬂor is d&otaﬁud and anmu
ditmuoa ot nw oubstmnn tnta itu csr. ‘!‘M
mﬁhon have used this phuammn to Judge ;tln
differsnce in a normal and sn sbnormal partition

dosfriolent. The cosffioient wes expressed es &



mﬁa of concentration in serum to the concentrstion in
the CSP. They reported a normal cosffioiemt of 2.6 3 0.4
(M ¢ 8.D.). They also found » partition cosfficient of
1.0 or less in csses of TBM. Bharucha st al. (32) studied
proved csses of TBM and suggested & modificgtion, Is
cases of sotive TBM retios were found to lie in between |
1.61 = 1.99. A ratio belovw 1.6 indicsted bad proguosis
and retios of 1.99 end sbove were mﬁﬂ in ceses of
tubsrculomes, miliary Subsrculosis or insctive cases of
™M, '

| These nonspecific tests have not been studied in
aaﬁlhlm as to sscertasin their usefulneas., Basically,
being nonspscific tests, the chances of false positive
results in olinically similer conditions sppser to be
high. Therefore it is necesssry %o ‘have tests vwhioch will

detect specific evidence of the mycobsoteris in biological

fiuids.

Reggierdo end Middlebrook (33) have used glyoolipids
extracted from M.bovis - BCG to conduct ssrologiosl
studies im humen populations. 3In 1981 Reggierdo and
Yasques (3%) published their date on comparisom of



huuumul-ﬁon test and ELISA perforwmed on sera of
patients with gctive pulmonsry disesse before and duunc
ohemothierapy. They have used glycolipid extracts from
H.bovie-BCG es the amtigen. In $heir hands
hnmumumuou test and ELISA were sqQually semsitive.

" in 1975 Wicholls (35) hed propoua revivel of vhole
miu tuluunnaoa test tor umducmnu ot tubomloou.
The mtuor bad used phemeliilled

;(mmg rgavtmuat .atr-in) couo as antuom .'mourdtng 1)
mm,;,f;!ztfc qt,h 125 and ghove was indicative of active
tuberctilosis., But Misohison and others (36) have refuted
that cisiw, According to them mo differentiation wu'
posaible betwesn sotive’ pulsonsry buberculosis, basithy

controls end pasients with momtuberculous eonditions.

‘Redioimmunossssy (RIA), one of the most widely used

. dwmunoesseys, hes been used to detect the presence of

‘mycobacterial antibodies, A report published by Winters
and Cox (37) sugaests that unﬂbuay detection by RIA -~ as
thoy hm dons « is uauknr to prove very useful in the

" diagnesis of the auuu.

Thosn and others (38) used ELISA o detect
sntibodies in tuberculous snimals. They have used protein



«~ A tonjugated with horse « radish peroxidese. Sinoce
protun.:-r A binds with the Po portion of 'Amunlobnlm
espacially ismunoglobulin G (1g0) (39), she entibody in
the tm of immunoglobulins wes detected. The authors
hed used sera from eniwels whioh wers baoteriologioally

. proved to have tuberoulosie.

Mot meny pepers are found in the litersture whers
:nttuptfn‘m sede to detect myoobsoterial antigens in
~ verdous biologicsl fluids. Straues and others (40) have
onndamuu # competitive RIs using ledelled PPD. The
assey system could detect 3 ng of mycobactsrisl antigens.
one mk 8ld sputum cultures wers used as & source of
sntigeis The sputum wes mok ased directly $o cheok $he
- presenss 6f sntigsns. This sethod lengthens the tixe
to wrg’.n at & definitive Mumolﬁi. . Also the expensive
- materisl and redioisotopes needed for RIA restrict its

'mnfuu;nu a8 a reedily sveiloble diggnostic procedurse.

_Thoen snd his collesgues (41) have used ELISA for
the detection of mycobacterisl sntigens, They have used

methodology esssntislly similar to that for detecting the



antibodies. They wers sble to detect mycobascterial
sntigens in tissue homogenates of ﬂmcﬁca cattlie. The
results o‘bt@tuﬂ by these workers suggest a possibility
thet ELISA can be used so detect mycobscterisl mtuoﬁ-
not only from Sissue homogenates but also from other

bioclogical fluids.

stect &

Myoobacteriel ceil well has a high mycolic acid
content. Hence specific mycolic scids or theisr cleavage
mﬁﬁgﬁ which can be detected by gss~liquid ohrometography
ars used -nf‘ diagnostio nmn." Lersson and others (42)
have u;od seleoted jon-monitoring for the detection of
tuberculostearic and 0334-& mycoserosic svids in mycobaoterias.
Liks sté;upp and ethers (40), they have wsed S~day oid
sputum cultures from patients with pulmonary tubsroulosis
and have looked for ._i'r»-oi.ﬂo products by gas ohromatography
-mass speotrometry (GO - N5). The sensitivity of detection
of. myeolic scide 1s 1-2 pg. But svailedbility of an
expenwive instrument is e major obstacie for the procedure.
Guerrant and others (43) have used a similer method
to detect mycolio acid cleavege products dbut 10-15 mg of

the sample needs to bs processed for this method. A large



owount of ssmple means s longer waiting peried as the
growth rate of mycobacteria is very slow.

After going through all the svailable tests for

detecting mycobacterial infections, it was realised that

only nn nuy which is humy unuti.n uzm. bo m.’lpml
| in narly diunooan. since nmr mwlmc onmﬂm uut
| nycobio“rh ﬁiu mt bt pnnnt in the bcdr u luruo fently
huc mn 80 a8 to uuao their ansuim or cell vall
eo-pomn“ tn m:c muato. Henoe, uu uuﬁun
Mmuncul eocmwo- (nu later) Mko counter S,uum-»
| Qhottop!wﬂiil or pautvo hmugmnnwion won not
. couucnd vo:y unmx as t» douaotaon u-xu of thess
nchnimn ucunur uu i.u ntoaogrm qnmuuu. ELISA
vhloh nn bo T nmiuu a8 RIA was ohosen s the but

qn!.mu anuhod on thu bnu.

| il:,-mﬁoloclul tests have been used in diagmostic
medicine for nesily e bundred years. In early dsys only
fioooulation tests snd complement fization tests were
nnumi.o. ‘®eles ‘widel test for typhoid antibodies and
i'u“m resction for antibodies to Treponems pailidum.
Leter oh iness particles coated with soluble antigens

were used in agglutinstion teats to detsect antibodies.



Bentonite or latex particles when coated vith the antigens
444 react with specific sntibodies but they were feund %o
be difficuls to cost, pressrve and standsrdise (44%).

Blood cells, on the othsr hand, have besn foumd to be
extrenely convenient passive carriers of antigen.
Middlebrook and Dubois in 1948. (45) and Boyden in 1951 (#6)
have shown that mycobsoterisl extracts cost the red cells
well. Boyden hes shown that .hmdﬁm cells ars better
Guririers than fresh cells (46). Using passive
naemagglutingtion, entibody titres of biologicel fluids
oant ‘ln detectod. 1If instead of anv sntigen, an antidbody

1s used to coat the fed cells, thé antigen content of the
£1uid Gen be detected. This technique is called reverse
passive Mm“zuuuuzfno Alternatively, hsemagglutination

dnhibition asssys can also be used to detect entigens.

Soluble snmtigens oan form insoluble immunopreoipitates
wﬂ.ﬁ; u§$c1f£6 mﬁﬁda-a 1n' 8 go) matrix. enchuﬂow in
1958 (157) mtroduud the mtuod of donbh dl.rﬁxnm in
uu' 301 u vhich nnﬁmn nﬂ snﬂbody aum--e u:to thc
gol from sro ulh ctdu by side. This made it pnn:lbh
to vuuuso Mmpﬂctpﬁ-c“ in tcm gel a,u! tltnu

muom cr onnbudut. :In this uthod & lot of sutigen
ond inttbody was lut without amu in contact with sach



othwr ss ﬁhb)' did not diffuse in each other's m-uﬂon
alone, ooniut (48) used imxuno-slsctro-osmophoresis ,
1.9., movement of amtigen and antibody in st electricel
field. In this method waste diffusion wes minimised snd
the duretiom of the test wes drasticslly reduced. The
precipitates could be seen st the end of 2 hours instesd

of 3&48 bﬁt;ﬂ"p

In the second helf of this century, assays thaet
separsted antigen - antibody complexes from unreacted
material and used various substances a8 labels for these
complexes oame into uss. This made it possible to‘
quentitate sntigens or antibodies instead of merely
tltrsstm_ﬁm a8 in the older tests. i‘hﬁ
heemiagglutingtion assay msy bs called one of the esriliest
tsminosssays. Different forms of lsbels used mmttﬁud
different forms of iemuncsssays, ¢.g., rediolsbelled
n-h:»;uv censtituted radioimmuncsssay (49), enzyme
lebelling constituted ensyme munyn {(B1a8) or
enxymelinked immunosorbent asssys (ELISA)(30), a
fluorescent group gave rise to fiuoroimmuncasssy (51).
Otimr um;honty ased ismunoassays are spin immunoassay
;(”) in wbioh e atadble free radical is used and a |

vmunnmiouy (33) An whioh protein « bascteriophage
conjugates are used.



iwsa was first introduced by Engvell and Perlmsnn
in 1971 (S4). They hed used sheep snti-rabbit
immunoglobulin coupled o slksline phosphatase for the
dstection of readbit-immunoglobulin. In their sssay
system, the sensitivity was similar to rdtotmmncnbont
— L e

In ELISA ome resctant (ueually Qw'inttb‘odr) is
linked to an enzyms. . The oantibedy reacts with specific
sntigens to form immune complexss. After getting rid of
the exoiss of ragcting materials the bound eniyme in the
imsune: domplexes is ustimeted by s suiteble wmethod. The
indicetor Golour Gf the resultant resction ie either

resd on a spectrophotometer or, st times, resd visaslly,

Sevaral different types of BIAS can be used. The

varients aere (30) ¢

1) Competitive EIA for entigen ~ lLabelled antigen competes
With unlsbelled entigen for binding -to & lmited
gmaﬁ of antibody. The antibody bound snsigen is
~ separsted from the fras antigen by the use oi solid
phase ;ﬂluubody or a second antibedy with a specifiocity
for the first. The ensyme activity im either the bound



2)

or fres fraction is determined. This proosdure is

snslogous to clessical RIA method.

‘Tmsunoeniymometric' assay for sntigem « Antigen rescts
with vax«pr‘s, 1abelled antibody and after inoubation excess
s0lid phese antigen is sdded. The s0lid phase 'antlmxs

‘reacts with the excess of lsbelled antibody: Two phases

' of cntigen ocen be separatod and énzyme sctivity weaesured.

3)

h)

This asoey is snslogous to tho imsunorediomstric asseys

Cob Vo Moy g

'Sendvich' EIA for sntigen - An sntigen with at lesst two

unuw Mtn maeu on om u« \uth nuu cond phau

-““My m on thi other side with lﬂuihd mtmay.

m tw mubody mabody b:lm to an uouu ot aoud

phase m‘timm md oﬂsw wuhtac m:cu w“h added ;-mnu

. antibody! ,apoauiu for the first antidody.

3)

Hosogenous BIA for haptens - This type of BIA does not
require seporation of fres and beund lebel becsuse the

L

assay depends on inhibition of the ensyws isdel by

snsibody binding. The hapten - antibody complex

Ansotivetes the lsbelled emyme, hemoe it is not availsble

for estimstion.
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Mkeiine phosphatsse was the first emiyme used for
isbelling antibedy. Today, slong with it meny other
ensymes have besn tried. Some of the commonly used

snsymes are listed below,

" Eoayee 1 “Source

1) Malite dehydrogensse Pig heart mitochondrie

2) Gludoss=6-phosphate leugonostoc mesenteroides
dehydrogensse

3) oméou onidase - Pungt

4) Peroxiduse Horse - rsdish

$) Acetylcholin-esterese

6) a;umm phosphatase Galf intestinsl mucoss or

o E.soll

7) Glucosmylese Rhisopas nivens

8) Lysoxyme Egg white

9) pegulactosidase .ol

Coupling of the ensyms and the protein without loss

of active sites of the two is a ¢rucial step in EIm.
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Coupling can either be dome by incorporsting an
intermediery betwsen the two components or by ectiveting
one of the componsuts initially to resct vith the second.

Olutaraldehyde hes been used for oross-linking of
proteins (55). Oluteraldehyde acts ss & bifunotional
mup m bme am be used very ﬁanunumu tu coupiing
ﬂnﬁti_ﬁﬁia 1t cen uthw b- und u . *om«atop’ (55) o
n. ’tvo-;wp' (Sﬁ) Jioking mtwﬁ. xu ou-um lirkage,
the snuyms and thw muu are mixed Sogether in ihe
presence of glutaraldehyde. The conjugntes formed are
heterc gencus end ham L] Mch,mumug weight., Two-step
linkege can only be used for horse-redish pogo;ig!nu
(HRP). HRP is umususl ia Shet 4¢ normally resots with
only ona sluteraldeliyds molscule so that aslf-coupiing
does mﬁ oocurs In this method, peroxidess is first ;
trested wish glutarsldehyde, the excess of which is
removed and the 'activated' peroxidase is allowed
to resct with the fres smino groups of the protein to be
coupleds Loss of aotivity is much less in this method

than Uy the one-step method.

The other way of linking the ensyme and the protein
is again used for HRP. HRP hes seversl oligossocharide



mum m tho:lﬁ oxidation to aldehiyde groups that can
react wi,;th auino ajoupa: 18 the basis of this mthod {57).
The ERP is Sreated with t=fluoro~2,4 = dinttrebeniens to
block ite fres asimo groups and prevent self-limking.
The ncébw“u are oxi“«d with sodium periedate, the
'nuntﬁ:-df' peroxidase is then allowed to nmf with the
" grhee sxlnogroups of the second protein and the Schiff
bases formed sre reduced to sodium borohydride to give

steble linkeges.

Dimaleimide linkege is used by Kato st al. (58)
to 1dnk rabbit - antd 1g0 with P-D-galactosidese. In this
method, dimaleimide derivatives oross link proteins by
mcé%in?g’ with the sulfhydryl groups. | B

In i Wpe- of Bxu thc z.dwud mtucu is
bapunud fun unubdud mﬂna by uﬁm uﬂam typ“ ot
‘noud phiun wuuuy Enguu ot‘ Pu'htnn (3%) had used
poxynynm tabu Ll mud phase. The amount of protom
mcaod to ooat tm-- tubu vas wry huh Mtw. these
phtu were ripl.oaod by ntuntun 9&:&0:. Tho oqpnauy
of th well is sbout 0.3 pl. m emall mlhon a single
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plate offersd the sdvantages of using less Guantity of
protein to cost the wall and %0 run many ssmpies ab a
time. These plates are used vary comsonly for Qualitative
snd mntthﬁn BIAs, Polymz.auq or agarase beusds
can be used as @ solid phese (59). Tiw time consuming
péoccu of centrifugation to‘ npgrau these beads from

. the soluble or 1iqguid phese is shortenesd if entigenm or

. ontibody is covelently linked to magmetio polyscrylamide-

agerose beads. and a magnetio rack is used to separats
the heeds from 14quid phase (59) Eato ond 'ot-ha*n; (60)
have used Ig0 ~ costed silioccne pleces s & solid Dhese.
Activated thiol « sephaross wae used by Uneds and others
(61). lehbomen and others {(62) have comparsd resuits of

polystyrens, nyion snd oyanogen bromide ~ sttiveted psper

as solid phases.

'ro cﬂoat tm prosence snd quantity of emsyms lsbel
prumt sn imn ansay sys tem, many substrates or subsirate
- V&MM.&M Icrnmn are smployed. After ensymatic
hydrolysis certein substrates produce s coloured prodaot.
In the case of slkeline phosphatase, sodium pare~
-nitrophenyl phosphate on enaymatic hydrolysis produces’

fres. para-uitrophenol which hed am intenss yeliow soleur
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which can bs read amaMphotmfrtc'nuy; In certein
other inetances the products of substrate hydrolysis by
themiéslves are colourisss. In such a osse an indicator
which uses ome of the resotion products to preduce &
¢oloursd compound is used. The colour formation is
directly dependent upon the amount of ensymstic
h’rm,lvnh{ HRP uses hydrogen peroxide as s substrate
$0 give rise tq nasoent oxygen which is used by
oolourless chromogens, the oxidised producs of which is
& coloured ocompound. A Mtt of subdtanoes are used as
chromogens for psroxidess such as o-disnisidine,
o-tolidine, o-phenylens - dismine, 2,2'~asino-di -

(3 = ethyl) bensothiazoline - éﬁulphonu avkd { ABTS)
or S-amino~salicylic ecid. Thers are various adventages
and dissdvantages associsted with esch of them, most of

which are discussed by Rook (63) st length.

BIM have been used sxtensively to detect entigeng,

haptens and antidbodies in Diological filulds, 1In mest

Gases the sssey system can detect the antigens or the

entibodies in nenogram quantities. The 1ist of verious -

substandes thet have been detscted by EXAs is given
&mn .
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1) Antibody to saimonslla Spp.

64

2) Antibody to V.ocholeras 63

3) Antibody to rubells virus 66

) antibody to Hepstitis Die antigen (HBeag) 67

- :5) antibody to rotsvirus 68

6} Antibody So influensa virus - &9

7) Antibody to S.preumonise 70

~ 8) antibody to Eohinocevcus ipp‘ 7t

9) Antivody to plesmodium Spp. 72

10). Antibody to Toxoplasma spp. o 73

11) Antibody o E.histolytios strain 8&9 | 74

12) HBe Ag 67

13) Mabovis entigens by

!) Eg bbg;g _. & sfg_:_xgg‘ s

1) gmuliav 69
2) Gsstrogen, luteinising hormons, humen

- ohorionio masdétfsppm »B

3) Progesterons 76

) Toyrotropin 77

$) Corsisol 78
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1) d.ntn‘taﬁmntn | | 79 |
'2) Heptogiobin N 80
3) Ant4i-DNA sntibedy 81

‘i‘im' above 1ist i only & inp&n of the neny

disgnostio uses for which the ETA has been employed in

efforts to develop simple and yet sensitive sssuys for

routine lsboratory use.
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X.

1. y_m-mgg_gngg irradisted colils,
2. M.tubsreulosis B Ry sonioste.

3. Alkelins phosphatase-~sntibody comjugate.

i teredintes oniie

03

Mstubsroulosis = Ry stroin wes used as a
stenderd humsn pathogenie strain. The culture vas
obtained from Nationsl Collection of Type Culturos
(W70, London, Bngland). M.tubsroulosis oMy (RGTC 7416)
lyophilised culturs was revived in Youmans' medium
{Modified Prosksuer and Beck synthetic medium) (See
Appendix) (8R) by inoculsting the totad contents of the
smpouls in 10 ml of medium. After 3«4 weeks of
incubation at 37°C. & sarfece pelliicle growth had formed.
On trensfer into a 250 ml flask coﬁm.mc 100 ml medium,
& thick pellicle wes obtained st the end of four wesks of
imbu;ttou at 37¢C. The flasks wers then sheken to
disturd the peilicle which settisd at the dottom. As
much medium ss possible vas removed by decantation and

the oells wers Airradisted in @ co“ irrediation chasber
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2.

(Installed by B.A.R.,C., Bombay) with s total dose of

2.4 megarads. The oelils wers then suspended in phosphate
buffered seline (FBS) (See Appendix) and spun et

40,000 g:mex for 30 minutes. Thres such washes wn
given %o imn sreces of Youmans' medium. Finslly, the

dells were suspended in PBS,

Ten ml of packed cells of M,.tubsroulosis Q”gg
prepared as sbove wre tﬂipcudua in 25 ml FBS and were
sonicsted in a 'Sonifier' (Bramson Sonic Power Co.,U.8.4.)
st 20 K for 13 mimutes. The sonicste wes centrifuged
at 40,000 g max. for 30 dwﬁu. The supernstent vas
further filtered through s O.43 pm wesbrane filter
(Millipore Corporation, Nassschusetts, U.S.A.). Tie
protein conteat of this filtrste, designated ss 'soniocate?,
was sstimated by the method of Lowry st al. (83) (See

. Appendix).

The sonicate was fractionated by Sephadex G-200

39
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N

(84)., Briefly, the sonicate wes concentrated Wy

veouum dislysis) the comcentrate conteiming 30 mg.

of protein wes losded on & Sephadex G-200 column

~ (Pharmecia Fine Chemicals, Uppssle, Sweden

2,15 om x 100 om) and 3.0 ml fractions wers eluted

‘with PBS and the ebsorbence recordsd st 280 mm on

s PMQ II wpeotrophotometer (Carl Zeies, Germany).

o major puk uppimd in the void vo&mo Two

,Mnor pesks vers amouuuud mbnqwnt).y (umn $)e
The sluaste under the thud pnx ;howod ons major

" pastemoving low moleculsr weight protein (ebout

20,000 da&iom) band and 3 to b minor bands

preceding 1% oa polyscrylamide gel slectrophoresis

(Maurs 2). This material wes designeted as

Praction t snd was used as the sntigen for

Asmunisetion after concentration by vscuum dislysis.

This antigenic preparstion was employed beosuse
' the antigems present in this frsotion constitute
the weter soluble antigens found in culture ‘
filtrates, PPD and sQueous extrects of myocobaoterie.
' Since these sntigens are essily extrsctable from
mycobacteris, it is logical to sxpeot tbaa to be
present in C8P in emn of TBN.
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Figure 1 3 Fractionation of H37ﬂ' sonicate
on G-200 column.
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Figure 2 s Fraction 1 from G-200 column on
polyecrylemide gel elsctrophorosis.
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" Mole resbbits welghing 1,2~1.5 kg vere obtained
from Haffkine Bio-Pharwmasceutical Corporetion Ltd.,

Bombay.
$
0.5 wmi of Fraction 1 containing 3.0 mg/ml of

protein wes mixed vith sn equel volume of Freund's
incomplete sdjuvent (Difco Leboratories, Detroit,
Miobigen, U.S. Ae) and omniﬁod; 0.2% ml of the
emuléton vas injected intredesmally at b different
sites on tho beok of the animsl. The hair from the
baok ves clilppig prior to _imanuéucn. Thres more
fomunigations vu-t‘ done aimilerly ot two-veek |
intervcls., On the 7th .dqy aftor the 4th dose, the
rebbite were bled through the ear vein, serum
separated cnd -nﬂbody ﬁtu checked by egar.gol
preciph fsaﬂ.oxi todﬁntqui (47) a8 descridbed in
Appendix. After this, Lmmunisstion wes done et

| mnﬂlbly intervels. The ravbits were bled from the
'mn?t when the antibody titre was 18 ¢.u- wore. Wor
this, the substernsl route wos employed. Sterile

18 geuge needles of 1§ inch length ottached to 50 ml

qydnsol were used. About 30+40 ml of blood could be

withdrswn from esch enimel at a tioe.
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One volume of ssSursted smmonium sulphate (AS)
(Sse Appendiz) was added to two volumes of serum
dropwise to sttsin & finsl concentration of iAS of
33%. The mizture was allowed to stand a% room
tempsrature for 30 minutes and them centrifuged b
8,000 g max. for 30 minutes., The sediment wes washed
twice with 33% AS, centrifuging and discerding tbe
supsrnstent esch tims. The sedimert wes thes
disscived in FPBS. Vith every step of AS precipitation
the presuspending volume of the buffer wae decreosed
very graduslly so as to get & concentrated glodbulin
solution. After dissolving the sediment ian PB3 it vas
reprecipitated twice as sbove and then fimally
dissolved in PP3 sgein. The solution wes dimlysed
extensively for 48 hours agsimst M changes of FBS on
s magrwtic stirrer at 4°C to remove traces ¢f AS.
Precipitates formsd during diajlysis wers removed by
céntrifugstion st 1,00,000 g max.” for 60 mimites.
Estiastion of the protein comcm; was done by ths
method of Lowry st gl. (83) s» desoribed in the
afpjnndls. The antidody titrs of the purified fresotion
wes determined by the sgar gel-diffusion method as
described in the sppendix.
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The ensyme alkaline phosphatese type ViX-8

(Sigms Gmﬁoﬁ Company, U.8.4.; specifioc activity
1250 units/mg of protein) was supplisd as a suspsnsion
in 3.2 N ssmonium sulphate solutiomn. The source of
the sniyme was bovine: intestine. The coupling of the
L. AnTyRe mil the sutibody was done by the ‘cne-step’
glutaraldshyde method desoribed by Engvell snd
Perimonn {54). BEssentislly, the method was as followss

| | 0.7 n of tu cuspouston ocntuning 4.0 mg

(sooo mmm) of nnyn was tramhmﬁﬂ to . cesntrifuge
wbn md ﬁpun n ae.oeo 8 nmn. tar one hour. The
mpwmhnt vas ducmdnd. The mumnomsu solution

| pﬂpmd "» dueﬂbod ou-uw was adjusted to &

comun&rﬂim of 2 mg/ml in FBS. .85 ml of this

noimlon ul addod w tho ouy-t punot. ‘l‘hl pouoi

. was dzuolnd in tbo lomu.on md the oontontl ot the

| nntru\uo tub. wn trmrcnm to s «.awus tube.
'rb aumu vas dom ovormm ai §e0 uuimt ms
(pn 1.2) to romvo wmo niom aulphnto. ‘rho dislysis
lug vas onpticd in & messuring oyiinder m the volume

. of the solution made $o 1.0 m1 with PBS. 10 ui of 20%

Sluteraldehyde solution (Sigma, steck 25% acusous
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solutien, dﬂuﬁd to 20% by PAS)’ were ad&qd.‘ The vontents
vers sllowad to nm ‘at room temperature for 2 hours
efter thorough mizing. The wixturs ves dislysed against
P85 at 4°C overnight with 2 chenges of 2 litres each.
Solid sucrose vas sdded to ths mizture to a finsl
eomnt&aticn of 104 and. the mixture was lended on to »
Sepherose « 4 B colusn (Pharmacies 1.7 cm x 48.0 om)

; mvteui:y.adutubﬁtm with 0,035 ¥ Tris HCL1 buffer

pH 8.0 (Ses Appendiz)s 24 ml freotions were eluted with
the samé buffer. ThS sbsorbance of the fraotions was reed
et 280 mm. on the spectrophotomster in Gaarts cuvettes of
! om. pith length. A graph of freotion musber Ve.
‘d.uqnm;m- was plotted and the girst ﬁe_ak ot iromln was
pooled after ohﬁ_'cm.»pc the snsymatic sctivity of eech
freotion. Ths protein contens of the pooled fraction was
‘estimated es desoribed in the sppendiz. Bovine serus
sibusin (BSA, Centron, Bosbsy) vas then added to s finsl
cém_tnﬁ-aﬁ.@n of 1-*.‘ thg conjugute divided into aliguots
g_nd stored at f-Rqu. m-w thqﬁtd sliquots wwre kept

at 4°C in equel volume of glycerim (Folypherm Privete Ltd.,

Bomubay ) .

1) Tstimation of the enzyme ectivity in the conjugste.

2) Titeation of the conjugete with s fixed amount of
solid phase antigen (357 Rv ceils).



3) ’l‘l#ﬂtim of the selid phase sntigen (B”Rv é-‘m)
with s fixed ssount of she conjugete (1310 dilusion).

4) Stendardisstion of a competitive inhibition sssay
using HyRv sonicete. |

1) Diethamolemine butfer (1 M)

Magnesius chlsride, (61,0) ese Out gn
\ ‘-4

The ingredients wers dissolved in 500 al of
dietilled water. 1 M. HOL was sdded to get & pH of
9.8 and the volume made to | litre with distilled water.

All resgents used wers of smalytical grade.

The buffer wes stored in an ssbesr coloursd
bottie st 4°C,
2) ,'aartmgmm-.u solution » Buffer-substrate soluSien

was prepared juss prior to use.

Disodium psranitrophenyl phosphate (Sigmm) «.. 25 mg.

Diethanolamizw buffer eee 25 m)
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The tinal concentration of the substrate
disodium paranitrophenyl phosphate wes 2.7 mMi

Sodium hydroxide solution (MeOH, 1N)

Sodium hydroxide ses L gm
Distillied vater eas 100 md

Two =1 of buffer-substrate, solution were mixed
with 50 pl of different dilutions of the glycerinated
antibody~snsyme conjugats. The resction wes allowed

S0 proceed for 15 mimutes st room Sempsrature and

" then terminated by eddition of 1:5 ml of 1 N FeOH:

Parsnitrophencl; the exd product of ensymstic

. hydrolysis of pers-nitvophenyl phosphets by alkaline

photyh-s-n. was unmd npucsmphotmlwu-ny at

&03 ] udmt s hutfwaubumt- blank employing &

. standard curve prepared a8 follows:

!'0 dﬂom&m tlu nbaox‘bmo prodamd by

pnrt-»nﬂnpluml a standard curve vwas plotted: A

series of tubes conteining 1.9 nl of the 1 N

d;cta:ﬁéiutm buffes were pﬂbm‘d snd 100 pl of

appropriste dilutions of para~nitrophencl dissolved

in the buffer wers sdded so as to give final amounts

of 0,72, ©.36, 0.18, 0.09, 0,036, 0,018 , o,oég snd

46 -



.Obs molos rnpnottulv. 1.9 :1 or 1 ll Mﬂ *“
uddnd ‘and tl:n aboofb-m ruom!od uatnw . butnr
blank., The waph ot parua—mm»haml mmmﬂannoni
Ve, sbsorbence was plotted (Figurs 3j. Amount of
para-nitrophencl generated in the enzyme substrete
mixture was diuct&y z!ud from tin gnph. The ensyme
wuﬂty in tiw conjunm ﬁn oﬂmﬂ.ﬂmd nua: the

| tbuw:l.u romhw ,

‘Ensyme aotivity in wmoles/mg of protein/hour.
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One volume of .a”nv ﬂtﬂdﬂ.nﬁdj. packed cellis vas

suspended in 2 vo.:n:gu of PBS so a8 to give a packed cells

volume of 0,33 ml per =l of suspension.

'O.1 ml 0f pucksd cslls of HB.'R" suspended in 0.3 ml
‘wers tramsforred into o sories of tubes. Ensyme-antibody
. conjugete was added to esch of the tubes to give finel

dilution of 1110, 1130, 13100 end 11200 respeotively.

" The resction volumes werse made to t ml with PBS, The

miztures were incubated at MG overnight om a roller drus



Figure J ¢ Absorbence of parsnitrophemol
at 405 mm,

~
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_umoles of p-nitrophenol added
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(Roller drum spparstus, model SYN 152, Emenvee, Puns)

st a speed of 12 revolutions per hour. The cells were
ﬁh;n‘ wasiwd with PBS containing 0.1% v/v Tween 20 (Mann
Research Laboratories, Mew York, USA).. The washes werse
given on d.hs um mesbrane filters (Millipore) employing
a 25 wm sintered glass filtretion sssemdbly (Pushpak,
.'Go:mii:c, vmm. The memdrane filters along with the
batterial cells were transferred $o tubes, 2,0 ml of the
bulfer~substrate solution was sdded to the tubes aend the
resction sllowed to take place at room temperature.
Tubes were shaken intermittensly to ensure contact of
all the cells with the solution. After 60 mintes the
resction was ssopped by sddition of 1.5 ml of 1 X NeoOH.
The pﬂ}lh and the reaction mixture were separated by
vacuus f£4ltration using 0.45 pm mesbrans filters
(!u_;ln;.pon)_w The filtrate was transferred into ocuvettes
and -ﬁsoﬁum: readings were taken in the
nwdd;wphntomur against a buffer-substrate blank at
’wﬁ ma.  On the Dasis of these readings (Ses Resulss),

. conj{ﬁnu dilution of 1310 was used for standerdisation

of th? inhibition ssssy.



k.

In u set of test tubes verying Quantities of tiw

baoterial cells were sdded sterting from 0,00835 mi of
packed cells ©0 0,133 ml of pecked celis. Each point
ul'o assayed in teiplicate.,  To the tubes 0.1 ml of
nﬂtibody«uyﬂ oonjugate wu oddod una ﬂu ﬂml -
volm made to 1.0 ml1 with PBS. l‘huu tht ttun

| dimton of um&bodyconsm oonauanu Olpl.oyod in the
- uny vas 1:!0. oumm tmubuion. wuhwl and the

'uuy was osrried out us dner&b&d nbon md ﬂno

ib-ozbuau rnordod at 405 mm, A cﬂwh of noum of

| '«uc Ve, sbeerbance was pmmd. on the buu or this

cruph. Qo n& ot pwm ooxu were uu& ta' mﬂhr

uporuontc (8« nomnt) »

Q«t mi of antibody ~ emayms conjugate was mixed

with 0.6 =1 of sonicate of aﬂav conteining 1, 5, 10,

25, 50, 250 and 500 ng of protein., Esch antigen
concentration employed was tested in triplicete, The
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sonicate ond ensyms - antibody conjugate mixtures were
11»\@“04 et 3)°C for 1 -iamr. The mixtures wers then
ﬁl’ﬂ%’fﬂ'ﬂd 'toffubn containing 0.3 mi of the solid phase
antigen conteining 0.1 ml of packed B”av cells. The
tubes were 'iwubstcd,ua ths roller drum overnight at

h’eif After insubation, the urbound qnt;boqr. X008

m& an’iggm and immune ’qomp‘loxn free from so0lid phave,

were weshed out ae desoribed sariier on 0.4 ym membrame

nl?tﬂ.' The addition of substrate and 1 N NeOH were
um:-ud ous a8 described esriier. A graph of the ssount

of goueaco Va.% reduction in shsorbance was plotted.

ELIBA on CSP samples

CSF smnples wors obtatstud from King tdwngﬁ Vil
)!uoriol (K.B-a.} Rospital, 3&!:-7 .nd ﬂnbr Hell Mursing
Homs, Pune. . Smmples were collscted in sterile contsiners
and processed as early ss possible, As desoribed in the
ﬁoli:l.owi‘ng sections, the ssmples Vers processed for
routine leborstory investigetions end s purt of the

cell-fres supernatant wos used for BLISA.

. 0.5 ml of CSF was mixed with 0.1 ml of antibody

enzyms conjugete and incubasted et 37°C for 1 beur.
0.1 ml of pecked a,,av cells were delivered in a volume



|

cﬁ' Q-"Ill in PE8 into the mixture. The final volums was
sade 8; 1.0 mi, Raoch CSPF was tested in duguo'otu. The
tdbof wn mubatcd overnight on e roller drum and th
solid !phno antigen vashed on 0.43 ym mesbrene filter
a8 desoribed earifer. After this the substrate und
NeOH were added %0 $he solid phase s dssoribed earlier.
In on'?r] mﬁh of tests the following controls were
included i1~

l

1) 0.3 mi solid phase sntigen (0.1 ml packed a‘wm
'gells) with O.1 ml of antibody -ensyme conjugate
:im 0.6 ml PBS.

2)‘{ 0.3 ml solid phase antigen as sbove with O.1 ml

.I of sntibody ensyme conjugete snd 235 ng sonicats

 sntigen of HyRv in 0.6 wl #8S.

$ I the fiuid

wes cleur in eappesrance, 50 nl of CSF wers mixed
with 50 pl of CSP diluting fiuld (Bee Appendix)
and the mixture rum imo & modified Neubsuer's

chamder. In such csses usually all 9 big squares

51



02

ware counted. If the CSF was turbid white cell

counting pipette was used. The CBF was diluted

1110 wish the diluting fluid snd then the count

wf’u made. The motual count was oalculated efter
taking into conmsideration tie dilution faoctor.

: CSF was. centrifuged ot 800 g wax for

. 30 wimutes snd the sediment was used for
'dfufoﬂattu cell count, smésy and oulture. The
g?wrmum was used for biochemical tests and

BLISA.
|
A drop of the sediment wos placed on & olean
|
#lass~slide. A smear was made, dried in eir end
stetned vith Wright's stain. The cells belonging
to different groups such os asutrophils end

Jymphooytes were counted.

) lm tA loopa'ﬂvéf" v‘m udtmuﬁ vﬁ ussd to make

» smesr. After drying the smeosr was fixed by

'passing 1t thiough e flsms. For steining 0.3%

'carbol fuchsin was poured on the slide and was

.Iﬁqtia till tiw vapour started ruing.‘ at »cnbol
mmu us knpt ou the sudo for 7 m.mtn. The

| -ua. vas nulnd uuu t.p mtu* md dipped im 20%



: m}pmﬂb acid for 11 mimtes M.H; the background
‘w-fiadlmtlly destaimed. After vashing it was
stained with dilute wethylene blue for 30 sesonds,

| wasbed snd dried. At least 100 ofl immereion
v'ri;qwu were scanmed for the presence of soid-fast

baoilld in CSP sediment.

o) ggm 1 Two slants of Lowenstein-Jensen {L.J.§
sm ,Appendix) (8s) nédﬂum were used riw sach
"nn-pu. one loopful of sediment was stresked on

“oh slant end thc :huta were &mubuud nt 376
__ror Y6 weeke. They were nupccatm for groveh at
v wokly iuttriﬂﬁ Qnd :l.t‘ im un m croﬂh st the
‘end of 6 wasks the #lants vere dinudod. If there
'wes any growth it was subjected to Ziehl-Neslsen
staining ¢nd the meutzral red test %o _dﬂtomln!ﬁ.
whether the orgenisms wers classical pathogenio
mycobacteria (86).

Beutiel red test s (Dubos and Niddlebrook tess) + 4
Joopfud of grewih from the L.J. slants wos treusferred to
5.0 ;il of 50% methanol and ina@qtnd at 370 for one hour,
The igrovwth was eallowed to settle and tho supsrhstant
duéndta. A second wesh was given similerly with 5.0 mi

of paﬁmthmh 5»01 mk of Qlklufﬁ barbital i
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B
(Ses Appendiz) and 0.2 ml of 0.05% agueous meutral ved
solution were asdded to the growth sediment snd
lm&-u& at 37°C for one hour. The tubes were shaken
. 1nt-mut¢nt1y. Pisk %0 red staining of tho clumps of

mwh indicated n positive test Loy chui.anx

wtpogmu -uyco‘bactcﬂ 8

1 8 Wot‘din content of the CSF vas

utuﬁcd by the method of Lowry st al. (8)) as
dour&bm in the appendix.

0.5 ml of CSP diluted 1110 and 11100 were
tﬁmhmd nm‘ two tubes containing 2.8 ni of
‘alksline copper tertrate resgent. O0.25 ml of
:uuuud Yolin-Ciocaltesu reagent wes sdded to sach
Emhc and the ebsorbance resd 30 minutes lator st 660 mm.
!A. distilled vater blank end a standurd protein
:wmuon {100 ng/ml) were slsc run simulssneously.

The protein concentrstion was caloulsted by
vmr.om-m to & standerd greph.

1
¢

The estinstion was done by tm? Nelson ~

|
l

Somogyds method (67) (See Appendix).
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0.1 ml of CSY was mixed with 3.7 ml of isotomic

| diluent and 0.2 mi of sodium tungstate solution.

. The precipitate formed was diecarded by

'. mptﬂmntun. 1.0 ml of the supernestant vas

!. trbutwm into a Folin tube containing 1.0 »l ot
I;ﬂmw&tt, reagont. The mizture was ‘wgm‘nrud to &
<;_l§o$1.1ﬂ. waterbath sand kept tc_v_u ,n‘,‘l,mtn. After
lcoolgnt for one mimate, 1.0 ml of Nelson's reagent
;i_w-l MM lﬁd the nlmmdo to 2.5 mi., Vith eath
%"uuw of samples a standard of 100 mgh of giucose
.na ® blenk were run. The smount of reducing

' éuﬁﬂbwn prosent in the CHP was calculated by
’éumm $0 the stondard graph.
'This was done by modified Volhard's meshod (88).\

0,25 mi of GSP were mixed with 2.5 wl of stiver
n'uraﬁ (“mﬁ) solution and a pinch of ferrice-slum
ihdicetor. After five minutes potessium thiooyanate

' (Lﬁs&ﬂ) ‘was added dropwise till the centents showed
fétu& brick«red coleurs The smount of KSCR meeded

to achieve the end point was noted and the amount of
| ¢ . RO .



ohiorides present im the CSP was celculeted using

the following forwule ¢

of KSCH needed for r iden 5 400
ml of CBF added

= Oblorides in mgh.

o6
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smayws conjugste ¢ The entibody - ensyme cenjugete
contsining 5% ng/ml of the conjugated Mibo.dy,
3 lu/lll of BSA and 350% (v/v) glycercl was sssaysd
furvdgﬁm- sotivity. 350 ul volumes of 1110, 13100
snd t_an dilutions of glycerinsted antibody «~
onnyqbn conjugate were mixed with substrate and the
onm?'u sctivity asseyed in terms of amounts of
pun?&trophaml genersted (See Methods ).

| .
~ The aversge ensyme eotivity of the sntidody-
anm;n conjugate was 158,395 smoles/mg at.m“&n/hr.
(Tib’u 1)+

i .

Dilution of 'the |Protein jAbsorbenoce ;Total smount of Ensyme
conjugste .oout-m ‘at 403 mme .pmnunphtml‘acuvuyu
- - H o”h '6 . _
1110 275 ng V2 - e
(som) | | e
151000 9.8 ng 0.58 0. 1224 18.13
(50 n1) o ~ umoles e
111000 2,75 ng  0.06 0.0126 18,66
(50 ni) umoles

» Abo_orbwo at the end of 15 mmtu.

sctivity in smoles of parsnitrophencl liberated/ng
of' protein/hour.



In order to develop » sensitive assay to detect
the myoobacterisl sntigens in biologicsl fluide, it was
| necessary to use optimum aomomhtiam of solid phase
: auuwu‘ru and, antibody - ensyms anujugsﬁm. ‘ftwatiom :

weye domw %o u?r%u at m uéuum. 'mm-ntﬂnom of

"' the soldd phise entigen énd the conjugete to bs used by

- varylog one of the components st o time.

6.-3 m} of aﬂm ca.n susponsion conteining 0.1 mi
of packed cells was nixed §1th appropriate amounts of
_the unﬁiboﬁy enayme conjugate to get & t;ugl dilution of
‘ ,11119. h”. 11100 and 1:209 and the ﬂ-nﬂ voi.m vas
mede 82 1.0 a1 vitn 5. ‘ '

wt the requisite pericd of inoubation, the
solid gua-‘ui was weshed ond substrate sdded. Following
Anoubation with substrate, the solid phuse was disocsrded
and t;thqj supernstant was rerd in & speotrophotoneter abd
408 i I»(w Methods). The mmount of entibody cosbiming
with the solid rﬁhnu antigen decressed with cech

diluticn of the entibody ensyme conjugate used. The
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triu!‘.il of this assay are shown in Table 2.

mmwzm of she. antibody ' ADSOrDANO® st 805 om
- onnyuo conjugets used (n k3 8.5.)

1
1110 ] 0.72 3 0.0243

1150 | 0.3 g 0.0163)

C 100 ! 0.28 4 0.00814

'.l | $ 1200 ) :; .18 & 0.,00592

- The finsl dilution of 1310 of the conjugste

was employsd in further expsriments.

~ Packed cells of 'a-,,m, the solid phase antigen,

were mixed in smounts of 0.00835, 0.0167, 0,033,

| .066. 0,10, o. 133 wl with a nqntnib& vu!.m at the
nnttbody ensyns oconjugete .ud RS to g:.n . nmm

dtlution of ths conjugats mo. e i.wub“&oa, nah&u.

addition of substrate and sssay of liberated
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|
paranitrophencl were csrried out es described earlier
(See Methods)., With a fixed smount of the antibody
- smayme oconjugate sdded, varying smounts of solid
vhm! antigen shoved a Adnear inoresse in sbsorbance
with t1:!:91 incresse in the smounts of solid phase
untm‘u sdded (Ses Figure 4). Tor the standardisation
of mlo competitive inmhibition sseay, 0.1 ml of the
a”av ocells suspended in 0.3 mi vwas selected as the
optiwel smount of solid phase antigen bDecsuss the
 absorbance of 0.7 obtained with 0.1 =1 of solid phase
antigen wes considered fairly sdequate and in the

iinesy renges for carrying out competitive inhibition

| To determine the amount of the mycobaoterisl

sntigen present in the biologicsl fluids it was

uoainm to quentitste the smount of inhibition

1

|
mdt%wcd by s known Quantity of nonparticulste
mtluu sutigen. The nonparticulste protein in the
fors of orude n”m sonicats competed with the

| _
60l1d phase sntigen for @ iimiting amount of the



Figure 4 + Incresse in sbsorbance with ineresse in
quantity of the solid phase antigen
(H”Rv irradiated cells)

Absorbance at 406 hm.

WA a0y e o 0
D g aap o g e g ey

o1 2 + & 8 1o 12 14 16 18
Amount of Hz7Rv Irradiated cells in PBS in vnits
| U = 0-00835 m| of packed cells.




sntidbody edded in the form of the nniibody - -myu‘
conjugate. The soluble Mup complexes formed
were washed off on the mewbrane filters snd only
the solid phase antigen with the antibody atteched
%o/ 1t participated in the colour resotion by thw
eniyme. One ng to 23 ng of protein of tiw a;ﬂav
‘sonicate ceused a linearily fncressing reduction in
t‘h;i' sbeorbance Hecauss of 'cnizpﬁtuin innibition.
The inhibitory cspecity resched a pesk at 50 ng of

the sonicate antigen and there was no further decrease

61

in sbsorbance with further inoresse in the ssounts of She

l
competitive inbibitor. A graph of per ceat redustion
in hmbéﬁnmo with inoressing smounts of inhibitor
an"iigop is shown in FPigure 3. ‘no‘duution in

|

. ,;dmoi"bg,ﬂ”,ﬁl‘w‘(bt sbout by different concentrations |
of the inhibitor were tested stetisticslly (Teble 3)
suploying Student's 't' test (89)s Ten ng of

: sﬂmuw antigen could reduce the sbsorbamce LY

" 0415. This w’m“mghly significant by Student’s ‘¢!
sest ('p' velae( 0,01). Henoe & reduction im
sbsorbance by 0.1% or more was taken a8 an indication
for the presence of the wycobamcterial sntigen in the

f£iudd under test. It wos deoided to report the CSPF



Figure 5 1 Percentage reductiom in sbsorbance with
incresse in the Guantity of nonparticulate
entigen (Hnav sonicate).

-°., reduction in absorbance at 405 hm

1 ;5 10 z'o Z;O 4'0 5'0 60 70 8'0 90 |5o 500
ng. OF SONICATE added



Frotein contont of | Wean sbacrbens: 0 Decrosse in | % Reduction im| 'p' velus
nomperticulate ! st 405 m | ghsorbance ¢ sbsorbemcs |
entigen sdded ¢ . e i |
0 " —— : ] " ‘—..- - ST
0 ng P o R
R - V‘T = it d " £ ‘i e
1 08 L 0.3 100 L w2 Me
ey e B ¥ . ; e : RPN
5 ng ¢ 0.7 i 0.03 ' 4,054 1 p<0.08
- - S A oy = ‘ = - - enarmes : . - oy
- -, ;s 7 fﬂm:_ : , . e " ¥ " " RS TR
v25 ng : 0.53 ! .21 ' 28,38 3 p (0.001
XS N TN N N TR IO
100 og 4 0.5 ) 0.23 ; 31.09 . X4 0,001

¢ Not miguificant




ssmples thet brought sbout reduction in sbsorbamce
Dy 0.15 or more ss positive. For every batoh of

| |
tnt'n 10 ng of sonicate nptigen was used as an

futernsl positive standerd for inhibision.

4 I’or sm Qtndy. 03!* nﬁphc vere ﬁolhcud

tmm u.mm uolpnal. !onbw ann Ruby ml.l mam
Hm. mm, . Ex«p& tm' the nnﬁl of m:rau
ecwuhioxn .u thu oihtm vere inpatnnuc nuoa
on Gho mtwy, auuuui un’.mtton nml uaﬁ.mttou
af tm 03!'. enu mn duuod anta Vﬂ‘;mﬁl poupa.
is wn not puubu to ecnwt ear tra wual
ma!mmr iudtvidn-m bwmn pr the obvzl.oun wmﬂan&
d&fﬂwlﬁy. Yor tm purpeao- of pressnt study,
ahudua vho had n aox'nil car pmﬂh om had .

wm.xa wuwu:&en nmd n mmul ﬁonti-ou. 'li‘hi

px*arnu ot tht nriowl ma:a are a8 n;u.owu

tis ¢ 15 cases diagnosed a8

tuberculous meningitis on the basis of slintosl
rindings and lsboratory profile of the CSF are the

test cases of the study. Eleven patients were
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ﬂnl'"u end tbur males. ALl the pattdﬁ_tc belonged
to tl;’i pasdistric agegroup with the age range of

6 months to 10 years.

Dased on the mode of onset end progress the

above 15 cosas wore divided imto two groups nawelye<

. 8) Acute tuberculous weningitis ~ 10 ceses
and
;h) Subsoute tuberoulous meningitis - 5 cosos,

joizte TBM 1 These patients wers odmitted for high

fever, vomiting, disorientstion and convalsions for
@ fev days. ALl tiw pationts gove history of low
qudi fover, cough, loss of appetite for a durstion

'njt 8 few weeks to 8 few womths prior to admission.

Clinical exsninstion rovesled signs of
;mniﬁgul irritation such es neck rigidity,
pressnce of Kernig'e eign snd Brudsinski's sign in
all the ten cases. In addition six patiexts showed
clouding of consciousness. All the patients ﬁhmod
ovidenoe of hypertonis, exsggerated desp reflexes
and showsd Bedinski's eign. One pstient showed

hemiparesis.
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W ¢ All the five osses had symptoms of
central nervous system involvement for a fow weeks
to a r'month. Four Cases Wers admitted for clouding
of cémoioupmn.u. One patient wes sdmitted for
eomauion-.l Three patients were unconscious éf
the !&m of sdmission. | One patient gsve -Q‘h;ai;ory
of hecdeche, fever and vomiting for three weeks.
One patient showed; chorec-athetoid movcﬁantn &r__
’tho:right hnnd. |

!
, Clinioal exaninstion revealed signs of

meningeal irritation in all the five casos,
WrtSMa, oxtensor planter and exaggerated 4-'.9
rnrfhxn were presont in ell the five cases. fhon
"nrb no l.oéaunu signe.

l .

| BExominstion of CSF showed the following

prcéuhlé

ApDeerance ¢ Clear (8 cesos) cloudy
' (7 ceses)

Proteins s Aversge 278 mgh (Ronge
B 43837 ngh)

Sugars s aversge 32 mgd (Renge
| th~48 mgh) ‘

Chlorides ' s Avorsge 527mgHh (Renge

520740 mgh)
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Total 081l dount 4 120 cells/cum (Renge
! | 15-820/cmm) +

Predominent cell typs ¢ 63% lymphooytes (Range
' o 50~100%)

35% Neutrophils (Renge
0=50%)

' Smeers prepared from cobwed and the sediuent were
steined by aul':i-k‘cnua'a.toohniqm. No acm-t‘aoﬁ

)
bebilll were sson in sry sample.

The sediment and the cobwedb vere cultured on
tmnmum-hmen medium. rk-om three CSP ssmplos
sl.cw-ngrwtm aoid - fast bactut coum be uolatod

after U-6 weeks' inoubation. ALl the three umplu

don potutn neutral red tut. ’

L]
I

ELISA tests for mycobacteriasl antigens woere carried
put on sll the fiftesn semples. Twelve CSP semples

gave pouti‘n results.

| Out of 15 patients six patients died during the
'stey An the hospitel. In all these &ix ocases CSF
' exsmination for mycobacterial antigens by BLISA test
' hed yielded positive results. One case was sutopsied

.' ond the diagnosis of TBM confirmed. Thrao of the
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patients who expired hed AFS positive CSF by cultursl
oﬁ&innﬁnn. Six patienta showed distinct clinioal
#wovcuot folloving treatment with entituberoular
d;lmsu (8traptomyein, Isonicotinic scid hydraxide ond
Rifempicin). The CSF pioture had returmed %o norsal
after thu"r'-py. for ons month in these cesss, No
followeup dste is availsble for the remsining three

G;“.' *

Out of twelve ELISA positive coses, diagnosis
4f TBM could bs confirmed in three cases by culturs
t!sl‘ Cc8p, in ore case by sutopsy studies and in six
¢fmuu by virtue of olinical fmprovement and zecovery

iol&owint treatment with satituberculer drugs.

X ‘!‘lﬁn vers six
ocsses in this group. Out of the six onses two ware
mole ohildren end four female ohildren. Their
respective sges were 14, 14, 14, 2, 24 end b years.
:'Au the dx children were sdmitted for fever and
convulsions. Nome of the aix patients had signs 6!‘
weningesl irritstion. Two of the fenale .ohn.dron
shoved signs of malmtrition. One patient was

unsonscious, had generalized hypotonis and right
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bemiparesis. This patient dsveloped severe dtnnhoiu

an"d died &n the hospitald.

CSP examination showsd the following profile:

Ap'lpiatan” vee Clocr
| ?gl_'lvotos.m - s Avaroge 42 wgh (Range 26-57 ngs)
sﬁgm.- , | eve Aversge 60 mgh (Renge 41-80 mgf)
cﬁurmu, +0s Avaroge 675 ‘mgﬁ_ (Range 62B8+-760mgh)

]

Totel cell count ess 0«2 colls/omm
Predominent oell type.. Lymphooytes

i v . f

BELISA tests on the C3F somples tob the prcnné‘n
bf mycobscterisl entigen wore msgative in all six cesss.
. ) ‘ ; _
Four petients were discharged on the dey of
sdmisstion ss Cases of fobrils convulsion. One patient
‘dled. The remaining patient was kept in the hospital

. for treostment of malnutrition.

s 1 S5ix ocoses of suspected

virasl meningoencephalitis have been inoluded in the
' study. Two of thess were famsle children and fous
' mole children. Their respoctive ages were 3} months,

-84 3 7o 2, and 7 yeers. Ons patient gave & history
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of having received entirsbies vaooine, following a
!} dog-bite, 3 -wmonths prior to aduission. An the
patients presented with mild to moderato fever of
!2-8 daya; duration. Three ceses had generslized
oconvulsions. Ons petiocut had clouding of
|gonsodousness and disorientation. Two patients
vare adni.wed' in umoudm stote. .Gn ‘ux@iﬁacion‘
|of the mervous eystem three ‘paum.wn showed

S

hypertonis, one showed hypotonis, four showed

exsggerated deep refloxes.

Bxemination of CSP showed the following profile:

Appesrance $ Clemr
 Proteins ¢ Average 59 mgh (,an.ngq 23110 ngh)
Sugesr ‘ s averoge 56 mgh (Range 4080 mgh)
[Chlorides s Aversge 634% mgh (Renge 3580-700 mgh)

Totsl cell sount & 8 cells/omm (Renge 024/ omm)

‘gﬂ:om:mnt ceil , gymples with high cell count
j P showed lymphooytic predominence.

| BLISA tests on the :éév asmples were negative for
the presonne of mycobsoterial antigens in all six

|O“QI5



| Tws out of aix patients died in the hospital.

Ons of them wes olinicelly diagnosed as post-vacoination
|¢mphulop§chy due to enti-rsbies vaccine and ”', |
other ss Reys's syndrome because of dersngement of
Aiver fumctions and high levels of blood smonias and
_lblgaod ures. Out of the six, remaining four were
|dtsoharged sfter citinical improvement :ol&oniﬁs
ltt’iattone with corticostsroids, mannitol and

intrevonous fluids.

"tql Pyogenic meningitis 1 Seven cases diagnosed es
pyogenic meningitis on the bssis of clinicnl findings
| and the lsboratory profile of CSF were also included
| in this study. Al; the patients were males. Their

respective ages were 10, 22, aé. 29, 30, 351 and

' 48 yoers., all of tiwm presented with severe hesdache

, and high fever of 3-8 dwo" dureation., Two pationts

.am had disorisntation for 1-2 deys, t’ﬁto were

unconsoious et the time of admission. All of them

' ahowed signe of meningeal irritstion.

-’ Exenination of the CSF showed the following

profils

Appo srance 3 Turdid



Protesin

mgri
Chlorides
fotel cell count

éﬂdWl@nﬁ cell
type

Smear

|

average 580 mgh (Rangs 152-1790 mg#)

- Averoge 21 mgh (Renge 8461 mgh)

Avnrm"éao mgh (Range 580-720 mgR)
160 /o {Range 100500 /ouma)

80-95% msutrophils .

'Gram positive cocci seen in 2 cases

A1l the patients wers trca;c_d with entibiotics

(Ampicillin, chloromycetin snd cotrimoxezols). Three

patients disd in the hospital, the remsining recoversd

with the trentment.

|

 BLISA teats on the CSF eomples for the prosence

a?t wycobacteriol antigens were negative in ell the

aia::um ,

s 1 Thres cases

u]hovi;m signs of meningeal .ixﬂéithti.on without doﬁﬁiu

svidemos of woningitis were siso included in the study.

*lfhi deteils of the csses are ad follows 1

" l .
i) Ome yesr old femole child wos brought in for

fovey, vomiting end aoaﬁulﬁiom- Sho was

cumeiom. héd inoressed tome in all four limbs
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and brisk deep reflexes. Exeminstion of CSF
shoved 52 mgh proteins, 80 mgh suger, 660 mgih

chlorides and 3 lymphooytos/onm,

11) Two year old femsle cbild hod dry coush,
|

breathlessmess, fever and tonic spasms,
Exewmination of lungs showed bilaterel
erepitations and harsh bronohisl sounds

suggestive of pneumonitie, fxsminetion of the

norvous system did not show sry sbnormelity.

B exeninetion showed 74 wg® protein, 56 mgh
suger ;am‘l 680 mgh chlorides. No cells were

S080.

Four yeor 014 mele child wos admitted for
headache, moderate .“vqx'.. qomgxltpml and
disorientation. He hed meck rigidity, hypertonie
and amiwuu- ilgn.l GSF showed 58 mgh proteins,
4l uﬁ wéar end 720 mgh chlorides. No vells

were saan.

Exeninetion of CSF for the presence of
mycobacterisl antigens by BLISA in el} three

coses Wb nlswivc';..
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DISCUSSION

Tuberculous meningitis 1s ome of the commonest
cmo;b of meningeal inflsxmotion in the pasdistrio
po;mxn;tioa in Indie. In spite of the very high
morbidity snd uort'uuﬁy“ rates (3) the disgnosis of THM
ts bn;crd meinly on clinicel presentstion of the paticnt
ond leboratory examminetion of the CSF. A 9&&.5?
presenting with consotitutionsl symptoms suggestive of
tuberculosis like fever, cough, lethargy along with
signs and syumptoms of meningitis is diagnosed as e cose
of TBN. Leborstory exsmminstion of CSF usueslly shows
moderate increass in protein content, a decrecee in
auw!comqm snd @& reoduction in chloride content along
with iymphocytic exudate. All these oritoris are
Nhﬁ;.w oriteris. Definite limits connot be eet oi the
dtagnéatie finding, bence there is an overlap in findings
nuun%ti.w of TBM and those suggestive of pyogenic |
nmeningitis. MoGee and Keiser (24) heve mentiomed that
there ih an overlep of 30-40% in ocssvs of TDM, pyogenic
meningitis end virsl encephalitis es for os the CsF
profile is concerned. In late steges of pyogenic
mn&n?itio the cell ocount mey show predominance of

lymphooytes rather then meutrophils which ere associated



very fcos-onl.y with acute inflammation. In & few cases
of acintﬂ TBM slso, nesutrophils are tounq to mmin;tt
the cellular picturs. From the cell count it i very
mrwfmu to differentiaste o oaﬁo of viresl encephalitis
from ?- case of TBM e agein in both the osses cellulsr |
oxudaf:o is supposed to be prominently iymphooytic. A
'vnuuivoiy higher reduction in suger content of CSF is
found lin cases of pyogenic uningﬁi. but it is
dirsicult to define a definite limit to differentiate
betwesn C3F of pyogenic seningitis and of TBY. Since
211 the constituents of CSF mentioned above vary

nonspeoificelly es e result of inflammation, 1t ie very

difficult to sssess tho usefulmness of these investigetions

a8 the diognostic method. Due to this, demonstration of
the ceusetive orgoniems 1s the only definitive way for the

dum:iu.

: :%n csses of TBM ohances of detecting aaidmrut
becilli in smears prepared from the sediment of Cay are
very Lofu‘ (6), therefore it is not possible to arrive ot
the b‘aof&riologic sl disgnosis by exemination of a amesr
elone. <Culture and guineapig inoculatiom for the '
dzum‘ﬁia are slso umcﬁ;itaotory; in the urat.phﬂ

the procedures redquire 6-8 weeks for s definitive
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di.a?snoei,:s. THM being am ecute illness, oerly diagnosis
is abuo:;tutﬂy mendatory. Secondly the two tests are m‘t
highly :nnaiun becguse the isolation rates even in the
best o!',‘. the bends are very poor. However, Kenunedy and
Fallon .;(83)- heve reported positive bwtoriolbgicbl
diuméu in 87% of cases provided the GSF is cultursd
at hast on four du'rennt occasions. The gonerel

exparunm. thouah. u to the contrary.

1
|

,‘Isa‘rological tests 'wxcn employed for the diagnosis '
of ttﬂéarculosu-. Whole«ocell egzlutinaticn tost developed
by Nicholls {33) was not found to be useful in the
dhgn;oau of aqtiivi ‘cases of tuberculosis becsuse the
test ‘iwu positive in healthy persons with positive
fmbamunn reaction eiso (36). Antibody detm‘:tion tests
uains RIA were d-voloptd by Winters and Cox (37)+ Theae
wmr aho‘ not uum; for the cpeoﬁ,nc diagnosis of

mbu:rﬂu losis,

;' Dotoction of specific sntigens in various bilologicel
tmé.ds in patients suffering from various diseases hos
B«# used very widely in disgnostic medicine. Nethods are
wq’ihbh to disgnose mn&meo#oql. pmeumocoscal and

infections of the mervous system {90).




Taou: methods like counter-inmunosisctrophoresis anﬂ' lafti
agglutinetion test oan help in the early disgnosis of
mulx;lnas.th {(90,91). Both these methods ocan detect .auttabm
in microgram quentities. Myoobactoria being slow-growing
-orga'}nxma it wos thought thet mycobooterianl antigens

mlch_:t not be present in large Quantities so ot to give
'posi'iuvo rasulte with countcr-vtmumzeetrophotesn or
15_1305& ogglutinstion teat. ELISA is known to be wore
unl:itivo than both thess tests end musnj as sensitive
a8 RIA. Therefore utility of ELISA in the dugmeu of
TBM :'wn investigoted.

. The antigen that is being detected by this method

is prosent in H,Rv sonicete, M.bovie-BOQ sonicete and
PPBE in spprecicble smounts. It is also prasen'cv in the
ml.fmu filtrete of aﬂnv. Since it con be easily
oxefz-aend in equeous medium from the a:nav cells, it wos
aupfwtod that u 'ubuld be relessed into a biologicel fluid
l.ikfc CSF very eosily.

|

| The BLISS teat employed in this study is extremely
u-vx:iu‘uu becsuse it cen detect 10 ng of antigen. This '
order of sensitivity is definitely in the range of

n%uitivity of radio-immuncassey. However the competitive
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 inhibition "Iuduy shows some peculier festures thot need
to be d&lﬂtjlaﬂﬁdo When the antibody~-enzyme conjugete in
the monnti;s employed in the ssesy (0.1 mi, f.e. 1110
finsl dilution) was mixed with verying smounts of tho
solid phese antigen, sbsorbance veried from 0.31 %o

0,88 (Figfm 4)., Based on this relstionship one would
expect that o reosonsbly adeguate emount of scjuble |
antigen smployed for competitive inhibition should
hhi.bm;'if:indhg of the :nmibody-cmydo uon}ngntc to i-o:ud
_'phﬂé anfbiétﬁ. éurpr“tnﬂy f:hio is not so. The
tnhibitq’fy cspacity of the sonicote &s_sat&;mtpd at 30%

_ inhibition snd that too with es littls ae 50 ng of
_:‘ln!ﬂ.lq:ltér amtigen. Tiw likely explanction for this
phbml:mn 48 in the neture of z_th‘a soluble antigen
omp_;oyw;d;l namely the aoatguatq of &”Rv. Thi J,:Lawgt
eontuinljis e large emount of 1lipid end hydrophobic entigens
(84)s 'It 48 possible thst in the squsous buffers the
_sntigen forms micelles snd as the concentrstion of
iniuniias inorsoses they stericslly hinder the antigen
aml.bﬁ;dy interaction. In fact if 0.22 pm membrane
ﬂiﬁe?& sire employed inotsesd of the usual 043 um filtors
for conducting washes in the gssay system, the .uolublo

imeure complexes can no more pass through the filters
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indiceting the larger size of the complexes. (Date not
uhov:[x in the results sectionj. Thie is very much in
rgvoti:r of the explenstion that the 1lipid in the aonicato,

in faot,forms micelles.

In the present study, 37 CSF semplos were snnlysed
for tbo presence of mycobacterial entigens, by ELISA.
Out uit‘ the 37 gasoa 13 oases were disgnosed ‘anq tre oted
as m'n on ehg basis of olinical presentation ond the
routt.fu‘oxuination 91’ csr. m.-l.n* cases out of 15 were
pnaué&n for the ‘proa-cma ot_ myoobactorul antigens by
BLISA. One case wos proved to have TBM after autopsy,
three cescs wers proved by culture snd six ceses showed
distinct clinicel improvement at. the end of one ﬁou&h.
All tho ten coses were positive by ELISA. A few poatients
viﬁh ﬁo;-mal CSF profiles, e few with s definite disgnosie
other |then tuberculosis (e.g., proved cases of pyogenio
maniag?iti--) end & few with sbnormel -CSF profiles without
any dciﬁ.nlttvf disgnosis were atnd'ud. All these cascs
ummd& es control CSF samples. In none of those cases
ELISA was positive. PFrom this disoussion it is cleor
that the present enzyme -linkod fimmunosorbent assasy cen

doteot’; the mycobacterisl sntigens in ciinicelly or



|
b

bactericlogically proven cases of TBM. In cases of
mntn'&.ttu of other getiologies, meningeai irritetion
and iéz oeses with normel CSF profiles ﬁ:’t teat

matihl negotive.

' These date clearly indicate that there ero no folse

ponl.ﬁr'in results with the test system and that it

detedts fpirly large mumber of ceses (12 out of 13).

' Another important festure which neesds to be

discussed is specificity. Mycobaoterie ere known

to shere some antigenic specificities with mocardie and

oorvfmbnchrh (92). The antiserum employed in the test

-ysém has not beon studied for resotivity esgeinst the
I

entigens of nocerdia and corynsbacteris. It is elso

importent to note that the antiserum is not mecessarily
|

specific for M.tnh&rculona-ég”g!. In fact, preliminery

studies indicete that it doos resct with antigens of
oth’icr mycobecteria including the saprophytic species.
Hnéavor. in body l;lus.ds such o8 CSF, pleural snd
pn!'uomul fiuid, synoviel fluid where nocardie,
co;ymbactcrn snd saprophytic mycobgoteris srs not

&ﬁgﬂy to occur es conteuinants one may employ the test

effectively: In contrsst the utility of the test is
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doubtt'ml in semnples of sputum and urine. In the former

corynshacteria ond in the latter saprophytic mysobacteria
| _
may pose a problem. It is aleo important to note that

|
the test detects antigems of mycobacterie, without
idant}iﬂcanou of the species, hence positive test ihould

not ‘t[ie interpreted as an evidence for the preunn’i ot
Mytuberculosis. )

I

_r _

; ‘iIn conclusion, presence of myccbacterisl sntigens

in CSPF, a8 detected by ELISA, cesn be employed es en .
f | :

evidence of mycobacterisl meningitis. The test is quite
I

sensitive and it cen give o rgpm'ﬂ;aenosi.-.



An onzyms-linked immunosorbent assay enploying
thq principle oi competitive inhibition vas established
to evaluate its utility in detecting mycobacteriasl
atm.etm in the 5P in piaea of bacteriological
diiﬁnbun of tuberculous meningitis. M.tuboroulosis~

. 33:7& cells were employed ss solid phese sutigen.
aa;abit sntibody ageinst repidly woving, wvater soluble

pr;ﬁutn ‘antigen of the sonicote of M.t

was oonjugeted with a high specifio-sctivity alkeline
phosphat ose onsyinlpraparetxun smploying the ‘one-step!'
g?ueaéam:hydu method, fhu binding of tifm antibody
umymo conjugete to the solid phose antigen could be
-inhibited by as 1ittle a8 10 ng of protein antigen

moking the ssaay quite sensitive.

Thirty seven lecé of CSP were tested for the
';;nnmc of myoobacterisl sntigens. Significont
inhibition of binding of the sntibody-entyme conjugate
‘%0 the solid phase antigen by 0.5 ml of undiluted GSF
Ves trested es o positive test. Fiftesn spmples of CSF
tested wers from ceses diegnossd on clinical exsmination

and CSF profile, to be of tuberculous meningitis., OQut of



-tm"uq twelve cases gave positive roasuits. In three of

theé ceses diagnosis could be confirmed by isolstion of |

m!id-»“n becilli from CSF) in ome Ly sutopsy and in
oinl_‘ cases by followeup studies inoluding tonow-fup ¢Sy
uxalﬂmunm efter treatment and clinical recovery.

) Swihn CSPe from cases of pyogenic mmnes.tu. aix
_cases of viral moningoencephelitis, six OSFs from

 _ cbm.‘p. of febrile convulsions and throe coses of

| mntminmu were also investigeted ond wexrs found

to yield nugetive results by ELISA for mycobooterial
emtigens. Thus the dota shows that the test does not

give false positive results end that L1t is Quite

sensitive {12/15 suspected cuses gave pu}uuw_ sasults ).
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' ARPENDIX

1) Youmans' medium (83)

Asparagine : ' see 0.5 gm
%ﬁéoiu- dihydrogen phosphate ess 0.5 gm
{ anhydrous) -
Potatsium sulphaete sae 0,085 gn
6170"1‘01 , ses K00 m)
Magnesium oitrate sse 0015 gm
Distilled water | to meke 100 md

b

All chemiocals used were of u‘ulrtual grade .,
| ,

The ingredisnts were dissolved in the order
unju. 1n glass distilled water. Lach ingredient was
dissolved completely befores the mext one was added.
m:f“inl chtrate ves added after the pH was sdjusted
to 7.0 with 40% sodium hydroxide. The medium was
filtered Shrough Whatmen No.1 filter psper (Vhstmen
L%d., Natidstome, England) to remove any turbidisy.
The medium was .d,urnnnd eithor as 10 ml aliquots in

’ ti& tubes or im lergor volume in conical flasks e

uofntm and sutoolaved at 121°C for 15 mimtes.



s&ujaomnou -
r
?otmnu‘n dihydrogen phosphate

, Magnesium mx.phﬂc, ('mgo)
| Magoesium eltnn
- Asparagime
' aiycerol
Distilled water

o 'Pa*it&te'ﬂ.m‘ L
Hoqnomnﬁud vhole egge (20)
' mgacmn green (2% aqueous) .
- Penteillin (28,000 I.U./wd)

Nalidixio scid
|

e

.-h e

LR X J
LR}

*ahe

LE R

T wee

LA N J

S ebe.

LR X 2

0.24 gm

0.6 ]

3.6 gm
80,0 mi

6@00 -l

30.0. gm
1000,0 ml
20;@ mi
4.0 md
5.6 mg

.* ‘rh. ﬁtatuu was mctuud rn- mttktm

Btoﬂmmacduuod cotporauou Md. » !Imnbnn a® slants

in norlu 25 ww x 100 mm sorew capped tubes {Corning,
| : i '

l“?n.) *

Cop e
Sodium chloride

m»-aam wamnn phoapmn
(mzm,‘.znao

Potessium dihydrogesn phosphate
(awm)

8.0 &

t.4b ]
0,8 [
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‘Dissolved in 1 litre of distilled water; pH
Oﬂ‘ﬂ"ﬁ‘d to 7.2,

'33 Tris - HOL buffer

1Tets (Mydroxymethyl) sminomethsne (0.2 N) ... 50 mi

A . v

3 (9:3 B A : see 26,8 ml
‘Distilled water T | 60 . 200 mi

- bﬁ sdjusted to 8.0 with HC1l o2 Tris solution es
mpnhm; . | -

3) A

8042.\:! barbital ess 10 gm
m‘m ohloride ses 5.0 gm
pDistilled water see 100 md

| All ohexicals used for the preparation of buffers

mgt_syc of ‘qx.mlyuoa& grade.

| C .
| In this mothod verious swino soids mainly

tysosine snd tryptophsn bring sbout s reduction of



tmitau snd/or molybdste from $he Folin-Cioocnltesu

resgent to y,iroﬁxct coloured oompounds.

b

Prepardtion of resgents

e) Yolin Clocsltesu reagent (2 ®) wes purchesed fyrom
Gemiron Resesrch Leboratories, Bowbsy. The reagent
~wes' diluted 111 with distilled water just before use.
b) ;n;f'uum copper tartrate reagent -

1) ‘Copper sulphste solution (15)
Wmho,ﬂzo sus L
Dintilled water s 100 wl

The solution wes stored at 4°0C.
2) Sedius potassium $artrate solution (I%)

Sodium potassium Sertrate ses 2 gm
Distilled water sae 100 m)

The solution was stored at AecC.

3) Sodium carbonate (Ma,C0,) im sodjum hydroxide
solution (2% 1n 0.1 W)

; hzcﬂa Ceve 2 g
NaOR : sen 0.4 o
pletilied water Ty 100 mi
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¢)

This solution was prepared fresh every dey

Just befors use.

0.5 mi of (1) 0.5 ml of (2) and 50 »i of (3)
w?wo mixed Just before use $o give the alkalinme
cepper Sertrate resgent.

atedﬂ bovins serum slbumin solution (2 u/-:l)

4 e .

Tent mg of bovime serum -Mn (BSA) (Stm)
were rdnulvu M 5 nl ot ¢1¢u auuma water and

kﬂpﬁ noua. 'ruu was uuﬂ a8 u stook nluuou and

qvw?prt ate dilutions were masde when nseded.

Standerd protein solution ~ Stock BSA solutiom vas
dam?-d- to give e conocentration of 100 ug/ml snd

used as s stenderd for svery assay.
l All chemicels used were of anslytiosl grade.

Por sstimation of proteins f£irst a standord

OW'?? was prepsred using BSA ss a standerd protein,

The stook BSA solution vwas diluted with
die8illed water to give concentrations of 10 ug, 40 g,

60 93. 80 ng and 100 ng per ml respsctively. 0.5 ml of

thess .pwﬁin solutions wvas transferred inte » series
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Of test tubes. 0.5 ml of distilied weter was used s
blank: 7o thwes tubes, 2.5 mi of alkelime copper
tartrate resgent was edded. The contents were wixed
tboﬁugbly and nuéwd to stand for 15 minutes,
spbn~¢qmnt1y 0,25 wm) of diluted Folin ~ Cioogaltesu
preagent was sdded aud the sdsorbenco resd X minutes
a;ttw ‘addition om e PNQ II spectrophotometer et

660 nm 4m cuvettes of 1 cm peth length. ALl samples
vbw run in dupliceste. The c‘rwh of protein |
cmcmrauon v:. absorbance vas plothd and ased as

thﬁ stendard curve (nmn 6}.

For every asssey, & blenk and » stenderd protein

‘ aolut:lon WOre run.

’l‘hﬂ rmms&ac Qm tances m pmﬁuu-mu filtrate
_ﬂdﬁﬂ amanm cupric salts to cuprous selts, uhi.eh
restt with the arsemomolybdate resgent in scidio
medium to g»i;u blue euhﬁs



Figure 6 1+ A stenderd reference curve for estimation
of protein using BSA as standerd.
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1) Tsotonio diluent

Gus0, , 51,0
. Sodium sulphete (anhydrous)
' Distilled wster

|

2) ' Sodium tungstate solution

Sodium tungstaete

Distilled vater
3)[ Somogyl's resgent
' Solation A -~
Sodium csmxdonate {anhydrous)
Bodium potessium tartrats

Distilied watey
" Solution B -

W@b|§%ﬂ
" Dhetilled water
Sodius diocardonste

EEY

e

LR X

(XK

(X2 X

see

LR R ]

hee

LX R ]

LE X J

LEX ]

6.0 o
12.6 gm
1600 ml

10 gm
100 mi

250.0 m)

4.0 i

50.0 md~

Copper sulpbate was dissolved in weter completely.

dedium bicarbonste was sdded to the solusion with

constant stirving.
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Solution ¢ -

|
Sodiyim sulphete (snhydrous)
Boiled cooled distilled weter

eve 180,0 a
ese 500.,0 md

Solutions A (250 w1), B (50 wi) and G (500 mi)

were mixed and the volume made to 1 litre snd stored

st room| temperature.

Felson's srsencmolybdate resgent

Solution A «
o | PRI
Asponium molybdate
Distilled vater

mm;pmﬁtfcd sulphuric scid
|

 Solution B -

sﬂ&ﬂ‘ﬂﬂ u'nmh 'Y
nsitinud wator T eee

sew 25.0 g
Y 3039.0 nl

see 21,0 m)

3.0 g» |

| 25&0 ﬂi

Solution A (471 wml) and B (23 ml) wers mixed

and the voluwe made to 500 ml. The solution was kept

in the fmbﬁar at 37°C for RW-48 bours and stored

An sn esber coloured bottie thereafter at roow

tempersture,
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' 8)| Stendard dextross (D-glucoss) solutien -

| Dextrose ) aee 100 mg
|

Ssturated solution of cos 100 mi
. benzois scid o 100 =i
| | |

6) Setursted bdenzoic acid solution ~

|

Bensoic scid see 00 mg
| Dietilled weter ees 100 m2

| The solution was prepared and the undissolved
aﬁﬂoga soid settled at the bottom was removed by

dgﬁéﬂﬂbm‘ The solution was stored ut room tempersture.

| All chemionls used for the preparstion of verious

resgents were of shalytiosl grade.

\ ‘S‘M nuﬁdm dextrose solution {100 ui.) was diluted
ii; uﬁm'atod noxnthn ut lnmoio ncm o get 10, 0, 30,
7? and 100 ug per 100 ml concentrations. 041 m1 of emth
wes transforrsd to & Series of tess tubes. 3.7 =) of
fsotonic diluent end 0.2 ml of sodium tungetete solution
 were added and the :pm!l.pu-qu formed was sedimented by

dcntr&m(ﬁtun at 800 g max for 10 mimites. Oms =) of

|
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'the supernatemt was trensferred imbo a Folin tube

: conteaining 1.0 ml of Somogyi's reagent. One mi of

| distilled water served as the blank. . |

| The mixture wes tweted in a buitu‘ waterbash for

15 winates. After cooling for one mimite, 1.0 ml of
!;mua': gtsgms was added. The volume was made upto
1128 mi wﬂ.th‘&aulhd water. The tolour wes ‘resd at
660 nm on the spsctrophotometer fn a cuvette of 1 cm

' "pntih length. The graph of glucose concentration Ve,
i&ﬁit‘b&ﬁ&. ‘was plotted (See Figure 7).

| Vith ewch sssay of qnp;n_ »-‘}ttundud of 100 mg%h

of glucose end & blenk wers yun. Reducing suger

concontrations as lov ss 10 mgd were detecteble by this
*.thﬂﬂ» A |

Chlorides were precipitated ss silver ohloride with
'létl&ur' nitrate (uao,) solution. Ths excess cr'ums wae
back titrated with potassium thiocyanste (XBON) using

terric~alum as indicator.



Figure 7 *+ A standerd reference curve for estimation

of suger (reducing substances) using
glucose as standarde.

0
8

0125 A

Q
0

o075+

o
(e}
o

Absorbance at 660 hm

e

10 30 50 70 100
Glucose mq //



93

1) A0, solution
“ms Yy 2.907 o
Distilled water nee 1000 ml

Stored at room temporsture in am smber coloured
bﬂﬁﬁ”ﬁv

2) ESCR solution

mx C sen 1.8 gm
n‘;'utum water eve 1000 md

3) un‘i:e‘-nﬁu indic stor powder

ALl chemicals used vere ér anslyticel grade.

The AgHOy solution end the KSCH solution wers
titrated ageinst osch other using ferric-alum indicasor.
a .
1.0 m} ASWO 4 neutralised 1.0 mi of KSCN.

4. Preparstion of OSPF diluting fiuid

Crystal violet cee 0.2 g
Glacial acetic meid ves 10,0 m2

pistilled watey cen 100.,0 ml



D) mm
1) gol dittueton in agarose

100 mg of sgaross (Sigma) were mixed with 10 m}
of F8S and \thc mixture hwated in a boliling waterbath
vish intermittent’ shaking $1ll the agerose was
completely dissolved. The solution ves allowed
to 6001 to 70°C and 2.5 ml were poured on a 4% mm x
7,9 ] ni.crouopn audc. ‘rh- slide was cooled
to obtain a well-formed sk, Vells (3.0 - d!.mtcr)
v:-m punched with & gel<punch and s template.
Intorwsll distonce vwas 7 mm. After filling the wells
with antigen nnd auﬂbody nozutlont. thc slide was
ktpt tui a mut oMor for 8’5-’08 Mtws qt k-c. The

cudu vn tim: v-ihod ia nuuu ourutght to remove

oxun protﬂ.n from the co!. matrix, It was then

.pqnud and dried overnight at 37°C, The drisd gel

sitde was staimwd with 0.05% solution of Coomasie
Beilldant Blue R 230 (Sigma) for 15 mimates sfeer
mz';uh it was pas in the ‘destainer solution overanight.
rm ‘dmmunoprecipitates were steined blue.

|
}

&) Coomssis Brilliant Blue stain «

' Coomasie Brilisant Dius R 250 (Btm) ves 30 mg
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| Methanol , *0e . 10.0 ﬂx'
Glacisl sostic aocid ces ‘GQQ ) §

b) l?ﬁntmr solution »

Methanold | B e | 10.0 ml1
. Glactel scetio sodd  ese 10.0 =3
Distilled valer = .wew . 80,0 mi

All otemicals used were of ansiytical grode.

550 ‘n of mn&m sulphate were weighed end

mw Ba 600 m. ot distilled water. The mixture was
hntul amw %iu all the sslt was dissclved. It was
ﬂlum through . oumc filter pmm ‘i‘ho olarified
aoz.ups.cn vss made to 990 ml sfter it had sttained
maﬂ; ’h‘:ﬁuﬁiﬁﬂ. Th! pﬁ ﬁﬂ Mémﬁd to 6-5 viﬁh
samonium uydroudé mﬂ the volume meds o 1000 ni.

Some motmi or anaumhod ua.‘n mmimd nﬂ iha bonon.

35
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