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. - Abstract ' '

”

lmﬁﬁnizatian against -tpserculés?s withv< the' bacillus

' calmétte-cuerin (BCG) L; rin;aqts” is of controversial value.
Protective efficgoy for 'newb;rné'*has neyer‘ been accurdtely
defined:u‘Sihqe protecfion may be Png[uenced by péssive }mMUn}ty
t?ynsfer%ifom mother to fetus durfngwpregnahcy; or,By acquisition
éf.léctiie antimygobacte;iaﬁ imm{nity béfofe‘Qaccingtibn‘jt is

.

L4

essential to investigate tﬁqse influences. The objective of this
.Y . J . - ‘ S - .
thesis was to assess the extent of humorad antimycobacterial

. . - S . L S s
immunity in newborns and their mothers and in infants under 2
years of age. ' o o T -
. B . v . N . ’ -
- e £ "
‘'The organism causing tuberculosis possesses  antigenic _

prope:;ies very simila; to many bthe} pathogenfc‘bac;eria as‘well°
ési non-pétﬁogenic 'envifonmenbal mfcobacteria, Cross-reacting

immunity Towa}ds £HE§e var tous mibr;organisms haQékthe potgntiaf
°ta influgnce the reaction ‘to the. vaccine &rganism. 'Th@y R§§t

.

antigen.uti}ized in these studies was purified protein derivative

(PPD), san extract -of a cell wall “component of ‘hycpbacterfudn

.

tuberculosis.

S
~

The following fin

ings were made by ‘measurement . and
titration of anti-PPD  antibodies wusing the  enzyme linked

immunosorbent assay technidue (ELISA) . for blood , samples’ from
mother-infant pa}rs and children dp to 2 years of age as well- as
in some patients infected with my}pbaétef?uh tuberculosis and

others with atypical mycobacteria.
1. The newborn _human baby receives anii-PPD antibodies of
‘ [ ' ’

.
yow
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. 4 o

. o . N
the.lgG‘isotypé from the mother. The level is comparable

‘h__g *tp that of the mothers. T S -

.
.

2" fThis ,passi.ily ;ransferr?d  aternal " ‘antibody is

} detettable up to 4 months of age by ‘the techhith app!lied

. s
thesis. . ( £

age,. the infant actively develops

#r these ‘are cross-reactive

"antibodies due -to other mycobacteria, as not been

Yestablished. -

Taking this ev}dence"together withszther fipdings of

.anti-PPD cell-mediated immuhity_in:infangs, it is concluded that
. * -

the . butcbhe of BCG vaccination may te influenced by pre-existing

.
)

specific immunity in infants. This immunity is passive during the

first few wedks of _life but becomes an qctfve one-'during the

.

first year in many-infants. o B ' S

-
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QEJEQI[‘MES Maternal antnbodles after being passuvely

trahsferred to the fetus in-utero may have |mportant effects on l

immune reactrvnty of the newborn ' These effects may be expected?

to exist only for the lrfespan .of the |mrnunoglobul|n and therefore
be short fived. The tost antlgen used |n thls work |s the purified
'protem denvatlve (PPD) of Mycobactenum tuberculosus (- the
orgamsm that causes tubert:ulosrs) To assess the duratlon of time
for whrch the newborn will have these maternal. antrbodles in the
curculatlon and the age when the mfant begms to produce certain

specmc antfbodles of its own was one of the objectlves in thls

L study Theoretucally, thls passwe transfer of maternal antrpodlesf,:-

fo the fetus could mterfere with effectlveness of the protectnon

| offered by (bacullus Calmetfe Guenn) BCG- vaccmatlon if given-at

blrth Slmrlarly, exposure to envrrenmental'"atyptcal'mycobacterna’ ‘

- could Iead to} productnon of antibodies cross reactlve wnth thev

Myc 8 antlgens ‘This could gither adversely or favourably affect'
the development of actlve immunity to BCG mterfermg with the
expected protectnon offered by the vaccmatron The type and

degree of humoral and cell medlated rmmumty to PPD as it :

'.4»;..\' de\lelops in. the infant, have been investigated. in- this work. The

A
presence of cross reactlve antnbodles in patlents rnfected with

[

dlfferefz> mycobacterlal strams was also analyzed
. - B . . ‘ -



]_NILB_Q_D_U_Q_U_Q_N_ The present study was lmtrated following the

B observatton that 48% of- Ipf@ born to others who were
responsuve to PPD by blast transformatlon BT) showed posmve'

" BT reactlon to thls antlgen though there was no obvtous exposure‘

4o mycobacterla during pregnancy (Pab et al‘1987) The cllnlcal s

S|gn|f|cance of tubetculosrs led to tl,v’e present study which was

7
desugned to mvestlgate humoral lmmune responses to PPD
maternal and infant populattons o '

a3 [}
.

f'
#

N ]

the.- mcrdence of tuberculosns has sl:)gwn a marked declme in

:In splte of the fact that -

developed countries, lt |s Stl” a major problem nn the developmg :

and underdeveloryd countnes of the ‘world (Grange et aI 1979)

where an estlmated /flve mllllon people per year dle from.

tuberculosrs The /annual rate of tuberculous mfectlon is

/

determlned by tuyerculln ‘skin testing in ‘a representatlve sample

*

of unvaccunated éhlldren and has been found to range from 2- 10% :

in under- deve)foped countnes Even in ‘Canada, the provunce of -

U
] Saskatchewaﬁ has an mcudence of 1-2% ( Personai commumcatlon ,

‘Q’Dr. VHoeppner) ln the natlve dian populatlon It is extremely

" of this mfectlon The methods used so far are chest X-ray, spytum

test, skin ‘test and. culture The .only test that proves to be 100%

‘.rellable |s the culture of the infective agent from sputum, Whlle

no other test can be relied on rndtwdually But by the tlme the

, sputum becomes posmve the mfectlon is already wudespread and

undoubtadly the patlent has mfected .many contacts.

./‘

-
o

"‘"'rmportant to search for a reliable screening test for the dlagnosus |



‘populatuon at Iarge

¥

-

_Once the dlagnosrs has been made there may be a Iaak of

compllance to the treatmertt reglmen by most patlents and

instead of a full 18 months course of chemotherapy many patlents

better. ThlS has led to reactlvatlc)n in ‘an estnmated 17% of cases,

in whom investigations and treatment have to _be reinitiated

tPersonaI commumcatron Dr. V. Hoeppner, “University- of”
_Saskatoon 1987) ' |

ThlS necessntates the search for a rellable screemng test for the:

"ls ot TB before the sputum IS posmve An rmprovement in

jthe 'vaccrn-atron prog”'_mme IS also eientral in order to achleve

| 'maX|mum beneftt and: protectton for the commumty ‘and the world

o

e

‘stop- their medlcatlon after a few months as soon as they feel

The’ causatnve organlsm of this disease is Mycobacterium.

tuberculosus (Myc TB) which is a gram-negative acid-fast
bacillus. On first exposure to the micro—orga‘nism humans develop

a primary lesion which in 95% of cases occurs in the Iungs After

"the bacilli enter the My via the resprratory route, they undergo a
| 'Iatent period durmg whlch they localize~'in the. lung parenchyma
“and’ pass into reglonal Iymph nodes through the dralmng
‘Iymphatics The defences of the body are aptlvated attractmg
: 'polymorphonuclear leucocytes and’ macrophages WhICh contain the

infected area, preventmg spread to the rest of the lung. trssue

—_—

ThIS area is then mvaded by cells of the immune system Such an’

dralnlng Iympha_tlcs and- regional Iymph nodes: is called a primary

e

‘isolated lesion’ surrourded by dlfferent cells,” along Wlth its



[

)

complex This primary complex usually passes unnotlced and at the -

”end of about ‘ten weeks the_. patlent develops delayed

hy.persensitivit.y (DTH) to the antigens af this baci‘llus; which can

be, detected by Mantoux' testing. Later the lesion usually undergoes

casebus _necrosis. and calcufnes without any further symptoms Even T

‘lf the lesion |s completely healed the bacilli’ can persnst and

remam dormant in retlculoendothellal sntes of the body for ‘many

'years In ill “health and low resistance they are capable of .

reactlvation _to produce active drsease This is called secondary

tuberculosus In seme children however the pnmary lesion may
nevel]t heal and devefop progressnvely ThIS is commonly seen in
. lnfants born to tuberculous mothers unless they are sep ted

“from- the mother after delivery. The child then develops varlous

sugns Ynd symptoms _of the-dlsease, fromlﬁulmonary, menln.gltlc or
I

other'disseminated forms of tuberculosis n the older mdlvuduals

reactlvated tuberculosns is usually pulmonary, but may also be
I

present in other organs. When the dlsease clinically presents'

some trmez after the primary infectiof has occurred, .there are

i equal chances of it bemg either due to reactlvatuon of dormant"

endogenous baailli, or due%o ‘fresh exogenous infection. The two

processes cannot usually be dlscrlmmated

B,admgr_ap_mg_mmng_a_tm The primary lesion may present as a
small lung opacity but it must be differentiated from .the opacmes'
L

due- to mallgnallcy .or other causes and thus Scan only be a first

step “in the senes of mvestlgatlon

. <

[
Q



‘_disseminated

‘-MEDIQHX_IQ.SI._QL_ILLQQ.LQ.UILD._S.KJMQ.SI Mantoux testmg detects the

B dela)gd hypersensrtrvrty ‘reaction agamst the mycobacterlumc

Snuium_.tasimg_and_f’gulme_o.t_mmm_omanm As. mentioned
‘earlier this is the only reliable single test but if positive, it

_indicates thal the infection has already progressed -and

ot

bacillus antrgens It'is" a reliable method of tuberculin testing and

used in general surveys of the population for assessment of

" .immunity to_tuberculosrs A measured amount of tuberculin

solutlon of- “knewn concentratron is rnjected intra-cutaneously on

the volar surface 61 forearm. Unless a defrnrte wheal follows the °

- -rnjectron the test is not satlsfactory and a false negative reactlon :

may result Such a siuation may. occur if .the injection is grve_n

‘ s,ubcutan’eously or due to leakage at the rnjectron site. For routine

testing, ¥ dose of 'either 10 TU (Tuberculin unils) of Old Tuberculin

(OT) or 5TU of PPD ( may even give only. 1TU if the person is known :

to have had tuberculous - mfectlon in order to avoid severe -
reactlons) is mrected mtracutaneously and' the result is read after
48- 72 hours by measurrng the area of rnduratlon at its- greatest-
diameter. An mduratnon of less than 5 mm. constrtutes a negatlve
reaction by WHO cnterra (These crlterra refer only to the cllnrcal |

dlagn_osrs of negatlv_e -or "positive” cases while |mmu4nologlcally.

~even a smialler reaction is posltive ‘and indicates sensitivity ). For

diagnosis of infection if the test area. measures 10 mei., the test is

~ positive. Between 5-9'mm. the reaction is doubtful and the test is

. ‘repeated with the same dose. of enti_gen. When even the second

&

L

[
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m;ectnon gwes a negatlve result or, ylelds thé same degree of

. reaction, . then PPD testlng with a -higher dose of 10 TU is arranged

.lln rare circumstances where the atyplcal mycobacterlar antigens

~

are avarlable they are rnjected srmultaneously If the latter. |s'

posrtlve as well as the response to a hlgher dose of PPD then it

/suggests that the response to-~ PPD JS A heterologous reaction. When

positive ;he test lndrcates past infection with Myc TB, and if the

patlent presents/ with any obvnous symptoms, - a further evaluatlon

is done because tuberculosrs oan occur in any organ’ of the body and -

S0 .can present itself with widely varying symptoms, In endemic

areas, for individuals who have a negative. Mantoux tékt but live in

households with ‘B patients BCG vaocination is ;reoomended to .

mduce actrve |mmumty to TB, Unfortunately the ‘Mantoux test is

useful only |f the result is positive, as: negatwe ‘tuberculin test\ :

results. have been seen to oceur mwn-drvrduals with mild to
moderate as well as-sev‘ere"forms of TB infection and many such
patients could thereforé be mrssed if the* skln test aloné is carned

- .
-5 .
t ‘. .

out. This negatrve response in patrents c;ould resutt’ trom factors
to be dlscussed later. - . N : -

The skm test response to mycobactenal antugens ‘shows an mverse
relationship between the nnmednate and 48 h. reaction (Kardjlto et
a/ 1981, and Pepys et al, 1955) Possubly the earty reactron by
causmg vasodilation leads to a more rapld loss of antrgen from the

m;ectron site.

Lm_m_e_dla_te__mgng_m Thrs occurs wrthrn a few minutes of skm

testing. It is not clear whether Wis ,reactron |s of IgE antlbody‘-

{
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origin or is due to short- term sensitizipg 1gG antibody (Pepys et

[

al, 1979). o SR

. At _6-8 hours: This appears to be an antlgen antlbody complex\

'medrate.d response, because Kardjlto et al (1980) found that
reactions at 6- 8 h correla‘te to' -some extent 'Wlth serom levels of

antlmycobacterlal antrbody in’ the lgG and IgM class.

-

-

/At 48-hours: Most of the lmmunologrcally reactive patrents‘

suffering from TB grve a maxlmum " skin reaction . after 48 h, and
~ this corre;tates with cell—medrated. |mmun|t¥ to antigens of Myc.
TB This is. a classical" DTH. response "and' most o'f. -the
|mmunolog|cal|y reactlve TB patients grve thls typlcal 48 h. skm

- test response ( Lenzrm et al, 1977)

. Most of |

‘the less - |mmunologioally- reactive ‘TB patients can ygive a

‘maximum skln test readrng at 24 h but problems arise when a
false positive response occurs %same time in healthy i dlvnduals_.
This is considered to be a non-specific lmnnjne' reaction and it

commences -at 3-6 h, is more pronounced between '12-24 h. and
. t

then disappears' at 48- 72 h. In such cases the early rresponse at

3-6 h. is o ' the reaction that dlfferentlates, because it only occurs

in TB patients, and not |n healthy controls. Therefore‘it

‘ .dlscrrmrnates the patlents from skln test positive healthy control_.

individuals, when both are read at 48 h. and found to be posrtlve }

’(Kard%r\to et al, 1982, and Lenzrm et al, 1977).

In 1979, Rook and Stanford observed that delayed hypersensitivity '

may not be a correlate of a. protective: immune response \n the -

- .



patient. 'Instead a marked degree of th‘e'tuperculln sensitivity
appears\o be detrlmental to the patlent This was also observed
by Youman (1979 ) who then postulated that hypersensitivity to
antlgens of Myc tuberculosus does .not confer protection from
- disease and rather low grade sensitivity favours lmmunlty more
\'than high grade sensitivity. . ¢
_‘B_e_l_exan_c_e_gj_Mamg_ux_mmm The DTH response examlned by~
“Mantoux- testrng is a T-cell. dependent |mmune,, ph‘eno’menon
manifested by an inflammatory reaction at the 'site of antigen
deposition, reaching’ lts peak intensity 24 to 48 hours after
initiation. It -is indicative of prevnous antlgemc contact and ,'
lmmunolognc response to Myc.TB. There is” no sngnlflca&nt} change |n
vascular permeability of the area. Thus induration and ’not-
erythema is characteristic of the lesion. It is dlstlngUlshable from
immediate hypersensitivity or Arthus reaction which is an
antibod)’/-dependentj’phenomenon that peaks in a few minutes or
* hours. | | ‘ | N
'lﬁ'H response belng an in vivo process has a varlety of in vitro y‘
tests correlatlng W|th it, such as T-cell proliferation assays and
. -productlon and assay of lymphoklnes such as lymphocyte migration
lnhlbrtlon factor (LIF) An in vivo correlate of DTH. is the contact
'.‘sensmvuty (CS). This is also. a T-cell phenorhenon lnduced bye
injuring the skin with hrghly chemlcally ‘reactive compounds such
as tnmtrochlorobenzene (TNCB) A
DTH and CS are transferable only by T cells and the Iesrons are

characterlzed by gross mduratlon and mononuclear cell mfultrates

L 4
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Basophlls in these reactlons are usually absent.

8
.Sn.e.oﬂm_ty__o_f__D_IH_msp_o_n_ses‘ As studled in murme models the DTH

reactlon seems to be med:ated by specific cells. The T-cells
fyanOIVSd in a DTH reactlon (TDH) bear the SUrface antlgfn Lyt 1+,
and are Vicia villosa. Iectm non- adherent (Loveren et al,1984).
- They have been shpwn to mediate specific responses. ‘The DTH
reaction. can ‘occur in response to. protein antigens,' a variety of
.-bacteria and "their“‘producte and to somé t/iruses like influenia and
"reovrrus Although Tcytotoxnc cells are thought to be effective in
vnvo agarnst viral infections’ by~ recogmtron of wrus mfected host -
E”'cells it has also been determined that ToH are mvolved in lrmrtmg |
‘vrral spread. Using recombfnant reovnrus different only in th%f
haemagglutmatron genef a detalled exammatlon of DTH has shown
that most ToHh. are specuflc for this partlcular gene product
(Branchlet al, 1981). Thus immunity to a smgle virion component
may be suffncuent for complete protectlon | » .
The Lyt 1+ ToH like qells have also been implicated in skm graft
rejectron and tumours. Tamura et al (1983) have Tducated that in -
skin grafts transfer of such cells into Tcell depleted rec:plents
resulted in specrflc skih graft rejection of MHC mcompatable :
.grafts. Also lmmumzrng ‘A/lJ mice with one type of tumour cells
followed by’ resectioan of the gr\sﬁmg tumour, led to a
tumour- SPGCIfIG classical DTH reactron so that ammals prnmed
with |rrad|ated tumour | cells will develop marked DTH res sponse
when challenged with tumour | .but will manifest little reaction

e

when challenged with tumour II.
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ductlon of any type of an rmmune reponse depends-
ples. Different condmor\s favour the induction of
different classes of "immunity, and lnductlon pf each class is
. exclusive for example the induction of a strongxhumoral response
is not assocnated with induction of DTH and vice versa. THe
conomons known ‘to favour DTH are just those known to produée an
unresponsuve state at the humoral level and vice versa. Dependlng
on the type of antrgen and the frequency of antigenic determmants
- the cellular co operation requnred for an immune response is made
available. Thus the greater the number of reactlve %ites available.
on the foreign antrgen the greater is the inter-cellylar
co- operatlon possrble He postulates that the effector inductive
‘complex is formed between the receptor antigen and helper factor
‘released from or on the surface of the helper T celis. It has ‘been |
‘observed that lgG antlbody response requires. maxumum amount of
help  for |nduct|on or in other words the maximum number of
inductive complexes while DTH can be mduced with the Ieast
amount. lgM antibody response has an ‘intermediate requirement for
the?. Thus if an antigen has a series of repeating determlnantsi or
is available in large quantities it would induce a humoral

response, and if the determinants are: few or there is less antigen
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“available - then DTH 'would result. Also- each class of immune

reaction |s induced by ‘activation of the respective precursor ceils
which depend on the *availability of ant‘igenrspecific T-helper.

cells. This is known to be true far all types of immune reactions

'whether cellular or humoral When: the T-helper cells for ‘one class

induce ' that specmc reactivity, there is a srmultaneous induction

of regulatory cells for, the otf*r class of reactivity. For instance

- DTH response favours development of repressor T cells irfhibitory

for humoral response and when a humoral response occurs it

N

induces 'suppressor T cells (mhlbrtory for ,cell-medlatedi
respo'ns.es)". The're‘pre’ssor' cells are inhihibitory T'cellws bearing
surface ‘markers of Thy1*Ly1 "Ly2*la* which are énvisaged to act
on, the induction of helper T ceIIs fOr a humoral reSponse and
therefore prevent induction of a humoral response Thrs }ensures
that when .the |rnmune system is chronlcally strmulated by an

antigen wrth a few forengn antrgemc sutes -only a celluiar

' _response is mounted: As mentroned earluer the amount of. help

_required for .DTH is less” than . tnat for a humoral .response.

Therefore th_e,'?-represso; cells should not' inhibit the induction - of
helper T cells until »there‘is sufficient help for CMlg'response:_ The
suppressor cells for the CMI bear the surface 'antigens of
Thy1*Ly1*Ly2la” (Ramshaw etal, 1976,1977). .

It ‘has been observed and postulated that a foreign cell with"few
a tlgenrc srtes is not susceptlble to 1gG \dependent compﬂement
medlated cytolysis. The |mmune syster responds to,such a foreign

cell by inducing cytotoxic T cells, it is also advantageous for the

>
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body to produce exclusiyely an effective response‘ against it. Even

more important is the fact that an ineffective humoral response in
this s'ituation' can block'the cytotoxic process LActive inhibition
of the {wmoral response with the help of repressor T cells appears
to ensure this. This theory should predict that the anti- PPD .
antibody response be assocuated with productlon of regulator. calls
tha} should inhibit or modulate the DTP;I- response against PPD. But
the observations have been different.

Kapoor & colleadues in 1985, with respect to PP'D—induced delayed

hypersensntnvnty)and ‘antibodies have observed a dlrect-

relationship. between the two types of responses. Since IgA

provides surface immunity to mucosal Ilglngs it prevents satellite

-

infections in other parts of lungs, and thus facilitates elimination

or phagocytosis of the infecting mycobacferia._AIso, observations

by other workers . indicate a posit‘i‘ye‘ re|ationship bétween
Mantoux reactivity and antibody responses. This may be explained
as (1) serum IgG and secretory IgA by virtue of forming immune

TDTH and (2) the lfact that the

mycobacterium by virtue of c‘ertain ‘peculiar antigenic properties

complexes may enhance the

can modlfy or deregulate a normal immune response as has.been
experlenced in the use of complete Freund S ad;uvant.
Mycobecterial-antig'ens produce skm sensitivity due to sensitized
T cells and simultaneously ha\;e a mitogenic effect on B cells.
1.Serum factors:  In 1985, Kapoor et al observed that the DTH may

be directly related to some immune as well as non-immune&factors

ar
ot
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in the~sewL. For instance they found a .direct relationship between
anti-PPD " IgG2 antibodies and the DTH reaction induced by PPD.
These antibodies are found in the majority of patients with active
or previous TB mfectlon rand a’ similar relationship between
anti-PPD IgA and’ PPD ‘induced DH suggests that as IgA antlbody
-provides mucosal LFurface immunity, it carf in combination with
mycobacterial anhgens form immune complexes ‘leading to
p‘roducti'on of skin reactive factors thereb}. odulating the delayed
cutaneous respoﬁse. The' direct relationshipm anti-PPD IgG -
and DH may be explained by the fact that IgG antibody activates
complement and thus augments monocyte meglated uptake of
mycobacteria (Kumar 1979) Ieadlng to their elimination from
cireulation. This results in a lesser amount of available antigen,
so that_a gobd DTH reaction can now occur (Bretscher, {1981). It |
may be concluded from this study that the two antibody mediated
processes can lead to the.prevention of spread of the dlsease and_
simultaneous ehmmatlon of mycobacteria from the blood stream.
.~ On investigating the effects of malnutrmon on DTH, Kapoor et al
(1985) ,detectéd a "direct relationship betwden the haemoglobin
levels and the anti-PPD DTH response. This indicdtes that a
malnourished patient wit.h' a ‘!ow__hae/moglcjbin,i often has a
decreased DTH response. - ‘ - ' ' ‘ - -
| In 19\81, Kardjito et al ‘also observed that the DTH ré%onse is
"di'rect_ly related to ‘sérum levels of élbumin. In -malnourished
individuals,, a déorease of this protein is associated with a lesser—-.

DTH response. By virtue of lesser tissue damage due ta
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inflammation this may be advantageous to the already
COrnpromised host. .

Gupta et al (1983) made ' similar observ'ations and found a
s_ignificent correlation betweén the level of anti-PR® IgG antibody
and PPD-induced DTH (r=0.468) in patients and (r=0.208) in
controls. |

2. jad i | ' -

: The_ so:called environmental "atypical® mycobacteria are knoWn to
‘possess determinants that may be antigenically related to thq
Q epitopes of Myc.TB (Anders$n et al,1986) leading to
cross-rea;:tivity among the antibodies and receptors recognizing
them. This nay\result in some.of the phenomena observed in this
study. The ml'myc'obacterial infections may therefore have
an influence on tuberculin sen‘sitivity of the population. Previous .
observati-ons have shown that different populations showed
considerable variations in response to BCG vaccination.

;v-Hart in 1932 had shown that a dllutlon of 1/1000 of OT was
usually sufflcrent to elicit a posrtrve response in TB patients.
Wheh the subjects were skin- tested with tuberculin in Europe
they either developed a pronounced local induration and erythema
or no reaction at all. A few individuals in the ;atter group showed
very slight or no reaction, when tested again with a higher d-ose of
tuberculin Clearly these small reactrons were 'non specific'.
Palmer and + Edwards (1968) on testing navy recruits obtained
evudence that the positive response following Mual skin testing

could be associated with immunity against TB- infection. The

K
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~incidence of TB dlsease was seeh to be 50% less in men wnth such \
| i’tlow grade sensitivity than in men with no such lmmunlty when the
recruuts were followed Th|s indicates the presence - of a low but .

‘.'effectwe |mmumty ‘against Myc.TB. dlsease in t 'ndividuals.

This low grade sensmvrty detected by dual skin- test ng wuth'
«’_-tuberculm was thought to |dent|fy drfferent sen ""ng agents . -
) Furculow et al (1941) observed that healthy mdrvnduals who drd
not respond to a dose of tdberculln ‘which céuld normally elicit 'a

'reactlon in- TB. patrents were mjected subsequently wuth a higher

~ doSe of tuberculm did glve a posmve reactron Thrs response to. -

~ only a hlgh dose of tubercullm was also 'non specnfrc and could,

-reflect prlmmg of the rmmune reactive cells by the _lower dose
glven flrst or lt could be attrlbuted to prevnous |mmun|zat|on by
,atyprcal mycobacterlal lnfectlon;causmg an” |n|t|a-l weak
,sensrtrzatlon enhanced by cross reactlng wrth the skin. tes’t-
- antigen given later. The\»two pOSSIbIIItleS cannot be dlstrngurshed B

, ibecause |t |s unethlcal to glve a hugh dose in the frrst mstance

The structure ‘and anttgenlc features of the mycobactena are-
}revrewed bruefly PR
The structure of mycobacterla is highly complex contalnmg many,”
’dlfferent protems, sugars and l|p|ds Wthh are closely ‘associated

in macromolecular complexes Thus it would °be expected that the

number: of antlgenrc determlnants or. eprtopes dccurrlng on each -

‘bacnllus rs enormous The numbers demonstrated by varlous tests

v
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depends upon the preparation uSed"»'and the specificity of ihé téSt.
Therefore no single technique can reveal the total set. of antigens

in"ga%‘bacterial'cell. To dévte‘_‘ iﬂunoeiec@trophore’sis of .’cyt.oplasm

-l(ésétmff ‘et al, 1917) in concentrated. culture filtrates of Myc.TB

and immunodiffusion -(S{ta'nfor__d 6t al, 1974) of “bacterial
ultraso.nic.ates, have bee;w utilized to study' <the antigenic.
pr.opherties“ of My%.TB. Crossed imtn»uno"ele::tro.phoresis pérmits
detection of up to one hundred distinct antigens of*Myc.obacterj_

TB, which is prohably a isignificr:.mt underestimate of the_»/fo:: "
number. Some moi+ules s:udh’_a's polysaccharides may consist of
répeating unite  wain: s‘imilar antigenic ;})"r‘o"perties,‘ Sut' other
molecules such as pro’teins"inay b‘ea_’r‘ mdre -“tha‘ri o‘np“ distinct

epi,'topé}y on the saFne m_pledule (Daniel an’d’ Janicki 1978). "

-Variability due 'to’evolutidn, may lead to these protein molecules’
.'_posséséing both;épe\cies-specific and»'s;pécies-shared ,opitopes.

“Janicki et al- (1971) have demonstrated 11 major antigens by

eIectrophoresis.hT‘he antigeris‘ i,2 and 3 have"bqeri identified as
being polysaccharides and are ‘bom‘mon to aIl'mycobécteria,Whil’e
the antigen 5 has been identified as a glycoprotein. with 'antig“eni'c

spec'ificiti%s apparently festricted  to Myc.TB. Information.

~ concerning the physicochemical hature of the other ten antigens is

béing acq‘uired., o o

‘Anothér important and: Iikely_! source for the variability and
antigenic diversity is the cultur; ‘method used. Boyden and Sorkin
k195‘6)~s"uggested‘- that thq bacilliz could produce ’special?adapt'ive

enzymes,.When'growing in vivo and these migh"t generate formation_ |

[
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-of antrbod|es which by neutralrzrng the enzymes could play a
protective - role . in favour of the host. SUCh antlbodles however
- cannot -be elicited by use of antigens from bacill grOWn in culture
ot may lead to postulatmg that the -bacilli contam a much greater
number of - antrgemc determinants for immune cell reactuvrty in
vivo than in vitro. ) -
Like with any forergn antlgen thebSmune reaction of the pody to

\ any mycobacterlal infection. may

ol

regulated dlfferenﬂy in_each

~individual, depending on the genetrc susceptrblllty and exrstlng

immunity to the specific and related antrgens Th'S Could be _

explained by the observatlon of immune reactions in different
g,lndrwduals exposed to the same antigen. The major Cél| types
: rnvolved in an |mmune reaction are the antrgen presentlng cells
(APC) T-cells and Bcells - .
lhe AEQ mciude different cell types Wlth related fUnctronaI

actlvmes present at vanous srtes m the body In an immune

{

'response these cells are capable of "takung up” the antugen |

rntracetlularly and breakmg down or processmg it and later
re- expressung some parts of it on the celJ surface to be recogmzed
by other effector cells. The r)sfoogmtlon of antigen dlffers for
-:drfferent ceII types.  B-cells recognize natrve(antlgen, while
helper T-cells can only'x reoognize ‘antigen in the context of self
'hlstocompatlbrlrty antlgens The -antigen presentmg “cells are the
macrophages dendritic cells Rupffer ceIIs Langerhans cens and

- cells of reticulo- endothelral system It has atso been Shown that

Av’ .
. k
Y
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the B-cells are capable of. antrgen processmg and . presentatlon to

TS

The T-cells “may erther mduce or suppress both f‘a,umoral and

cell- medrated immune responses These opposmg regulator‘y

activities are medgated by Thelper (Th) or’ Tsuppressor (Ts)
cells respectively. When a forQLgn antrgen is recognized by a°

Bcell beanng specrfrc receptors wrth afflnlty for . this partlcular

‘. antrgen that B-cell wrll prollferate prowded T ‘helper signals are

also available. Clonal growth gives rise to daughter B-cells each

with the ﬁparent specrfrcuty ‘Some of these progeny cells mature

|nto antibody- secretrng/pjasma cells and others become memory
cells. As a result large amounts of antibodies specrflc‘ally reactive
to this antlgen are released mto the circul tion. The cellular as
well as the humoral responses are specific both in the mdu_ctron

4

and effector phases o _—_;)

B

The macrophages are involved . not only in immune Tresponses but

also in other defence mechamsms due to cytoplasmrc phagosomes

and lysosomes cqmtarmng a variety of bacteriolytic agents These

phagocytrc aQ bacteriolytic \activities operate - when any m{pctuve

agent enters the body.

If an infection progresses desplte an immune response, the

absence or mhubmon of an effective non immune reactivity. For

|nstance as proposed by Adams in 1982, certam bacteria can avoid

i~

Id

survival of the mfectrng orgamsm could be explamed by the .
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the' body's defence mechanlsms of phagocytosrs by either of three

-

courses: frrstly they may escape the phagosomes “and lie. free in

| the cell cytoplasm secondly they could prevent fusron of

Iysosomes and phagosomes and thirdly, they . may resist- the
bactericidal effects of the lysosomes. _ !

While studying macropha¢4 acfivation in Myc.tuberculosis

- infection, Lowrie et al observed rn 1979 that the mycobacterla

- were readily mgested by the macrophages but they markedly
impaired the fusion of bacterium-containing. phagosomes to th\\
’lysosomes Dead bacterla did not cause this |mpairment and live
BCG were less able to impair fusion than the more virulent strains

of Myc. TB On the other hand antibody-coated bactena were unable

. to inhibit- the promqs of fusron and therefore the orgamsm’ could /

readrly be eliminaiga by specufrc antibody. Although the in vivo

srgmflcance of this phenomenon is ‘not known it suggests that.

~ anti- mycobactenal antlbodres produced in the host, could play a

‘ protectlve role in the host-pathogen interaction by enhancement of‘\

»

a non-immune reaction.

Iha_m_o.n_o_cy_te_s___an_d_m_agmp_h_agg_s_can also regulate the actrvatlon
of reactlve Tcells through the level of IL-1 production. It has.
been shown by Fuuwara et al in 1986, that in the presence -of
llpopolysaccharrdes (LPS) or PPD, the monogcytes from patleﬁQ

wrthtuberculosw produced Sionificantly higher activities of IL-1 |
than- did 'those from healthy indivtdual_s, .when.,both showed
positlve_-- skin reaction with tuberculin. ln contrast PPD-indoced_

blast transformation respgnse was lower in patients than healthy

~
-

. . - . ~
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‘“controls and IL-1 productron by monocytes showed " a positive

correlatron W|th monocyte suppressor actuvrty for PPD mduced

| _blastogenesrs of peripheral blood mononuclear cells from healthy -

individuals. Also, exogenous IL-1 was capable of suppressing
PPD-induced blastogenesis, suggesting' that rrton'ocytes from TB
patiPnts are activated to produce increased IL-1.which in turn may

be a medlator of suppressor cell function. The suppressor -cells

: coutg be a dlfferent subset of monocytes from those -involved in

IL-1 productlon _ A
In 1979, Katz et a/ = attempted to study the effects'—of TB'and

subsequent chemOtherapy on B cell function and on the

subpopulatrons of T cells that have |mmunoregulatory actrvmes’

- They observed a marked decrease and in fact absent plaque formrng"

- cells (PFC) responses in patrents with active TB~ as compared to

healthy adults,w this ~ improved significantly ,(p<0.05) after

‘ ‘cHemotherapy instituted for 4-6 weeks, but it was still much

lower than PFC responses |n "normal donors (p<0.001).. They also

C observed that both treated and untremated TB patients have

_crrculatmg aydherent cells th}at are capable of suppressing
“autologous PFC responses, and that removal of these cells

partially corrected the suppression' in untreated  cases and

cérrjpletely reversed the:suppression in treated‘. patient "cells.'

Acute TB patients -had relatively increased percentages of TgR

" cells (with Fe receptors for Ing (p<0.001) and a concomitant

decrease in TuUR cells (with Fc receptors for IgM) (p<0 05) After

- 4-6 weeks of chemotherapy a rise in TuR and a fall m TgR cells

Qa ' . B
< ‘ -
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occured leading to correct’g)n of the proportron to levels
comparable to normal donors (p<0.02). A ;
Antigen-antibody . reactions for testing "of Myc, TB,
(a) ent_fixati : Many iﬂ(ejrgators have" used this.
- tost for ‘the dlagnosrs of TB. The principlg/ of the method is that, .

- complement »,bunds to approprrato antlbodues causing lysis of"

erythrocytes which have adsorbed mycobacterial'anﬁgens on their
surfacs. Thjotta‘and Gunderson in '1929; obtained positive re‘sult:s‘
in 94.6% of pulmonary TB patients, but only in 44% of
extrap‘filmonary‘TB, ‘The results in these early studies varied
,enormo.usly and the general opinion was that the test is positive in-
the majority of active TB patients. But it rs “al"so' positive for. )
i:nactive" 1B, in healthy controls .as well as in other diseases. This
makes_the test not very. discriminatory and therefére of less value
to disting‘u'is-h betWeerf heelt,hy_indiyviduals, inactive TB *-patients,
and active TB patignts. | ’
(b) ﬂaemagmmg_n__t_e_s_t,_ This is also referred to as the
Middlebrook & “Dubas (1950) test. In this procedure red blood cells
(RBCs) sensitized with water soluble'mycba'cterial antigens are |
' added to seria|~ dilutions of test serum, which has been heated to
lnactrvate complement Agglutmatron at a serum dilution of 1:8
was ‘found: for many cases of TB but not in sera from healthy'
* .controls. Later, in order to attaln more specrflc results
modifications of this test system have b}een used. The tests were
exte‘n'sively’_"veval‘u_atedv_by various invﬁes’tigators and ' showed

.
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- enormous variation in the sensntlvnty and specificity usnng
’ tuberculln antigen and Rhesus negatlve Group O human, or sheep

p erythrocytes As for sensntrvnty, the percentage of sera gwlng .
’ }posrtlve reactions 'at -a titre ‘of 1/8 or ‘greater varied from 0-50%

- in non- tuberculous sera. The | range of dlscrlmmatory power was--
very wide,’ va;yung from 92% of TB patlents and none of controls
to the other extreme of 50% of controls and 60% of patlents giving

posntlve results.’ Sheep eryth‘rocytes on the whole gave better
results but the test: has not gained- popularlty because of its

,_complexny and has been replaced by techmcally snmpler tosts for -

anti-tuberculin antibody assays

_ " This hlghly sensutlve technlque is
based on binding of a radlolabelled antlbody to antlgen or vice |
versa. In the Farr techmque,lradlolabelled antlgen comblnes with

_ antlbody in the fluid phase and this cornplex is then precupltated

‘ out by a protem precrpltgng\ agent such as ammonium sulfate.
The radloactfv“ty of the co- ptecnpltated antigen is- measured. lf

antlgen itself lS a protem thenl antl |mmunoglobul|n serym is useé q.‘

. 'for precrpltatlng out the labelled antlgen antibody complex But
N this technique proved net in bé very sensitive and was usable to

dlscnmmate_ culture prove T3 atients from healthy controls

In contrast to this, IS B ‘chase RIA, unlabelled antlgen s
.used'for binding to z suitable surface Antibody bmdmg to this
-antigen is‘: thep 'detecteo ny ‘»tmmon of a radlolabelled antlglobulln
ThIS gave, much better sensutwty and specuflcuty to the assay

8
: . N
system. | Yo



(d) Enzxmellinked;imtuumsnmmay_(ELISA) is a useful tool to
[}

quantltate antibody \Ievels in various lmmunoglobulm classes to a
. range of soluble and msoluble mycobactenal anttgens The
principle Involves blndlng of antigen to, a solld phase such as

: polystyrene plates and testmg the antubody -containing serum by

incubating it ln the antugen coated plate under ~optimum condltlons;

for the reactlon The”amaunt of antlbody bmdlng is then assessed
"fby incubating t“hi complex in the presence of an anti-

: lmmunoglobUIin lirked to an enzyme. The - enzyme is ‘then allowed

to combine with its specmc substrate, yleldung a~colored reaction -

in contrast to a colorléss background | a control wells. The ELISA -

has galned pdpulanty because of its reproducublllty, mlnllpum
operator's subjectivity in evaluatlon of results and safety as
compared to RIA because there’ are no radumsotopes used. l
In order to select the antlgen for TB testing, it is useful to. réfer
”to the information given by Wlnters and Cox (1981) who found
comparable readmgs wnth different antigens in. RIA using plastlc
coated beads as carriers. The antlgens used were -

(1) BCG whole cell =~ —

(2) Myc. TB whole cell

‘(3) PPD - S .

(4) Myc. TB cell 'wau' and

(5) BCG call wall, \

,The results were posmve reSpecttvely in 59 56 52, 46 and 37%

of pattents with bacternoloqucally proven TB infection. Sllghtly

'htgher levels of antiboeies wére found in tuberculin skin-test

2N
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positive “than in tuberculin'negative controls. It is clear that PPD
can safely be used as the best choice because of its _.competitive
results, and also because it is avqulable for research purposes as
synthetlc preperatlon wufh standard reactnvuty . These conditions

'would be mpossnble to attain with the whole cell preperatlons

1
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Sei i Serum antubodres to tubercular aritrgens in man
have been observed by various mvestlgators smce the beginning of ~
this century The methods have varied and therefore ‘the levels of
sensrv_rty and specmcuty between the different test systems have

AY

also varied. . - g S
In 1903, Bordet and Wnstrated a complement fixation
‘test in animals usingt~{Whole . bacillus as an ;antigen. This test
- system involved .complement Iysie of erythr‘eéytes which had
.mycobacterral antigens adsorbed onto therr surface _provided there
: were appropriate antibodies present. Later in 1918, Brown and
Petroff utilized this test in patients with pulmonary tuberculosis
and found'the testwto' be negative in extrapulmonary TB. Pulmenary
, T~B"batients .‘apnear' to produce much more antibody- to
myeebacteri'al anti'gens than patients. with extrapulmonary TB.
Ther_efore the test was not cons}idered to be sufficiently sensitive
for the diagnosis of ‘TB disease. l
Later, Middlebreok and Dubos ('1 950) used a hémagglutination assay
““for detecting anti-TB antibodies. In this procedure, sheep
/erytrrrocytes were sensitized with> water saluble mycobacterial
a\ntigens Serum (heated te inactivate complement) from B
patients and not healthy controls, at dilutions of 1 8 6‘r .more was’
",,seen to agglutinate the sensmzed ‘sheep erythrocytes. |
';Middlebrob,i? used human group 0, Rhesus negative throcytes, to
avoid agélutination by -heter'eppilic antibodies. Using this assay, he

o
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- ' -
d|scovered that - polysacchandes which were commo: to all

cobacterial species as well as some' other: b;bterla (Janickl et

\19 8) were the antigens bmdmg to erythrocytes rather than
protein moeities of the bac:llus., ~which were more
species-specific (Daniel et al, 1981). This. led “to *further
modifications by Boyden who trgated erythrc;C))tes with 'tann@c/\
acid and found that mycobacterial protein antigens were now '
adso?bgd by these cells. Sera that agglutinated PPD-coated tanned
RBC\s at a titre of 1:160 or greatgr were considered positive. In
this study the test appeared to be more discriminatory and ~
s;;ecific than the test 'with untreated RBCs. But the system was -
too compiex for assay.ing'ti'ie anti-tuberculin antibody, therefore it‘
did not gain much popularity. | |
Another type of assay utilized for this pur;;ose is the
" radioimmunoassay (RIA).. different investigatoré have used
madifications of the solid phase for RIA, for example pol;etyrene
. microtitre plates or plastic coated metal beads for coatmg of
antlgen Nassau & Parson (1975) used this techmque to quantutate .
‘antlbodles binding to polystyfene plate wells coated with
concentrated cblture'fil.t‘rates of Myc. TB. After adaition of
1125 japelled antiglobulin the wells were cut out from the plates
a,nd counted in a scintillation counter. The resuits were expressed
as percentag.fe of the activity‘ of a 'standard’ highly. positive
serum Values greater than 30% of the control were obtamed wuth
sera from 63% of 140 patnents with TB and in one of 179 control

indiwduals, while values greater than 20% occurred in 88%

—
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4 .
patients and 12% control subjects. These results indicated that

solid-phase RIA was superior to the precipiiation RIA.
Subsequently Mauch iet al ‘<(1990) quantitated antibody bindjngﬁ )
levels in sera from 90 healthy individuals and 40 patients with
pulmonary tuberculosis. The 95.3 and 99. 7% confidence limits for

healthy mduv:duals wgre estabhshed and it was found that 64 and

529% of sera from patients with TB had binding levels of antibodiés
above these twi confidence limits, respectively. Although RIA is a
i

powerful tool the study of antnBodles for TB the)cost _of
equipment ‘and reagents may rbake it unsuitable for routine use in
the study of TB outside major research centres. It is likely

*
therefore to be replaced by enzyme immunoassay in many
. i ) .

instances. _ )
The technique that /has -gained popularity recently is the
Enzyme-lipked immunosorbent-assay (ELISA). It utilizes a stable
alkaling phosphatase linked anti-human globulin conjugate, and)h(~-
assay is reproducible. It . is fheref_ore ‘a very useful tool! to
quantitate _antibody levels i.p -various immunoglobulin classes
reactive to a range of soluble and insoluble antigens. It also has

the advantage of providing results in a short tnme

1"“ lThG sensntlwty and specn‘lcuty of the ELISA system has been

¢

addressed by different mvestngators and. their results are quute
comparable. |

In ‘animal models where responder and non-responder strainé have
been studied to a:great extent, the imnq\une respanse to can ahtigen

may vary cdnsiderabely from host to - host, owing to genetically

{ N v )
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. controlled variations in antigen- processing by APCs (Weiner et al,
1974) or in the regulatory cell functions. Moreover, the humoral
reSponsé may bé affected by antigenic competition (Taussig,
1973). Prigr exposure to-certaia shared mycobacterial antigens
Wshicng may have similar epitopes toggdyc.TB, accelerate’s

-. subsequerit responses to these antigens and may suppress
formation of antibodies to the newly intraduced specific antugens‘
For mstanée a molecule may possess two determmants 'x and vy,
but for spatial reasons only. x Qy be able to bind to the B cell. In
" such a case, an excess of B cells reactive to antigen x would
inhibit by competmon the attachment  of cells reacting to the y
determmant "léphns is termed intraniolecular antlgemc competmon
Competmon‘ also occurs when the epltopes are located on
different\ molecules, in which case Taussig -has postulated that the
hmltmagatlve amount of help from co-operating Tcells .is
responsible. Irrespective of the mechanism, the occurrance of
antigenic competition- may -considerably reduce the humoral
immX.me response to . specific mycobacterial antigens in
tuberculc’)/sis.u

e

Thus for discrimination of TB patients from non-TB ontrols an
antigen unique“to Myc. TB would be more useful ams* éuoyﬁwpared to its
other antigens. It is yet to be seen if it can be/{ f practicable value.

. Zeiss et al (1982) have used a modified RIA in paralle! with the
ELISA for assaying /IgG an»tibodiqs reactive to PPD in sera of
patients with active TB. Both agsays demonstrated a marked

increase in IgG antibody actiyity in TB patients as compared to
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" skin-test paositive and negatwe healthy controls wrth a hlghly
significant zorrelatlon between ‘the two, methods (Spearmans rank

test; r=0. 976 p<0 001) on the. basrs of the results obtarned

- Because of the independent observatrdns made both by Favez etal

“(1966) and Freedman et al (1966), that an'.lgG antrbpdy response

rand then suggested hat thex RIA and ELISA methods were both_‘

-equally useful in discr TB; patl’ents ‘from non- TB controls
when the control group were also skm test posutlve to PPD.
Kalrsh Radrn and colleagues (1983) used ELISA to detect and

evaluate IgG; IgM, lgA and IgE. antlbodres agarnst PPD ( produced by

| ;Parke Davrs Co) ‘with respect to dlagnosrs of actlve TB. They found

that serum lgG levels and secretory 1gA levels both showed a

j ,srgnrflcant mcrease in patlents with active TB, whrle there seems

no co(ualatron between levels of - lgM and IgE with the presence or

seventy of the dlsease The lgG level was also found to declr e

' wuth treatment and the duratron of therapy had a drrect effect on-

‘.‘r‘u

LY

‘the serum lgG antrbody level. There was no srgnmcant drfference :

'|n healthy skrn test posutrve or negatlve individuals, whereas; |
drseased lndlvrduals showed IgG titres as high as 1/1000. Radin,

’Zerss and Pharr (t@83) found that actrve TB patrentsa\showed a" ‘

srgnlflcantly hlgher tltre *(p<0. 00001) of lgG antlbody act|v1ty

agarnst PPD (Parke Davus) than healthy skin-test posrtrvel

'g mdrvrduals SerumulgM and ._lgA antibodies were much less

discriminatory
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In 1980, Tandon et a/ attempted to test the usefulness of ELISA in

“imr'nuno-diagnnosis. of tuber_culosis. They assayed for anti-PPD. igG
~antibody, and found that approximately 80% of blood samples from

sputum positive TB patuents gave posmve results  on assaylng for

‘the antibodies reactlve to purmed tuberculm The test detectedt '

"dusease also in 56% cases in which no bacterial evndence of
;dlsease was present yet. The.vestngators therefore believe that
- if preltmmary clinical and radiological exammatlon suggest a
’ tuberculous infection then ELISA can saf‘ely be recommended as K|
test for addttnonal diagnostic information.’

Kalish and coIIeagues (1983) made similar - fmdmgs by ELISA

| experlments They ' observed that, actnv_e B patlents w_cthv ‘

pulmonary infection had significently‘ higher mean levels of 1gG o

_antibodies reactive against‘ PPD than the normal’ contrels_ or

- p'atients- sufferi'ng from atypical. mycobacterial disease (p-O.OOS)’,D

’
v G

sarcoidosis '(p =0.0001), histoplasmosis (p=0.004), blastdmycdsivs_";__;

(p 0008) or cryptococcosns (p==0 017) patients \)vho had' recieved

3

BCG vaccination (p=0 003) and PPD skin' test- posmve -and -

'. skin-test negative control subjects (p=0 001)

,'Grange et al (1980) used ELISA to study the Ievels of anttbody‘.‘

blndlnw BCG belonglng to the IgG, IgM and IgA classes in patlents
suffering from granulomatous dlseases of TB . sarcondosns and

Crohns dlsease T%ey studted the three dnseases sumultaneousty

. because of the suspxc;on “that the etnology for the other ‘two

dlseases is alsa mycobactenal in orlgm These antlgens they

_suspect may be in the cell-wall-free or filtrable forms which may
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exist in crrculatlon after the phagocytlo processes have degraded
the’ r;on pathogemc mycobacteria. Patlents with TB as compared to
Crohn's drsease and sarcoidosis showed srgnmcantly eMated
‘ levels (p>0'001) of 1gG antibodies blndlng to antigen prepared by
ultrasomcate of BCG (Glaxo). Many patients with sarcordosrs and "
Crdhns drsease by contrast had sugmfrcantly higher levels of IgM

Class (27. 5%) and lgA class (45%) antrbodles

‘Aziz and Haq (1985) in Pakistan, mvestlgated 181 clinically
'dlagnosed B patrents who were elther positive .or negatwe for

culture of gram- posmve acrd fast bacnlr ‘in their sputum, When

Mantoux testing was done 93% of the sputum’ posrtuve TB patients '»

were posntwe as compared to only 12% of the sputum negative
patrents Tl]rs led the authors to suggest that revrew of the
dmgnosrs of pulmonary tuberculosus in Mantoux | negatrve ‘cases’
| «vwas necessary This observatlon underlmes the rmportance of:
domg ‘both Mantoux testing and culture from each patient. ‘
. Sprrer etal (1977) "have tested in vntro T-cell function m young'
rchlldren by utrllzmg the leucocyte mlgratlon mhrbmon test
‘ZLl\;tIT medrated by cells - sensitive to tuberculin. This factor
which is capable of mhnbltmg mrgratlon of normal. leucocytes in
culture can be produced by the antigen sensitized lymphocy*es
‘-LMIT in conjuntlon with the Mantoux test were used as parameters A
of cell medla immune response (CMI.R)V. They demonstrated%mt
LMIT

reaction. The Mantoux test was positive in o'nly 3‘2.4% cases - as

-

the absence of skin reaction does not mean t’he'aosence of

@

%Q
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compared to LMIT which was positive in 50% cases. Maximum-

~ waning of CMIR occurred in the first three years of life and
." malnutrition accelerated this Wamng The mvesttgators did not

report on.the state of *humoral |mmun|ty at the time of wanin @

CMIR. Youman (1979) had expenmentally demonstrated tﬁat‘
lmmumty agamst TB is not related to delayed t]ypersansmvnty to
mycobacterlal antlgens It is |mportant though to keep in mind,
that the negative Mantoux results obtamed |n T8 patlents may be '

due to generalized anergy in some of the patlents - A

. Seth et al (1985) considered the symptomatic ‘Mant0ux positivity

(SMP) and primary pulnonary complex (PPC) as milder forms of

disease in chlldren and studied the |mmunoglobul|n levels in these

e

patients.

Lenzi't al had shown that the |mmune spectrum of TB |n
children was different. from that in a?ults In .children the fresh-
infection is accompanied. by crrculatlng antlgen -alone, .and antigen m

antnbody‘ complexes .are formed with treatment of infection,

 whereas 'entibody 'alone is present ’infcirculation when the .

- inféction is controlled The level of IgG w‘as significantly

increased’ (p<0.05) whereas IgM level was significantly decreased

"(p<0.05), in children with SMP and. PPC as compared-to healthy

controls. No significant difference was 'seen betiween the two
disease groups'_for IgG.and IgM. The level of IgA was comparable in
the SMP, PPC and control groups.

" In India, Gupta et al ’() 983) ‘and- many other investigators, have

observed a positive relationship between the Mantoux test
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~reaction and enti- PPD antibody Ievels. in the b \od. They" found
that Mantodx positive individuals Had" hig'h Iéf antibody tltres
" whereas Mantoux negatlve individuals had low antibody titres
when tested by ELISA '

Grmduhs at al (1984) mvestlgated children at 22 fmonths age who
" had been vaccinated wnth BCG at b|rth and who elther developed a
scar at the injection site or not. The absent scar could be a result
of unsatisfactory. vaccination, or it indigated failure of sTuffxcqent
- reactivity by the child t@ produce a sear.&\They wefe all tested for
cell-mediated irhmunity against tuberculosis by means of Mentoux
test reactien and by in vitro  blast- transformation with tuberculln
(OT) as well as phytohaemagglutmln (PHA) and - pokeweed mltogen
‘-(PWM) The latter two were . used as non&pemfnc mltog ns. They
sh_o:weduthaf .emohgst those chidren who were given BCZ at birfh- '
and had a scar abeut 50% showed a negativ‘e’skin reaction to I,ew |
dose of10 TU PPD (that is 0.1ml 1/1000) . When thesp negatively
reactmg children were reinjected with a Iarger dose of 100 TU
PPD (0.1ml 1/100) subsequently, about 20% of them still showed
no response even to the hugher dose of antigen. When peripheral
blood lymphocytes (PBL) of these skin test negative ’eh\ildren' were
cultured with PPD, they showed a decreaSed lymphocte blast
transf,‘ormation,. that is less than’dso % of the value of control (PBL
from healthy adults c'ultu‘red dnder similar condition»s) against
tuberculin, but not so with other mitogens. | |
- Impaired reaction to tuberculin in a 'previoUsty vaccinated

individual- may be caused by a defect of initial recognition of the
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antigen, or- failure of sensitized lymphocytes to react because"of
malnutrition or a serlous mfectlon Defect in lmmune recognition
could also be due to lmmaturlty of the preterm mfants immune
system, though in thns study all such infants were. excluded. Also
_ there were no clinically ill or.overtly ’malnour—i/s'hed .children in thé..
study, but children who shg\h;ed" no response to 'primary BC&B
. Vagcination were shorter, lighter and thinner than the other group
which had shown a good “response to BCG. This still is not enough
.reason to explain the decreased DTH or blast transf“ormatlon :
response i so many chlldgen ‘Antibodies were not studied in these
K chrldren which ‘might have given an mdlcatlon of Ts cell actlvrty
' Some babies have been shown to have impaired CMI/at birth which
| _ may persrst up to 12 months age ( Ferguson et al, /78 & Chandra
et al 1981) The chlldren who had no scar were smaller for
gestatronal age babres compared to those who reacted with-a scar.
But’ this agarn does not explain the reduced CM! in babies ‘who
redcted with a scar._ * | o
- There is one major problem with the study, which is the use of
“lymphocytes fromn an adult as control. The adults are expected to
- differ greatly because of exposure and to a much wuder.rvarrety of
organisms that can modify the immune reactlvnty_,) The maturity of_
the immune system due to age‘ is an importanta factor and the
controls should therefore be agg-matched. l

Regulat t the in )

I;Q_e_l_ls_: In 1976, Moretta et al worked at ldentrfymg different

subsets of T cells in humans that may have regulatory effects on
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the antibody respon‘sge. First they ident'ified two distinct
subpopu‘lations which showed similar’ respo‘nses to Con A but _'
different patterns of reactivlty to_ 'PHA' One carrying surface .
: receptors for the Fc portlon of IgG (Tg) showed decreased response
to PHA and mcluded cells with suppressor capabilities for the
PWM- induced productlon of mtracytop‘lasmlc lmmunoglobulm in
X Bcells and . others carrying surface receptors for the Fc portion
of IgM antlbodles (Tp) whlch showed goad respOnse to high ‘doses
of PHA but minimal response with lower doses The lower dose
- was the same as consndered gptlmal for unfract:onated T .cell
responses. They noted that these cells’ were present in
approxnmately 20 % and 75 % concentrations respectrvely |n *tnhe‘
total Tcell population.. The total T-cell population mcluded some-
that did not carry receptors for elther antibody, possubly due to
the purification processes. However it was attempted to exclude
thls possublllty by the fact that Tg depleted and Tg+ cells when
mixed in the same proportlon as in the orlgrnal suspension gave -a |
response to the mntogen phytohemagglutlnm (PHA) |dent|cal to the
unfractionated T-cell response. The lnvestlgators explarned this
?dlscrepancy by suggestmg that the Tcell subpopulations may .
exert _s_orne mutual regulatory control when respondlng
simultanetously_to a mitogen. | ‘ |
Katz et al (1979) observed that TB patients had a decrease in the ./
absolute T- cell numbers, and’ showed a relative increase 'in Tg
" cells (p<0 001) with a concomitant decrease in Ty cells (p<0. 05). .
‘This may explain the - reduced cellular response in active TB

;
i/
*
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allowing the ain"fectihg organism to go 'unohecked thus resulting in -
significantly” increased antibodyn'respo-nse. The -T-cell numbers in'
this study were proportionally reduced in untreated patients .

(p<0 001). All these alter‘ations returned to normal after

anti- tuberculous therapy for 6-8 weeks

Later when monoclonal antrbodtes (MoAD) to T-cell receptors were

‘ deyeloped in partictilar the OKT and. Leu series, more precuse

definition - of various T-cell subsets could be made, thus

facilitating the study of interaction processes in- immune‘"'

- reacttohs'.('Reinhe_rz and Schlossman 19804, Ledbetter ‘et al 1981).

It was therfore realized that Tg“and Th receptors alone were not
very good markers for defining * functional propert|es of cells.
Instead these Fc receptors in conjunction with the MoAb appear to
lay an lmportant role |n T-cell' function definition. (Remherz and

Iofman 1981, Moretta et al 1981, Heijnen et al 1982 and

.Balle\): et al 1983)

OKT3 is a pan-T-cell marker and is present on all subtypes OKT8

is expressed on both the suppressor #hd cytotoxic T-cells and

’ varlously defined subsets of cells, these markers do not correlate '

OKT4 is expressed on the he'oer T-cells. Although expressed on the

solely W|th the functnon of T8/Leu2 or T4/Leu3 cells because. the
cytotoxic T-cells can possess both phenWs The alIoreactn@

cytotoxlc T8* cells have been seen to react with Class | MHC ‘and

‘T4% cells react with Class Il MHC antigeps. The suppressor cells.in
1}

the T8% group are either Ts-effector (T8*T3+*DR*) or Ts activator

( T8*T3*DR") cells. DR is an antigen expressed on most of the °

[4
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activated cell subsets, ' *
A small subset of peripheral T-cells that do not have receptors
for either IgM or IgG and are Tu'g™ can be ‘induced o -express Fc

receptor for I'gM (FcuR) after actlvatlon by 5h. of culture with the

“antigen., (Heijnen .ot al 1980). These actlvated helper Tcells

l;V‘hiCh were primed Tut cells were also capable of exerting
supprelSsor -inducer Actlvrty Therefore it was reallzed that . the

same’ subset of Tp cells simultaneously possessed both helper

and suppressor inducer "activities. They w‘ere characterized;further .

by OKT4 and Leu3 -antigens. (Heijnen et al 1\982a -"The'

subpopulatlon of OKT4+Leu3+ cells therefore included T-cells

.subsets with drfferent funotronal actrvrtres that is T- helper cells -

which requwed the presence of APC for activation and recogmzedl '4
antlgen in the- context of Class Il histocompatibility antlgens
(Rees et al 1981, Uytde ‘et al 1982) while the
T-suppressor mﬂducer cells that ‘could recognlze the antigen in |ts
native form could therefore be generated in the absence of
adherent monocyte APC. (Heunen et al 1981, Rees et al Wl,
Uytde et.al 1982). ‘ |

Unprimed T cells when. given an inducer ‘sigvnal' by these
suppressor-lnducer T4+Leu3+ cells can- develop into suppressor
effector cells. ‘They are therefore said to be precursor-suppressor
cells passing into the effector state. Both are phenotyplcally T8+.
T?e Ts effector cells express chR at the surface. Suppressor

actrvrty has also bee% attributed to mononuclear cells' which are

T8+*3*OKM-1+ phenotype. The mononuclear leucocytes,

N
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granulocyte's and the natural killer or NK-cells are ali recognized
by OKM-I marker (Kleinhenz et a/#1985 and Katz/st al, 1979) but it
remains to be established if there is a subset of suppressor
effector T-cells WhICh also are OKM-I posmve (Heijnen et al,
1982) .The Tc or cytotoxic cells were found to va‘ry in their
phenotype, th-at is they could eitHer be T8*’T3+ or T4+8'§,+
Monocytes: In . TB infection apart from T cells Gther cells shown to
.regulate antibody responses are the monocytes. Katz et al (1979)
observed that patients with active or treated TB have a
subpopulatlon of circulating monocytes that are capable of
suphressmg autologous PFC responses by, PWM-stimulated
Iymp?wcytes against SRBC. This suppression was reduced by
removal of an adherent cell population from the suspension of
mononuclear cells, and it led to L significant mcrease in the
antnbody response in both treated as well as untreated TB patients.
Neither group of patients had increased pro.po’rtions qf monocytgé |
as comparec’i' with the normal subjects (p<0.2), and 56 this finding
. cannot be explained on a purely quantitative basis. ‘Kleinhenz et al
(1985) defjned t'hese_ cells as an adherent cell popﬁl’ét_ion
reactive to the monoclonal antibody OKMI, which were
. non-eryth;ocyte-'rousetting, ‘and radio‘-sensit‘iv‘e mononuclear_ cells.
These monocytes due to their exaggerated IL-1 ‘production!
(Fujiwara et al, 1985) wer -also capable of causing suppression of
& PPD-induced blastogen}e}res‘pqnses Whiéh were lower in TB
»"patients than in healfhy subjects 0

- (p <0.005). Thus -_IL-1;'may be a mediator of suppressor cell
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Mohr (1973) st‘bdied the skin-test response in children (age range \
from 12 months to14 years) and observed that 5 out of 9 children

born to tuberculin skin-test'positive..mothers and who we e breast

of the 78

negative mothers

fed were reactive to intradermal tubercu]in. Non
children born to and breast fed by skin t
reacted to tuberculin. Also 2 children lborn to tubercu{in.positive:
mothers but not breast fed showed negative reaction to fuberculin.
The invéétigator therefore proposed that this aquisi/tibn- of
cellular hypersensutuvvty was assocuated W|th mgestnon of
colostrum. There was no evndqpce of placental transmission of TB
"sen§itivity occurring in case of mothgrs} who were “‘tuberculin
positiye and who .did not breast-feed their children.

_ Schlesinger and Covelli in 1977 in ‘a\ similar study pn lymphocytes’ 5
observed that 8 out of 13 ch:ldren born to tuberculin positive -
mothers had tuberculm reactive % palpgeral blood Tcells after 4
weeks of breast feedmg as compared to 1 out of 13 bottle fed
“infants of posmve mothers -and none '01,‘\9 breast fed infants of
tuberculm slgn -test negatlve mothers fher\,e was no evidence of

~ transplacental transfer of tuberculm resBonsnveness in mothers
who were posuﬂve in response but d|d not breast feed.

Caspary and Field in 1971 while mvestlgatmg for tumors,
ndentlfled in young infants of 7 months" and 4 years ages, the
occurrance of sensitized peripheral blood lymphocytes which on

"~ incubation wnth_ PPD produqed a factor called the macrophage

™
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slowing factor (MSF). This could be identical to the macrophage
inhibiting factor (MIF). This strong sensitivity to PPD was a very
unexpected finding, therefore they étudied Iymphocy"t'e
sensitization in the newborn with reference to the correspondmg
state in their mothers and found that CMI-to the same ant'gen was
present in eaal infant to which the Yespective mother was
sensitized. It led to var?6us speculations concermng -the
mechanism whereby |mmunolog|c mformatlon was passed from
mother to newborn. _
One possub_luty is passage of the maternal lymphocytes via. the
placentat route (Scchroeder et al, 1974),‘ as assesed by the .
chrémosomal study. It is postulated that if lymphocytes¥pass into
the fetus they may Iead to chimerism causing either graft VSQ_/
"+ disease or nmmuno- deficiency in the baby. This cannot however be
considered a common or ormal occurance/};s in the present study
the PPD-pogitive children wete normal /and none suffered from
immunodeficiency. Secondly, some circulating maternal a?ntib)ody
passed on to fetus may render the baby's Cells reactive” This i .
under study ;d cannot be excluded completely. /ﬁmdly\g
subcellular components like maternal lymphocyte DNA may be
utilized in the make up. of fetal Iymphocytes. This h‘as not bee(vr'
. studied in humans yet. Antigen ‘might pass from mother to fetus.
Gill, Kunz and 'Bernard (1971) stressed that antigen metabolism
played a crucial rt:le in the ind'ucti,on and"regulati of the immune
reseonse. When radio-labelled aggregated antigen wés injected’

into rats under conditions which would not favohr degradation of

<

——
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antigen& later testing of the offsp}ing indicatéd passage of the
antigen into the newborn where it localized'in bone marrow -and in '
a few cases in thymus and spleen afso. The newborns showed
6ircu|ating antibodiés reactive to the antigen and an enhancement
in specific antibody response to the antigen on secondary
challenge, as compared to control newborns. . .
Abrahams (1970) in Brisbane, has shown that after BCG
vaccination in infancy, these children at a later age, react more
strongly to PPD-B- (from Myc.TB) rather than to PPD-S (from Myc.
Avium). The investigators propose that exposure to env‘i;onmental
atypical »‘mycobacteria‘ may provide a continuous antigenic
stimulus, resulting in the regulation “of immunity which could
reverse ihe tendency,7 of these children making them more reactive
towards PPD from Myc.TB (PPD-5), altbough they were vaccinated
with BCG durmg infancy which contams PPD~§ For this reason we
" see the |_mmun|ty from TB after BCG vaccination.
Covelli and Wilson (1978) have observed a progressive depression
in pregnant patients in the cell mediated immune response to
specific mitogen like PPD, while sparing the non-specific
” &ens like PHA which stimulate the lymphocytes polyclonally.
This depression in antigen- specmc responges attains sugmflcance
at 36 weeks ‘f gestation and continues through delivery (p<0.001)
but thp reactivity returns as soon as 24 h. postpartum. It is likely
that a soluble serum factor is produced durung the later part of

pregnancy whnch alters the reactnvuty of segsﬁ-lzed lymphocytes.

R | »
N |
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This explanation is supported by an observation made by Maraz@.

- Petri (1974), that supernatants from the lymphocytes of W&J‘fi

)"th

women and SUb]BCtS wrth chorrocarcrnoma were capayte of
depressrng nonspec:frc mrtogen stimulation of upwashed
lymphocytes. Jones & colleagues (1973) ‘were algg’ “able to

: demonstrate a factor in the maternal plasma frorL gravid women

in the third trimester that was capable of inhibiting °

blastogenesis.

Anderson et al (1962) observed that ®washed rﬁaternal PBL

normally show allogeneic responses against paternal antigenss A

. serum factor appears during pregnancy which blocks this responss -

to’ paternal antigens. This may be one im ortant reason hthe
survival of thel fetus to term despite being ‘nmunogemc to the
maternal |mmun’g system. Rocklin et al (1976) demonstrated in
some patients with spontaneous repeated abortions, this  blocking
factor is sometimes abéent which may be 'the reason that fetal
cells carrying paternal histocom'patibilityhantig‘ens are a target
for maternal lymphocyte reactions. It is therefore conceivable
that emergence - of sensitized lymphocytes is accompénied. by the
production of a serum regulator, which acts as a braking
~mechanism to prevent lymphocytes from abnorma’Hy high
responses under physiological conditions.

Lang & Noren reported in 1968 that antigenic stimulation by viral
infection during intra-uterine life not onty results in specific IgM
_production by the fetus in utero, but may also result in elevated

levels. of IgM_antibodies at birth in ‘neonates. Fetal IgM levels

v
*0
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'increase rapldly after the'20th week, and reach. values cornparab‘le

to those in maternal serum by the 40th week in mtra uterme';

. infections. Fetal lgG productxon against vural antlgens is also

stlmulated but. thls rs ‘rpasked by the h|gh maternal lgG levels

transmltted through the placenta ' |
_Smith, Freld ‘and Caspary in 1972 studied the  lymphocyte

reactlvrty to PPD antigen in pregnancy and observed that; "

reactwuty diminishes as pregnancy advances and is restored to

normal durmg the first 10 days after delrvery There is an"‘-'

assocnated hormonally controlled correspondlng rise in level of

Iymphocyte depressung factor in serum which falls after delrvery




_ Effect_of BCG ination: = .

The immune response of'th.e individual to BCG vaccination depends
on various factors :- o

1. Route of vaccination- mtradermal mrectron is noted to be the‘
most reliable r te. '

2. Dose of vaccine. " _ _

3. Type of vaccine - freeze-dried BCG is found to resolt in least
varrablllty due to enwronmental effects on the vaccine.

4. Immune responses - lnfluences on the cell-mediated lmmune
response (CMI) and humoral response ( antibody formatlon) in the

" host and therr possrble relatlonshlp to atypical mycobacterlal_

mfectlons oo ‘ . &
This last -factor haS been studled rather . extensively by varlous
.groups of rnvestlgators It has been observed by Fusrllo et al -~
| (1958) that the BCG vaccrnatlon dldnot induce any detectable
increase in anti- BCG antlbody response’ untll 6-18 weeks later.

Lm_mu_n_e_r_es_p_qn_s_g_s_ The delayed hypersensrtrvrty reactron is a
T-cell dependent phenomenon manifested by an mflammatory
‘reaction at the srte of antlgen deposrtlon usually the skin,

reaching its peak intensity 24 48 hrs. after initiation, When an *

rnfectron oceurs the body develops hypersensrtrvrty to the * -

mfectlve organism due to generatron of memory C§||S Wthh are. ‘
known to- persrst in the crrculatron fOr many years a well known

- fact in tuberculosrs . In such mdlvrduéls an antrgf ;IC challenge via

Q.
the lntracutaneous route can cause these presensrtlzed cells. to

L SN
2 ' r S
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- build up an ‘acute and heightened response calted the classical DTH
response. Thls can also be elicited by prevnously induced active
|mmun|zat|on with' BCG vaccmatlon' as well as due to acquured
chnlcal ‘or subclinical tuberculous infection. If the test" |s))osmve
it mdlcates a previous exposure to Myc. TB. and the host has elther
lmmumty or disease whnch can be investigated further clinically.
 If on the other hand, the skin test is negatlve it does not rule out‘
disease, though it certamly indicates lack of’ detectable nmmumty
on part of the host. | | B
chﬁL_Cﬁﬂ_m&dlalﬁlem.u.n_e_Le_sm_nm Kathipurl et -al (1982)
| examined differences in response to giving BCG vaccm t:on to

children either at birth or at three months of age. Th

this study was to compare the |mmun|ty induced
‘-wrth that in older infants. They found that mfan
exh:bltlng suffncnent anti- tuberculm CMI respons en tested
wuth Mangoux testmg and Iymphocyte mlgratlon lnhnbltron test.’-
: (LMIT) whether they were guven BCG" at birth or at 3 months age.

The Mantoux positivity was comparable in the -group of infants
' vaccunated at b|rth and that .vaccinated at three months of age.

Ny Also the LMIT results were comparable in the two groups The two
cell-mediated responses could be elnc\gted in 72 5% of infants
vaccinated at birth and 78.2% of children vaccxnated at the age of -
‘three months. The mvestlgators therefore suggested that the. BCG |
~ vaccination be glven at birth. espeonally in areas where the dlsease |
s prevalent 'Because of the greater chances of aqunnng dusease ‘

relatn@ soon after primary mfectlon during mfancy
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Orme . and Collins (1985), exammed <the possrbnlrty of
cross -protection to mfectlons by other mycobacterlal species,
| ‘offered by BCG in mice. They observed that Mye. kansasu .and Myc. Q\
avrum mfeqtlons were. controlled when the mice were exposed to" -
these organisms after BCG lmmunlzatlon but no protection was
observed agamst Myc snmlae or Myc. lntracellulare There is a
~ possibility that responses to some antlgenrc determrnants on BCG
~ cross- -react with determmants of the two former specre; and not

" - with the antngens of. the two- Iatterﬂspecnes and thus the lmmune'

response generated due *;o BCG is effectlve in one case but.

ineffective in protection” agh® st the other .

This may be applicable- to humans based or an observation by‘
Romanns (1983) |n Sweden of an/mcrease in the mcrdence of
‘atyptcal mycobacterral mfectlons after drscontrnuatron of the
4reg|onal BCG vaccrnatlon polrcy lt is possuble that the strains.
susceptible to anti- BCC‘ cell- medlated immune response, which
‘were. kept under “control by y'accinationvwere unchecked by not -
giving BCG vaccination caused the newly .seen clinical infection.
‘ Explanations were— sought during a large pro;ect in India" (Madras
- Trial) for testmg the efficacy of BCG-vaccination, whléh fesulted
in a controversral report that BCG .£ ineffective in- preventmg
drsease After the trial, Paramasrvan ﬁq coIIeagues (1985)
identified. 'some non- -tuberculous mycobactena from 8.6% of the
16,907 sputum specrmens examined. The specnes most commonly

--detected were Myc. avuum mtracellulareo Myc. terrae and Myc



. ;
: scrofulaceum In order to explamc this lack of protect:on agamst

TB in adults in this trial, the interpretation - given by Palmer and
Long (1966) was that it may be due to the . mfluence of the
atypn I envnronmental myoobactena Wthh was also. supportedf
by experlmentat studles [ guméa pvgs and. mice. In gumea pig .
studies with Myc. avnum the lmmumty produced was as good as'
.Wlth BCG. For the Madras trial therefore dt was proposed that the
non- -pathogenic mycobactdria may immunize the pdpulatlon agalnst
- challenge - with -the Myc.TB to an extent similar to BCG, \dso
subsoquent BCG vaccmatlon provndes little if any additional
protectlon o o , ,
Stanford, Shield and Rook (1981) on the other hand proposed a -
slnghtly different hypothesis. Accordlng to them certain specnes of
mycobactena mrght so prime the immune response that subsequent
vacctﬁatnon with BCG _may be affected adversely ~They proposed
that there -exist two t es of CMI mechanisms in the response to
mycobactena both -of whlch produce tuberculm posrtnve tests.
However, one mechanism is more protective than the other agalnst
mycobactenal mfectlons These are referred to as "Llstena type
(described orugmally by Mackaness) and "Koch- type (descrlbed by
Koch) responses. W,hen the environmental mycobacteria prime for a
Listeria-type response, the pattern of reaction depends on the
actlvatlon of antlgen presenting- and -processing- macrophages by
- specifically pnmed T-cells. These actlvated macrophages are
'phagocytlc and bactericidal so they can provude protection to the

| host. In such cases subsequent. BCG  will be recognized by T-cells
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'and will markedly boost that res‘ponse enhancing the capavcity of:
Tcells to recognlze further mycobacterial species by Iowerlng
the threshold of lmmunologlcal recogmtlon BCG -would therefore
| afford good protectlon by remforcmg the already. lnduced
phenomenon. In the case where envnronmental mycobactena .prime
for Koch's type of response WhICh results ‘mainly in destruction of
- cells 'containing live'mycobacteria‘ or mycobacterial products on
their‘ surface, a tissue damaging ‘hyper'se\ns'itvity reaction is_
mduced BCG can have a boostmg effect on this reaction leadmg to
a temporary decrease in the levél of |mmumty ‘that already exists.
 Edwards et al (1982) conflrmed the above ,hypotheS|sﬂ in ginuea pig
model in which Myc. avium-intracellulare induced a protective
_effect similar to that of BCG but there was no evidence of an

immuno-suppressive effect by subseq_oent, BCG 'vac_cination. in this. .

species. _ : B - .

"~ Smith, Reeser: and Musa (1985) working on gumea plgs also found

that infection wrth Myc simiae prior to BCG vaccmatlon resulted
in reduced skin reaction 8 PPD-S. However this was not reflected
in a su'ppression of the protective effect . induced by BCG
vaccination. There was also no evndence of mmunosupressmn by

avium- mtracellulére lnfectlon

Ma_d_La_s_B_Qﬁ_Li_a_L This was a controlled communlty trial of BCG

in south India by collaboration between WHO and the lnduangCouncul
" of Medical Research. It started in 1968 and was completed in
1971. The entire populetion lncludin’g all- ages, reactors as well as

non-rf:actors, were eligible, and the study included 260,000. of the
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360, 000 populatlon ‘Vaccine was used from two dlfferent strarns '

of BCG and each was glven in two drfferent doses

Clearly neather of the vaccines in full or reduced dose gave any

- protection ag'a‘inst pulmonary TB.A" Actually in petsons with initiall .

tuberculin reaction of 0-7mm theré were more cases among

' - . ST >
‘vaccinated than among those given placebo. However ‘this tendency

reversed and after 10 y{aars the number of cases developmg
pulmonary TB was similar in all groups of vaccinated mdlvrduals
93 in those grven strong Weg in those given weak vaccune
and 93 in tho‘ receiving ;lacebo '

~This report led to various explanations offered by those in favour 4

 of BCG. Some obvrous ones are listed below:-

e

. On the basis that
only few persons had no sensitiv-ity to—tuberculin, persons with a
skin reaction of 0-7 mm to the nmtral\>tuberculm test wuth PPD
(3TU) were considered non-infected. These could have been
mrsclassufred and could in fact have included rnfected cases
showrng up later as actrvely infected patients. B
S.tLam_Q_t_Ln_f_e_Q_tmg_Qmam The so-called "south ‘Indian varlant'
of Myc.tuberculosis™ which caused infection in this region is
drffererit from the Myc.Tb and notably of low v:rulence in the
guinea pig. The BCG may not be protectrve against this: varlant of
Myc.TB, or the low grade sensrtrvrty produced by efvironmental
mycobactena in that region ‘may have protected as well as the BCG

vaccmatron used.

Em.g_e_n_o_us__m_mj_es_tm This is an unsolved problem and may have
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p—layed an 'important role in failure of"the Sauth ‘Indian tnal. In en
English BCG trial the risk of reir]fection was greatly - reduced and it
»fe'c’ted the results epormously. The incidence in tuberculin
:Zﬂfivity, that is alrya/c:y' infected cases, wa¥' 149 per 100,000

and after BCG 'dropped tg 14.1 per 100,000 -(Quoted in British J.
Chest Dis. by Thoracic Assoc. 1980). -

M_anchester, Germany, Mala‘ysia._, Singapore and ! rea all showed
positive .protection by BCG rangi_,,ng‘fro;ﬁ 60% to 90% (Quoted in
"Research on BCG vaccination". H.G. ten Dam?WHO)

~ As the children._rarely» produce'bacteriel positive sputu[n ‘and tend |
to develop serious forms of disease such as miliary \TB\ and TB
meningitis wh.ich are often detected too late for treatment, it is |
es-sential. to- give them . protection by whatever methodsa. are

available until further clarifications are available.
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MAIEBIAL_AN.D_MEIHQD_S The main .ob‘jective was to study the
development ‘of immunity to PPD in infants, born to- the mothers
who possessed good‘,cellular and hymoral imunity t’(,’o the antigen.
Later, older.childrlen up to 24- months-of age were included in the
study to obserfe changes occuring with development. The. plasma
éamplas vfrom some of these children were also tested for the
presence of antibodies to atyplcal" environmental mycotjactena
- which are antigenically related to tubercle bacillus but do  not
: produoe_ similar. disease. Flnally, it was attempted to \study t_he
éntibodi_es to vafious mycobacterial antigens in p?tiont\_si who were
. clinically proven to have infecﬁon either due to M'yo.TB or by the
"atypical" mycobacteria. Th_is_ evaluation'ﬂ_ was undertaken with the
future aim’-'of seeing if either the eXisting antibodies in the
newborn, or the crOss-roactive antibodies produced later in
infancy against another strain could affect the acfive 'immuni:ty to
be mduced by BCG vaccmatnon for protectlon agamst TB.
Throughout this study the enzyme-linked |mmun»osorbent assays
(ELISA) method was used "for _measuring a,ntibodie_'s. Ihe assay
system was sensitive and ‘could detect antibddies at very -high
dilutions of plasma or serum samples. Thus it was relatlvely ‘e'gsy
to overcome the usual problem faced with: ‘laboratory
mvestngatnons in very. young infants, as very -small amounts of
blood were sufficient for the test. |
Specuflc antl-PPD antibody was "detected. by the ~ihdirect methdd.
1 Fi~rst,A the multiwell polystyrene plates . were coated - overnight

with the antigen, and after thofough washing the next morning the

51 | Lo
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plasma sample was added to allow the antigen-antibody reactron

If the samgle contamed antibody specific for PPD, that would blnd

v,

to the coated antlgen and form a complex on the solid phage. The

bound antibody was detected with an enzyme -linked “ anti- human
%
antrbody Thrs second antlbody was affinity purlfted goat

Finally enzyme subStrate was added and the alkaline phosphatase -
gave a colour reaction by degradrng the substrate The optical
densrty was measured on a Titertek muitiscan plate reader and the
relative concentratron of the antrbody in each sample was
' calculated from the OD reading of each well. For purposes of
standardtzmg the assay, to avoid the effect of day to day
variations, a positive serum pool was mrtrally made, for use as a
posrtlve control in each‘ assay. One row in each plate contained
only the dil'utton buffer without plasma sample}and it served as
the background control If high reactivity was seen in 't_he
background, it indicated some fault rn the system that needed
correction and then that particular assay was considered
unreliable. |
Eg_snme_p_o_g_l - After obtaining an 'inferrned consent of each
patient, blood was obtained from some TB patrents receiving
treatment at the Aberhart Hospital, and also from .a few healthy
| adults who were known to give a high response to PPD when
screened by blast transformation of PBL with PPD. These samptps
were screened in several ELISA tests for antibody titre, and the

‘three with highest antibody @t were pooled in equal amounts

?
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to obtain a positive éontrél pool. The assay was then standardized .
by repeating10 times and running the pooled pl'asma with different
samples in serial dllutlons The standard deviation for the posmve
pool was calculated Later |t was used as posmve control for
calculatmg OD! in all the sungle dilution assays. OD readnngs for
the posmve pool for use as contro\? , /

Anti-PPD IgG Mean +S.D. =152 +0. 23

Anti-PPD IgM Mean + S.D = 0.74 + 0. 17
The optlcal densuty index. ( ODI) was calculated for each sample in
an assay as follows : ‘

ODI= Average OD of sample -

Average OD of positive pool.

Blood samples: For the purpose of analysus plasma samples wereA
obtained from various - sources:- | ’ -
Group1: Normal mother and cord paired blood Samples were
obtained from ‘mothers delivering - at the University of Alberta
Hospital and the Charles Camsell Hospital. The mothers of lﬁatter.
hospital were all Canadi’an native Indians.
'Grdup 2: A large group of samples came from children receiving
treatment at the VUAH for di‘seasesi other than TB. The ages of these
children ranged fiom"one to tv&ehty-four months. | _
Group 3‘:. Nine patients with "atypical” mycobactérial :infections,
who were diagndsed on the basis of culture and were being treated |
at the Aberhart hospital.
Group 4:,_ “Si'x. patients with*TB admitted at the Aberhart ho‘spital; or "
visiting thev outpatient TB clinic. These last two groups includ_ed N
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patients ranging in age from 6 to 40 years.

The children were categorlzed mto four groups on the basis of.
age. Thud the studled groups- sontamed thlrty-mne mfants of 1-4
months, twenty -four of 5-8 months, fifty-five of 9-12. months and
" fourteen of 13 24 months age (totaJ of 103).

Standardization: It was felt useful to obtaln the positive control
in pure form if possuble, to exclude ,control variabiljty " and
therefore be certain to have a sta‘ndard 'pool. Therefore IgG was
isolated from the whole plasma pool to get rid of other factors
that may interfere with the- assay. Affinity purlfred IgG was

' obtalned by Fast Protein Li Chromatography (FPLC) from the

positive pool, then, aliquote f stored at -20 degrees ?t’)r use as a
positive control. Further standardlzatlon of . the assay involved
testing for the following variables w‘hich could affect the ELISA
read.ings - ’ : ST . -

a) Plasma lipids : It was suspected that. the lipids by virtue of
non-specific binding to ths plate or antigen may 'ihtherf’erejﬁth the
assay. This ,supicion was alleviat'ed because there was‘ no change in

the OD readings when samples were tested from the same

|
individual in either fasting state or after a fatty meal. " :

b) Ann_g_e_n__cg_anﬂg It is important that the antigen be coated on to
the plate as evenly as possible - Ieavmg a minimum number of
unbound sites on the plastic. In case of some antugens, surface
vesicles may form, which is prevented by tfwe use of NP40
detergent. This results in. an improved antlgen coating and

~therefore different OD readmgs before and after the NP40

‘ S&
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treatment would be observed Coating with or without adding
NP40 to PPD made no difference in the on readmgs in the
expgriments descnbed here. '

'c) Generdl assay conditions: Type of plate,

buffer for plates, the cohcentration of antigén and test samples

e kind of coating

were decided by usung each in serial dlluttons Optimum condmons
were noted and therefore selected for use throughout

anb_um_n_a_ss_ay_ This test was done, to. ensure the specificity
of anﬁbodles that were being detected by the assay If the sample ‘
is mixed with excess antigen before assaylng, the antibodies in
the sample readily form complexes and subsequent testing of the

sample for. antlbody reactmty results in a, much lower OD readlng

s+ This is because lﬁss antlbody is avgllagle in free form to react

Ne.

”'ted on .to_the plg%‘%ghls |s known as the

with the same an?i{gen

“Vlw " ' C
e&a@ amd mqutes thé ‘spgcificity of
S e g&_

mh|b|t|on er camﬁetlti '
the. antlbody *tha ls?‘deie

d'ferfﬁjp pgeseﬂt study was PPD from

w4

: F.nle dlstnlled water and
N aled gi’ass tubes and froien for use.

Antlg;;en?wM atyplcal mycobacterlalispemes of Myc

© avium- mfap%il}:lare kansasn and scrofulaceum were very kindly

providegﬁ‘ ) f)r Kaare Haslov at the Tuberculm Department of
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samples were used in titration aasays. Only tpénds of increase or
decrease in antibody activity were detectable with single dilutton

assays, which were later differentiated into high™and low titre

. groups after the serial .dilution titrations.

g) Multiwell EIaLéS' Polystyrene “microtitre Immulon:2 Dynatgch

“plates were used, originally, lot # 3000 for IgM. lot # 3002 for IgG
and later lot # 52002 for both IgG and IgM detection. Because it
was n,oticed that a change in the Idt number of plates resulted in
n‘dn-sAp'ecific results (which could be due to differences in the
treatment of the plastic ‘used in manut@eture) plates from the

same three lots were used throughout.

" h) i ' ' Alk*phosphatase-labelled goat

anti’-‘human antibody F(ab), fragments directed to IgG and IgM

(gamm‘a-cﬁain and~'mu-é?hain specific ) were obtained “from Sigma.
A dilution of1:200 was found to "be 6ptimum after testing
different dilutions. Tests for IgM are more sénsitive than for IgG.
Initially while using the antibody in 1:500 to 1: 1000 range,
anti-human IgG was unable to'detect human 1gG while anti-igM
could defect its counterpart..

“Concentrations of anti-lgG between 1:100 to 1:500 were tested
and .1:200 was selected as one that détected aontipodies causing
reac,fion and colour de\;elopment to prqceed at a reasonable rate.
The reaction was stopped, betweenw20-40 minutes. '

) Substrate; p-nitrophenylphosphate substrate from Sigma was
used:-at 1mg. per ml.

j)_Buffers :

e
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'a)leIutlon buffér : PBS Tween for dllutlng plasma_ and enzyme
Ix PBS + 0 5% Tween 20 + 0. 2 g "% sodium azide. 'b

(b) Coating buffer Carbonate coatmg buffer for coatlng the

polystyrene plates |
21485 Nazoo 10 H20 (07959 NaZCO) -
14esg NaHCO, S .
0.1g. NaNs, +0.5 ml of a 20 % solution.) _}
lc) Diethanplamine buffer : (10 %) for- colour development.
.97 ml. dietnanolarnine‘.v | U P R
800 ml.distiled H,0. &
029 NaM;~ o

| F
100 mg. MgCl, 6H,0

.A“djust"to pH 9.8 with 1 M. HQI, and adjust volume to one |

litre. .

Store at 4°C in dark | e

.

Warm volume sufflcreMr assay beforé use

‘. enzyme substraté reaction. =

' “.washing plates in the automatlc wajhg

(d) React ,on stoppmg .solution 3M NaOH s@rtion to stop
i . . )

}

(e),_Washing buffer : 0.1 % Tween 20 in dlotllled water foro

2

Flat botton' mlcrotltre plates were coated wrth PPD solutlon in

}e coatlng buffer (1 pg/well in 200 ul) 0vermght at 4°C to allow

bundmg of .the. antrgen to the surface of the weII ‘The followmg .

B . LIS
ey

e
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the plates ‘were washed 5x with washmg buffer in the
“plate washer and the wells flooded with 1% BSA for 5
order to block all unbound sutes on the polystyrene surface.

The BSA was shaken out and plates were washed 5x agam .The

plasma or serum was centnfuged to get rid of all precipitates. .

\
Then' the samples were dlluted 1:100 for snngle dilution assays.

~ For titration, the samples were used in 2-fold serial dilutions

. reading was deducted from the averages of positive control as

-

P‘«E\‘v‘ e

" ] .’
.

ranging from 1:80 to 1:5120. The‘ first row of each plate ccmtair_ied-

only the dilution. buffer to serve as the 'backgroundcontrol, which

would detect the amount of non- speclflc brndrng B& enzyme;linked.

antlbody to the coated antlgen or to the plate

contained approprlately dlluted posutlve control antibody, which

o)
provrded a source for standarduzmg the . readmgs in. each assay

every day and for each plate To the remalnmg ten rows were added‘

the samples at 200 pl/. well in dupllcates The average background

well as the sample‘readin@s before any further calculations. Th’isi |
was also the method for screening of different lots of plates,
;before the flnal selection was made. The plate was mcubated at'

37°C for 1h. at the end of which, the plates were washed w:th the

self. One- row

L

washmg buffer ‘in the automatlc washer, and then 200 ul. @ the -

,1:200 diluted " enzyme was -added to . each well, followed by an

mcubatlon for another 1 hr.- at 37°C . .' ) -

~The plates were washed again as before and 100 pI/WeII of the

e

substrate added Wthh was 1mg/ml of p- mtrophenylphosphate |n_"

the ;dlethanolamme buffgr The plates were left in llght which

-

i . o -/
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allowed the alkallne phosphatase reaction to proceed The reactlon .
‘'was stopped after 20 40 minutes by addition of 25 ul of 3M. NaOH

59

to. each weil. The plate was then read on. Titertek Multlscano
(Flsher) plate reader at 405 nm, reference wavelength 690 nm and‘
the optrcal density measured The background control readmg was
averaged and substracted from the average @D readrng for each

L 2

. sample.

ELQQe_dur_e_f_q_L_anb_mQ_g_amy_ Plates were’ coated@ wnth PPD as

usual Before addltlon of the plasma sample it was frrst mixed .

with excess of the PPD antigen in a test tube making a final
~mixture of 1/10 dllutlon of sample- and 5 pg/ml of PPD.. Thrs was
' mcubated for 1 hour at 37°C. At the end of one hour thig muxture"
was plated and the assay proceeded in the . usual manner A
~standard control assay was done . srmultaneously wrthout ‘addrtlon
of PPD to the sample | R ’ ‘

, S.ml.e*__dﬂu_tj_o_n_as_s,ays__ Analyses of the OD readrngs of all samples
€%en testlng only the srngle dilution of 1: 100 gave no indication. of
the portron on the blndmg curve the reading would fall . Therefore -

it was not" a-good lndlcator of the relatrve concentratlon of the
Q N

antibody. | . L .
- Titration : ln “order to overcome the dlffrculty in smgle readrng
assays all the samples were retested in serlal drlutrons From the .
B blndmg cuive thus obtained,  the tltre was’ noted which was the
Jsample drlutlon selected as \the rehable lower lrmrt of posrtrvrty
. of the antrbody reactlvrty oL | S
. _.E.LQ.Qﬂd.u.LQ__Q_f__dJ_LunQ_ﬂ : The -sample dilutions: were started by

{ ¢



making a first dilution of1 4 (a) by m|xmg of 30 pl of sample to.

-90 'l of the dilution buffer This was a reasonable’ amoitnt of

~which |t was d||uted agaln 4-fold thus - obtammg -a startmg_

plasma to start with, because it could be measured wnth %ore

accuracy than "any smallery quantity. This was dllute‘d_a fur;her

5-fold to obtain a 1:20 dilution (b) by mixing 30 i of 'a' + 12000

dllutton buffer. Thls flnally was tranferred to the test plate m

60

dilution of 1:80 of the original plasma\ sample by adding (50 pl /of;'j,.,

'o' + 150 pl dilution buffer in each well). From this startingr
S dllutlon 2-fold dilutions were made on the plate mto each
consecutlve vertical pair of wells. Some samples Wh|Ch contained

a hi‘gh antlbody content detected with one testing were further

diluted and retested at higher dllutlons Titres were calculated by

‘ pIottlng the OD as function. of dilution on a semilog graph paper On

approxnmatmg the dlfferent oD readmgs different dilutions gave

a curved line. From thts the titre was read off WhICh was’ the

+ samples in each group were ‘plotted, wuth the mean tltre thus

‘calculated for eacp chmcal group

o
7

dilution- of plasma gtvmg An OD readmg of 0.1 and tltres of aII |

O,
o
L

Trmee L e



| Th‘eﬁwork for this thesis initiated with the antibody testing of-
mother and cord blood samples, later young infants up.to two years
f age,and fin'ally» some patients wi‘th culture proven
‘myCobacterial infections.. Age matched controls were used for the
last group of mdrvuduals The results are given |n\¢he same order.
'_Fcr each set cf experiments with different antigens, it was

tempted to standardize the assay befcre.running tes‘t's'aiimples.
for actual data. Reproducibility of the.j assay was a.majcr factor
rigorously examined .and thev conditions which ccu’ld affect that .
were noted. The main difficulty in reproducrng assay results were
- storage of samples and the antlgen used Any change in -the lot
rrumbers of the plates or rg gents made a great difference too. It
"was found necessary & centrlfuge samples for removal of
~ precipitates, and then to store them froze@ in small allquots to
| avoid frequent thawmg and,refreezmg of the same speclmen. The
PPD ‘was best stored in sealed glass tubes after -reconstitution,
because'storage_ in plastic.t_ubes could lead to binding of the
antigen to the plastic“ surface. The next 'important- condition was to -
ensure that_the antibodies being '\'detected in this assay were
: adequat“_e’ly spleCific_.for the PPD antigen. This. was assessedtwith
the __help of a competition-ass’a\y for antibod'y binding to the antigen,
also known as the inhibition assay.

| only started testing sample’s "when the’ assay was reproducible )
. . ’ e * o .
Q .
61
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with minimum deviation from the standard. -~ <.
o ‘ o BEI ‘“a' \

B.aiLS_QL_me_assax The test sample is altowed to reacf with
excess of antlgen by mnxmg and mcubatmg them’ together or one
Ahour at 37°C. If the determinants on this antigen can compete with
the epitopes recognuzed by the PP[?-specnfnc antibodies, it resultsl
“invthe majority of free antibodies in the sample getting. bodnd,
leading to antigen-antibody complex formation. ~ The ‘sample on
subsequent aésay,ing for PPD-reacti\?e antibody determination,
shows a lower content of free antibody.which is available to react,
with - PPD bound to the solid phase A_Aand therefore the titre is much
lower as com' ared to that in a control assay in which the sample
4 was not subjected to pre-incubation with PPD.

"When inhibition was ‘performed with some random—samples and the

' 'DOSItIVG control the inhibition assay indicated that in fact the

' antlbodles belng detected were specuflc for PPD These samples
were tested atf smgle dilution of 1:100 and the inhibition ranged
from 30 - 75%. The results of 17 samples assayed on two
occasions mcludmg the positive .ccntrol each time are shown in
" the following Table A1 and then plottec in Fig A1, to show the-
relative difference m readlngs ‘befere and -after treatment with

.excess antigen, indicating mhlbrtlon of bmdmg

ie
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_TABLE A1~ Results of Inhibition Assay

DQNQB IQGZQDJ.Q.GLQJMQXQ.QS&.EEDL_AIDDMQD_

1. +ivepool 1218 . 200. .. 83.51

2 +ivepool 1088 370 . 66.30 ’

3 522 384 2640
4 71440 ' 4257

5 T 950 450 . 5263

6. 1013 380 6248

7 1 7e . 4178

8 777 309 6023

9 465 168 . 1 63.87
10. 340 159 5324
11 30 . 175 . 8513
12 425 227 ¢ " 3015
BRI 367 148 .  59.67
4. 8 142 6765

15. , 44 138 6666

6. 3% 1 6176
17. 520 197 6212

. oD - "opt_ical,d ity at 690 Am.

B '% mhlbmon = |nh|b|tron"
3 »éxcess PPD antlgen

: AR S o
M R . K VUL
o G, T Ny “\K
o . R . . 2
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PPD INHIBITION ASSAY
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FIGURE A1 PPO-INHIBITION ASSAY.

Each bar represents the difference in the opticai dens:ty (OD)
readings in the same sample before (o) agd after (-) treatment for
an inhibition assay. Abcsissa indicates the ODI readings and the
ordinate shows the number of the samples tested. :
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The results summarized in Flgure B1 show the data obtamed for
antr PPD IgG apd IgM antibody ‘which were" measured in
mother-cord pair blood _samples. Thes'e samples were tested at
only a single dilution of 1/100 and the ODI was calculated and
analyzed for eaoh individual s‘ample.
~ODl= Ay_e_LageOD of sample

Average -OD of positive control. - s

On comparing anti-PPD IgG and IgM 'antibodies in the

mother-newborn pairs there was a very low Ievel of IgM a‘ntibody‘
ir" the. cord.’t%ia,)lrrespective of its Ievel in the mothers while
th_e IgG a'rttibody’ level was comparable within each 'pal-,r.
»Consequently the level of 1gG anti-PPD antibody in cord blbod
followed closely that of lt% level” :n venous blood of the mother

Later the same - ‘paired sam‘p“les were titrated in serial dilutions
rangmg from 1/80 to 1/5120. Results are depicted in Frgure_ B2,
and these data 'confirm the obéervations made with _single dilution

e B1. The titre of anti-PPD IgG antibody in each cord

. Flgure B3 :"yreproduced with permission from Dr. H Pabst data)

deplcts Sthe ‘results obtained from the proliferation assays‘
g

performed on mother-cord parred blood samples The stlmulatlon

index (Sl) was calculated ougf basns of the uptake of tntlated_
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thymidine by PBL during the blast tranformation inddced by culture

—

19G and IgM Ab Levels in Mothers ond Infonts
: - .8

Jo

2
f
\

oo

0.4

Optical Density Index

0.2

[9G IgM I9G

Children

Maternal -

FIGURE B1 ANTI-PPD ANTIBODIES IN MOTHER-INFANT PAIRS.
Anti-PPD 1gG and igM antibody were tested in maternal and cord
(including babies up to 3 days age) paired bldod samples. Samples
were tested in.1:100 dilution and the optical density index is
‘indicated on the central line. Each bar connects the OD!I of IgG and
IgM in a single sample. Results show that the IgG level is
comparable in mother-infant pairs, but the IgM antibody level is
very low in the cord blood sample irrespective of its level in -
maternal blood. '
.Conclusion: Maternal IgG antibody can cross the placenta but IigM
does not. "



19gG Titre Mother

x 1000

FIGURE B2. ANTI-PPD IgG ANTIBODY TITRES IN MOTHER-INFANT

PAIRS.

z

{1 Mother and infant paired blood

©O
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1gG Titre Intant

11‘000

o

P
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e

samples were tifrated for

anti-PPD IgG antibodies. The titres in each’ pair had comparable
values. Some cord blood samplés even showed'a higher titre
indicating some concentrating mechanism during cross-placental

transfer.
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FIGURE B3. LYMPHOCYTE PROUIFERATION IN RESPONSE TO
ANTIGENS. , . ‘

¥ Stimulation Mdices (SI) for mothers (M) and infants () of PBL or
cord lymphocytes, using PPD, Candida or Streptokinase as antigens.

Sl - H’Lumakmmmﬁ_mm_anzmmm

- H T uptake by lymphocytes without antigen (cpm)
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with PPD. Two other commonly encountered . antlgens
Candida- albrcans and Streptokinase- Streptodornase were used as
controls. It was observed that 53% of the newborns born to PPD
pos"itive mothers were also “PPD-positive and showed an SI - of
higher than 20 ;

In Figure B4 the cellular immunity (CMI) and humoral responge is

ﬂ:ompared in each mother-cord pair to see if. any relatronshrp

P
o
®

exists between the two types of immunity. x
On plotting the data, a cut-off at 0.4 for the ODI seems to drvrde :
the maternal’ data into two categories. The majorlty of samples B ,{,;:

with an ODI of less than 0.4 have a high Sl readlng, whrch |s ;r

greater than 2.0 ( ‘SI>2.Q is PPD-positive) and the maJorlty of

samples with ODI greater than 0.4 show a low Sl readmg of Iess* ¥ *'
i‘ e

than 2.0. This is seen only-in the maternal samples and does not

hold true in cord samples ' R o %

From these results there is no evrdence of a prrmary in- utero _"i
mycobacterlal sensitization, which should. have rnducedy"

. measurable anti-PPD IgM antibodies in the newborn. It is concluded
that the maternal anti-PPD IgG antibody is transferred to the‘ :
newborn by the placental rpute |
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" Relationship Between Cellular And Humérol Immunity - Cord
Maternal ; o
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FIGURE B4 RELATIONSHIP BETngN FHE CELLULAR AND HUMORAL
IMMUNITY. N

Relationship between the cellular and humoral immunity to PPD in _
mother and infant were evaluated. Resuits show that there exists

an inverse. relationship between the two types of immunity in the
mother, but in cord blood the values of Si (due to CMI) and ODI (due
to Ab) bear no relationship to each gther. 5 out of 8 mothers with
high SI have cord samples exhibiting a high Sl (>2.0),.and 6 out of 7
mothers with ar ODI>0.4 have cord samples with a high QDI.

@
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Plasma 'samples from babres aged between 1 to 24 ‘menths. of age |

were tested for anti- PPD antlbody Age and sex dlstnbutlon is as
shown 'in T&ple C1. At the time these children' were tested there
"was no evrdence of mycobacterlal lnfectlon |n any child.
The Ieve|s of anti- PPD. IgG and lgM antlbody were mrtlally tested
) in’ these chrldren Each sample was tested only at a smgle dilution
-of 1/1 OO and the optloal densnty mdex (OD:) was measurm The OD
‘ readmgs for ahti- PPD lgG and IgM in each chlld thus obtarned Were
complled ahd then statmed into separate groups accordlng to ag° .
The results were stratlfled into four groups ('A) 1-4 months, (B) '
| 5-8 months (C) 9- 12months and (D) 13- -24 months of age, and the |
‘ mejb}value of ODI +-S.E. of the mean were mdnvrdually c: Iculated' -
~ for each group as shown |n Table Cz ‘ ‘ .

»»QQ[LI_QQ__&DILD_QQL The mean ODI for anti- PPD tgG show 'd an .

mc;easmg tendency of ODI Ievels wnth age A Iower mean

a shght'
nnerease |n the older age groeps\B-o 31 + O 04; ’C= 0 31 + O 03 and .

for antt PPD lgG was . seen in group A=0.25 + 10.02, wit

D- 0. 32 :t 0.04 respectuvely There tS no statrstlcally srgrln_f}cant”»'

drfference between the drfferent age qroups

QD_lﬂ.g_M__anlLb_QﬂL Table Cs grves results of the Ievel “of IgM‘

antrbody |n these chrldren Agaln Iower mean ODI for IgM was .

Illevgt S

v

seen i’n group A wath an mcreasmg ODI wuth age The mean ODI *
) SE vajues were 024 t 0.03; 031 t 003 042 :t 003 and 0.47 i

s [
. N o
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10.07 in groups A, B, G and D respectively. There was no e;/iden’e'e of

.
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TABL’E c1. Age and sex dlst,ributlon of 113 chlldren in
the antlbody study. - i s

. . /
. /

. .;)~ : & : ' R - \:h
o .8 ! . ‘ IS

1-4months' 23 _1‘6 L R

12 5
. _

.20 g 148

o S o 9@
13 24 months 20 15 g | D ,
| ~ : 5 ~

e

‘Blood samples were obtamed fror‘n children bemg treated atthe e,
Umvers:ty Hospltal for unrelated ilnesses. No evidence of
mycobactenal lnfectlon was present tn any chuld

4



 TABLE cz oDl “of antl PPD lgG antlbody in chlldren at
dlfferent ages. .

‘Agexmmm S.amlo.le_sjze Mean ODI £ S.E,

) O R 025i002 ~
5 - 244 0.31+0.04 -
AR R e

912 .. 55 . 031+003
13_24“ L 14 - S 9;32:1:0.0,4 4

the blood samiples fram children and the ODI was galculated.
~ The results were stratified into four groups acco ing to age, and
are expres: sedas mean ODL £ S.E. of the mea.@ in each age group

y ‘il / .

o S
€ 2 N .
. ' ) L ’

Anti-PPD lgG antibody was measured in single cyc)n (1:100) of .
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TABLE C3. Opl for anti-PPD IgM antibody in children at - |
different ages. @ .~ . - - e -

6 " ‘ . :
14m. T 024+003 |
~ 5-8m. 2 031£0.03
912m. 46 042+0.03 ’
o . ) L . . v e R ’ .
1324 . 13%  oarro07r | y

/Anti-PPD IgM antibody was measfxed in single dilution {1:100) of
the blood samples from children,- 1d-the QD1 was calculated.
The results were stratified into fou} groups according to age, and
are expressed as mean O())‘é t8S.

<«
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the transfer ofmeternal IgM to the fetus it was considered
_r'e'asonable’\to follow onw IgG énti'bodies in all future analyses. | :
IﬂLﬁLLQﬁ__amm This apparently slight trend of inCreasing level
of antibody with a:‘ageU as seen in single dilution assays’ showed .
-more pronounced differences and clear dlscnmlnatlon amongst the
-c'rent age groups when the plasma samples were titrated. In
] Figure C1 are the results of bloed #amples .from the children when e
‘4 they were tttrated for~ anti- PPD IgG by testlng in senal dilutions.
"The OD readmgs wereé?oted;at each. dllutlon and then plotted as’
4funct|on of -dilution in a*seml Iog fashlon WhICh were fitted to_
] xfor‘fa curve of antlbody bmdmg The apphcatlon of such a. ourve o
,&shown m Figuge Cz From thls cprve the drtutlon of the sample tg
gave an OD readlng 6? 01 was reg\d oﬂ‘“‘ﬁ's the titre. It was an

L

arbltrary chorce made WhIGh represented the rehable Iower limit
of positivity at Wthh antlgody actn%ty was detectable From thls

N,

the mean t|tre was ‘calculated separatgtMr each age groupy . Table
" C4 gives the StatIStICS on these data. i o ’

The * mean: anti-PPD 4G -titre of group A\ was found to bem‘
sugmflcantly lower (p < 0001 (than in groups B, C and D.. 1;he
recnprocal mean vaLues for tltres were 382 +34 ; 920 + 186 ; 2412

:t 55 and 1279 + 310 for the groups A, B c and D respectrvely R
Thrs observatlon led to the conclusro'n that the chidren belonging. ',"
to group Aﬁwave the Iowest trtre of anta PPD Ig(:d)ntlbody The : |
Ievel ‘wéas even lower 'than that m the cord blood showung a 7
decline in t:tf'e‘ln '_thrsfgroup probably _‘due to oatab_ohsrn. H/owe\ier,

R i .
e -
R
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there’was a definite-increase in titre from 4 months of age on.._

T
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' FIGURE G1 ANTI-PPD I9G ANTIBO

i

ne34 NS ge2d 020

. " » ‘ N ’ ’ v ’ 1
_Titres of anti-PPD antibody in Edmont&ftchildren.-aload samples of -

children ranging from1-24 monthis of age‘were titrated for- .
anti-PPD IgG'antibod'y. The results are expressed-as logeef the
reciprocal value of the titre obtained. Each dot represents one
samplg%hnd the data are stratified aocbrding to age groups in

‘months. Mean fitre for each age group is indicated by a hofizontal
bar. Sjgnmcant increases in mean titres with increasing age were -

* lound compared tg the 1-4 months age group.
. ‘mpc< 0.05
* ‘= p < 0.001 ‘ S

o

OY TITRE IN YOUNG‘C*EN
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"CALCULATION OF TITRE
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-

FIGURE c2 CALCULATION OF THE TITRE

~

Serial blood sample dulutnons are tested for anti- PPD lgG anlnbody
and the optical density. (OD) noted for each dilution. The OD values

are plotted as function of dilution on semi-log graph to obtain the

bnfvdmg curve. Dllut»on at which the.OD readmg :s O.tis taken as.

the titre.
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_ TABLE C4. Anti-PPD Ig@antibody titre in Rhildrih at -

79

4

>
. ‘; ';-,A

different ages. ) L s
\de G “Samplesize  Mean'tive S
1-4 m, | u_ 382134y
5-8 m. o 15 920 % 186
912m - 24 2412455
13.24m. 20 1279310

quod samples from children were t,ested_?or anti-PPD IgG
antibody.in serial dilutions that ranged from 1:80 to'1:5120, and

the OD was noted at.each dllution. Titre was read off the binding
‘mean in individual age groups.

L4

" curve at OD of 0.1. Results are expressed as mean titre + S.E.-of the . -

-



Ciearly, antigenic confrontation Sf the infant must have initiated

this rise (see Discussion).

=

80



we | ‘ o B

Section D: L | Y

In . this sectuon it was attempted to examine how efficiently and
how soon the infant's rMune system would develop anti- &D
antlbodles when the maternal supply of antibodies is lost. In this
'vrespect it was necessary to take into account the effect .of
exposure to the : sos-called' "atypical” or environmental
myco.bacterié. These: ere commonly encountered but do not cause
disease wgimilar to or to the same extent as the Myc TB. It is
signifi*at antrbodles progluced _agalnst different
Amycobactﬁeriaﬂ’ strains in %rabbits, exhibit cross-reactivity | on. "
- immuno-electrophoresis. M..s. reagopable {0) assume that this.
_ cross-reactjvity also holds- true in ‘humans This, could have
lmpfortant effects on the deVeloplng anti- tuberculous rmmumty in
the early * years of lite.. Therefore™| studied antlbodles to the
environmental _m'ycobactena simultanedusly with the ®anti-PPD -
entibodies. The species o}f’ ‘the atypical mycobacteria testecl were
intracellulare, kansasii and sorofulacey'm. | |

In-Table D1 are shown the mean IgG antibody levels in the olasma

samples which. were tested"agamst PPD) as well as ;the three

| of atyplcal mycobacterra Besiges the normal young
:'chlldren, in this section were also included healthy adults in order
to see the effect of age, and some patients with culture proven
mycobacterial mfectrons to;, study the effect of their disease on

| antrbody development J o J .
o | | , 2wy

i
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TABLE D1. ODI for IgG antibodies éeactive against’ ’
mycobacterial antigens in 44 lndivi uals from different
clinical groups. ‘

- Clinical Sample (Mean ODI +S.E.) . ‘
State ngEP_Qkananau ssmtlmta.cgn g
Atypical Myc: R | oo o
patients. 9 0.70+0.17 051i011 053:1:008 05810”10 7

. Tuberculosis _ -
patients . 6 0.33+0.10 0.84+0.21 0.63+0.06 069+ Q\1{2 S m‘
Children ’ B SN
1-4m. _}O -0.16+£0.03 0.33+0.02 0.35 i“'Q.OS. g.38 +0.02

u. w | -~ ) y . | . -
.Children . ) : : )

58m. .8 0.30+009 042+0.05 0.67+0.10 0.59+0.10

-.Children , ) , - .
9-12m." 13 0.58+013 1:22+0.23 1.08+0.17 1.16 £ 0.15
A , e T

~ 1gG antabody reactuve agamst varlc;x]s mycobacterlalgmgge% was -
tested by ELISA ata sungieﬁn itk 10 Sample;
- ‘optical density index G

antngen

: i
) . .
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.
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!:! N B o7 ‘/\ .
Al B . -



i T, . .
LR o .
L ‘ Tl - - -
o ,.'M .‘iw ) ' 8 3 e
3 . . .

elonged to the following ‘groups:-*
bre being treated_gt/?he Aberhart
Hospital by Dr. Fanning. i N

7w

Therefore the individuals teXis

(a) Known TB patients'

(b) Patients with cuiture -proven atypical mycobacterial
mfections also throogh Dr Fanning '
() Normai children between 1-24 months of. age - were stratified
into groups 1-4, 58 and ‘9-24 ‘months of age..lAfterv the age of 9
months up to two years age, the children had almost identical
« values of antibody levels. Thg aim was to see _if cross:reactiVity
existed between antibodies reactive to - the diffe‘rent
mycobacterial species. Each sample was srmultaheously testgd atw
“4/100 dilution for 1gG ar@odies ~against PPD and the three
"atypical® antigens . The ‘ODI for each sample for each of the four
antigens was ealculated and tested -statistically.  Analysis of“
, varia'nc;e (ANOVA)' was ‘done between all the groups against each
antigen. -. . .
QD_lLl_gﬁ_au_ub_Q_dL in Table Di the left hand.column lists the chnical

state of the dwudua? groups The antigens are iisted horrzontally

on top Mean ODI values and- the standard error of the means for,»"

antlbodies reactive to the four antigens are listed. The results of -

thrs set“ of assa)?s therefore represent the fives groups*of e“’

.individuais,. ‘ | | . g

- (1) The group with lowest content Jis the group-A of children1-4
months age. The analykis \?"of va‘riance" (ANOVA) done. between the

other four groups andf this group indicates that the mean, level of

L3 R “ . L
s - . ! . ’ . . .
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antlbody agalnst each of the fdur antrgerls is srgmfrcantly (p< 05) -
,hrgher in all other groups as compared to the group A. ‘

(2) Patients with atypical mycobacterial ¢ infectio-ns; had
significantly greater (p<0.05) levels of anti-PPD antibod‘ies-as
compared to the group A and TB patients. It has been shown that ¢
high leveis of anti- PPD‘%antlbodres that develop |n actuve‘TB
patients decline wrth chemotherapy . This miy be the réason why
we flnd lower anti- PPD antibody levels in TB patients who were
receiving treatment for their illness. -
3) Levels of anti-kansasii, anti-scrofuldceum  and
anti-intracellulare antibodies are significantly higher (p<u 05)

TB patients than in the group A. This finding probably reflects
cross-reactivity of the atypical mycobacterlal antrgens used with
the antrbodles formed in the patients dunng their M. tuberculosrs
rnfectron )

4) There is a significant (p<0. 05) rncrease in the level of IgG
antibodies against atypical. antrgens after the ‘age of 4 months
indicating development of immunity to the env1ron,m‘ental~ ‘

mycobacteria on- exposure

S ‘ :
Titre/lgG antibody. In' Figures D1 to D3 ‘are results of antrbo{

T

tltratron when .serial drlutr:ns were -tested for IgG antrbody
?‘reactrve ‘ta’ each of the ‘antigens rh these samples. It was also
realized at this stage’ that the patlents wrth mycobacterlal
lnfectrons belonged to varying ag\es ranging from childhood to late
| adulthood. Therefore besndest -4 month old infants, patrents age

. matched healthy adults were also included *in the testrng, Wthh
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led’ tq further mterestlng observatlons The titre of lgG antlbody

reactlve to. . PPD, Myec. kansasu Myc SCrofulaceum "ar'td“ }'
. Myec. mtracellulare showed ausrgmfrcant (b<0 001) mcrease in. the
. adults as compared to the. young infants (Flg D1) |

Comparlson of normal adults wuth TB patlents showed that the o

“anti-PPD: lgG titre is 4fo|d Iower in TB patlents antl kansasn o
'QG is. Slmllar ln\ the tv*; whereas anti- scrofulaceum and'

anti- mtracellulare are sllghtly lower ln T}B patlents than g(ormal,

| a'dults

e

Comparrson of -atypical myoobacterlalfgatlents wrth normal adults., e

_showed that the anti-PPD titre is one ha\f of the trtre i normals

antl kansasu is srmllar | m | ~the ,tw)o groups whlle o

is sllghtﬂr less ln the patlents th\n in normal controls |
Table D2 summanzes the results of tltratlon assays of blood"_\

samples from mdwrduals of the four clmnoal groups It Ilsts the

statlstlcal mean values for the tltres and ihelr standard errors for L

the antlbodles reactlve to all the four mycobactenal antlgens

l}

nantl scr fulaceum is shghtly greater and- antl mtracgllulare IgG"V_ B

't
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- Results show the IgG antibody titration of blood samples from
‘patients suffering from atypical mycobactenal infections. For -

each sample the titre of every antngen is represented by a dot. The
~ abscissa represents the titres of IgG antibody against
mycobacterial antigens.
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TABLE D2. Anti-mycobacterial IgG titres of 25
individuals from different clinical groups.

—~-

1 3

", Mycobacterial antigens used

 Clinical * Sample  (MeansS.E.) . «
., Atyp. Mye.. - | | o !

patients. " 10 1655 + 368 1330 + 355 2330+ 744  2135% 450

patients. 6 .916+210 1233+ 193 1058 +224 1866 + 501
Normal . - |
Adults. 6 3066 £ 423 1241 +238 1608 + 259 2383 +385
-~ ' . ...,., . e~ . S
~- Children A -
1-4m. 3 450+86 400+100 606+340 5204113
Ig§ antibody reactive against various mycobacterial antigens
was tested in serial dilutions ranging from 1:80 - 1:5120 in each
- sample. Titre was read off as the dilution giving OD of 0.1.
‘ v - ’
The restilts are expressed as mean IgG titre + standard error of the
mean (S.E.) in the different clinical groups for each mycobacterial
antigén. : o
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An mtngumg and thought provokmg observatlon ‘was made in our
“,Iaboratory (Pabst et al) ,whnle testmg PPD- reactwnty in mothers .
- and infants whlch led to the present study. This* observation was
"made |n case of mothers’ who were PPD- -positive as assessed by
-testmg thelr perlpheral blood lymphocytes (PBL) in a
osrx-day culture in the ‘Ppresence or absence of PPD for blast -
transformation (BT), and were »found to be ‘posmve with
stimulation index (Sl) of greaterw than“eo (SI of 2.0 taken as the .
cut off point between negatrve and posrtlve responders)
As shown in Figure B3 48% of babres born to such mothers also. |
gave a positive response (i.e. Sl>2‘ ) to PPD-md'yced _blast
transformation. This response was on subse‘qlu'e'nt testing, however
found to decrease wnth time, ~and-it- v;as gradoally lost so that the
,mfants became PPD-negative by the age "of 4 months. This
'phenomenon was not ebserved in the. babies born to PPD -negative
“mothers. | ‘ o |

The prollferatlon assay is dependent dn the presence - of immune
reactrve cells, and therefore blast transformation of the PBL is
considered to be an in vitro analogue ot the DTH response seen in_
vvivo It -indicates the degree of ceIIuIar sensrtlzatlon of the
newborn to the antlgen Another reactron medlated by sensmzed
cells is their capacrty to produce’ a\\lymphoklne known as the
lymphocyte-mh|b|t|on-\factor (LIF). in, re\sponse to the sensrtrzmg
Aantigen The production’ and as'sa;-‘ '{or LIF was’™ also. done on

‘Iymphocytes from the cord blood 'sa ples after determmlng the .

&‘90.“
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response by blast tra'nsform'ation There was a bositlve
relatuonshlp between the results of both assays in 7 cases. )

On' observtng the transfer ‘of cell medlated |mmun|ty in’ the
| newborn it was necessary to study also the humoral immunity to
PPD in th'ese.mbther-infant pairs. As the’ irnmune regulation
involves both . ‘types of imrn.unity it is reasonable that they be
‘studied .simulta’neously. | T |

The objective of this "thesis work was to evaluate and study the
presence of specrfrc anti-PPD antlbody immune- reactivity, and the
- method used was the ELISA technrque Blood samples were first
‘tested in the ‘newborns and their mothers, later followed by older -
~infants between the ages' of 1 -24 months. Finaily, the effects due
to age in healthy adults and effects of mfect\lSn due to
envrronmental atyplcal myoobacterla was studred in patients.

~In the newborn, the level of. anti-PPD IgG antibody was found to
~ follow closely that. in ‘the mother, while nvegligible IgM could be
detected in the' cord blood. This finding supported the fact that. the
transplacentall transfer of 1gG antibody molecules can occur, but’ .
~not that of IgM, antibodies. ‘It also indicates that there had been _n.o'

' intra-uterine e?cposure in ‘these infants, which ‘would have led to

" sensitization ‘anmtﬂ\e\lopment of active specific immune

" reactivity against TB antigens.

) ,For comoarison of the CMI and humoral immunity against PPD,
besides assaying for anti-PPD antibodies, blast transformatlon of
*PBL of the same mother- newborn pairs was bemg done m Pabsts '

laboratory, and the stlmulatron.mdrces (Sl) were calculated. These.
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S| results were plotted together with the ODI readmgs to see- |f
any relatronshrﬁ existed between cellular and humoral rmmumty to‘
| PPD in each mother-mfant pair (Fig ,Bn) It showed Mat 5 out of the >
8 mothers wrth high Sl l{ad infants with hrgh Sl as well. Also
- mothers wnth hrgh OD! had mfants with snmrlarly high levels. In -

than 20) It could be mterpreted therefore that cell~med| ted and

R

\humoral rmmunlty to PPD are inversely related in the mot ers. |
. When beyond the newborn perrod rnfants were tested sr nificant

changes mantl PQD antrbody titre occurred at dlfferent ages (Fig

’ 'Cs) Thrs was seen on companng the results of .children samples -

which were then stratrfred ‘intp different age groups. There were
"lfour groups made-of 1-4, 5-8, 9-12 and 13-24 months amongst .
healthy children Table C1 shows the age and sex ‘distribu}ion of s

these chrldren

e -

e

“When ‘anti-PPD 1gG antibod tltratrons were done in the chuldren
anfples it showed@]the youngest age group had " a -
:,_SIgmfrcantly |ower tltre (p<0.001) than all the older infant groups
Therefore children up to the age of 4 months have a titre less than
1:400, but there is a Srgnrfrcant increase (p<0. 001) after/,the
fourth month' and the mean titre. reathes almost adult valuess
(1:10,000) around one year of age. -
It may be hypothesized that the majority of the anti-PPD 'IgG"
: antibody detected during the garly'age of 101-4 months is maternal
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~in origin. that has passively been transferred by the placental
route. This antibody transfer. reac‘hes generally the. same

concentration in the fetus at téerm as in the ‘mother, but it is
. ) * /\ ..

Pu—
-

s

catabolized with ti@.
istudied 100 mother cord pairsed samples

Griffith et al”in 19
‘and.measored the IeveIs of antibodies aga’inst different viruses
| (herpes simple'x measles respiratory syncitial, and rubella). The
‘mvesttgators found that higher |evet of antibody could be detected
in the cord than in maternal sera. 1t was therefore concluded that
lgG@ antibody agamst most if not all viruses were concentrated on
the fetal side of cnrculatlon g o -
As the childsgrows ‘and the.immune system matures and develops,
tﬁe exposure to various environmental antigeh-s would stimulate de
novo antibody production. In a study done at the Unive'rs/it%
Alberta in 1986 (Gill et al ). it was demonstrable that inféctions

_atyplcal mycobactena may cause chnldhood Iymphademtls

hout the year in harsh inland Northern climate of Alberta
480 km of Edmonton.

I‘h’teractlons b‘etween the passively transferred . homoral and
ceIIuIar anti- PPD |mmun|ty to the newborn at birth and the newly
'“ ‘.deveropmg active mmu@y later after the fourth month is- of

special interest. '

Trahsfer' of maternal IgG aptibodies via the ‘placental route to th’e '
newborn is a well known fact, but most interesting fact is the"
timimng of the presence. of this gntibody i_n the newborn. The

maternally transferred antibodies wane during the child's *

TR



>developrneni and are cétlnuously replaced by. nery arismg
-lantibodies due presurﬁably to the child's own vimmune response
T)ié occurs almost during the same time when the infant Ioses the
~ cellular |mmunlty which wag algo transfe[-red at birth. Although
the present data ‘do ‘not saggest arly'correlation between the extent
of cell- me d or humoral immune response m children it lSA‘
::"likely th'ai, the tragsferred malernal antibody may have an
important role to play in the development of immunity during early |
infarlcy, It may —’pr/o'vrd_e protectron or immumty to TB similar to
BCG vacdinatién, or it rjn‘ay interfere with the "take” of BCG.
On the other harld, the YeEpased amount of blast tran'!ormation of
PBL on stimulation with }?‘l;\i‘n some infants and its presenoe in
~ others, may reflect ‘the dlfferences in the) maternal - immune
reacti\;ity during pregnancy, which she is able to transfer ;o' her
baby . L | i - -
This may be explained by one of the following h)rpotheseS'»- ‘
- (1) The x’ycobacterral antigens that have already been processed
by mother's cells and degraded into transferrable particles could
cross the placental barrier and sensitize fetal T-cells. These cells
can then be induced to 'proliferate in vitro in response to PPVD.
'Because, the reactivjty remains for only -a few rnonths, because_the
degraded antigen may be lost with time. The proliferatio of(PBL
oosgrved in the cord blood lherefore is nqt an active immune
response. it diminishes progressively over the first few ,months of
| life, with decreasing quantities of antigen for activating the cells.

As a result the child becomes PPD negative by the age of 4 months.
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(.2) ‘Some newborns may have PPD specifieT-ceﬂs in the
re_pertoire bearing an idiotype to which the rrrother may possess
anti-idiotypic (anti-id: ab)\’anti_bodies: wh’;h get transferred via
the placenta. This anti-id IgG on crossing the placenta could -bind
~ to the idiotype on the T-cell surface and _sensitizew them', so that
the in vitro challenge with PPD gives sufficrent signall to induce
proliferatigr;. It needs further study, but it is the observation of
simultan.eo'us ,disappéarance p‘f\/maternally transferred 1gG
antif®dies to PPD and loss of specific cellular reactivity to PPD

that favours this hypotheins ‘
‘It may be argued with regard to anfi- |d|otyp|c antibodies, that in

organ transplantation especially in- renal tranSplant patlents the

antr |d|otype antlbody is mhlbatory for cellular reactivity, ,@nd is
delrberately lnduced m the host by glvmg repeated transtusmns of
blood from the organ donor over a preoperative period. Its
usefulness ha\been establrshed and has proved to be beneflcra4 for
survival of the. graft due to specific regulatory mechamsms WhICh
suppress the donor cells reactivity. It is postulated that this can
tvu'rn off the host T-cells spaec‘ific for the dapor's org;r{i It shoullc.J .
be notéd that this protedure invol s. Q§F&Ta¢ blood transfer
including " all cellular elements from. the -, donor, and the
materho-fetai situation is not comparable. The latter transfer
involves-ohly IgG. antibody and some possible lymphokines, or
plasma soluble “transfer factors. “ ‘
Bernard et al in Co_IUmbia Universi'ty investigated :the' disease

called Myasthe_nia gravis in which muscles are afflicted with -

o
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extreme -Weakness -and fatigue due to auto-antibody in these
patients apainst. the acetyl choline receptor (membrane molecule
through which muscle recreves srgnals "from nerves ). The
in‘vestigaters raised antibodies to a substance that binds to ih}
anti-receptor antibody, and- then made anti-id antibody to its
idiotype. The, anti-id wes .capab'le of Binding the receptor and by
either blocking or destrdying the repeptor,‘ led to“‘symptoms of ‘the
diseasa. S ("V'" |

In experimental. models it has, been demonstrated that anti-id
'antibody is capeble ér eausing suppression or stimulation of I__-.cell ‘
responses under different cnrcumstances

(3) lt may be . proposed that some cytophnluc anti- PPD éntlbodles
or Specmc T-cell inducing molecules may enter the newborn from
the mother and attach to PPD-specific T-cells, and* could "act as
signal medlators when the antigen is also present.  This hypothesis

should predict that the reactr;/my of T-cells sh

Id be present_’as
long a§/he’ sensitizing~ anti-idiotypic antibodgs/factor remain in
t:rr‘culatron This is- supported by the results x{_the newborns
studled |p thrs work showing - that the reactrvnty persrsts for a
3-4 month _period whfch is the average. lnfespan of Tuch of the
transferred maternal artibodies. If on' the other hand it is a
soluble factor, metabolic degradation with vtirne “could similarly
lead to loss of signal for cell activation. . .

In older children, it is possible that the antibo‘dies being detected
as reactive to PPD could have been produCed in response to some

different mycobacterial species or other environmental
J .

k4
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‘ micro-organism ‘to'which the children arg exposed. TheLe man
- exhibit cross-reactivity with the antigenic. deterrrtinants of F"PD.
This was analyzed by followtng the antioo'dy development in
_resoonse to atypical mycobgcterial infections. It included some
patients, -who either had infections due to Myc.TB or the so-called
"atypical” mycob'aoteria' Patients sufferirrg from tubetculosis
Ahibited a srgmfroantly (p<0.05) hrgher level “of antibodies

~

agamst- atyplcal mycobacterial antlgens than the young heaithy

infants.
) ¢

., Patients with atypical my€obacterial irifectione had significantly

higher levels (p<0.05) of antibodies reactive \with PPD‘as compared ‘Q

' young mfants SR |
N
‘/gmce there |s a great deal of homology between the antigenic

, deteTmmants of varius mycobacterial species (Anderson et al,
1986), cross reactivity could‘be expecte@amongst the_' antibodies
redctive to the diffdrent stratn's. This is indicéted by‘some of the
.data m this study i | | ‘ f
The decreased levels of antibodies agamst the corresponding -
mycobacterial * antigens could be explained by the anti-TB
’che"m.vtherapy that was being instituted to all these TB patients
under study (Kalish et al 1983).

Titration of the antibodies reactive to each of the mycobactsrial
antigens showed that age played an important role in the
development of humoral immunity, and the titres significantly
increased with age. The normal adults when comoared with the

‘o :
groups ‘of patients with mycobacterial <illness revealed no
L €. L N a
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,.signjficant"-dif}erénces', p'ossibly pec':adse' the number of samble_s
tested is very 'smail,.‘,h Therefore ‘stati'stiqally'_ sighificant
. 'cr‘oss-‘_r"eacvtivityv.. a‘mon’gsf these an:tiquies’. ‘heeds yet -to“l_bé‘

A ER S
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vmycob'acterial'spemes 1 seJected the ELISP;, ‘system as ‘it is
’ .;currently copsidered. to be a good ang relrﬁble antrbody assay

»(Malvano ot aI 1982, Zelss et al, 1982 and/Kalrsh ot al, 1983)

was essentlal to <tantard|ze it for each antlgen when used‘

Therefore to. test specmcny of the assay and detectlon and. -

exclusmn of artefacts |nh|b|t|on assays were performed which

».:prowded strong support that the antrbodles berng .detected were'

Ay
reactive to PPD. From the results thus obtained, the followrng

conclusnons have been made. - o R

' When tested the motﬁer cord blood samples for antu PPD antlbody,
it kshowed that the majory/ of matern_al IgG :antlbody, crossed the‘

placenta and that is’ wly} the levels are comparable.in cord blood -

© For studyir&fthe antibog/es to various

o

and maternal ,periphe/m{l blood. lgM antibody does not ‘cross the |

placental“barr‘rer' and therefore any IgM detectable in the: cdrd‘

‘blood would be ?f infant ong‘n The samples used in the present

study came from mfants wrthout evidence of mtra uterme

mycobacterial mfectlon { an- extremely rare event in any case) |

o,

Wthh/WOUld have caused a specmc ant| mycobacterlal antlbody :
- response by _the baby. There seems to be an inverse relatronshrp

between cellular and humaral lmmumty agamst PPD in mothers of-
1.

the newborn\s mcluded in this work In- the newborn the passrvely

'/transferred 1gG persrsts in curculahon up to the age of about 4 ~

months, Wthh is the' expected llfespan of most of the antlbody

) }ransferred. After t_hls age the !,newly arising hlgh.trtre is’

: e Y
D : o I : . ' . ‘ g - = » ” L
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presumably. _\an; indication of the‘cbild's own ir'nmunefreacti;ons to
ehvirOnmental:"éxposure.,Thg da'ta irt this study'oonfirms thatv

inereasing age ' plays an important role in the .development of a '
,rilsing'titr.e of an‘tibodies reactive to varlous mycobacterlal
antigens. The high tttre m normal he‘althy adults could be due to
polyclonal actlvatlon by subcltmcal infections wnth\envlronmental

o~ __,_—-—
N L3

mycobacterla or cross reactlvnty due to other mlcro orgamsms

The passwely tranferred maternal antlbody and cellular |mmumty‘

in the newarn seem to play an nmportant role-in the development‘ .

‘eactlwty the mfant In early mfancy, this
| ‘mty' may affept the response to actlve immunity

theiﬁ BCG vaccmatlon given for prevent|on of

}’Durmg Iater chtldhood the . envnronmental exposure
to’ mycobactena may aftect rmmumty to BCG . by causnng-

. Cross- reacttve rmmuhe responses The data in this work provides a

foundation for further study of ant| tuberculous immunity in

‘greater detail. Th|s wou .help to assess the optimum age for
' vaccmatmg agalhst tuber ulosns Wthh ‘is Stlll one of the major

. :health problems in the world today '
_ < | .
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Heparinized venous blood was "‘collectedA after censent‘ trorn
mothers admitted in labour’ rooms  at Charlesu‘t"Camse_.ll Hospital an‘d_'
University of Alberta Hospital. Samples were collected from the
cord as wall as mother soon after dellvery and if possnble on the
third day after delivery from the baby again.

Lymphoid cells were seperated « from each "sample by '
-AFICQ‘H Hypaque gradient and after three washes wuth MEM were
suspendeq in RPMI 1640 medtum + 20% AB serum - at a,
concentration of 2x108/ml. These cells were then cultured, in

vmrcrotltre well polystyrene plates in the presence or absence of

PPD at 37°C in 5% CO and air for six days. The PPD- mguced

‘ blasto‘gemc tranfofmatnon is then measured by» the incorporati’on'

of tritiated thymidine added deing the ‘last 6-8 "hours of culture.

The stimulation index —- | o o\

(SN is = _com of culture with PPD |
cpm of culture without. PPD -

2



\

* Previous to the experrments of the present data, sera from 58

| mother mfant parrs and -70 children upto -2 years of age were

‘assayed using PPD from Connaught Laboratorles, Toronto. The -
procedure .for the assay ‘was exactly similar, but all the samples
showed conS/derany hrgh levels of IgG antlbodres reactrve to PPD

After exoludrng several varrables PPD antigen from a drfferent
source was substrtuted (Parke Davrs Detroit). Also on searchrng
the Irterature it was observed that most of the mvestrgators hadi
used PPD from Parke Davis Co. for measuring antibodies in TB
" patients. It was obser%d by testrng a random batch of samples
srmultaneously wrth the Connaught PPD and”’ the Parke Davis
product that the latter appeared to- grve us more specific results
| and less evrdence of cross- reaqtlon Better drscrrmrnatron of the
levels of anti-PPD antibody between the posrtrve and neg;trve
' blood samples was obtained and therefore experiments in the

ﬂ-present study was donewsir. e Falke Davis PPD antigen .



THE ELISA AS A SYSTEM; : o

Kockwa et al (1967)_‘ and. Oss et al have made |the -observation"
that proteins "apparer;tly attach to plastic surfaces by _hydrgphobic.
, interactions. The proteins adsorbed may form a m”ono|ayer film
' (Canteriro et al, 1980) and Kockwa ‘et al,, 1967).- At small
concentrations of pure proteins, the amount bound to the plastic is
proportional to “‘the concentration of protein in solution, and at
saturation, a consté}nt amount of protein _is’ attached, regardless of
condentration. The binding ‘cegacify of - the ‘oroteins‘tof..plestic has
‘an-inverserelationship to the molecolar weight ( Canteriro et al,
.'1980) If antlgen m:xtures are used, as for example in an extract

of a

icro-organism, the components are lnkely to compete with

eact er for the limited sites on plastic surfaces.
'ELISA te‘sts may ‘be competitive,” indirect "or double antibody -

sandwich assays : a

(1) In the competmve method the antibody is bound to the solid
phase. The test solution containing theanngen is aIIoweg to react -
and then enzyme Iabe!léd antigen is added. Substrate is then added,

and the réference wells containing nly enzyme. labelled antigen'

120
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show a colour change. The amount of antrgen in the test sample

‘would be equuvalent to the amount of rnhlbrtron of colour

development. ’ ) o

(2) _ln the indiregy methodi the antigen is bound to the.solid phase. '

Test serum containing‘ specific . antlbodies is allowed ‘to react with

and bind to the antigen. Then an ‘enzyme-labelled, anti-human

antibody is added and allowed to' react with the sample antibody

“%omplexed to the bound antigen. This is then detected by adding

substrate its reactlon with the enzyme leads to colour

development. The amount of colour development is thus equrvalent

., lorthe amount of antibody irf the serum belng tested. ‘

] ¢ (3)In the double antibody sandwrch, method the principle "is the’
same,except that a known specrfrc antibody is bound to the solid
phase. j"f.he test’ so{ution containing the antigen is added, then"

* enzyme labelled specific antibody is added,which binds to the

antigen too. This enzyme on acldition" of the . substrate, degrades

the latter and .gives therefore an mdlrect estimate of the amount

- of antlgen'spresent in ’th\ test sample. i

Enzyme immunogssays ‘depend on the assumptlon that either an

antrgen or antlbody can be linked to an enzyme whulst retaining

~ both enzymlc and lmmunologrc activities and this has been shown
to occur satrsfactorlly /by Avrameas et al, (1969), Nakane el al

(1974) and Sternberger et a’l\r while working in the related trelds

«In a study done Wy the Dynatech laboratories, it was reallzed that

\he Elisa ‘also has pitfalls besides possessing a consrderable_l

pgtentual. These aspects m%be related to:-\ R ) 4

-

-
o o
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(a) Solid" phase: .PolyaeryIamide, pellulose, cross-linked dextrans,
‘polystyrenejor polypropylene and \iarioUs.plastics are used forﬁ
making tubes, plates and beads. The polystyrene plates of a .epecial
formula are best suited for coating with proteins and lipoprotein
anrigehe.The eensitization is ‘carried out by pessive adsorption in
alkaline solution and’pr‘eCise optimal conditions for concentration
of éreactant, time, temperature, and pH are best determined by trial
and ér‘ror for eactt system. Once established, the cohd}tiong have to
be followed very carefully, because a slight departure from the
optimum can lead to big variations in the result. . ;
~ (b) Dilution of sample: in a buffer like- PBS, and 3D'wetti'ng agent
like Tween 20 can help prevention of non-specific adsorption to
the solid phase.The sample :an N tested in serial dilutions or at a
single ~ dilution s}imulteheously with a control reference
preparation, -and the results then -analyzed accordipglfy. .

‘ (c), Qonju‘get‘e: The/enzyme used to conjugate for antigen/antibody
labelling should be stable, highly reactive, cheap and eafe, easy to
~ prepare and aseay The twe'enzymes that best fulfill the above
‘cruterra are horseradish peroxrdase and alkalme phosphatase
}These gref linked by glutaraldehyde cross linking to the antigen/
antibody. Sheep or rabblt anti-human antibedies are used for the
enzyme conjugation. It is critical for these antibodies to be in
_pure form and they are therefore prepared by affrmty
‘chromatography, and they have been o served to g% lower
background levels in indirect 'ELISA and the onjugates c{an be used

at ,hlgher dilutions. They are also very stable when preserved at
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‘ \4°C, and alkaline phosphatase 'éonjugates in particular ‘have‘been
obsewéd to retain full activity for at’ least one and.a haif years. |
(d) Substrate: Enzymé substrate should be cheap séfe_ and easy to |

use. Mostly chromogenic substrates are used which are initially

lcolourless but yleld a coloured product after enzymic ?égradanon

If the substrate reactlon is too slow , then more. concentrated

conjugate is to Jr:\e used, and if it is too fast then the assay is %

repeated usung more diluted con. Jugate This. would lead to
assessment of aﬂevel which appropnately should give colour in

abaut 20 to 40 mins. ' o N h

A

Alkaline phos;;hatas;a is used with p- nitrophenylphosphate as
substrate.The reactivity can be stopped with a highly alkaline
"solution like NaOH, and the yellow/product remains stable for some
time st |

L gt ]

(e) End result: It may be subjectively éssessed by eye or it can be
measured in a épectréphotometér The visual testing would give‘ a-
posmve as coloured and the uncoloured wells as negative. Ir'ma}
be used to detgrmme the. end pomt of serial dllutlon tltratlons
Otherwise the result may be recorded as:- __
1) Positive or negative for samples, above or below a thréshold
level, taken as the cut-off .po'lnt, which is 'aeterhinéd after
running several negative samples., _‘
2) A?sofbance value- as a direct measure of t_ge sampies' antibody
reactivity. )
- 3) As end point titre-';_several dilutions are made and titre is the

- test dilution that gives a reading higher than the known négaiiv_e
. - _
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control. - * _
3‘;.@; a ratio-in relation to the negative control (established as in
thg first case). Then the absorbence of the sample above a certain
defined limit is considered positive. .

'5) As a unit -A standard curve is con.structed '(by running samples

with.k'nown cdﬁtents simultaneously with the test samples). The

» /
absorbence of unknown sample is calculated from: the standard .

, curve

The reaction is stopped WH:j_Lolour/absorben\:e of .the positive

1]

control reaches a predetermired value.

-~

Analysis of the results. Malvano et al (1982) have discussed the
modes of ana1y$is of the results abtained by ELISA, as used }n the
classical infective diseases. According to them, ‘the single

. » ’
absorbence readings are valid to indicate the trend, but may' not

prove to be adequate Tndicators of the parall‘elis‘m of
responsé-antibody-activity. They also indicgte systematic and
random variability. |

Thé other way is to titrate in serial dilutions, and therj read the
assay. Titre for each ‘sample is calculated- as the-dilution at which

the reading is just above that for the negative control. This

)

method gives parallelism een the ahtibody activity and titre,

but it also has lack of practibility due to excessive manipulatjon

. and reagent costs: Ive manipulation may make it more prone

to high level of systematic and .s_tatisticail errors, and therefore .

less reliable.

Malvano et al (1982) ob'served that if in .a group of dilution curves,
\ . 4 A ’

*
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sequential vertical or horizontal i'ntercepts. were draan and, ranked
_(isoa‘bso'rbance or iéocd‘pcentr_aﬁpn lines), the choice of any
cut-off value before the absorbancé extinction value which is the .
absorbanee of the-biank or diluent, did not affect the sequence of
absorbance single readings, or the sequence of measurable titre§
The tltres also unequivocally correlate, with the titre at any given
dnlutuonf through a sigmoidal .regression, {efined by a saturatipn
.value for absorbance reading at high posmve level, as weI/)a
plateau of the blank or diluent absorbance . ‘
1t is seen that the optical Tesponse and therefore shape of the

bmdmg curve is dépendent 0 pultitude of factors. These are

related elther to the method used wnthln method variables such
as . the reagents and assay condifigns, which are subject to -
variabili'ty. There'for"es??; Uht(ansforméd data cannot be very precise,
in representirig absorbance feadings or{titrations. Also the signal
intensfty' is dependent on the experimeé'yonditions, and there is
a 'hon-{"ne%r correlation of signal with ahtibody éctivity.This feads
to less and Iess‘diécrimination on increasing antibody activity, .
which again implies, that the use 9} untransfornfed data may be
- unreliable.In titr\é‘tion, there is Jimited "discrimination -at either
end 6f the scale, peéause précision of the assay relates to the
sample dilution scale chosen, after defining the sequeptial
‘dilutiokns of the control, for definition of a qut'-offé“_‘v,afua;f ‘y e to
this, the continuity of thelassay response is Iost and samples are
classmed into groups Moreover, the dllutuon at wh/(zh .extinction

‘ ’of the antlbody response occurs, depends on the sensitivity of the\

E o \ ]
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. assay, which may vary under dlfferen‘t circumstances. The only

B advantage to thrs type of analysus |s the parallelrsm obtamed

between the antlbody reactlvrty and tltre

A good alternatrve is then, the use of a reference scale Th|s is

fespecnally useful if an mternatronally accepted reference serum is

avarlable ln the absence of such a serum, ‘a provnsmnal arbrtrary

scale for antlbody actlvrty greatly lmproves the test. reliability.

‘In my test system single absorbance readings were taken and-

126

‘analysed at flrst The results froms that part of the data showed '

.only- the trends of anti- PPD antrbody activity in- the newborns

older . mfants at drfferent ages healthy adults and fmally the

patients wrth mycobactenal mfectlons .
~Later.. the tltratlon for anti- PPD antlbodles of samples in serial
"-drlutnon experlments have | allowed a greater dlscrlmlnatron in the

‘ 'drffep\t groups and therefore are statrstlcally more sngmflcant

than the srngle absorbance values

-



