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"If the lapan.anc:e of • dl••••• ror 1U11tlnd la -••ured froa t.l'la 

n...._r of fatAllua Wblcb •r• due to lt, than luberc:uloote .... , be 

COftaldered auch aore laportant than thO•• .oat f••red lnfectaau.a dJ••••••• 

pla9ua, cholera, and Ula llka. Slatlotlc:o hav• shOvn O..t 1/7 of •II 

h1aa11e dle of tuberculoala •••••• 

On th• ba1la of lll't extcna1we Obaervataon•• 1 can•td•r 1t •• proven 

Ula� In all t\lberculoua 00ndStlon1 of aan and an1aa1• ther• ••tata • 

charac�er1attc bacterlua which l h•v• dea19n..ted ••  t..h• tubercle bactllu•, 

vhlc:h hao apec:lflc propertl•• vhlch ollo,, lL to be dlettn9U1o�ed r,- all 

OUler &1croor9an1 ... ..... . 

All of t.h••• fact• t•••n t.09et.J\er lead to th• conclu11an that the 

bacllll vhldl ate preaont 1n t.11• t\l.berculou1 au.bat•ncea not only aeccapany 

U.e tu.berculoa1a proeea1. but are t.h• c•�•• of 1t. ln Lb• b•c1ll�• ve 

have, therefore. the actual tllb.rcl• vlrva.• 

IIOberL �och, 111,. 

Circa Claaalc• in JnfectlOYI dl••••••· The ••�10I09Y of t11Nrculo11e. 
IIOberL �OCI>, .. ,11n, c:.raa"y, llll, aev lnrect Dl• 1,11,•,1210-111•1 

•Jn all t�rcl•• two proc••••• 90 on I t.he one • c••••t1on •

deatrucUv• and d1n9eroua, a.nd Ole et.her - acleroa&• - C"Ol'laervatlve and 

heal1n9. n, u1�1A&t• r••ult ln • 9lven c••• Mpen4A upoa Ule capabllltl•• 

of t.l'la llody to reotrlcl a"d llalt the �,-u, of the b•cllll, TIier• are 

tlaav ... oollo ln ""lch U>• bacUll ere, ln all prol>ablllty, Ulled at oaoo. • 

Ute .... haa fallen by tJ\e waralde. Tb•r• •r• oUJU'a 1ft vhloh lh.e lod9 ... nt 
1e t•ined and aor• oi- 1••• daaa9e d011e. but r1.nauy tJ\e dar 1a v1t11 t.he 

eona,rvauva. protactlno fo1"cea. - Ote ••ed h•• t'allefl vpcMI atonr 9romd. 

There are 1.1aa1ae•ao1la u V'l\lch t.h• ba.c1lU vrow h1JCv.rJent.lyt c••••tlOft 
and eofteaU19. not 1.lAlt•Uon and aclero11e. pr•••ll. Al'!d O\e d�y la vlt� 

UM 111wader1 • the ••e4 baa fallen vpon (food trDWI••· 

I tn. •-• JI, 
LJ.pplftC:OLl Co, 

eona--,..ion. 
110,,111 

llr Willi• O.ler, lfOI 

Phlladelplll• .,., London, 

• ••••• 11 the tubercle bac�llva were t.o 41••ppe•r frca IJI• faoe of tha

e"1ll 1, wollld be nac••••l'J to create lt afreab - ln order to aerYe ••

aa I mA1091Cal tool.• 
D'Arc:y ••rt, lfll 

- IIY Acal 1e1 11111
1!U1l•ll 
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ABSTRACT 

The variable clinical presentation of tuberculoaia 

would euggeet a spectrum of hoet immune rooponeos to the 

dieeue. To investigate thie hypotheeis, 30 hospitalised 

patient• aged 19 to 61 yoare (moan 34.4 years) with 

bacteriologlcally-proven tuberculoeie were etudied 

prospectively clinically and with a repreoontative range 

of £n u£uo and £n u,�ro teete oC i1m1une function. 73\ of 

patient• had pulmonary dioeaae, 70\ originated from the 

Indian Subcontinent, and 50\ were vegetariane. Reeponeee 

were compared with thoee ot healthy controls carefully 

-tched tor age, eex, ethnic group and diet.

Before treatment, p11tionte wore profoundly 

-1nouriehed and had aigniticant anaemia, hyponatraomia,

hypoalbuminaomia, noutrophJl leucocytoeJa, lymphocytoponJa 

(predominantly helper T-coll), monocytoeJe, elevation ol 

aodimentation rate, aorum alkaline phoephataee, total 

globulin• and innun09lobulJne O and A. 

Accelerated akin roactione (6-1 hra) t.o Jntradermal 

tuberculin-purified protein derivative were aJgnJticantly 

-re frequent, and 48 hr akin reaction• were larger Jn the

patient.a. 
Even allowing tor the booater ottect ot

11 teat.inn aeon in cont.role, chelftOtherapy
repeated tubercu n ··• 

vsa -•ociat.ed wJt.h an incroaee in tuberculin react.Jvit.y. 
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• 

Peripheral blood mononucloar celle from patients were 

loee rooponeive tn vt�ro to purified proleln derivative, 

but not to potont mitogono. No inhibitory effoct woo 

observed whon normal mononucloar cells wore cultured in 

pationto' eora. 

Mlgration of mononucloar cello, jud9od by moo.n ro.ndom 

locomotlon and casoin-otimula.tod chomoto.xlo tn vt.1.1"0 was 

impBirod but no dittoronces woro oboorvod between pationto 

and controls in opontanoouo and intortoron-ougmontod 

Natural Xillor cytotoxicity. 

No oigniticnnt ditforoncoo woro tou_nd botwoon 

pationte and controlo in titroo of Intertoron-a lnducod by 

Newcastle Dieooeo Virus. However, mononucloar cello from 

a aubeot oC nine potionts produced rolotivoly low titroo 

of Intertoron-,, in roeponoo to puritlod prot:oin 

derivative. Jn co�parieon with other patients, this group

v- cttaxactorieod by lower JnterCoron-a and lntor£oron-7

reopon•e• to viru• and mitoc;rono roapoct1voly, relative

anergy to tuberculin akin toatin,;i, dopro••� '" v,..,...

coll proli(orativo rooponoeo to purlCled 
_,,.onucloar 

�oteln derlvat.lve, and neutrophll loucocyt.oale. 't'

pattent•, bot.h alcoholic -lo caucaolans vtt.h extonalve

pouonatY di•••••• developed acute rneplratory (allure

wlthln t._, wooka of at.art.lnQ chot:t0\.horapy. one o( t.hc:a

In all othfll �t.l'!n\.a, t.h• lnlt.tally a1Jn01-l 

-·•ur-nL• r-,turnod t.o nor-1 l lmlt.• Co1 cont 10111 Our lt>Q

a�J�r•VY• e,�ept.. th• J"O' eln .,.1nut t It Ion 1>t>111l•t..d
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• 

(or at lcaot ae long aa �he nine-month rogimon o( 

treatment. 

lt ie propoood that patients bo catogorloed into Cive 

groupe according to Lhoir reactivity to 

tubcrculln-puri!iod protein derivative in the accelerated 

and delayed ekin teoto, mononucloar coll proliferation and 

lymphokino (lntorCeron-�) production aeoayo. Reoponeea to 

purified protein derivative woro groduatod and ranged trom

a etato ot hyporeenaitivity (Croup 1) to one ot anorgy 

(Croup 5) in a continuoua downward gradation. Thooe 

11T'111unological patterns ehowod only a weak aeaociation with 

nutritional atatua, but no aooociation with ago, 

radiologica.l extent or duration ot d1eoaoo, eorum 

antibodies, coll counts or erythrocyte aodimontation rato. 

The•• atudioa indicate a opoctrum of immunoloqical 

reapo1U1ea in human tuborculoaia, analogoua to laproay, but 

excluaive ot a form equivalent to chronic lopromatoua 

leproay. 
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Cor at loaot ae long ae the nine-month regimen ol 

treatment. 

lt is ptopooed that pationto be categorised into live 

groups according to their roactiv!ty to 

tubotculin-putiCiod protein derivative in the accelerated 

and delayed okin tooto, mononucloar coll prol1Cerat1on and 

lymphokino (lntorforon-Y) production aoeayo. Rooponooo to 

puriliod protein derivative woro graduated and ranged Crom 

a otato ol hyporeonoitivity (Croup 1) to one ol 411orgy 

(Croup 5) in a continuous downward gradation. Those 

immunological patterno ohowod only a woak aoeociation with 

nutritional otatua, but no aaoociation with age, 

radiological extent or duration ol dieeaee, eerWB 

antibod1oe, cell counte or erythrocyte eodimontation rate. 

Thoae etudioo indicate a epoctrwn ol immunological 

reaponae• in hwn&n tuborculoeie, anal09oue to lepros y, but 

excluaivo of a form equivalent to chronic lepromatoue 

lepzoay. 
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CHAPTER ONE - INTRODUCTION 

Robert Koch'• discovery and study oC MycobacteriWII 

tuberculosis (Koch, 1882) csta.bliohed the causative agent oC 

tuborculoelo, led to tho dovolopmont or an eCCoctlvo vaccine 

(bacllle do Calmctte ot Cuerln, BCC), suggootcd the use oC 

tuberculin aa a dlagnootlc tool and laid the Coundatione of 

modern 1mmunology. Purthormoro, it provided the rational 

baalo Cor the dovolopmont of a cure Cor tuborculosle: Crom 

the dayo of tuberculin therapy, gold therapy, oanatorium 

loolatlon and artl(lclal pnoumothoracoo, until the advent or 

oCCect.lvo chemotherapy wao elgnalled by the diocovery oC 

otroptoraycln ln 1944. 

Ono hundtod and two yoaro have po..ooed olnco �och'e 

dlocovery, yot tuberculooio romo.ino a major public health 

problem throughout the world. lte global prevalence 1• 

currently eotilll.llted to be 15-20 million caseo, with an annual 

lncldonco o( a.bout 10 million And at lea.et throe alllion 

deatho each yoar (WHO HemotAndum, 1982). Although lta

incidence ha.o declined conoldorably ln economically advanced

countrieo, tuborculoole hao not been eradicated. In 1980 

ai.oot 30,000 now ca.oee wore reported t.o the Unltod St.at.ea 

cent.or• Cot otoeaoo Control (HOrbidity Mort�llty woo>tly 

1982) and Lheto wore apptox.l-toly 7,000 cuoo ln the aoport, 

united Kingdom (HcNicol, 1983) wit.h a eurprlel09 mortality or

alao•L 10\ tn each country.
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Since in[ect1on with M. tuberculosis io ttansmitted Crom 

man t.o man with no lmpottant an11!1Al and cnvitonmental 

teoetvo1to, and dtug thctapy 1o tapidly e([ective at reducing 

in[ect.iv 1ty, conttol o[ tuberculosis appears to bo a 

tca..sonable goal. Howevet, tuborculoo1o tcmaine a maJor 

public health problem bocauoe o[ two Cundamental practical 

ptoblcma : C1nding the ea.see, and applying treatment. Many 

o[ the obstacles to ptogcoo in the Thitd Wotld are cultural, 

political and economic, tather t.hlUl oimply medical. 

Childhood hmunization with BCC io otlll not unlveroal 

ptactico, and the protective e(Coct oC th1o vaccine has been 

oh= t.o be highly variable (Luelrno, 1982). High prevalence 

o( 1ntoet1ouo diooeoe with overcrowding, poverty and 

malnutrition ptodlopooo the young child to eatly in(ection. 

Moot in(ootiouo petaono tcmain undiseovorod, o.nd many who ato 

diocovetod tomaln lnCoctiouo owing to tho lack ot ot 

lno(Clclont uoe oC highly oCCoc:tivo drugs. So much 

che1110thetapy io ot. ill requited reliably t..o achieve 

oterilization oC a tuberculous inCaction - a mlnimua oC oix 

a,ontho' treatment. oven with tho moat potent tl(&ll'lpicin- and 

pytazlnA111ide-eontainlng roglmono (Mltchloon, 1980; ,ox, 

1981) that it 10 beyond the availo.ble Clnanclal tooouteea 

on the ocalo noedod in the counttioo moat aCCoeted. 

ln the unil.ed Kingdom (UK) and other dovoloped 

countrloo, reacttvatlon oC ln(oction aClor many yoata oC

.�. tioouoa, and lalo diagnoola, otlll conatltutedormancy in "'' 

-Jot ptobl•- c,ox, 1981). llowevor, poor pat.lent compliance

haa �en and ro-lna t.ha principal cauao oC l.reAlmant (allure 
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worldwide (Pox, 1983). The development o! therapeutic 

strategies that would further reduce the length o! treatment 

and aleo eliminate dormant organism:, would therefore be a 

major advance towards the erad1cat1on oC tuberculoois. 

tn pursuit oC 

i111111unophart1111cological 

this 

agent 

goal, 

ae

the UDO oC an 

a poooiblo adjunct to 

chemotherapy hao "Cocently arouood inte"Cost (Chan, Loo and 

Simone, 1976; Yaoeen, Thewain1, Al-Tawil and Jazrawi, 1980; 

Singh, Kumar, Malaviya and Kumar, 1981; Abotract.e oC 

the tntcrnat1onal Society Cor t1M11unophar111D.cology, 1982). 

HO',IOVOr the deCic1encieo in our mowledge of the 

hoot-paraoite relatlonohip and the mechaniome oC immunity ln 

tubo"Cculoolo have hindered progrooo ln thio important area. 

Thooe aopecto of tho inCoction muot be bottor underotood 

before an improved therapeutic otratogy can be evolved. The 

need to expand tmnunologlcAl reoearch and knowledge on 

tuberculoslo uoing modern techn1queo wao highlighted ln a

recent WHO Memorllt\dum (1982). Olocueolon loodlng to that 

document "'ao Lnottgotod by the magnitude oC the problem oC 

tuberculooio and uncertainty ao to the oCCicacy oC cur"Cent 

control meaaureo, in the light oC the apparent Cailure oC BCG 

vaccination 1n the la"Cgeot-evor Clold �rial in South India 

(WHO HOIDOta.ndum, 1979).

Pot example, "'o etill do not Cully undoretand the

of killing O'C inhibition oC M. tubcrculoeto, the 

porototenco in tioouoo durlng and 
aochaniome

.. chanlo� oC bacillary

at't.et •&4oquat.o• chomot.hotapy, and "'hat cauooo oubcllnlcal
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infection in oomo Lndivlduale to change into overt diooaoo. 

The complexity of lymphocyte-macrophage interactions in 

coll-mediated invnunity is now becoming undorotood, but it is 

not yet known which antigens, T•cells, lymphokinos or 

macrophage antimicrobial mechanisms are moot critical for 

antimycobacterial ilffllunity. 

Although oome ntudioo have bonn done, the chMgon that 

occur in cell-mediated and humoral inwnunlty during tho couroo 

of tuberculooio and itn treatment have not boon Cully 

tnveotigatod. 

drug unrelated 

In thio reopect, the occurrence of 

•reactiono•, eometlmoe fatal, during 

chemotherapy hae recently attracted attention (Ellie and 

Webb, 1983). Phyelciano with experience in troatlng 

tuberculoeie aro aware of euch unexplained phenomena -

Cevor, gland enlargement or tenderneeo, new looiona (e.g. 

choroid and brain tubercloe), uroterlc obetructlon, acute 

peychoel• and roapiratory dletrooo following the initiation 

of drug treatment. It lo poootblo that theee roproeont 

tncre-ed delayed hyporooneltlvlty roact.ione to 11\Ueee of 

dead bacilli, but. this pattern oC reeponao to treataent. le by 

no -an.e coneietent. The hoet-paraelte relationehlp appeare

t.o •ary widely Crom one Individual to a.not.her, and t.hle

varlat.lon le evident In all -pecte oC t.h• dleo••• - cllntcal 

sneeenuit.lon, a«JV•r lt.Y oC dl•e-•, 

In Lhe pre·.n�lblot.lc era, t.he 

t,.ub-.rculoel• Ya• eet.1-t.od at �O\.

and reeponee to t.t4Ulb:ent.

eorlallt.y Croa oven\.
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to primaxy infection is rarely fatal; whereaa some patients 

develop fulminant miliary dieeaee, others have short-lived 

focal lesions. 

ln the UK, tuberculosis now occurs predominantly among 

i11111igrants of Indian Subcontinent (ISC) origin. They have 

more pulmonary and extrapulmonary disease, commonly cauoed by 

relatively lees virulent strains of M. tuberculosts

(Subbaiah, Mitchioon and Seliton, 1960; Mitchieon, Selkon and

Lloyd, 1963; Bates and Mitchioon, 1969; GrMgo, Abo-r,

Allon, Mitchieon, Mikhail, Mcswiggan and Collino, 1977).

The clinical opoctrum observed in tuborculoeia would 

8uggoat that there is a spectrum of inmunological roeponeee 

to the diooaeo, nnalogoua to that described in loprooy 

(Ridley and Joplin 1966), which io not dependent on 

variablility in the orgMiom, but on the variability oC the

hoot's immune -rooponoe. In thio otudy, I have oot out to

1nveotigato Md define this immunological opoctrum in a group

of pationte with active tubei:culoolo. However, in ordor to

conaequoncoo oC pathological 
begin to compi:ehond the

inCoction with H. tuborculooie it lo eooontial to conoldor

the nature of the bacterium and lto componento, the manner ln

which they evoke their eCCocto, Md the nature oC tho hoot'o

dofonatvo roeponoo against thio agent.UN
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'-· The pa-cae 1.te

29 

l. tmpetmeable cell wall

M. tuberculosis possesses a higtily complex lipoidal cell

wall wtilch tende rs the organism lmpetmeo..ble, protecting it

(tom dcugo, humotal bacteticidine and othot adverse agencies

in phagocytes (Goren and Brennan, 1979). The

round 

mycobactecial coll wall is diCCicult Cot mncrophages to 

digeet and eliminate, thuo cell wall antigen& pereiot in tho

infected celle long aCter the bacilli ate dead (KJ:iog and 

The coll wall componento account Cot its

Heyets, 1979) . 

acid-alcohol Caotnooo, and contribute to othot ptopettiee

diecueocd bolow.

2. Virulence

lllllllUnologlcally activated mnctophagee ate the major

coll.a involved in control oC the eproad oC M. tuborculoo1s

(t.utie, 1964). Although rapidly phagoc;ytoeod by mncropha gea,

virulent bacilli ate Able to replicate within th11110 coll• ot

to pot• iot 1n o. dormAl'lt otato Cot ptolongod pet iode ( Ponno1:,

H,aJ:tin and etotce, 1949). The oubcollula1: �echaniomD that

enable tubetcle bacilli to teotet inttacollulat killing a.nd

survive in tho othotwioe deettuctivo environment ot the

macrophage ate not completely unde1:Dt.ood, but muot involve

aubvoteion oC Lho not!!IAl killing mecha.nielM oC thlo coll.

l Vi•ulenco Coctoto havo boon deoctibod. 

sovota L 
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a) Prevention oC phagosome-lysosome Cusion

Nor-lly, micro-organisms ue ingested by phagocyt.ea to 

Cora phagoeomee; enzyme-rich cytoplasmic granule• 

(lyeoaomee) then {use with phagosomeo and releaee their 

enzymee to  digost the micro-organioma. Following 

phagocyt.ooie by mo.crophages, tubercle bacilli avoid expooure 

to lyeosom.al digestive enzymeo by inhibiting 

phagosome-lyoosome Cueion (Armntrong and Hart, 1971; Hart, 

Araatrong, Brown and Draper, 1972; Lowrie, Abor and Jackett, 

1979). However, whon the bacilli are dead, or are coated 

with antibody, the phagooomeo and lyoooomeo Cuoe without 

diCCiculty, ouggeoting that viable tubercle bacilli produce a 

oubotance that inhibito Cuoion (IU:mattong and Hart, 1975; 

Lowrie, Jackett, Aber and Carrol, 1980). Attention ha• 

recently Cocuoood on (out poooible candidate ptoducte: 

(1) Sulphatldee:

Sulphated glycolipido oC H. tuberculoeJe applied either 

u emuloion, or coated on ingeotod yeute, prevent 

phagoao--lyooooae Cuaion in cultured -crophagee (Coren, 

Hart, Young and Araetrong, 1976). Virulent etrain.e oC 

M. tuberculoeJe produce aore aulphatide• in their cell wall

than attenuated etraine, and elaboration oC eulphatidee in 

culture correlate• with relative order of virulence Cor aany 

etraln.e (Coren, Brockl and Schae[et, 1974; Or4n9e, Aber, 

Allen, Nltchieon and Ooten, 1971). fltie euggeete t.hat cell 

v&ll aulphatld•• -y pro1110te lntrecellul.ar eurvival and 

powth by ant.a9onizlnv ph99oaoae-lyeoeoae aetlbrane Cuaton,
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but lt le not clear why dead H. tuberculosis which have not 

loat thelr aulphat1de, do not 1nh1b1t Cuaton. 

( 11) Cyclic AMP:

Cyclic adcnos1ne 3':S'monophoaphate ta known to inhibit 

phagoaomo-lyaoaome fusion in phagocytic cell.a (Wolamann, 

Goldatetn, HoCCatetn, Chauvet and Robineaux, 197S). Lowrie 

and a.aaociatea (1979) ohowed that infection oC macrophagoa 

with live H. microti and H. bovts BCG ta associated with an 

elevation o( cyclic lovol.As and inhibition ot

phagoaomo-lyaoaome Cua1on. Dead bacteria, 1nort particloa 

and l1vo H. lepracmurtu�, and Salmonella typhimurtum do not

elevate cyclic NfiP level.a nor inhibit Cuaion (Carrol, 

Jacltott, Abet and Low-r le, 1.979). It la not known whether 

cyclic AMP found ln inCoctod macrophagoa le eyntheaieod by 

the bacteria, tho macrophages or both, but those obaervationa 

ouggoat that Cua1on inhibition in tuberculoue aycobacterlal 

ln[ectlon may be modlatod by cyclic Na. 

(111) Polyglut.amlc aclda:

acid• aro aleo lnhlblt.ora o[ 

phagoeoae-lyaoao- Cuolon and are produced ln coll wall.a of 

vlrulont H. tuberculoeie (Coren et al, 1976). 

( 1Y) llo...,,"'11&:

,u rnla la another known lnhlbltor o[ phago•--lyaoao.e

rualon (Oordon, Hart and

If. tuberculo•i• ln culture 

Young, 

aedla, 

1910} produced by 

and poaalbly ln 
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aac1:ophagee. 

Deeplte these obse1:vatlone, Lt ls not known whethe1: 

avoidance of lysosomal enz}'llles by lnhlbltlng fusion ls an 

impo1:tant phenomenon since promoting fusion tn vitro ha• 

lnconaistent antimycobacte1:1al effects, and it is not yet 

established if or to what extent fusion ls actually inhibited 

in vivo (Lowrle, 1983). 

b) Resistance to lysoeomAl onzymee

H. tuberculosis can reelet digestion

enz)'llles. When antibody-coated tubercle 

phagocytlzed by moues peritoneal 

by lysoeo111al 

bacilli are 

macrophages, 

phagoeome-lyeoeome fusion occurs, but the bacilli remain 

viable within the phagoeome-lysoeomse (Armatrong and Hart, 

1975). The b-is for thls resistance may be that the cell 

wall glycolipld c-mycoeldee Cor- a chemical shield around 

the organiea, - suggested Cor #. l•pr•• (Draper, 1982). 

c) Resistance to hydrogen peroxide

The nature oC the kllllr19 mechanl•• wlt.hln the 

phagoeo--lyeoeo

indlcations that 

oXY9en-dependent 

le unknown: 

hydrogen peroxide 

radical.• are 

however, there ue 

and other 

The 

iayeloperoxidaae-halide eyat•� le the aoat 

involved. 

effective 

opt- known to kill N. tubercuJoeJe in hue•n cell• (Jackett, 

Aber and r..owrie, 1971). H
,
o

, le produced by activated

deterainant. for 

and reeietance 

H. tuberculoeJ•

le 

et 

a virulence 

al, 1963). 
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When gulnea plge are lnCected wlth ieoniazid-reeietant, 

H
2
0

2
-eueccptlble mutants, the mutante are killed or inhibited

1110re than thclr parent atraina (Jackett, Aber, Mitchieon and 

Lowr le, 1981). Thie obaorvatlon euggoata that H
2
0

2
1• 

generated in eigniticllllt amount• in the onvironmont ot the 

tubercle bacilli within tiaouoe. Bocauee the mutante are 

killed more o!Coctively in vaccinatod animal• than in 

non-vaccinated controle, porhapa H
2

0
2 

lo gonoratod in groater

amount• in acquirod JIMlunJty. Tho poroxJdaao content or 

1Ucrophagee 1• relatively low, but Jackett lllld co-worker• 

(1980) have shown that catalaao can roplaco peroxidaao And 

kill tubercle bacilli Jn vJtro. 

Hevertholoaa, it ia unlikely that macrophage peroxide 

a.lone 1• a comprohoneive explanation tor defence againet 

H. tuberculoaJe (Lowrie, 1983). Such an antinlicrobJal eyet-

1• very oxygen-dopondent and 1• probably Jnottoctive within 

the cloeed granulo-ta that develop in tuberculoaie. Indeed, 

the developaent of tuborculoua infection ia impaired under 

conditiona where oxygen availability 1• reatricted (Chandler, 

Alliaon, N&rgoli• and O.racten, 1965), and it Ja unlikely 

that thi• can be accounted tor entirely by the dependence of 

tubercle bacillua -tabolie• on oxyven (Lowrie, 1913). 

d) The toxic c:ord factor

•och tJret obeerved that N. tuberc:uJoele gr- in 

.-J&a,e Jn the for• of aerpentlne cord• ljfojlch canaJet of 

llcall1J an oJ-e parallel arrang1mrnt. COrdJnt Ja,_ tnouc,

ai. • -,.operlJ' ,_t,Jcted to •lr11lenl et.rain., ca11e .. - a 
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cell vall mycolic acid eater oC trohaloee (Block, 1950) which 

ie highly toxic !or mouse liver mitochondria (Kato, 1968) and 

possibly {or human macrophages. 

3. Adjuvant activity

Mycobactoria greatly potontiato the irrmune reoponae to 

unrelated antigona adminietored a imu ltanooua ly. flle 

obaervation that organiema proaonted in a water-in-oil 

emulelon can ovoke a Car groator adjuvant rooponae than the 

•- quantity oC organleme in eallne lod Julee Pround (1956) 

to develop t.he adjuvant compoaition that boar• hie name.

Preund'e complete adjuvant ie an emulelon oC •inetal oll in 

water into which killed H. tuborculoeie le incorporated.

Intact mycob&cter1al cello and eeveral cell wall component.a 

po••••• adjuvant activity. flloae include peptidoglycol1pide 

(Na.xea D), muramyl dlpeptldea, cord Cactot, and water-aolubl• 

adjgyanta (Ooten and BreN\an, 1979). 

fllet• 1a little aoree-nt &bout the way in which 

adjuvanta potentiat• the imMlne reaponae. Varioua -chan1•

aU9geeted include Cor-tion oC a elow-r•l•-• antigen-depot 

at t.h• injection alt• (Preund, 1956), action on lyaoaosel 

s at--an- (Spltzn&9el and Allieon, 1970), provlelon of 

nucleic acld• for dlvidlnv l}'lll'hocyt.•• (8ctaldt.Jte and 

3.,_on, 1971) and ly..,:-.Ocyt.• trapptnv at t.h• lnject.lon eite 

and L,anCO, 197J). aook (1977) poatulated t.h&t 

..,..,ant. ac:t.lwit.y _,. a.dlaled t.hrOU9fl • �-•,.c,lfla 

atta9.nle eff.c,t. on 1,� ... eepeclally • calla,.,,. -.i,

auaA. • p1 &alt.l•• 1000,,nltlon uyet._, prN-.t 111iuro,o u.
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35 

evolutlon oC the opec1Cic invnune oyotom, which could roopond 

to certain coll'II\On bacterial compononta. 

4. lmmunogoniclty, grAnuloma 

actlvatlon 

Cocmation, macrophage 

Varioua mycobactorlal componento (a rtbooomal Cractlon, 

an RNA Craction and vlablo whole cello) are potent 

etlmulatoro (l11111unogeno) oC a opoclClc l11111une reoponoe oC the 

hoet agalnot the organlom (Youma.no, 1979). Mycobacterial 

coaponente aleo otlmulate the accumulation oC aiacrophagee 

axound the organiom (granulomatoue reoponee) a.nd their 

actlvatlon. The lnduction oC opeciCic ,_unity , granulo

toraation and macropha9e activation conotitute the -jor 

reapone•• that are concerned with reoieta.nce to tuberculou. 

lntect.lon ln aan (YoumNW, 1978). The mechani•- and 

conaequence• oC theee protective reeponaea 

later ln thl• chapter. 

are e:a:plalned 

• 

s. suppreeeor eubet.anc••

� cell wall polyeacch&rldee oC H. tuberculoate ha•• 

be.n atiown to euppr••• l 1nologlc reeponaee In vJtro -

arabt,-ann&n (Ellner and Danlel, 1979) and arabinogalac:t.An 

Cltlalnt.ena, Ellner and Danlel, 1979). It le poeelble that 

UMe• eabet.ane•• play a role tn t.h• oaneate oC t.uberc:ulln 

_.1.., 
oft.en eeen ln aeYere progt•••l•• t.uberc:ul-te. UN
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8. The hoat

Succeaatul reaiatance in tuberculoaia ie determined by

the bal.ance between various virulence factors of the org&n1am 

dlacuaaed above, and the competence of the ill'lllune response ot

the hoat. Thua, lf the hoet tesponae 1s adequate the 

organism ia aucceaeCully teaisted and contained. Inadequate 

host rcaponee allows unreatticted bacilla.ry proliferation 

with production of a large quantity oC toxic components. 

Theae may induce a high level oC hypereenaitivity and tiaeue 

Continued bacillary replication will eventually 

induce euppteaaor cells and anet9Y which ate aeeociated with 

a poor ptognoeie (Chaparae, 1982). 'nle mochanialU oC hoat 

reaiatance, and varioue hoet Cactora that aCCect prognoeia, 

will now be diacuaeed. 

l. Natural history

fl\e natural hietory oC tuberculoale le now well 

understood. The developunt oC tubotculoale la a two-otage 

proceae: · Cleat, an lnCection aruet becoao eotabliohed, and 

secondly, that infection auot ptogreoe to active dloeaoe. 

Therefore, the rlek oC developing tuberculoelo dependo on two 

separable eeta oC rlake: the rlek oC inCectlon, and the riek 

of developing di••-• attar inCectlon (Comotock, 1975). Thie 

dietinct.ion le tniportant becauee tuberculoeie diCCere Croa 

aoet other bacterial dioeaeee in one reopect: the teoiotance 

develop• attar eucceee(ul recovery Croa pri-ry

infection le uaually not capable oC eradicating all the
,.. a coneequence, an unknown but eignlficant 
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ptopottlon oC lnCocted poreone (perhape all tuborculin 

toactore) remain at riek oC reactivation Cor tho roet oC 

their llvoe . Although thie riek ie highcet ohortly actor 

ptlmary infection, tho euboequont 11Cotime riek romaine groat 

bocaueo of tho not oCCoct oC a low riok operating ovor a long 

period. Thie moano that the incubation period oC 

tuborculooie varloo Crom a Cow wooko to a liCotime, in 111arked 

contraet to moot other corm1unlcable diooaooo whore the 

incubation period ie Cixod within a relatively ehort and 

diocrote interval aCtor oxpoeure to the agent. Both ot&gea 

of tuberculooio can bo accurately identified the 

acqulaition of inCoction by tuberculin tooting, and the 

development oC active dieeaoe by bacteriologic otudiee. 

a) Riek of infection

The riek Cactore Cot priaary infection with 

H. tUNrculoato are mainly extrinaic - principally re:Lated to

the probability o! contact with an lnCectioue caoe, the 

duration and intonoity oC expooure, t..ho likelihood o! 

airborne traneataeion, and the degree oC inCectioueneaa or 

that c-e. Th••• doteralnante are lntl-tely -•oclated wtt..h 

concoait..ntA or low aocloeconoatc et.atua and poverty, auch -

inadequate vent I lat.ton and hY9lene, and 

-lnot.rition wtilch correlate wlt.h a hlgh prevalence o!

ln!ec:t.loo• c:-e• ln the cw Jnit.y. 8y Car the aoat llllpOrtant. 

det.Aralnant. o! vttet.her or not a cont.act. bee-• lnCect.ed ta 

.-nlt.y or dlaaaae and aput.ua poalt.i•it.y or t.he eou1ce c-e 

Ca 7 sn end oyerly, 1964>. De9ree or crowdlft9, .... u,.. .. C 
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pereone per room, and intimacy oC exposure are also 

important, but Camily income per ae appears to be 

unimportant. Factors determining inCoctiousness are the 

number oC organieme expoctoratod in the oputum, Crequency oC 

cough, and extent oC dioeaoo (Loudon and Spohn, 1969). On 

the baala oC tuberculin akin reactivity, about 501 oC the 

world's population hao had primary inCoction (Daniel, 1982). 

In count.rieo with a high prevalence oC tuberculooio the 

unlnCectod population lo mainly the young, while in low 

prevalence countrieo moot people oC all ageo remain 

unlnCected. lt lo estimated that between Cive and 151 oC 

inCoctod pereone euboequently develop overt tuberculoole 

(Comat.ock and Edwardo, 1975). 

The lnot1tut1on oC adequate chemotherapy rondore 

patient• non-inCoctiouo very quickly (Rouillon, Perdrizet and 

Parrot, 1976), much oooner than 1t takee Cot eput1.m to 

convert Croea poeitlve t.o n09at1ve by et.a1nlng or culture. 

(ndeed, cheaothorapy le ae oCCective u hoepit.al leolation in 

brea>t1JVJ inCectioue cont.act. Thie 

oC 

wae convtnclngly 

hoepit.Al vereue 

out.pat.lent t.reat.-nt. oC lnCect.ioue t.uberculoele, ln which no 

evld.nc:• could be Cound oC an lncroaeed at.tack rate e� 

t,oaeehol.d cont.act.a oC pat.lent• whoa• onllr• lreataent. wae 

91.,.n at. t..o•• (ICaaet, oa-on, Oovadat.ta, roa, Janardhanaa,

,..,...,.z ••tina, 11:ae>i: lehnan, aaeee .. Pldaran, 8t.ot.l and Vela,

lK6), ,,,_ principal Clndir19 oC t.hle and ot.Mr etlNIIN or

llllect.a-•ne•• oC t.ubereulo•I• In relation t.o t.re•t••nt .._

.,.,.,. 
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dla;noele of the index caao, and that the subeoquont risk was 

alnieculo. Thle hae boon taken to mean that the index caeoe 

were no longer inCoctious actor initiation oC cho1110thorapy. 

However, it should be considorod that thoy may still be 

inCoctlous to now unlnCoctod contacts albeit Cot a short 

period. That treated pationts coaoo to bo 1nCect1oua boCore 

viable tubercle bacilli coaoe to appoar in oputum c,an be 

related to a numbor oC Cactors: incroaeod concontration oC 

drug• on tuborcle bacilli ae droplet nucloi ovaporate, 

dialnution in cough Crequoncy (Sultan, NylcA, Mille, O'Grady, 

Welle and Riley, 1960; Loudon and Spohn, 1969), and the 

relatively low infoctiouenoee oC tuborculoele (Co-tock, 

1975). 

b) Riek oC di••-• after inCoction

One• prtma.ry infection with H. tubercolo•.L•

occurred, the probability oC developing aaniCoet dlaeaae 

vari•• greatly among poroona and groupe oC poraona. Th• riak 

tact.or• tor developing diaoaae aCter prl-ry lnCoctlon are 

intrtnaic: &9e, aeK, genetic auecoptibility, body build, and

tioat reaiatance (CO-tock, 1980). 

(i) "98 and aeK:

flle incidence of tuberculo•l• varl•• vith &9• and •••

depsndi"9 on 
vhether the dlaeaae occur• ln hJ9h• or 

iow-prr,elenc:• populatlona.

Uwl• 18 • high 1nctclenc•

In hl9h•prewalenc:e populatlone 

oC prl-ry d&ee••• ln Infancy and

1,. •tldl'IOOd, follaw1d b)' a eec.ond peak (pr••- obly ef
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reactlvatlon tubcrculoele) in late adolescence and early 

adult llte (Comstock, Livesay o.nd Woolpert, 1974). The Ciret 

peak reClecte unavoidable cloee contact with inCectioue 

C&1111ly members and le usually attributed to an inability oC 

lnCante to reeiot tuborculoele owing to 111111Unological 

1aaatur1ty, an opinion otrongthonod by lho high Croquoncy oC 

haematogonouo dleoominalion at thie ago. However, eince the 

riek oC tuberculoele le groatoet during the Clret year

(ollowlng lnCoction, rogardloee oC age (Comstock et al, 

1974), the high incldonce in 1nCo.nte may not be attributable 

t.o lnCancy per ae, but to the Cact that inCoctlone at thie 

ago muet be recent by doClnltlon (Comatock, 1975). 

Tuberculooie oC adoloacenco and young adulthood 1• 1110re 

coimon in Ce-lee (Comotock, Poreboe and H&111111ee, 1967). In 

low-prevalence population• the incidence oC tuberculoeie 

1ncre-•• with advancing age, and it le tempting to attribute 

thle to a pr09reeeive lo•• oC 1-nologlcal reeponeiveneee.

Although t.here le eo- evidence [or a progreeelve decline oC 

lyapt,ocyte reactivity during aglng (Nobler and Hutteroth, 

1974), t.here le aleo evidence to euggeet t.h.at cell ••diated

1 ,nol09lcal -ac>ry rwlne lnt.acL (WaldorC, Willkena and 

0ocur, 1961). [t -y •e- pree11111>tuoue, thereCore, t.o

attrltiute the higher incidence oC tuberculoele ln the 119ed 

-lely to lo•• oC ,_nologlcal c�tence. Dleeaee tn t.he

older popolat.lon .-y repreeent late endogenoue react.tvat.lon 

lnfect.lOIW acquired ln the 1920• and 1910• •••

•-a vu c--Mn, In dnelo-- coantrle• (Pr-t..
a,rcw.- • .., ..-

, .. 1, ltlJ) 

ltltt 
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(ll) Cenetic -tkere:

Cenetic variation in euecept1b111ty to tuberculoeie hu 

been 1110et convincingly documented in rabbits, in which low

and high-reeietance lines have been bred (Lurie, 1964). 

Although it le  more difficult to eetablieh in man because oC 

the importance of environmental influences, evidence Crom 

etudiee oC co111T1unlty groups (Large, 1964) and twine (IC&lJm.an 

and Reisner, 1943; Cometock, 1978) strongly oupport a role 

Cor genetic Cactore in the eueceptibility oC hua•�· to 

tuberculoeie. 

There ie growing evidence Cor Human Loucocyte Antigen 

(HI.A) control oC roeiet.41\ce and euecoptlbility to 

Varioue group• oC have Cound tuberculoeie. 

ueociatione between eueceptibllity to tuberculoeie and 

HLA-88 (Selby, Barnard, Buehler, Crumley, and 

Marehall, 1978), HU\ BWlS (Al Arif, Coldetein, ACCronti and 

Janicki, 1979), HI.J\-DW49 (Chukanova, 1981; IChonlenko, 1981), 

HLA-DR2 (Singh, Hehra, Dingley, Pando and Valdya, 1983) and 

HLA-BW3S (Jiang, An, sun, Mittal and Loe, 1983). Moreover, 

87 individuale ate hyporeeponeive to tuberculin akin teeting 

aft.er BCO treat.mont oC malignant •olanoaa (Buckley, White and

Siegler, 1977). However, ae le ueual in thie Cield, other 

worker• (Roeent.hal, Scholtz,Kli-k, Albert and Blaha, l97Jr 

cox, Atnol.cl, cook and Lundberg, 1912) were unable to Cind any 

etgntCtcant. dlCCerenc•• in HI.' phenotype Crequency between 

pat.tent• with tuberculo•I• and healthy cont.role. UN
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Evidence hu accumulated {or genetic control of the 

111111Une reeponee of m&n to a number of other inCectioua 

&gente, including H. leprae (OeVriee, Nijcnhuie, Lui, Pat 

and Vanrood, 1976), vaccinia virue (DeVriee, KreeCtenberg, 

Loggen &nd Vanrood, 1977), atreptococci (Greenberg, Cray and 

Yunie, 197S) and Cloatrldium tetan1 (Saeazuki, Kohno, 

Iwamoto, Tanlmura and Naito, 1978). 

Studlee oC ABO blood groups in tuborculoeie have yielded 

conflicting reeulte. Halbor and HirezCeld (1926) Cound no 

rel&tlonehip, but S&h& and co-workers (1968) and Jaln (1970) 

reported increased reeletance with group o, and increased 

eueceptlbility wlth group AS. Aleo, Berezovokii, Kogan and 

Moatovoy (1981) found an increased frequency oC groups 8 and 

AB among patient• with active dieeaee. Purthor etudloe ai:e 

needed to confirm these findings, but it le unlikely that HLA 

typing and blood grouping will prove valuable -rkore for 

dl&IJOOBie or for high riek. 

Rich (19S1) found evidence for a high roeietance UIOng 

J_. and a high eueceptlblllty UIOng Blacke. co-tock (1964)

found el•ll&rly Uult tuberculoele of adoloecence and young 

&dulthoOd wae more co 110n aaong nogroee than whit••· In the 

OE, the avera9e tuberculoele notification rate for eublect.a 

of lndl&n subcontinent (ISC) origin wae 35 tl-• higher than 

that. for the whit.• popul&t.lon, and 12 t.1-• hi9her t.h&n tor 

U.. Weet. Ind l&n populat. ion (NllC lleport., 1912a). Aleo, 

dl&l.dr.n of rsc origin born In and reeldent. ln the UIC -r• 20 

'-Crsa .-r• llkelY to develop t.uberculoele than whlt.e children
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(MRC Report, 1982b). However, evidence Cor a racial or 

ethnic factor remains inconclusive, aa it ia oCten impoaaible 

to separate environmental Cactora. rn none or the atudiea 

could & complete adjustment have been made for the eCCecta o( 

all the varlablea under lnveatlgation. 

(111) Body build:

There la indirect evidence to ehow that undernutrition 

ravoura reactivation or latent tuberculoela. Tuberculoeia 

caae ratee 41110ng 28,478 tuberculin-positive US Navy recruit• 

were three timea higher among men who were at leaat 101 

underweight for height than among thoeo who were at lout 101 

overweight (Edwardo, Liveoay, Acquaviva and Palmer, 1971). A 

alailAX aeooclation of high rlok with leanneaa u aoeoaeed by 

akin-Cold thic>cnoea hu boon reportod by Comotoek (1975). 

rurthetmoto, the induction of -tkod weight loo• following 

jejunolleal bypaee operation• Cot oboaity appear• to be the 

prerequieite Cot the inereaaod tiak tuborculoeie 

aeeociatod with thia operation (Snider, 1982). rt ,. 

and snobable that undornutrition 

eueceptibility to tuborculoeie. 

(iv) Hoet roeiatance:

cauaoe both loannoee 

ror reuon• not yet Cully explained, the following 

eltuatiONI lncreue the liability of the hoet Cot endogenoue

react.lvation or tuberculoela:

•labete• (loucot, Dillon and

1951), elllcoal• 

Cooper, 1952, 

1954), leuka•ia, 
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lymphomas, 

(Catl.And, 

alcohollsm, dtug addiction, eteto1d thetapy 

1951; Johnson and Davey, 1954) and 

iaaunoaupptesalve thetapy (Llchtonste1n and Hacgtegot, 1983). 

'n\eae ate conditlons assoc1atod with impairment o!

cell-mediated immunity, which prod1spoes the hoet to

endogenous 'roawaJtoning' oC dormant tubercle bacilli. 

Cutrointestinal resection is also reported to predispose to 

reactivation (Thorn and Brookes, 1956; Prucht, Kunkel and 

Sp1to, 1957), but this hu never boon established in properly 

controlled trials. The risk may relate to loannese related 

to longetand1ng poptic ulceration or even concomitant 

alcoholism, rather than to gADtric resection por •o (Thorn 

and Brookes, 1956), but the evidence is inconclueive. 

The vaat majority oC individual• wlth overt tuborculoeie 

do not have any obvious prediepos1ng cauee. It le not clear 

what caueoe a qu1oecent priaary Cocue to reactivate in !ive

to 151 oC all. infected poroone. flle caueo of dleeaae

teactivation probably lles ln the complexity of lnteractione 

between the lymphocyte, lynq>hokino and .. crophage - the three

kO')' effector• of hoet reeietance - and the tubercle bacillue. 

2. Responee to lnCoctlon

icoch ehowed that prior expoeure of a eueceptible animal 

t.o tubercle bacilli not only protected it Croa death but aleo

it hypereeneitive to a eecond challenve vlt.h
tendered 

l k•cilli flleee early obeervatione led to 
•ltahnt tuberc e ..,. 

the dnelc.;esnt of BCO ,_nlzatlon and tuberculin teetl"9

iti ity and etlaulated further inveetlgationhypeteene • • 
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into the nature oC the host response in tuberculosis. When a 

peraon la infected with virulent H. tuberculosJs, the 

following inmunological responses occur: Pirat, ANTIBODIES 

are produced against a variety or mycobacterial antigens 

(Daniel and Janicki, 1978; Youmans, 1978). Secondly, 

HYPERSENSITIVITY to tuborculoproteina develops (Koch, 1882; 

Lester and Atwell, 1958). Thirdly, specific IMMUNITY to

reinfection with H. tuberculoste ia induced (Youmans, 1978). 

a) Antibodies

Antibodies are produced by an infected hoet againat 

various mycobacterial protein, lipid and polyaaccharide 

antigens. The precise role ot thie antibody response in host 

resistance la unknown, but both positive and negative 

influences are possible. The finding that antibody-coated 

H. tuberculoe1e does not inhibit phagoeome-lyaosome fueion

(Lowrie et al, 1979) suggests that opsonization or tubercle 

bacilli .. y render the• incapable of avoiding expoeure to

lyeoeom&l digestive e�s or -crophagee. On t.he other 

hand, antlbodiee -y enhance tuberculoue infection by

inter!er11"19 with T-cell !unction in the e_. way that 

antibodies can enhance twaoure (Heppner, 1972). Furthermore, 

aee• (1976) ha• euggested that antibodiee (or 

c011Plexee) -y euppreee lyeoeo111&l enzyaee ln phagocytic 

celi... 
However, the evidence in eupport of theee hypotheeea 
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b) Delayed hypersensitivity

ln(ection with tubercle bacilli is invariably

accompanied by a general state oC tissue hypersensitivity to 

tuberculin, and the development oC a positive tuberculin skin 

test represents one oC the Cirst indications oC contact with 

thle organiem (Lestor and Atwell, 1958). Delayed-type 

hypersensitivity (0TH) le mediated by spoc1C1cally eene1t1zod 

T-lymphocytee which secrete lymphokinee upon exposure to

tubercle bacilli. Some lymphoklnee attract macrophages to 

the site And cause them to aggregate to Corm the 

chaxacterietic induratlon palpable at 48 to 72 hours. 

Although Cirst noted by !Coch in 1881, the nature oC the 

aeeociation between DTH and acquired imounity ie etill 

controversial. 

expreeeion.e oC 

One view ie that 

the cellular 

they 

i111111une 

axe diCCerent 

response to

H. tuberculoeie, and the akin reaction le a peripheral

aaniCeetAtion oC cellul.a:c ovente that control the 1nCect1on 

(MacJtAnoee, 1967). Thie vt- le euppottod by their temporal 

aeeoctatton and the Cact that both ate -diated by �eneltized 

T-lyaphocytee. Another ie that 1-unity and

t,ypereen.eltivlty are colncldental, and that Car Crom being an

1 C a  Co-oG� -chaniea, 0TH le doetructlve and 
expreee on o 

dotrl-nt.l to i-unlty (Rich, 1951). Thie le supported by

C a di•ect rolattenehlp between the two 
the absence o • 

HOV9¥8t, DTH cannot always 

a n.natlve tuberculin ekln teat dose not alwaye
acc:urately1 --. 

d.not• lte .a,eence.
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Tho Luhorcu\ln okln l:onl11 1lol.ool. 0'1'11 n11d tllot.lr11J11lnh 

1nCoclad (10111 non-lnCoolod pntoonn. Tho MnntouJt t.oot 111

eu,ictt tor lo mull.lplo puncl,uro 1lov lcoe bctcnune lt. ,. 

qul\nt 11..a\. l vo nnd 
Lhetofor• urrore tho opvortuntty for 

dlectlralnA\.lon bolwaen nonelt lvlty to M ruborcuJoei• •nd

&typle-&1 mycobactorta. 
,.. poell..tvn ,eoult. conelaL• of a

palpable lnd\lrat.loo m",eurl09 <,nwn ot mote aL 411 to .,,. hour•,

{ollowl09 lnt.tAd•tl'Mll (ld) lnJoct.lon oC O.l �l or Pu�tftod

rtototn Oorlv/\t.lve ( Pl'D). Ho11t. pat.loot.• ulve 11 rf!acLlon c,f

15 t.o 20 11ft, but. a'""' glv• rooctlon• lo•• than 10 - or i:ior•

t.o 

Th• toot l• not apoc1Clc ovlog 

t.han 15 -·

cr0t1a-raact.lvlty wlth non-tubotculou• arycotHact•rl• .mtch

occur• t.o vatyl"9 dogtoe• ln dlCCetont part.a oC the world.

In genc:cal, aoat •-11 roact.lon• ( l••• t.hAn 6 -> to 1

1'Jt)etC:Ul ln Onlt (10) oC PPD ate due to at.ypical lll)ICobact.or lal 

inC.ction.e (Ov.p&J: .. , 1982). 

n.e -,.t. 1-c,ort.a.nt. ,_ne re•�• t.o lnfnct.lon Yllll

If c,a,ct cv lat1 •• ta a apoc l r le T-c• 11 med tat.Cid tll:ll"lttnl t;y that.

lyqiheklne11 •nd - TO�U. 

tr;wol•� oC'f?9tt.ttod T-colla,

,-,n-.pc,0 lC le deCenco -c;honl•- --· • 

� lJIPO' 

01.-nul tor-tlon - .. t. '" •r't wlUI 

,,,,. .. ton 

t.e t.he t eeO \ ton or • l I l 

lf l ' at..y t.o pr 

• 
t.h• .. ) I 1•• •• f

'" ••
•• 01•

• 

wt h ,,., . .  • le ' f• I w\ 

•'". 
,., 

.,. (f .. ,., 

-,,,, I 
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(1) SpeclClc T-cell i11111unity:

Early workers observed that, unlike other inCection• 

such as diphtheria, passive i11m1unization with convalescent 

eorWD did not protect against tuborculooie (Baldwin, Kinghorn 

And Allon, 1905). Thie observation led to the concept oC 

cell-mediated immunity (CMl), which postulated that inmunity 

was vested in phagocytic cells rather than serum. The Ciret 

illustration o( this Cact came Crom Lurie (1942) who ehowed 

that mononucloar phagocytes from inmunizod ani.lllals inhibited 

intracellular multiplication oC virulent tubercle bacilli 

compared to macrophages Crom non-innunizod animala. llnnune 

eorWD added to inmune-activated macrophages yielded result• 

similar to normal oorum added to inuune macrophages, 

auggooting 

-crophagos.

that protection waa mediated by iaauno 

Those tlndings wore 1.ator contirmed by Sutor 

(1953) and M&ckaness (1954). ln hie elegant. tranaCor 

oapert.ments Hackaness (1964) aubaoquont.ly ahowod that. imune 

lymphocyte• - but not macrophage• or oerua - Croa a 

tuberculou• mouao could protect a nor-1 recipient againat. 

1nfoct.ion with tubercle bacilli given alone or with listeria, 

but not with infection againat llatoria given alone (Pig. 

Thu•, the triggering oC a apociCic aocondary i-uno 1). 

roaporw• t.o the tubercle bacillua endowed the ani-1 with a

ai.ult.anoou• but. tranaient. non-epecific roelet.ance t.o 

liet..-ria, another unrelated obligate intracellular par-lt.o.

-nwr• i•

T-celle.

c.a ; lar nt. 

_c v,lllng evidence that. theeo lyaphocytoa are 

are 

(LeCCord, 

••rwlt.ivo 

Nc:Orevor 

t.o ontl-flty l antibodioo and 

and Nack.anooo, 1971), and 
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,1 9 

Donor Recipient 

L) infected

serum 

.C\ 
macrophages 

L) infected 

lymphocytes 

Primary infection

v.Jilh tubercle

• 

/"\ immune

Challenge recipients:

tubercle + listeria

Fig 1: Tr�nsfer of speci!ic ond non-specific im:"lunity in

tubcrculooio (MOckoncuo, 1964). Lymphocytes - but

not IIUlcrophogoa or acruin - !rom a mouao infected 

-,ith tubercle bacilli protocted a non-irnnuno

rocipiont against tuborclo bacilli ond listeria

organism• givon simultonooualy. Tho rocipienl.

.,_ not i111111uno to liotori• given alono (cou1.·l.ooy

o! pro!oaaor J. n.oitt). 
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50 

rnrnun Y e e(ective in thymoctomizcd
an�i-tubei:culoeie i it: i d 

(T-lymphocyte deprived) mice (North, 1973) Specific

a 

protection lice at the level of the initial interaction of

specific T-lymphocyte clone with the tubercle bacillue; the

acquired 

non-epocific protection arleee Crom tho newly 

ability of tho macrophage to kill, without discrimination,

al.moat any organiom it hae phagocytiood.

But how doco tho lymphocyto/antigon interaction conCer

on the macrophage the ability to kill? Patteroon and Youmano 

(1970) cultured eplenic lymphocyteo Crom an irrmuno o.nlmal

with viable tuborclo bacilli, o.nd found that the cell-Cree

culture oupornatant inhibited the growth of tube rcle bacilli 

In other wordo, a ooluble

within normA-1 inacrophageo.

111.odiator (lymphokino) produced by ilfflluno lymphocytoo on

otimulation with tubercle bacilli activatoo the macrophage to

beco�e non-epecifically bactericidal.

A hypctheoio for the oequonce oC event• ln 

tuberculoeie lo

0xproeolon o!
are trdnoported

tho

now 

viA 

. Yo�" 1979 >

accepted
,_ 
?F lg· 

opeci!lC l(l'l'OUnlty in

2)- Inhaled bacilli

1.-nh•tico to roglono.l. lymph nodeo, tho opleen and

a.lvool4r ·r-c � 

other 1ymphoid orgo.no- Antigen-prooontlng cella, including

Op�.noo phanocytl••• proceo• and prooent th•

4c,ndrltlC m,acr ,._ ' • 

(• .. borcle bacilli) uolng thelr L11Duno aoaoclaLed (la)

antigen ,_ 

aurCac• ..,,t1gon, to lll'II\Unocoiapotont D 
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50 

mm n Y a efcctive in thymectom1zcd
anLi-tuberculoeie i u it i d 

( T-lymphocyte doptived) mice (Notth, 1973). Spocific

a

protect.Lon llee at the level of the initial intetaction of

epocif1c T-lymphocyto clone with the tubotcle bacillus; the

acquitod
non-opocific ptotcct1on arises Crom the newly

ability of the macrophage to kill, without discrimination,

almoot any otganiom it hae phagocytiood.

But how does tho lymphocyto/o.ntigon intecaction confer

on the macrophage the abilLty to kill? Patt.croon and roumans

(1970) cultured oplenic lymphocytes from an immuno animal

"'ith viable tuborcle bacilli, o.nd round that the cell-free

culture eupornatant inhibited the growth o( tubercle bacilli

normal macrophagoo • ln other words, a eolublo

..,1t.h1n 

modiat..or (lymphokino) produced by immune lymphocytes on

otillllll.at.ion ..,ith t.uborclo bacilli act1vat.ee the ma.ci:ophago to

become non-opociCically bactoricidal.

� hyPOtheoio Cot: the ooqucnce oC cvcnte in 

t..uborculoo ie Lo

are tranepoi:ted

the

now 

via 
0xpi:eee1on oC

YoumG1'-" 1979 >
accept.eel

,._ 
?F lg 

epeclCic 1111fflUnity in 

2)- Inhaled bacilli

alveol.Alt 1ymphat. tee to i:eg tonal. lymph nodeo, tho eploen and

ot..hot 1yuiphoid organ•- Mt.igon-proeont.ing cello, including

don4rit.1c fl!o&c-copho.goo, phagocyttoo, procooo nnd pteeent.. t..ho

l �-cilli) uolng t.heli: 1nnuno aeeoclaLcd (la)

anttgan (tubotc e..,. 

to lllll'MlOOCOfflPBlBnL D and T-lymphoc:yt.••
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1 

___ 8 
T 

Presentation ol tubercle

�1 

I 

resting mo

with viable microbes 
'D' 

IV
, 0

?@, 
J 4 

� Tcu c> LYh\PHOKlf'.ES c;,-

' lcn. 

Effector T-cell 'S\'/ITCH-ON ol mo

microbicidal mechanisms

Fig 2: The pothWOY of cell-mcdiatod immWlit.y to H. cu1>ercu-1�J.s.

Antlgan-•til11Ul3ted T-ccllo(ll dif!crentioto into 

eCfectors(2) oomo o! which rolooac soluble modiatora(J).

These 1yinphok1.nO& cause activation of mocrophagca (m�)(4) 

which dovcloP tho ability to inhibit. tho 01""9an1sm

(ape • ant.19on-proacntin9 colll lo • J.mrnuno-oeaociotod

antJ.9001 T8, TH, T011, '1'CTL
and 'I'M • suppressor, helper .

doloyod hyporoono1tivity, cyt.ot.o•ic ond memory T-cclla,

w.Y. �ocrophnac act.1vat.Jn9 (oct.or 1 JfN•Y • lntorforon-

gmcno, tt;-2 • 1nt�r1oukin•2).
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(T-depcndent). In turn, T-cells differentiate into 

epec1al1eed e(fector cells which are named according to their 

functions: helper suppressor delayed 

hypersensitivity (T
OH

), cytotoxic (T
CTL

) and memory (TK)

T-lymphocytes. Antigen-stimulated TDH cells (phenotypically

T
H) secrete lymphokines which have marked biological eCCecte

on a variety of cell types, including the attraction, 

aggrogaLion and activation oC macrophages (Campbell, 1976). 

Macrophage chemotactlc !actor (HCP) initiates movement o( 

macrophages to the site o( inCoctlon, and ffl4crophage 

migration inhibitory factor (HIP) oncourageo migrating 

macrophages to romain at the oite. Macrophages are activated 

by macrophage activating factor (MN') and 111'11une (type 2) 

interferon (IPN-,,). Activated &-cell• may aleo produce 

lyn,phokinee (Yoehida, Sonoza.ki and Cohen, 1973; RocklJn, 

MacDeraott, Chee•, Schloee,un and DavJd, 1974; Hackler, 

Altman, RoaonatreJch and OppenheJm, 1974: Wahl, WJlton, 

�oeenetreJch and Oppenheim, 1975). Although Jn vJt:.ro aeeaye 

exiet tor eome of thoao bJol09Jcal activitJoe, individual 

lymphokJnee are notoriously dJffJcult to Jaolate: therefore 

it Ja often not clear ..tiethor an obeorvod offoct Je caueed by 

one or a Mixture of t.h••• aubetancee. 

(ll) Macrophage activation,

ff,ere 1• evidence that macrophage• expoeed Jn VJ\"O to 

l b.cillJ boca.e activated, and a-uare a
wirulent tuberc e ·� 

capacity to dea�roy or J il•lt. the or 

--" other unrelated ornanl•- (Dannenber9, 19111 
4·1 Dbecter 1 a -- " 
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Dannenberg, Ando and Shima 1972; Walker and Lowrie, 1981). 

Macrophage activation or •arming• involves a variety or 

morphologic and metabolic changes which lead to increaaee ln 

eurrace adherence (Nathan, Karnoveky and David, 1971), 

ruCCled membrane movement. (Nat.han et l & I 1971), membrane 

adonylate cyclaoo act.1v1t.y (Remold-O'Oonnoll and Remold, 

1974), phagocytic act.ivity (Nathan ot al, 1971), pinocyt1c 

activity (Meade, Lachmann and Brenner, 1974), hoxoee 

monophoephate oxidat.ion (Nathan et al, 1971), protein 

eyntheeie (Pantalone and Pago, 1977), collagenaee accretion 

(Wahl, Wahl, Morgorhagon and Kartln, 197S), complement C2 

production (Lit.tman and Ruddy, 1977), lyeoeomal enzyme 

activit.y (Pantalone and Page, 1977), tumoricidal (Pieeeene, 

Churchill and David, 197S) and m1croblcidal (Pattoroon and 

You111Ane, 1970) capacit.y. 1'to microbicidal mochanie11111 aro 

•ewitchod on•. Oxygen-dopondont lead to 

generation oC euperoxlde, peroxide, hydroxyl &nd elnglat 

oxygen radicala, while oxygen-lndependont agenciee involve 

lyeozyme, acid hydrol-eo and cationic proteaaea (Babior, 

1978; KlebanoCC, 19801 Nathan, 1983,). Macrophage• are 

actlvatod olthor 1mmunologically through lyaphokinea, or 

directly by bacterial. oxotoxin, inert -toriale &nd a variety

oC aycobactorial col.l wall eubet.ancee (YOUIIIAl\8, 1979). 

1-•ne-activated -crophagee hava t.ha capacity toAlthough -

�111 aycobact.erla (NalJter 

l t..__t. Lh.Y do�obab • ·-

and Lowrie, 1981), and lt la 

ao Jn vJvo, lt la - yot unproven. 

--A colleague• (1970) have ou9gaetod that Jn vJvo,Pat.teraon -

a t  beat achieve bactarloat.aala rather 
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Lhan killing, although numerous tubercle bacilli die. Thie 

view would explain the chronic nature ot tuberculous 

infection, and bacillary persistence after euppreoeion of

active clinical infection by drug therapy (Youma.na, 1978).

Youmans (1978) postulated that the major function of

chemotherapy ie to allow the dioeaood hoot time to develop a

potent and effective epocific immunity that effectively

retards the multiplication oC the invading microorganiom.

(iii) cranulomA formation:

The accumulation oC macrophages at tho oito of infection

ie a choxactorietic feature of tuberculooio. The 

granulomatoue rcoponee ia stimulated oither directly by

granulomagonic ce11-.,all oubotancee ot tubercle bacilli or

immunologically by lymphokinoo A.II already explained. T-coll.a

and ma.crophageo predominate, although 8 collo and noutrophil.o

HAcrophagoe continue their uoual
m.ay aJ.J,o be preoont.

attoctor and effector roloo, and activated macrophagoo may

tranotorm into epitholioid and gi4Ult cello. High macrophage

cauoed by tubercle bacilli, reoulte in a 

toxicity, 

·high-turnover gra.nulo111&• in which tho high death rate to

c:omponeated by macrophage proliferation and recruitment Crom

blood rnonocytoe. oannonborg, Ando, Shima and Touda (1975)

ehoWed t.hat the young macrophaooo within the porlphory oC a

granuJ.,c•• moat one oC three poaeible Catoe: they are killed

upon tnoeetton oC tubercle baotlit And dopoolted ln the

caeeoue core, or they leave the granulo- via the lyinphatica, 

01 
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digeetlon of necrotic material. Prevailing adverse 

conditione in the granuloma, nnrnely low pH, poor eupply of 

oxygen and nutrionte, and the activity of activated 

macrophagoe may be oufficiont to bring about rooolution of 

the infection. 
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C. Immunological proCile in tuberculoeia

1) Humoz:al

Patients with tuboz:culoeia usually have eigniCicant 

polyclonal hyperganmaglobulinaomia moat marked in the IgG and 

IgA claoooe (Faulkner, Carpontor and Patnode, 1967; Buckley 

and Dorooy, 1970; Grange, Glboon and Naeoau, 1980). Thie 

pz:obably roprceonte a non-epociClc stimulation oC 

111111unoglobulin eyntheole (Moticu, 1974) cauood by the 

mltogonic activity oC circulating tuberculin-like protelne 

produced 1n v1vo by vlablo M. tuborculoo1o. Tuborculln-PPD 

h- been ohown to be a B-cell mitogon in mice and guinea plge

(Sultzer and Nileeon, 1972), although it aleo act• on 

epeciCically eeneitizod T-colle. Antibodiee epeciClc to 

varloue mycobaeterial antigeno are aleo produced, oepocially 

in the JgG and lgA cLaaeeo, but leoe eo in the lgN c1-e. 

SpoclCic antibodioe are oC couree not coneldored to be 

recovery Croa tuberculoele. 

Initiation oC cheJDOtherapy appeared t.o incre-• the levele oC 

epoctClc antibodleo ln eomo otudlee (Nicholle and HoreCield, 

197, 1 bplan and Chae•, 1980) but not other• (N1tch1oon, 

,u,.r, Nrad, Allon and Devi, 1977). Level• tend to Call 

e.1.ovly with increaelng length oC t1- actor treatment. 

a) sorologlc diagnoele oC tuberculoele

The anttbodY reeponee to lnCectlon with N. tuborculoeae 

,._ been ••tonetvoly etudled Cor over 15 yeare, vlth a va

..,,01.optng • 81..,10 and convenient. eerodlagnoet.lc I.oat for 
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tuberculosis. Such a test would be 1 nvaluable (or the

patient with smear-negative extra-pulmonary disease in whom

bacteriological prooC ie diCCicult to obt•in. - Un(ortunately

all test.e eo far have been complicated by probleme oC

reproducibility, oeneitivit.y and epocificit.y. Many pationLe 

produce antibodies to a wide range of antigens of 

M. tuberculosis, specific and non-spociCic. Aleo, tho 

responoo t o  the same an tigen may vary Crom hoot to hoot,

owing to 
ouch factors ae genetic contr ol o( antigen 

processing by macrophages, T-coli function, antigen load, and

with environmental 

priming from proviouo contact 

mycobacter 1a.

since tho oarlieot toot wao introduced by Arloing and

1898 (301 {aloo-poeitive rat e), important

in courmont

improvomont o nave boon achieved by moa.no oC hael'llAgglutination

(Middlebrook and ouboe, 1948), gel difCueion (Parlett and

'959) bentonito (locculo.tion (Wall.ace, Oien&, 

Youmane, • , 

Green.berg and Joooamino, 1966), Cluoreocont antibody (Na.oeau

and Herrick, 1970), radiolanunoueay (NAOeau, Pareone and

1975), onZ)'ITle-lirutod 1mmunooorbont aoeay (In.ISA)

Johneon, 
19761 orange et al, 19801 

( P•Yeono and Johnson, 
tta.aea_U, _,. 

R119gia.i:dO, 

ant.1b0d1o• 

va.equez and schnapor, 1980), and nonoclonaJ.

Hitchlnoon and [vanyl, 1982). 

(HcrWitt, coateo,

agglutlnat.lon ae••Y• Nicholle 

antit>odlol to 

(197S) round 

phenol killed

a19n1t1cant olovatlon• oC

t ln 871 oC patient• with active dl•e••• and 0\

N. tuborculo• • 

Mltcht•on and co wotket• (1977)

of hoatt.hY control•, wt,ll•

• t n 1 C I c•nL ant, i tl(>t)Y 1 evn l • ln 70\ or r"'· l anl.• hut • 1110
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s:------------

in 591 ot tuborcultn-positive family contacts. 
Carr and 

colleagues ( 1980), uoing quantitative radioimnunoaeeay, 

detected antibodies to BCG in 67\ of patients and 311 of 

persons with healed tuberculosis. By a similar method, 

Winters and Cox (1981) found no significant diC!orencoe in 

specific lgG levels against Cive mycobactorial antigens 

botwoon persona with active and healed tuborculooie, whoreaa 

as many AD 27\ of tuberculin-pooitive persona and 10\ of 

tuborculin-nogative poroono had significant elovationo in 

antibody levels. 

Grange et al (1980), uoing an ELISA method, Cound higher 

level.a of lgG to eolublo antigens oC H. tuborculoeia 1n 75\ 

of patient• with active dioeaoe; tho level.a oC JgA and rgM 

antibodioa were much loss discriminative. However, they alao 

found significant antibody activity in healthy control.a and 

in patients with aarcoidooio and Crohn'a dioo-ol Whan they 

applied this iaothod to a Curthor otudy (Kard:) ito, lfandoyo and 

Crani;,e, 1982) in which duo attention w- paid to tho akln 

teat statue oC their control•, only 62\ oC patient.a had

eigniCtcant antibody elovatlono when coaparod with 

tuberculin-pooitiva control.a. Uoi09 ELISA to dotoct antl-PPO 

i Viljanen, Eskola and Tala ( 1982), R.adin, 'Zel•• antibc>d ea, 

and Phair (1983) and ltaliah, Radin. Phair, Levitz. Zelee and 

(1913) have recently conCiraed that the beet 

dtecrlalnatlon between patient• 

tutrereulln react.or•, 

a&alcklnG tuberculo•l•,

or other pat.lent.a with 

l• found with lc,O antlbodlee. 

healt.hy 

dlee•••• 
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.. ocr imination. 
Purified antigene have givon botto• di 

Naeeau and colleaguce ( 1976), ueing ELISA, reported 

antibodies to a ooluble flltrate antigen of M. luberculooie 

in 80\ oC patlonto and 8\ of tuborcultn-pooitive healthy 

control&. Dy tho ol.\roo mothod, Roggiardo et al (1980) found 

anttbodloo to five puriCLod mycobactorial glycoliptde 1n 

9S.S\ oC pationto o.nd 3 to 4\ oC hoalthy controls. 

Monoclonal o.ntibodloo havo aloo boon applied 

oorodiagnooie of tuborculoois. Competitive inhibition by 

toot serum oC the binding oC radiol4bollod monoclonal 

antibodies to M. tuborculoeie yielded resulta (71\ positive 

Al'IIOng 14 pationte) which were no bottor than other methods 

(Howitt et al, 1982). 

The combinod results oC those studios have oetabliehod 

that there Lo still no oatioCactory eorodi49noetic toot Cor 

tuborcul.oeie. The main problom.o are ae Coll0"'1S: 

Pal.Be negativee: Between 20 to 2S\ oC pationte do not 

have detect.abl.o ant ibOd tee to mycobacter ial. ant lgena. l t Le

highly 1,aprobablo that ouch patient.II do not aake epoc1C1c 

It le poeolblo that ln each pattonta, ant.lbOdi•• at aU. 

antlbOdY 1• aJ.xeadY bound t.o aycobactor ial ant.lgone Jn vJvo. 

1.oavlf'l9 c,nly ... 1.1. undetoc:t.ablo a.aounta ln the clrculat&on.

d ,.•i:r and co-otk•t• ( 1910) and Johnaon, 
fn thle 't9QAI: , .... 

MGM&COl, 

ln ."r• CrOIII 61\ and S6\ reapect.lvely oC p&t.lan\•
COIIIIP U • oe 

acrt.&vo t.ul:H!rculoete.
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mycobacterial antibodieB and immune complexes, which would be

in accord with thia propoB1tion. 

Palae poB1t1veB: A B1gni!1ca.nt number of healthy 

tuberculin Bkin teat-positive and -negative aubjecte have

demonBtra.blo mycobacter1al antibodleB. Thie may be explained

by oubclinical infection with oithor M. tuberculosis or

croBe-roacting ubiquitouo mycobactoria (Minden, McClatchy,

Cooper, Ba-cda.na and Par-c, 1971), or by proviouo BCC

immunization (Wallace, Oiena, Jesaamine and Creonberg, 1967).

Aleo, although clinical cu-ce of tuberculosis is usually

aaeociatod with a decllno in antibody levels with increasing

length of time after treatment, eerum antibodies IIIAY remain

detectable tor yeiu:s a.ftor treatment (IC.alioh et al, 1983).

Poreistent oerum antibody may be related to the Cact that

viable tubo-cclo bacilli persiet in tiooueo Cor lonQ periods

a!ter ouppreoeion oC active inCection (Youmano, 1978). Sl.ow

roleaoe of antigen Crom eitoo oC pereietenco would provide an

intermittent t,ooot Cor antibody production. 

D00111 the 

KUltiplo aoeaye wit.h highly purified antigene

i di""noetlc toet Cor the Cuturo. With the

moet promle ng ..,. 

C inonoclonol antibodloe it ohoul.d now be

introduction ° 

poeo lble to 1ao10te and

H. tuberculoeie, o.nd apply

eeneitive techn 1guoe ln 

purify the relevant antigene oC

ouch pure antigens to the 1110et

current ueo, namely ELISA and
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2. Cellul.ar

a) Tuberculin skin test

Skin reactivity to tuberculin-PPD is of limited 

diagnostic value 1n active tuberculosis, since it is often 

positive in the absence o( disease (healthy sensitised 

persons), and occasionally negative in the prooonco of active 

disease. While nearly all patients with active tuberculosis 

reacted to tuberculin in the first comprehensive studies 

(Purcolow, Hewell and Nelson, 1942; Lester and Atwell, 

19S8), currently avail.able reagents are not so sensitive. 

Moro recent reports indicate that up to 20\ of patients 

tailed to react to STU PPD (Holden, Dublin and Diamond, 1971; 

Hyde, 1972; HcHutray 
Browder and Griffon, 1972;

Echeverri, 1978; ND.Dh and Douglas, 1980). Morgy, dofinod 

AD negative okin test reactione to 2S0 TO PPD, haa boon

reported in up to 10\ oC pationto by oome (McHurray and

Echeverri, 1978; No.eh and oougla.e, 1980) but in lees than 2\ 

(Kent and Schwart%, 1967;workers 
of pationto by other

zeitx, oetrow and van JU:odol, 1974). Pationto with miliary,

tulJoinant or chronic long-otanding tuborculoois a.re mote

h•ve nenative tuborculln okin tooto (Celb, LeCCler, 

likel.Y to - • 

Brcrwor, Haocatellov and Lyono, 1973; Ctioco and Chmel, 1974;

Uboroi, Halaviya, Chattopadhyay, �um.an

Sahn and NoCC, 1974;

and shrivina.B, 197S; Ali, Puri, Chandra and Chlll\dta, 1983),

euggootino • 
oorrolAtion botwoen anorgy and olltont. or 

aavoritY oC dieea.119• 
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However, anergy ie occaeionally eeen in leee ill 

apparently localised disease (Kent a.nd pa.tiente 

Schwa.t:tz, 

with 

1967; Holden et a.i, 1971; Schacter, 1972;

McMurray a.nd Echeverri, 1978). The state of anergy may 

relate to the type, dose, method of application, a.nd potency 

of the antigens (Edwards, 1972) ox to hoet factors such as 

Tugwell and Fawcett, 1975;
m.alnutx it ion 

Bha.tnaga.x, 

( Hatt ieon, 

Malavlya., 

Bhaxadwaj, 1977), ago

Narayanan, 

(Cltatd, 

Rajgopal.an, Kumox IUld 

Paychoto, Cuevas and

Foxnandes, 1977), concomitant dieoaso and drug therapy lcnown

to depxeoo coll-mediated lll'l'IIUnity (Johnson, Mo.ibach and

sto.xx and Boxltovich, 1974; Hillingot and 
Salmon, 1971; 

Hoxzlg, 1978). 

MOot patiento who Cail to xoact to PPD axe a.loo

antigeno (McHUri:ay and 
to othox recall 

unxoopono ivo 

Echeverri, 1978). Halaviya and colleaguoo (1975) found that

of pationto with untreated pul.moniu:y 
40\ 

fewer 

tuboi:culooio could bo oonoitizod to dinitrochlorobonzonothan 

a hapten uood oxporlmontally to induce dol&yod

(ONCB), 

hypotoenoitivlty. It would appoiu: that AO tuborcul.ouo 

inCoct.ion progroooeo untreated, tuberculin hypexsonoitivlty

l in tho diooaoe) lo gradually loot, and thio

(acquixed oat: Y 

okln test o.norgy potoloto throughout the inCoction

et.a.to oC 
1976). TUberculln anoz:gy rNY 

oopocially in advanced diooaoo(Rooney, ci:ocoo IU'ICI JC%A!DOt'

imply a poot pz:ognoo 10,

but u a 1:ulo anoxgy dloappoaro with

(Mc:MUttaY, 1980),

•ucc:eooCul

•-"Y et al, 1976),

tubotcULOD ill (Ubotoi et al, 19751
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b) Lymphocytes

1) Lymphocyte count

Advanced tuberculosis is ofton a.esociated with an 

absolute lymphocytopenia affocting predominantly T-cells

(Zwolinski, Wieczorek and Skibinski, 1976; Shima, Takenada, 

1'ndo and Tokuomi, 1976; Bhatnagar et al, 1977; Al-Tawil and

Thewaini, 1978; skvor and Trnlca, 1979; Katz, Coldato1n and

Pa.uci, 1979; Humbor, Nsanzumuhire, Aluoch, Webster, Aber,

Mitchison, Cirling and Nunn, 1980; Pra.bhu and Reddy, 1983).

Within this docreaaed T-coll population Katz and colleagues

(1979) tound a relative increaeo in T-colls with receptors

for the Pc portion of tgC (TG
, auppreasor) and a proportional

docroaae in T-colLB with tgH rocoptora (TM, helper) (Moretta,

Webb, croooi, Lydyard and cooper, 1977). The dopreaaed total

lycnphocyto, total T and helper T-lymphocyte counta returned

to norinal during treatment, ouggoatlng that thio finding wa.o

an offoct rather than a prodiopoaing cauoe of the infection. 

tn contrast, oomo have found normAl (Williama, Debord,

Cotner and Andoraon,

HollbYO, Heoonor and Lindstrom, 1973;

increaeed (tcvanty, 1977)

1980; Hoioh and Chong, 1981) and

t in Patiento with active toberculoalo. Aleo,

T-cell coun o

(Holeh and Chong,
Lncroaead 

vaxtoue workers have reported

Chaparae, 1982) and normAl (WllliAINI at al, 1973;

1981; 

BhatnaQAX at al, 19771 Al-Tawil and Thewainl, 19781

--A 
1980) o-cell counte in 

and ,..,..oraon,

active diooe.ee.

Catner 
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QU u screpanc es are not clear. The rc�-on• !or these di i 

These investigators all studied patients with proven

tuberculosis using similar techniques: sheep erythrocyte 

(E)-rosetting !or T-cells (except Williams and colleagues who

used an anti-thymocyte serum) and direct imraunofluoresconce

with Cluoreecein isothiocyanate (PITC)-conjugated antibody

!or B-cells (except Hoieh et al, 1981 and Catner et al, 1980,

who used sheep erythrocyte - antibody - complement (£AC) -

rosetting). The di!Cerences may be duo to technical problome,

or may refloct peculiaritiee o! the different ethnic groups,

or diooaee severity.

( 11) Lymphocyte proliferation

A critical function of lymphocytes in the dovolopmont of

thoir Ability to proliferate in reoponoe to

CMI io 

stimulation by bacterial antigens and mitogonic bacterial

tro.no forming into 

products. The cello rospond by

lymphocytoo which woro previously 

lymphoblaets:

metab0lico.11Y inactive oto..rt oynthesiolng DNA, RNA and 

proteins at a groatly incroa.ood rate; thoy onlargo and

usually divide. Thie procoso may be moaourod by labelling

with procuroors of DAA,

'H-thymidine), or oimplY

RNA or protein oynthooio 

by microocoplc observation.

(e.g.

studios o( lymphocyte proliCoration ln

rn vitro 

hAVe yloldod conflicting data. A.ft.er Shrock

tuberculooio 
poArmain, Lycotto and F lt-zgorald (1963) 

(1963) and 

lndopondontlY ohOWOd that l'PD tro.noCormod lymphocyte• in

lymphocytoe Croai
roporto had indlaatod 

cnalt.1111:•, oat ly
that 
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only n a were rans ormod by PPO. akin teat-positive patie t t ( 

However, it has become clear that lymphocytes from akin 

test-negative pationta sometimes proliferate, whereas thooo 

Crom akin test-positive patients sometimea fail to

proliferate in reoponoo to PPD (Gump, Pelcoty, Urbanotti and 

Nosenzo, 1967; Aopogren and Roreman, 1964). Ono etudy based 

on morphologic criteria demonotratod PPO-induced lymphocyte

proliferation in oovon akin teat-negative tuborculouo 

patients (Smith and Reichmann, 1972). 
J 

Whon H-thymidina 

incorporation wao used ao an index of transformation, variouo

groups of invootigators reported a good correlation between

in vitro lymphocyte transformation and Jn vlvo okin toot

reactivity to PPD (Korby, 1968; Hinz, Daniel and Baum, 1970;

Miller and Jones, 1973; Zeitz et al, 1974). Jn general,

patients who 3ro anorgic on okin tooting a.loo dioplay anerqy

ln vltro when thoir lymphocytoo are stimulated with PPD.

ouch paticnto have diaoominatod diaeaae, al.though thoro

Many 

a.re a tow who aro clinically indietinguisha.blc from othora

w1th good akin rooponeee .

function ia appo.rontly prcacrvod in

progreeaivo onho.ncomont oC lymphocyte reactivity during tho

cour•• o! tharapy

auppreaeton oC

18 conaiatont with oarlior tranaient

delayed 

Evon when Jn vltro lymphocyte 

tul:>erculoaia, 

hyporaona1t1v1ty (Ooldatoin,

tho 

MO, 

Poall.lMt and J..,,ioki, 1976).
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c) Lyrnphokines

(1) Lymphokine production

Lymphokinee are non-immunoglobulin ptoduct11 of 

antigen-activated lymphocyteo which have matked biologic 

cffccte on lymphocytee, macrophages, eoeinophil11, baeophil11 

and neutrophile (Rocklin, Bondtzon and Creineder, 1980). rn 

tuberculoeio, there ie evidence that 

eeeentio.l in the gonooie of CMI: 

lymphokince are 

eomo induce the 

accumulation and activation of macrophageo, which develop the 

ability to kill or inhibit the organism (North, 1974). some 

lymphokineo mediate tuberculin hypereeneitivity which followe 

tuberculous inCection. Variouo authors have reported 

deficient activity of lcucocyto migration inhibitory factor

(LIP) i n  re11ponoe to PPD in oome patiente with tuborculoeiD

(Bhatnaga_r ot al, l.977; Lon7. in 1, Rottoli o.nd Rottol.i, 1977;

t t l 1980) and that thie function corrolatoo well

ea noi: e A , 

with tubercul.in akin i:eactivity (Bhatnaga.z: ot Al, 1977;

l l.977) and invoi:ooly with extent of diooo..oo

Lonzini et a ,

(Ti:n>tA and slcVot, 1979). Howovoi:, diaoociat.lono occur 1n

activo dieeao o  (Riegel:, TJ:nkA and Skvor, 1979). Joffe and

RAbeon (1981) found oupproaoor T-cel.l.a which inhibit.ea LIP

t. bl.allt,..,onoeie in pationto with tuborculouo

product.ion but no -• 

'l'hoii: data oupport the coneoneuo v lov that in

moning it.lo. 

oC eoCDO lyt11phoklnoo le independent oC coll

Haneon and Good, l97S). Invitro production 

prollfoi:at.lon cooreki, oupont,

u,oro le an -•oclatton botweon dermal

hoalt.hy eubjoctD,

eona it.iv lt.Y, HIP end 

t.taruiCor-..t.lon

L[P' production, 

(Mt.Or, Spit.lot,

Fudenboro, 

and 

Frlok and Pudenberg, 1973, 

197�). 

l)'lll{>hocyt.e

alt.houoh 

Mofta.Jl, 
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� , ements and Grzybowski, dieeoctationa alao occuy (Thomae Cl 

1977). 

( 1.1) Intex(eron 

Cnte1:Ce1:ona (IPNB) conetitute a family of protoine oC

molecular weighte about 20,000, diecovered by Ioaace and

Lindonmann (1957), which axe secreted by nucloatod colle when

they stimulated by vixuooe, double-stranded RNA,

bacteria, foroign celle, mAcromoloculee and varioue othor

compounds. The socrotod lPNe are able to otimulate other

cello to produco intracellular protoino which inhibit virus

multiplication. lPNa act locally and at dintant oitoa, being

accreted in the blood etroMI- IFNB alBo regulate the 1mt1uno

xeaponao, coll growth and other coll functions. Throe broad

typos oC human IFNB are prooontly distinguiohcd on the baeie

of antigenic difCorencea (ColM'littoo on IPN Nomenclature,

1980). Tho predominant (Milly derived by stimulating buCCy

coat ioucocytes with virua ia designated IPN-a. It coneiota

oC more thAn 20 cloaely-rolatod proteins with 166 amino

acid&. ptbroblaeto in culture produce a similar molecule, 

produce • diCCez:ent
T-l}'IDPhocytos in culture

glyconylatod molecule in roeponae to 1Jamuno stimuli (mitogon

and antigen) and designated IPN-,,. IPNB a and II axe 

A :i:acontly 
ataJ:>le at pHl whilst Y Jn inactivated.

generally 

doacribed apocloB of IPN-a aaaociatod wlth autoiJmluno dioeaae

10 pHl 1.i,tle (Preble, eiac>t, Priodman, IUtppol and Vlloa�,

1912). JPtl-1' 1e not nout.:i:al.ltod by antlbodloa :i:aJeod again9t.

,,... a and II• ,ul fPN• exert. throe -ln blol09lc eCCocto ln
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man : 
vlrus repllcation inhibition, cell growth inhibition 

and immune modulatlon. Viruses and tumour cells induce 

mainly IPN-a (Wheelock, 1966; Timonen, Sakoola, Virtanen and 

Cantell, 1980), whilo IPN-,, is the major product when human 

lymphocytes are otimulated with mitogens ilnd antigens 

(Epstein, Clino and Horigan, 1971, 1972; Osborne, coorgiadee 

and 3ohnson, l.980; Langford, Woigont, Coorgiadee, Johnson 

and Stanton, 1981). IPN-,, io thoroforo a lymphokino. 

Although lPN& are probably important in early rooponooo 

to viruo infections (Grooeer, MAury, Krooo, Slangy and 

Manoury, 1979;
toaaco, Clarke, Tyrrell, Webetor and Val.man, 

thoir role in bacterial infoctione ouch -
1981), 

tuborculooio io looo clear. Somo obeervationo ouggeot that

1nsnune intorforon C lPN-7) in particular - may bo

JPNO 
P iret, 

important in host defence against tuborculooie.

ilfflluno-epecific induction ot IPN Jn vltro (Olcu,gow, 1966;

croon, cooperband and )(Jbrick, 1969) and Jn vJvo (Stinobring

and �ohor, 1970) ouggoet that IPNo could be modiotoro of

O(l. secondly, IPN-,,, a lyinphokino, io readily inducod 1n

and in v t vo in 1mrauno an ima 1 e and man by mycobact.er ial.

vitro 

ant.igono euch a.o tuborculin-dor1vcd PPD (Croon et al, 1969; 

l 197).• Stlnobring and Abehot, 1970) and live

Epetoin ot & • ' 

BOO (Salvio, �oungnor and u,_dor, 1973). Thirdly, all IPNe 

'activate' m,ononucloat

attoct. delayed nyperaeneitivity 1n vtvo, coll aurface antigen

antibOOY production and 1ympnocyt.o blaet.OQoneel•

phagocyte• (HOOtO, 1983). IJ'Ne &Leo 

e1tpreeeion, 

(MOOt•, 1?13), all of wt,ich ptocoaeo• put.lolpat• ln th• hoet

ln(ect.lon. 
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induced in vivo in res t i ponse o nfection with tubercle 

bacilli activate macrophages to phagocyti2e and kill bacilli, 

and so limit the prog�ess of the infection. 

d) Monocytes and macrophages

(1) Monocyte count

tt has boon recognised Cor nearly 60 years that blood 

monocyte counts rioe in parallel with the activity of 

tuberculous infection (Cunningham, Sabin, Sugiyma and 

Kindwall, 1925; Doan and Wiseman, 1934). These oarly 

oboorvatione ouggoeted that the macrophagoe and epithelioid

cells of tuberculouo granulol!IAJI might a r  iee Crom blood

monocytos. The majority of circulating monocytes replace

macrophages killed by tubercle bacilli, giving riae to

in=eaood monocyto consumption, enhanced monocyte production 

promatuto rolo1LBe oC monocytea !tom the mari:ow. 

hyperproliCcration of 

compenaatoty mechanism 

monocytoa

in active 
Hyper stimulation and 

i:epreoont an ndaptivo 

tuberculoeie which ie the claaaic "high turnover• granuloar.a 

(Schmitt, Mouret and Stlx, 1977). Honocytoeia io i:evotood

during the coui:110 of therapy when tubercl e bacilli axe killod

1• a fall in mACrophago toxicity and monocyto 
and thetO

coneumption. 'l'hete lo evidence that monocytoa mAY contribute

1-n oom e tuberculous patient.a •

• 
adhoront call

1�nlfic:o.ntly enhanced tho Jn vJtro teaponeivonoaa

depletion o • 

l blood aononucleat collo to PPO (Bll.not, 1971 ).

of por ipher• 

.... il �nocytoa i• oc:cuttod only in anetgic patlenu

Howevot. ,, .. , 0 -

ln Ellnot'• aotl••• llaleh ot al (1981) found it. ptodoalnant.\y

ln t.tJbotCU l in react.o<•·
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( 11) Monocyte/macrophage activation

Schmidt and Douglas (1977) have shown that circulating

per: ipher:al blood monocytes Cr:om patients with active

tuberculosis are activated as evidenced by increased monocyte

lgG and C3 surface r:ocsptor activity. Othor monocyte

alterations consistent with activation have also been 

t:epot:ted: incr:oaood glycolysie and hoxoee monophoophate

ehunt activity (Para, Sagono, Oalcor:zak and Lobuglio, 1972; 

Kita.hara, eyr:e and Hill, 1979), increaoed chomilumineeconce

on oxpoout:e to opoonieod bacter ia and yoa.ot (Kitahar:a ot al,

1979), and enhanced killing o! staphylococcuo auroua (King,

Bat:n and t.obuglio, 1975). In contr:aot, Cr:uchaud, Ciro.rd and

roportod reduced monocyto bacter icidal

Hitoglou ( 1977) 

capacity tor staph- aureuo in oovoro tubet:culooio.

(111) Monocyto chemotaxie

Molt�er, Jonoe and Boetcher (1975) and Popl.Ack, Sher:,

�piu:ao and 01.aeoo ( l.976) ohowed that per: 1tonoal mac1:ophage11

!t:om �1co 1ntectod tntr:apor1tonoally wlCh BCO exhibited an 

onhancod reeponeivonoee to chomotactic stimuli.

d Colloaguoe demonotrated lncr:ouod

In 1979, 

monocyto 

1t1t.Ahar• an 

chollOt.alt le ln • hotorogenooue group ot pationte with

lncludlng tuborculoolo. In contrast, 

Lnti.emmat..or:Y dteoaoo•,

and Nloloon, eonnodoon, LA1:oon, Rhodoo And

reported dotoctlvo monocyt.o chomot.a.xl• lncec:q:,bell C l.979>

y u,kUJII ( l.982)UN
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( iv) Monocyte phagocytosis

Again, otudies oC pinocytic and phagocytic activities of 

monocytes in tubetculoeis have ptovided conflicting tesults. 

Wheteas Otbanitz, Gtegotitz, Fechnot o.nd Gtoss (1974) and 

Ctuchaud et al (1977) Cound deptossion, Nielsen and

colleagues (1982) t epottod notm.al, and Kit ahara et al (1979)

found enhanced phagocytic capacity.

e) Killot cell&

rn v 1 tro cytotoxid\ty oC tumour col lo m.o.y be med 1.ated by

cytotoxic 
types of offectot cello: 

throe one 

T-lymphoc;ytoo (TCTL
) which ate iimunologically induced, 

one cell-typo 

klllot (K) colle which ate�rooponalble Cot antibody-dependent

of

cell-mediat ed c;ytotoxlcity (AOCC), o.nd natural killer (NK) 

induced immunologically not 
are neithBt

coll.a 

tunctionAllY dependent on antibody. Tho toloa of those cello

i n  antituborculoua 1rm1unity axe not >a-iown., HK colla are a

which 

lymphocytoa Crom normal 

non la:muno donors with the capacity to recognize and rapidly

turoout calla o.nd viruo-infoctod cello - a

lyso, within hours,

unique 
.i,ilit)' t,hat endOWD thom with the potential oC fn vtvo

1_,noow:veillAJ'ICO aoainot turaout gtowt.h (Kieeeling, ltloin 

and Wlgzell, l97S)- 't'hot o la evldonco to auggoet that Nit

natutal roolot.ance against vtru•

othot mlcroblal (Rodot and rtoea,ci,11.a ate aloO 1mportant 1n 

(Ching and u,poz, 1979) and

some obe orvatlon• euggeat �hat �h• Nit

1?12) 1ncoatlon8•
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eyetem may play a role in tuberculosis. BCG immunization 

activates macrophages (Hibbs, 1973; Germain, Willi1111\8 and 

Benacorraf, 1975), induces NK cells and augments NK activity

in mice (Wolfe, Tracey and Henney, 1976) and humane (Saal, 

Riethmullor, Eiber, Hadrun, Ehinger and Schneider, 1977),

probably by inducing interferon. Aleo, activated macrophages

are essential for the NK augmentation induced by BCC (Tracey,

1979), and low-normal NK reactore are leas reactive to sec 1n

vitro than those with high or normal NK activity (Mandeville

and Rocheleau, 1983).
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D. Summaty of Lmmuno doCocLo in tubotculooio

Tho otudioo dooctibod ouggoot that potionto with active 

tubetculooio oxhibit A wldo rAnqo of functional doCocta tn 

vivo and in vitro. 'l'hooo includo overproduction o! 

1.1'.lftunoglobulino, altoto.tiono in llbooluto counts 

proportiona of T-lymphocyteo, abnormalitloo in cutanooo•

and 

dolayod hyporoonoitlvity i:oactiono 

deCecto 

to 

in 

opoc1Clc 

and 
mitogen- and 

non-apoci!lc o.ntigeno,

antigon-1.nducod lymphocyte proliCotation and infJarnrnatory

cncteaeed monocyto conaumptlon 111&y 
mediator production.

blood monocytoola. The rnonocyte• 

atl.mlllate po'C iphoral 

probably ct.-cculAto in an activated et.ate, although their

reaponaivonoao to chomotac:tic: otimuli IIIAY be impaired.

No aingle baala Cot thooo deCocta io mown, but their

appaxent reveraal du-clng troatmont ouggoot.s that they reault

froa rat.hot t.h&ll prodlopooo to active tuborc:uloua lnCec:tlon. 

wlth actlvo t.ubotc:uloala have

appuent.lY norinal 1111111\lnol.OQ teal 'Coapon•e• and in t.ho•e wlt.h

a!Jrwr .. llt.1o•, t.h• ranQO oC &})normal ltrAune ro•pon•e• an,,! the

lnd'vidual alt.eratlon• ate e•tromely vatlable.

patiento 

4e,;,r•• of

What, 

- ld->r.C• t,oat

t rl't ., .,:,, a,,n,

t.1�11 v1u I al. Inn ln ,,at hoo•n to I\ y ar 
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that each host rcponde differently, resulting in the variod 

cl1n1cal picture. In th1s study I have set out to explore 

the range of different host reponses and examine its 

implications for the control of this disease . 

•

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



75 

E. Alma ot the present study: A opoctrum of immunity 

in tubo-cculoeie 

1. To investigate the p-coeonting clinical featu-ces,

nut-citional etate and immunological functions of a group of 

hoepitalieed patients with active tuberculoeie, comparing 

reoponsoo with thooo in apparently healthy controls matched 

for age, eex, ethnic group and diet. 

2. To observe changes in nutritional statue and 

immunological (unctione in tuberculosis pationte with drug

therapy, compo.x ing them with the eruno control.a.

3. To invootigate pooeible correlationo runong initial

ot 

nutritional lmmunel.og teal features 

clinico.l., 

tubercul.ooio pat.iento and any unusual re11ponee11 to treatment.

10 a spectrum oC 

MY hypot.hell 111 i11 that t.he1:o 

illllllunological rooponees to tuberculoeio which io roClocted 1n

its clinical behavioUJ: and natural hiotory. The ro11ult.11 oC

1ead to a better undo-cot.anding oC host

t.hio otudy may

reeiotAIJ'lCO 1n t.hio dieea.eo, identify some hoot Cactore which

&CCoct pr09noe1o and 11t1J11ulato Curtho1: roooarch toward• the

t11W11unothorapoutlc intervenl.iona 

developc!IOnt oC ofCectivo

load to control oC the dieoaeo. 

0voneuallY
Which 

-.• y roopond vell or poorly to euch l.herapout.lc

Patient• '°"'o ··-

y aleO be ldontiClod.

at.rat.eg se• Ill& 
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CHAPTER TWO - SUBJECTS, MATERIALS AND METHODS

A. Study population:

Conoenting adult patients (19-61 yeaYs) with newly

diagnosed tuboyculosie, hospitalised in Northwlck Park and

Colindale Hospitale, woro otudiod prospectively. Diagnooio

was based on the domonotration of acid-fast bacilli (by 

Auyarnine or Ziohl-Neelsen stains) in sputum, corebrospinal 

fluid, pleural (luid or histology opocimono, and wae 

eventual.ly confirmed by positive cultures on 

Lowenstein-Jenson egg olopos. Hoot patients lived in the 

HaYrow, Brent or Edgware/Hendon Hoo.lth Diotricte oC 

North-Woot London and wore referred by General Practitioners,

or admitted through Lho Hoopital Accident and Eniorgoncy 

Oopaxt.1110.nt. A cow pationto wore roforrod direct Crom 

Hoo.throw Airport bocauoo they wore Cound to ho.vo abnorma.l. 

chcot X-ray fil.me on arrival. The Borough oC Brent hao a

lai:ge iirnlgrant population and the hlghoot not1C1catlon rate

Cor tuberculosis in Engl.and and Walos : 114.3, compai:od to

35 (CreaLor tondon), 23.7 (West Midlands) and 5.2 (Anglia)

0, the popul.Ation pot annw,, (HRC Report, 1982a).
per 1.00, 000 

Pat.lento wore not otudied lC thoy wore pregnl\llt, had

pi::ovlouely, had t.roat.m.ont 
received 

wore i:ocelvlng aodlcat.lon 

Wlt.h cort.tcoet.orold•, ayt.oto1lco or ot.her dcugo known t.o

t. cont.role woi::o di::awn Cro. healthy
•ttect. t.h• i-.ino •Y• 0•· 
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Btaff of the Hospitals, the Clinical Research centre, Harrow 

and members of Harrow Community. They were eligible (or 

entry if they had no symptomo suggestive of any illncee, were 

not pregnant, had not tcccivcd nnti-tubetculoue t.tcat.mcnt 

previously, were not. teceiving medication with 

1mmunosuppreseive drugo, and had a normal haemoglobin and 

erythrocyte sedimentation tate (ESR). 

Patiento and controls were entered in pairs, matched Cot 

oox, ago (within five yearo), ethnic origin (Indinn 

Subcontinent, caucaaiAn or Aftican) and diet (vegetarian or 

non-vegot4tian). All 30 controlo received BCC 

immunization in in(nnc;y, childhood or adolescence. The 

tndia.n Subcontinent ([SC) ethnic group conoiotod of patients 

and controls originating Crom India, Po.kiotan, Bangladesh or 

East Africa. The caucA.GiAn group consisted of white patients 

and controls from Europe, North America or Auetral.aaia. The 

Mrican ethnic group waa constituted by nogroid pationta and 

controlo originating Crom Africa. Thero wore no Carribbea.n 

or American Negroes in thlo study. In moot ca.oes tho control

had been born in tho sOJIIS googcaphico.l. togion (dofinod above)

&a tho 

revard 

patient. 

to tSC patient.o-

This wAB considotod of groat imporunco with 

Control.e o.nd patient.a wore al.so

broadly matchod cor aocio-sconomic bao'kqround.

8. £t.hical c0111111ttos submloa1on,

Tho prot.ocol wa• eutJaittod to £thlcal Coll'lllitto•• and 

Dlatrlct (B C 827), Otont; lleall.h
approved by t.ho Harrow

220) And Bdc,ware/llondon lloalth Dlattlct.
AuU1or tty (Y,.C. 
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c. 

1. 

Cllntcal ace a.a.ent.:

H lot.or y and cx�ln t. lon 

-..... E� every 
At. pEcoont.ation, a Cull hiot.oEY vao obtain_.. f 

"*'.,... • • ..,.. • ...... every 
eub)oct. (oec Study PtoCoEca, •-ndlx 2 p 2"'-") _ __. 

p&tlont. wao examined t.o o..occrt.aln the otte a.nd cxt.cnt. of

tuborculouo dtooaeo and exclude other obvtouo pathology.

2. Mt.htopometrlc lndlcoe:

a) 

Wlt.h ohoeo and out.or clot.hll"l9 removod, each oubjoc:t. had

holght (H) ln ea and welght. (W) tn

welght.-cortoct.od-Cor-holght-•QU&t«id

)cQ -••urod, 

2 
(W/H ) LndOJt 

Ct'Ga which a 

wu calcu-

latod. 

b) Mld-t.rlcop• oklnCold t.hlckl\0001

t.lOOUO wllhout. 
A Cold oC akln plu• oubcUt.MIOOUO

undo'l'lylng muaclo wa.o graopod bot.woon Clngo'l' and thumb at t.ho

a1dpo1nt. oC t.ho right uppor ar• ovot t.ho t.tlcopo awoclo n,0 

croot. oC t.ho Cold wno parallel to the long a.xlo oft.ho at•.

Tho mld t.rlcep• aklnCold t.hlcknooo csrT) wao moaourod with a

Harpondon call pot (llolt.aln Lt.d, Oryborlan, Pombrokoohli:o), 

wlt.hout. roleaeinO t.h• c1nooi: t.hullll> or••P Tho calipor wu 

toad (111!1) act.or throe to Clvo oocondo oC callpot proeout'e.

Hid uppot orm clrcumCoranco·

WILh t.h� aubjoct. at.ondlng oroot, t.h• upper al'• lengthUN
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was mcaourcd Crom the acromion to the olecranon processes, 

using a tape measure, and the midpoint marked on the skin. 

With the arm hanging relaxed at the side, the horizontal 

mid-upper arm circumference (MAC) was moaaured (cm) without

akin d1otortion. 

Arm muscle circumference (AMC) was derived from the 

(ormula, AMC (cm) • MAC (cm) 0.314 x SfT (mm). All

anthropometric indices wore moaourod in all subjecto before 

troatmont, and in thooe who were acceeeiblo at olx monthe and 

12 monthe afterwardo. 

3. x-ray: 

The extent oC pulmoniu:y dieeaee and the preeenco or 

Aboonce o! 
cavitation wore ru,eeeeod from a Cull-size 

poetoro-o.nterior cheet X-ray taken on o.dmiDoion, according to 

A single et.Udy criteria of the HRC (1981).the Hong Kong 

(Or a MiLchell), a coneulto.nt. RAdiologiot at 

park Hospital with no knowledge of the clinical 

�eeulto of individual paticnt.o, ocorod each 

Coat.u1:eo or toot � 

in one oooeion. cont.1:ole did not. have a 
cheat x-ray blind

choot X-ray, 08 thi• wae coneldored unothlcai.

D. 

Olood eamplo• WOICO t&.>ten Crom all eub:)oct.e beCoa:o

w- tnot.ttutod, and Cicom tho•• who woa:e accoeelbl•

Pull blood count (PBC), 
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total and differential white blood-cell counts (WBC), and ESR 

(Westergren) were performed by one appointed technician 

within the routine haematology service at Northwick Park 

Hospital. PBC was measured by Coulter counter and

difCerential WBC by visual counting (500 cells) on a blood 

smear stained with May-Grunwald Giel"\Sa. Immunoglobulin lovela

were estimated in tho Division of Immunological Modicino with 

a Hyland laser nephelomotor PDQ oyotem. Relevant serum bio

chemical values (sec study ProCorma, Appendix 2, p.260) woro 

determined ln tho routine Clinical Chomiotry laboratory 

service uoing Autoanaiyoero. 

E. Mo.ntoux test:

Ho.ntoux teoto woro porCormod (by the investigator only)

on all oubjocte on ad.l!lioeion into tho otudy, and on thoee 

available at six and U months aCterwards. O.l ml o( 

tuborcul.ln 

containing 

int.o the 

l'PO (Evaru, Medical Ltd, GreonCord, Mlddx) 

l tuberculin unit ('l'U) waa injected lntradormally

inner ourface oC oithor Coroarm oo that a whoal

Tho
Cormed. W•• aakod not to ocratch Lho alto. The oubjoct -

�-· de(inod by pupation and moaourod at
area oC induratlon --

6,U,24,48 Aru1 72 houro in Lwo porpondicular dio.rnotoro using

The average readtng (111111) wae recorded. 
a calibrated t,Ape-

reading Cor aeynrutr 1cal 
Thie -t.hod gave a reproeen�tlve

97S) erythomA alono, or a •oan d1Nllotorroac:t.iona (SolULl, l 

�haft 6,.. at 72 hour• wae regarded ae aot lnduratlon lo•• ._.,_ . 

n�atlve roacLlOn, 
.nd Lho tnjecLlon wae repoatod on the 
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othet arm ue1ng 10 TU PPD in O.l ml. All aubjocta wote

c m na o n er-obeervet orrot, toated by one obaetvet to 11 1 t i t  

which ie common in Ma..ntoux teat reading (Beum1111, Klcil\lll&t\, 

Glyor and Lo.ci:oix, 1964). ln preliminary teats, the uec o(

•sellotapo• tracing& 01: the ball-point technique (SokAl,

1975) to delineate induratlon wae not found to be any 11101:e 

accutate tho.n oimplo palpation by the 01U110 obooi:vor. 

F. Ioolation oC mononucleat colle:

with 

Dofibtinated poi:iphoi:al blood (20 ml.} wa.o diluted 1:2

blcarbonato-bu!Cerod RPHI 1640 (Hooro, Gotnor and

Ptankl.in, 1967} and oopai:atod on Picoll-Pllquo (Phar111.&cia) at

1400 g, 
2,400 rpmh(oi: 20 minutoe (Boyum, 1968). Tho interfllco ceLla

woi:o removed, waahod throe tim-oo and reeueponded in 

bicarbonato-bu((oi:od (l3 11'\M) RPKI 1640 oupplemonted with

L-glutamino (2 !IIM), penicillin (100 U/ml.), otroptomycin (100
, 55cc ,r 30 mins 

µ.g/ml.) and 10\ hoat-inactivatod Cotal call oorWll�(PCS, Flow

Lllborat.oi:ioo) (hocoa!tor

coll count 

called medium). Tho v1a.bl.o 

wao dotormlnod in a Neubauer 
mononucloax 

ruu,mocytomotor t,y ti:ypan blue (O.l\) dyo oxcluoion (oee cell

Countlno, Appondlll 3a, p. 262) and adJuoted to Cour working

8, 4, 2 and l mill.Ion ooll.o/ml mctdtum. M 

eonce-ntrot.lon• •

aliquot. w ..
cxozon down ln liquid nitrogen (oee Cell

rroo�lno, Appondlll Jb, P 2 6 .l)
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G. Enumeration of lymphocyte subsets:

Mononuclear cells were thawed out Crom liquid nitrogen 

(eee Cell Thawing, Appendix 3c, p.26�, washed three times and

rosuepended at  2 x 
7 

10 viable cells/ml in RPMl supplemented

with 2\ PCS plue 0.02\ oodium azide. The numbers 

and proportions or Lotal T, helper/inducer 

suppreeeor/cyt.otoxic T(T5) and B lymphocyte phenotypes were

defined by meane of immunofluorescence analyo ie uoing

monoclonal o.ntibodioo Leu 4 (or l), 3a, 2a and 12 (Becton 

Dickineon, Sunnyvale, Ca) reopoctivoly. Equal volumeo (2 ml) 

of the mononuclea.r cell euopenoion and each monoclonal 

antibody were incubated on ico for 30 mine, waehed three 

tlmeo, and then 
incubated (or another 30 mine with 

ieothiocyanate-coupled rabbit anti-mouee 
fluoreeceln 

tmmu.noglobulin (l'lTC-R&Mlg 10 mg/ml, Nordic lnmunological.

Labo, H.Aidenhead, aerlc.o) at • Clnal concentration oC l:200.

analyoie waa performod by Dr Aodr-
1anun.0Cluoreecence

Edwude of the 01v101on oC llffllUnological Medicine, ueinQ a

cti ted Cell sorter, FACS II 
fl.uoreecence-a va 

(Becton

Dickln.aon) undor eta.ndardleod condition• Cor thl•

(Lok.en and Kor�ont>org, i97&).

l. aponi:..neoue cyto\.oxloi�Y

machine

A ll• (rOta tn• K6b2 erythroleuka-lo cell llne

c,,1,..,, ... o• 

pr Cal 1n •11rvteraon, Nal tonal lna\.tt.ule

(>:t,11t1·, .ur,pJ&"ll2 t,y

,�1 K.dl<1•> ,,..earch, Mill 11111, 111n,lrm) U'"""' \n -01
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uecd ta:cgot celle. The lino was routinely subcultured 

S x 106 target cells in 100-20018-24 houre be(ore an aseay. 

µl of medium were incubated with occasional mixing with 3.7 

MBq of sodium -
51 chromate (Amereham International UK, Code

CJS4) for lh at 37•c. The 51cr-la.belled K562 target cells

wore washod three timos. Viability was determined by trypnn 

blue oxcluoion, and the cells roouopondod in modium at 1x105

viable cells per ml. Triplicate cultures were set up in LP2

tubes containing 100 µl of target cell ouspenoion plus 100 µl 

of each concentration of mononucloar cells to give three 

effoctor:target ce11 ratios - 40:l, 20:l and .10:.l.

Triplicate cultures for minimum and maximum lysie were al.so 

eet up with 100 µl of K562 susponeion pluo 100 µl of medium 

or 100 µl of 10\ Triton X-100 (80H Chemicals) reepectivoly. 

The cultures wore incubated for 4 hours at 37•c in a

humldified atrnosphoro containing S\ co
2

:95\ A11i. The 

content• of oach tubs wore mixed thoroughly then contritugod

tor 10 mine at 500 rpm. 100 µl oC eupernatant woro romovod 

b into a froeh LP2 and radioactivity w;u from each tu e

dot.or mined in a g llJffl\A counter (Wall.AC GTL 300/1000). Tho 

opocific 
s.ler roloase (\ cytotoxicit.y) wa.e porconta_ge 

crom the Cormula (E-S)/(W-S) X 100. whore 8 laca.lcUl.ated 

1 Ute (cpm) in experimont.&J. tube, S le cpacounts per III n 

isotope teleA.De (minimum lyeio), and W l• cps
apontanoou• 

efCectod by trlton lyela. toot.oP• 

Do V.luo• wore plotted Cor each tndlvldual aa \
•e-reapon••

t. eC(ec\.Ot•t.Arget (BrT) coll taLio.
cy1.ot.oxloltY agaJn• 
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2. IPN-augmontod cytotoxicity:

Paxallol 0.000.ya WOIC oot up fox I fN-o.ugmontod 

cytotox1c1ty aftox mononucloax cello wexc txcatcd with 

monoclonal antibody-purified loucocyte IPN (NJC2-rfN), kindly 

cuppliod by Profoeeox K Cantell, Holoinki, and Dr D s Sochor, 

MRC Laboxo.toxy of Molecular Biology, Cambridge. 

mononucloar colle were incubated for l hour at 37·c with 1000 

IU IPN/ml in a humiditiod 5\ co2-air atmosphere. The calla

wore washed throe timos, counted, and viability dctorminod by 

trypan-blue oxcluoion. Coll counto were adjusted and 

mononucloar cellfKS62 culturoo eet up in triplicate ao above. 

1 . Mononucloar cell proliferation aosay: 

l) Pr inciplo:

peripheral blood The proliferative roeponooo of 

mononuclo--.r coll.a (PBMC) to tuberculin antigen and 111lt.09one 

wci::e moaaurod using incorporation oC tho i:Adiola.belled DNA
PPD (Evans), aloo a T-dopondont precursor, 

polyclonal a-coll activator (Sultzer and Nileeon, 1972;

Ringdon, aynno1-oagoo, Runori, smlth, Ho.nno.retrom, Proijd and

Hollor, 1979), wae ueod ae antigen, while a mixture of the

potent. T-eell et.imulante staphylococcal Entorotoxln A (SEA,

rood and Dcug Adminlatrat.ion,
Oivieion oC Hlcrobioloqy, 

Clnclnnatl, OhiO) pluo Tetrahydrophorbyl Acetate (TPA, SlQTI\&)

_1.,.,.8n (Langford, St.ant.on and Johnaon, 1978)
we.a uaod •• - ....., 

Opt.1-l ,11 t;.hyfflldln• upta.ke in raapon•• t.o PPO oceui:e at , 6

l 1971), and ln roaponRe t.o au. at. ,., 
day• (!pat.eln ot • ,  

da:,,a (t.andCord et al, 1978) llowavot, 
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suggests that data must be obtained from a range of cell 

concentrati.ona, 

concentrati.ona, 

culture periods and antigen or mitogen 

i.n order to measure properly the 

proliferative capacity of PBHC (Knight and Farrant, 1978; 

Knight, Harding, Burman, O'Brien and Farrant, 1979; Farrant 

and Knight, 1979). A eimple and convenient way of doing the 

large number of tests required with only a limited number of 

cello is to culture the colle on the moniecue of 20 µ.l. 

hanging droplets in invorted Teraeaki plates (NUNC) (Farrant 

and Knight, 1979; O'Brien, Knight, Quick, Moore and Platt, 

1979). A ho.i:veeter for ouch cultures has been doeignod, 

allowing the rapid tranefer o! waohod, acid-precipitable cell 

!ractione into ecintillation vlala !or meaouromont of 

incorporation of >H-thymldine into DNA (O'Brien et al, 1979). 

In thie etudy, >H-thymidine uptake wa.11 moa.ourod in triplicate 

woll.G with one mitogen, throe antigen and throe coll 

concentrations over throe culture periods. Por every 

subject, 27 reoponeoo wore obtained to antigen and nine 

roeponeee to mltogon on each ooc1LOion of tooting. The 

overall mAXimum rooponoe wao oeloctod tor ana1ye1o. 

2. coll culture: • 

The wolle of 8torilo Teraoa.>tl mlcrotitor platoe wore

in triplicate with 20 � aliquote oC •• 2 and l x 106
filled 

Viable nononucloar colla/nu. medium A ropoating diaponaer

-• ueod to add to oach well oithar ---1 .. -, Ha.,allton ayrlngo ..,_ m,.... -

4 "O &EA plu• 200 ng TPA, or 100, 10

Plate• were 

or l unit l'PO. 

lnvert.ed over a aupport ot paLri dlahe• above • 
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bath of otot1lo onl1no in a plnot1c onndwich box, 41ld 

incubated tot 3, 4 ot 5 dnyo in hum1d1C1od 5\ co2:95\ nlr at

37·c (tig. 3).

3 • Monouromont ot 'H-Lhymidlno incorporation: 

On t.ho day oC htu:voot l µl mothyl trJtiatod t.hymidino 

(0.1 µg/woll, opoci!ic activity S.S OBq/lffl!Ol, AmorehaJD TAA

120, dllutod 1n cold t.hymidlno, ooo Thymidlno dilution, 

Appendix 3d, p.26� wao added to oach woll, incubatod for 2h

and ha:cvooted onto individual !iltor dioco (TiterTek No. 

78-105-05). The dleco wore waehod with eXCODO 5\ 

fiichloroacotic acid and Cinally with methanol (O'Brien et 

al, 1979). Oriod dioce containing JH incorporated into 

acid-procipitatod DNA wore counted in l ml o! Nuclear 

2ntorpr1eeo 260 scintillation fluid uoing a Wa.llac UCB i1quid 

acint1J..l.at1on counter. Raeponaoo wore recorded aa counta/ain 

(cpa) o! tritium par wall. Non-at1mulatod control �•m.pl••

often oxcoodod 200 cp(II and raoult• were expraaaod .. -an•

with 95\ con!Jdonco limit• without correction tor thia 

4. eccoct oC •t.uborculoua• aoru� on antlgan-

iv,;,an-tnducod "'°nonuolear coll prollCet&llon1

To tnveat.lu•t• the eCCocL or ae,11111 C1.on r•tl•nla w&\.h 

t.l.tl>0tt:culi.1•I•, at11llt.lor1al <1ult.uro• of rllHC •u•i•eN.19'1 ln llll'MI

Jt..•tJ IMfllUII wet• ••'· us, In 1'•r•llol,•111•i•l•111•11I .. , el\h•t wit.I\
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10\ heat-inactivated patient's scrum or with 10\ 

heat-inactivated pooled control human serum. Patient's serum

wae obtained by centrifuging clotted blood at 3000 rpm for 10

mine. Control human serum wao pooled Crom 12 hoalthy donors

(four Caucaoians, four Asians and (our Africo.no), contrifugod

and etored in aliquots at -7o•c. A single batch was used in

all the oxporimenta. 

J. Monocyto migration aooay:

Monocyte migration wae moaaured by tho raft modiCication

of the Boydon chamber (Addleon and Babbage, 1976) which ie

bo..aed on the Ability oC monocytea to migrate acroaa a

cellulose membrane, at random or ln reeponoo to a chomotactic

etimulue. 

A Whartman filter paper ooaked in RPHl 1640 without

eerWII (for Random Locomotion, RL) or 2\ caooln solution ln

RPMl 1640 (Cor chamotAX1D, CTX) (Wilklnoon, 1982) wae placed

over the bottom of a petri dloh. Air bubbleo wero stroked

-•Y and a cellulooe membrane (Sartorlue, Gottlngon, PRC) oC

8 - pore al�o wao p}acod on each filter popor. Thie quickly

ooakod up modlwn or caootn. 2 x 106 PDHC/ml in RPHI 1640

without aerwn were diaponood lnto the 8mm plaatic cape

(capacity o.2S naJ.) of LP3 tuba• (Luckhrut1 Ltd, suaaox) to C1ll

t.ha cape without montecua. 'J'ha cape wore caroCully inverted

over the wet cellulo•• �o,obrano and the petrl diah covered

ana incubated at 31•c Cor l hour In humldlCled 5\ coi 1
�s,

•&r. The cap• war• diacarded and U,a membrane• waahed w1t..h
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Cixed with propan-2-ol (BDH Chemicale, Poole), 

atained with Hattie Hae111&toxylin (Raymond A Lamb, London) and 

and mounted in cedar wood oil (BDH Chemicale) (eee 

110nocyte migration Aooay, Appendix le, p.264 ). Each membrane 

vu examined under x40 objective, the leading monocyLe 

identified by morphol09)', and ite diotanco (µ) Crom baee-line 

aeuured ueing tho Cocueeing micromotor (the loading front 

aethod). Rcadinge were taJcon Crom Cive Cioldo on oach 

aelllbrane and rcoulte exprcoood ae the moan. Particular care 

wu taJcon to identify the front-runner cell (ae a monocyto) 

eince neutrophile migrate Caoter than monocytee (HoCCman, 

Spitler, Hou and Fudonborg, 1975, 1976). However, relatively 

few neutrophilo (leee than 21) contaminate PBMC preparationo.

a::.. Intorforon production: 

l. JnterCeron-a induction and a.aaay:

lnducor: Nowcutle Dieeaee Virue (Wheelock, 19661 

RubinoLein, Rubineteln, Famllletti, Hiller, Wald...,, and

Peatlta, 1979). 

N-ca.atle oJoo••• Vlruo (NOV) Dl otraln, wae hatveeted

Croa t.ho allantoic eace oC 10-ll day old hene• egge aCter

incubation Cot 48 houto, diluted with phoephato-buCCered

eallne (PU), and titored ao hao111agglutlnation unite (HAO)

aetnv waehed day-old chick rod blood calla (Plow Labe).

80,000 PaMC in 10 �l !MdlWI wore incubated ln Teraeakt well
a

With 0•64 IIAU or NUii 1n 10 -1 or eallne, at 37•c for 24 houre
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a humidified 5\ co2:a1r atmosphere (fig. 3). The

from five wells wore pooled, diluted 10-fold with 

c--nplete PBS plue O.S\ bovine ssrWD albumin plue 0.051 ood1WD 

&Zide, and assayed in duplicate by a sandwich 

1-.anoradiomotric technique employing a polyclonal sheep 

anti-human IPN-a bound to A solid phase (plastic bead), and 

an iodinatod monoclonal antibody 125 I-NJC2 (Csllloch Ltd, 

Slough) (Sochor, 1981) (eee rntortoron-a assay, Appendix 3!, 

p.264 ). The counts per minute (cpm) bound to tho solid phase

for unlcnowna wore compared with a curve derived tor varying

concentrations ot the HRC Standard 69/198. Tho lower limit

of aenaitivity was 50 u/nu.

2. rntortoron-,, induction and aaeay:

(nducere: SEA + TPA, PPD. 

su. is an excellent inducer or IPN-7 (Johneon, Stanton 

and Baron, 1977; Langford, Stanton and Johnaon, 19781 

Wil.kineon and Morrie, 1983). Certain tu1110ur promoter• euch 

.. the phorbol eator TPA, which the11aelveo induce ama.11

amount• ot lPN-,,, act eynorgiotically with SEA and other 

T-cell •Itogon• t.o incroaea J P N -7 yJolda up to 30-!old 

(Vilcek, sulea, vovovitz and Yip, 19801 Yip, Pang, Urban and

V1lcek, 1981.el Yip, P&n9, Oppanhoi•, N11dibar, ttenr:ikaen,

1erebeckyl•Eclctlardt and V1lcek, 198lb1 Wilkineon and Norrie,

191J). aJeo been ehown that leueoeyloa fro• 1-une

dol., •• produce ,,.,_,, when treal.cl

' lpetein et •1, 1971).

w&th PPD (Oreen et. 
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Bioaaeay of IPN-� 1• baaed on the knowledge that aome

viruses produce damage to cell• which can be seen Jn 

unatained cultures at low magnJfJcatJon. Thie cytopathic 

effect of vJrua Ja inhJbJtod if the cultures are pretreated 

with eufficJont IFN (Ho and Endora, 1959). 

In a pilot study, varying concontratione of SE:A plua TPA 

were teated with varying mononuclear coll concentrationo Jn 

TeraeakJ platoa. 80,000 PBHC Jn 20 µl modlum incubated with 

4 ng SEA plua 200ng TPA Cor throe daya at J7•c in humidlCJod 

SI co
2

:95\ air gave optimal yiolde oC IPN-7 of 104u/ml among

healthy volunteora. To teat Cor •1mmune-epeclCic• IPN-7, 

PBMC at 80,000 celle in 20 µl medium wore incubated with 100, 

10 and lo PPO Cor five dayo, under elmilar condJtJone. Only

culture• stimulated with 100 0 PPO wore aoeayod. fPN-7 waa 

•oaaured Jn pool.a of five TeraaakJ wolla (total volume 100

µl) by obeerving the dilution of each un>cnown which, after

overnight incubation, cauoed SOI inhibition of cytopathic

effect (cpe) of Selllliki Poroot Virue (120 TCIDSO) (kindly

aupplied by Profoaoor O.C. Burke, Warwick Onivoraity), Jn 

con!luent hwn&n epithelial (tfop-2) cell• (Flow Laba) (aee

Interferon--, -••Y• Appondiz Jg, p.265 ). A laboratory IPN

et&ndard derived by the incubation oC buCCy coat coll• Ct0ta

one volunteer with phytoh•o-gglutlnln ptovloualy gave a ••an

titre of J.03 * o.31 10010 u/al ln l2 ••••Y• on •w1sH• huaan

aanton colle, and l.95 * 0.19 10010 u/ial ln huaan Cotaekin

flbroblaeta. ror the purpoae of atandardieatJon or ••••)"8,

thia waa deaJgnated 1000 u/al and Included on ••eh plate tor

.... ______ ,_ unknOWl'I•· Cytopathlc affect developed over 
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48-72 h after addition of virue and wae read macroecopically 

and aicroscopically atter etaining with 0.11 crystal violet 

in 20\ ethyl alcohol. All eaaplce wore aeeayed in duplicate, 

patients with controls, and in nine aeeaye the lower limit• 

of detection varied Crom 37 to 111 u/ml oC the laboratory 

standard. 

L. Chemotherapy regimen and follow-up:

After initial baeo-line invoetigatione, patiente were

treated with a etandard regimen which coneiotod of 

RlfA1Dpicin, reoniazid and Ethambutol Cor two monthe, 

continuing with RlCamplcin and (eoniazid for a Curther eeven

110nthe (pulmonary) (Brltieh Thoracic and Tuberculooia 

Aaeociatlon Report, 1976) or 16 montho (extra-pulmonary). 

Mouuroaonte wore repeated in thoao who were available at eix

and U aonthe after initiation oC treatment (Table 1).

N. Statietical analyeia:

All data wore teatod Cor normality oC diotribution ueino

the Shaplro-l'rancia toot 

tranacoraed to achieve • 

(1972), 

Oauaaian 

and lC neceeaary, 

diotribution. (Seo

Deta11.e oC st.atiatical Method•, Appendix 4a and 4b, P.26?)

Por untraneCoraed data, the variability oC the obeervationo

vu expreeeed u otandard deviation (SO), in proCorenca to

U\e •-llor atandard error (SB) which, lee• ueefully,

dat.A ver• a.:: e• teed .. -an and 9S\ con-

161111ee tnt.orvala <••• Dot.all• or St.atlet.lcal -l.hode,
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xnv••�19•t..1on1 c•rrSed out �•fora, d\U'ifl9 and •fter

nine aonth• or ch&IIOt.h•r•pr 1n paUent• vJ.t.b 

tuberoulo•1• •nd utcbod control• 

l. CU.ntcal a11u..,.nt.1

a1atotY and u.aALn•t.Jon

-

2. ))Utrit.l.On•l and .. t,a):,01-iC ••  ,uaac:At:I

Mt.tuo5,vrs•.ry CM/91, 1t1nfold, &.n1

•acl• c:1.rcuatuu.eeJ

aa...,tol0'11 tMb, we, d.Lt :t,ce.nU•l•>

a.1oc:naA11U'J' tsod.it.a1, \I.ff•• prot-eui.-, 

al.b-1.D, ca.1e1ua, up. csan•,

all p,bO 1, 1.J'OO, �IIC)

). taaQD0109 le.al u • • ,....,,t. 1

- aa

701.U glc,b4ll.1A-O aad iPP'i-l<>b•l1,..

M&nt.01D r1aoU-OD at 1,11,�•·'' • 12 b

c,,-••'-'"" of 1,...,i,ocru • ...,. • ._ 

- ,-.c,D\IOl•a.t' cell 9roUt•rac.1ca t.0 

a,u,09.,.. aa4 .,.._., ...

• "° ,r•'ICl.l.••" c-eU ,.�c:u• of tnl••

...., I,,._, 

• ••t.&r•l ull•r on,) ea.1.1 ao\.1Y1t'J'•

.. .  ,ont..aa• ... 
• f111 .. •IIP7•• •••

• 1111111'7._. Ja.fld,,. lC.C pLl.CIR an4 

• .. ,a.&J• 

On A< 

oCW.laalo.n , ,aontha 
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9 1 

Appendix 4c, p.269). The results Crom matched groupe of 

patiente and controle were compared by paired t-tcoto, 

whoroao unequal groupe wore compared by pooled t-teote. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



95 

CHAPTER 3 - RESULTS 

A. Study Population (Table 2)

Ago was found to follow a log-normal distribution. The 

ages of 30 pationts ranged from 19 to 61 years (moan 34.4, 

95\ confidonce limito 30.l - 39.4), comparod with 20 to 62 

yoara (mean 33.0, 95\ confidonco limits 29.5 - 37.l) lll!IOng 30 

-tched controls. Sixtoon patients (531) wore aged 35 yoara

or loss and 20 (671) woro malea. Twenty-one (701) woro of

Indian Subcontinent ([SC) origin. Only eight patients (271)

ware caucaoiAnS and ono (31) wao African. Twenty-four 

pationte (801), including all 21 oC ISC origin, wore born 

outeido tho ua:;, with a median duration of rooidonce of 60

IDOnthe (range o - 264). In coraparleon, 22 controlo (731) 

born out.aide tho UI: had a median duration of residence of 96

1110ntha (range 24 - 216), P-0.69. Slx !migrant patient.a 

(201) wore diagnoaod and referred direct fro• the Medical

Unit at Heathrow Airport (zero duration of roeidonce in the

UI:): four of th- ( 131) had no e)'IQ(Jt.o-. Twelve patient.a

born abroad c411) had tuborculoeie detoctod within 60 IIIOnt.he
of their 1 ... igration to the Ult (although lt le poeeible that

•011e had undetected active dleeaae on arrival). Fifteen

P•tlente (SOI) and 14
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S\11111.&ry of ••tch.1.n9 c.tiarac:ta.rULio

of p•tt11\U ucS cont..�ol•

Ago (yrol I ra.nv• 

-an (f5\ u,uul

,_ aal• 
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B. Clinical features and laboratory data

Twenty-two patients (73\) had lung disease only, whilo

two (7\) had each of meningeal, miliary, glandular (one

cervical, one axillary) and bone (one spinal, one tlbial)

tuberculosis (Table 3). Ono patient with meningitis and

another with glandular dlooaso also had lung loolono. Seven

of tho eight patiento (88\) with oxtrapulmonary dlooaoo wore

of tSC origin. All (out asymptomatic patients had pulmonary

disease: one had oxtenoivo diooaoe (involving an aroa

greatot than the right uppor lobe, RUL), whilo two had

cavitation. The commoneot oymptoma among 20 oymptomat.ic

patiento with pul.monaty or miliary tuberculooio woro weight

looo (14 pationto), (evotiohnoao (14), cough with oputum

(ll), night oweato (12), dyopnoea (7), malaise (5), pleuritic

pain (5) and haomopt.yoio (3), ranging in duration Crom one to

24 wooko. Both pat.lento with tuborculouo moningltio had

oyotcmic sympt.oma (weight looo, n 1.ght. owoata, fovor iohnooo) ,

but in addition had noc� otlCCnooo, headache and confusion of

looo than 14 dayo' duration: ono aloo had Cito and at.axia.

The two patlont.o with glandular dlooaoo complained oC gland

awalllnQ, but onlY ono had locai pain and oyat.omic o)'IIIPto-.

with bOnO dieoaee had bone pain, local awolllng

upeot., t1aoa,optyeie and dyapnoea (except in
Both pat.lento

and aya�omic 

patient• vlth pleural oCCuolono) wote aoooolat.ed wlth ll'OtO 

�i •••• oc 22 patient• wlt.h pulJlionaty dl•••••· nlno

. ., .... ,. .. . . 

<•l\), &nclu�lnQ th• two patient• with alllaty tuboroulo•l•, 

had e,t-m•&v• \notona. flevon (J2\) h,11 oavltat.lan and fou1

( IAI') tl&lt ,,1, 1n1ral ert11elo11•,
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l. Anthropometric indices

a} Woight-for-height-eguared, W/H2

On admieeion, tuberculosis patiento had a eigniticantly

lower man ncroased towards normal 
0 W/H2 which gradually 1 

(control) valuoo during troatmont

2 
Values tor W/H followed a normal distribution, ranging

Crom 13.7 to 27.2 (mean 19.3, lSD 3.7) among 30 potlonte, and 

from 17.7 t o  27. 2 (moan 22 .2 lSD 2.6) runong 30 control.e, 

P•0.001 (Pig. 4). Aftor oix months of chomothorapy, 21

patients had a mean W/H2 of 2 1.0 (3.5) compared with 22.2

(2.7) Cor 21 controls, P-0.30 At 12 months tho moan W/H2 for

15 patients (21.l, l.SD 4.1) was aloo comparable to that tor

15 controlo (22.l, l.SD 2 .6), P•0.89. The maximum rate ot

recovery ot body weight occurred in the firot aix months oC

troatmont (Pig. 5). 

b) Skintold thicJcnBSO (SPT)

The moan SPT of tubarculooio patients was oigniticantiy

l�er than that ot controls, but normal valuoa woro roatorod

during treatment. 

Values cor sPT requlrod aquaro-root LranaCorm.ationa

1nttially, but wor• nor.-1 at elx months and log-norroal al u

�nl.he (rig. 6)- rnittal moan SPT uiong 26 patlonte (7.11

-, ?S\ llmlt.e s.e3 10 l) woe atgnlClcM\lly loo• than that

ror ll CQntroLa c12.01 am, 95\ l lmlt• 10 Ol 14 4), P•0,02.
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I II ; I 

Howovor, n(t.or olx monLho o( chornoLhotapy, mo11n Sl'Te woro 

compnrnblo bot.woon 22 paLionLo (12.9 mm, lSD S.2) and 21 

control oub:)ocLo (12.8 mm, lSO 3,8), P•l.O P.rpoat. 

moaoutomont.o at 12 monLho yloldod olmllnr roaulLo (Pig. /). 

c) Atm muaclo circumCoronco (AMC)

Pat.loot.a wlt.h t;ut,orculoo1a hod a lowol: lntt.ial IIIO&n AMC

U\an lho t r mat.chod controla. llowovot, ln conlraet t.o ot.hez: 

ant.htopomot.ric indtcoo, AMC valuoa torMtnod e1gn1Cic411ltly 

10\ler &1110ng pattonto during tcoatmont (Ylge. 8 and 9) 

AMC valuoo ware notmolly dtattlbutad. Among 26 pat.Jent.a

1n1tl&l valuoe rangod Crom 17 t.o 27 c:a <-an 21, LSD 3),

eonparod with 19 to 30 cm (mean 24, lSD 3) G.mDng 27 control.a.

P-0.001 crtg. 8). 
,-.t. a tx naont.ho, the moan Ne AIIO"IQ 22 

pat.ltmt.e (ll c:a, lSD 3) had not tnctaaaed (l')O. 5), and w ..

et.ill elqniClc.ntly tower than Cot 2S matched control.a (24

ea, 11110 3) ,-o. 004. "9• ln at. 12 1110ntho the -an NC ot' 14

pat.tent..- (Zl ea, JJJD 3) wee loo• than Cor 23 cont.role teat.ad

(24 , 1.8D J), p•0.023 (rtg. 9) •

C,/01), 

wlt.h 
P• I erit.• w•' • 

t,-,_,.,.;l'.'.J9l'-t,ln flfll) v•Ju•• lh•n c 11l;tol11, l11.1l. not-\ v l1t•• .,.,.

,_ n'"' ,tir lll(I t••••-nL (rlc, lO) 
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Values for Hb were found to be normally d1etr1buted, And 

Cr011 7.9 t o 17.3 g/dl (mean 12.9, lSD 2.1) among 28 

patients, and Crom 13.0 to 17.l g/dl (moan 14.8, lSD 1.2) 

aniong 28 matched controls, P<0.0001. Eight pationte (291) 

but no control• had Hb valuoe leoo than 12 g/dl (P-0.003, 

Pleher'e exact teat). Ono patient and one control oubjoct, 

both heavy emokero, had values above 17 g/dl. After eix 

IIOntho of treatment, tuborculolo pationte were still 
A 

relatively anaemic: the moan Hb for 15 patlonto (13.9, lSD

l.S g/dl) wao elgniCicantly lower than Cor 19 controlo (14.6,

lSO 1.4 g/dl), P-0.04. However, by 12 monlhe, moan Hb valuoe 

for ll patient• (14.3, lSD l.8 g/dl) and 14 control oubjocto 

(14.S, l.SD l.S g/dl) wore not different, P-0.84. 

3. White blood cello (WBC)

In cocnparieon with 111&tched controle, tuberculoo1e 

patiente had higher total wee, neutrophil, monocyto and

eootnophil count•, and lower lymphocyte counto, all oC which
returned to nor-1 during treatment (Pig. 10). 

Th••• wore aleo found to be norn1&lly dJeLrtbuted. 

Twenty-eight patient• had WBC

x 103
1.1 , •• an e.l. 18D 2.2) 

value• rangtr19 fr� 4.7 to ll.S 

compared wJt.h 4.2 to 9.7 
X 

103/•l c-an 6.1, 1•0 l,4) ror 21 111Atched conlrole, •-0.0002.

Pour patient• (14\) t,ut no control eubject had WIIC counte

11 x over the treaUHnt partod Lhare waa a
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dtop ln total WBC counts o( moat patients eo that at six

months the mean total WBC count among 15 patients (6.8, lSD

l.7 103/µl) was not difforont (rom that of 19 controls (6.2,

lSD 1.5 x 10
3/µl), P•0.5. Similarly, at 12 months the moan 

count for 11 patients (7.4, 1.50 2.2 x 103/µl) wae

to that of 14 control eubjocto (6. 3, lSD 1.8 

P•0.31. 

comparable 

X 103 /µl), 

b) Noutrophile (normal ro.ngo: 2200-7000/µl):

Thooo were initially log-normally diotributed, but 

Valuoo (or 28 pationta 
oubooquently normally diotributod.

ra.ngod from 3,249 to 10,375/µl (moan S,568, 95\ limits

4,931-6,288) compared with 1,554 to 5, 402/µl (moan 3,320, 95\

llmito 2,853-3,864) for 28 matched control.a, P(0.0001. Six

patlonto (21\) but no controlo had noutrophil counto above

oxact toot) admiooion to the 
7000/µl (P•0 .01, Fiaher'o on 

otudy. Moan noutrophll counto wore not diCCoront at oix

months botwoen lS pat.ionta (3886, 1SD 1287/µl.) and 19

l.SD 1338/µl), 41\d at 12 mont.ho botwoon .tl

controls (364l, 

patients (4423 lBD 1754/µl) and 14 controlo (3700, lSD

1415/µl). ,1ouro 10 ohOWD that tho tall in tho noutrophil

counto ot tuborculoalo pat.lento during chemot.horapy occurred

in parallel wlth the Call in tholr total WBC counto.
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c) Lymphocytoo (normal rnngo: 1300-3000/µl):

Lymphocyte counto Collowod a normal diotributlon on all

throe occaoiono of tooting. Twonty-Civo pationto had initial

valuoo ranging Crom 332 to 2988/µl (moo.n 1535, lSD 756), 

comparod to 1261 to 3570/µl (moan 2187, lSD 606) tor 27

matchod control oubjocto, P-0.02 (Fig. ll). Nino pationte

(32\), ae againot two conttole (71), had lymphocyto count.a

below 1300/µl (P-0.013, Piohor'e oxoct t.oet). Meo.n 

lymphocyto counts wore not diCCoront at oix montha botwoon 15

p&tionte (2076, lSD 638/µl) and 19 controle (2048, lSD

695/µl) p-0.69, and ot 12 rnontho botwoon 11 pationto (2209,

lSD 862/µl) and 14 controlo (1973, 150 731/µl), P•0.47. The

initially low l)"lllphocyto counto oC tuborculoelo patlonta roe•

OC eeven 
within a cow day• oC eurting chemotherapy. 

p&tlente with lnitial lymphocytoponia, conaletently normal

count.a were rut.otod within eoven daye ot treatment ln tlve,

and withln 14 day• in the ot.hor two (Pig. 12).

d) Honoc:yt.•• (nor.al range: 100 800/111): 

�.onoc:yt.• count.a required equara•root tranator-tlon tor

nor-1 dlatrlbutlon, except at aix .onth• when they -r•

nor-lly dlet.r lbuted• fnll.l•l valu•• tor .11 ('&tlenta 1:onoed 

trca ,7 t.o l•f>l/lll c-•n 40f>, 91\ li•tt.o, 216·1)•'>, c:ca�red

t.o o to 1,,,,.1 ,-•n lll, 91\ ll•lt• 11•->Jl> ror JI

(;t.lt" ola, F•O,Olt.. rour patlonL• (14\) •nd only one cont.I l

1•,> t.-d IIIOf.oc,,t,• coun • aoove 100/1111 CP•O,ll, rl•h•1'• o,a t 

'-it.a•, .,, -,noc;yt,• COUf\ 11 -·• not illffetenl •t ••" .:,,nt 

t ,,.,..� IC. •t.l•' ,, I O , 1•1> JlO/,ol) •� 1• (!!t\\t<tl• C� !I

11,1,.IJ, P•ff JI a, •t If w;'fltl I •-• II t 1,-,-• 
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(348, 9S\ limits 171-588/µl) and 14 controls (250, 9S\ limits 

170-345/µl).

e) Eoeinophile and baeophils

Values for coeinophil and basophil counts were 

log-normally dletributod. (nitial ooeinophil counts among 28 

patienta ranged from O to 2350/µl (mean 211, 95\ limits 

128-346/µl) compared with Oto 472/µl (moan 105, 951 limits

74-148/µl) among 28 control oubjocte, P-0.017. Throe 

patients and ono control had counta exceeding 400/�l. There

wore no dittoronceo in moan oooinophil counts at six months

botwoon 1S potionte (330, 9S\ limits 147-58S/µl) and 19 

controlo (1S0, 951 limib 87-229/µl), and at 12 months 

between 11 pationte (412, lSD 134/µl) nnd 14 controls (200, 

lSD 13S/µl). Baoophil counto wore comparable in both groups

throughout  the study. 

4. Sorum protoino

Patients hod eigniCicantly lower lcvole ot albumin and

hlghor levolo ot total globulino, lgG and lgA, than control.a,
but levels oC tot-al protoinD and IQH wore oomparo.blo . Except

tor oorum albumin, all values roturnod to nornaal during

ttoatniont ( f' lg. 1..3) • 

Values tor tot.&l protein, albumin &nd globulin wore

nor111ally dlotributod-UN
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11!1i 

Total proteins (nor-l range - 60-80 g/1): 

No ditterencee wore seen in -an total protein• on 

leaion between 28 patients (72, lSD 8 g/1) and 28 controls 

lSO 3 9/l), P•0.14, at six 1110nths between 15 patient.a 

lSO 4 g/1) and 19 controls (74, lSD 4 g/1), and at 12 

between 12 patients (73, lSD 2 g/1) and 18 controla 

t.eated (74, lSD 4 g/1). (Fig. 13). 

b) Albwnln (normal tange • 30-50 g/1):

Initial values Cot aerum albuain tangod Ctom 18 t.o 47 

V/1 (moan 37, LSD 7 g/1) &1110ng 28 pationta, compatod with 41 

to Sl g/l (moan 46, lSD 2 g/1) A1D0ng 28 -tched conLrol.e, 

P(0.0001 (Fig. 14). Fout patient• (141) but no conttol 

aubject had albumin valuee lo•• than 30 g/l (P•0.06). ACtet 

•ix 1110ntha oC Ltoatmont, the mean albumin level AIIIOng 15

p&tionta (43, lSD 2 g/1) waa still aignlCicantly lowet than

Aaong 19 control• (45, lSD 3 g/1), P•0.01.3. Surprlalngly at

U 110ntha the moan aatwa albumin among 12 patlonta (43, 1.90 3

0/1) ro-ined atgniCicantly lower than aaong 18 -lched

controla (45, lSD 2 g/1), P•0.025 (Flg. 13).

c) Clobulln (not1Ul rang• • 20-35 g/1):

Initial aoru• globulin lovolo among 28 pationta r4n9od

Ctoa 26 to 49 g/1 (-an 35, lSO 6), eoap.rod wlth 2l  to 34

9/l <-an 29, lSD 3) a1110ng 28 conLrola, P(0.0001 (Fig. 15).

A total oC ll pat.lent.a (391) but no control• had valuea

treater than 35 g/1 (P•0.001, Flaher'• oxact Leet). Moan

lovole war• not dlCCerent at alx 1110nLha between lS
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patients (30, lSD 4 g/1) and 19 controls (28, lSD 3 g/1)

P-0.26, and at 12 months between 12 patients (30, lSD S g/1)

and 18  control subjects (29, 150 3 g/1), P-0.64 (Fig. 13).

d) rmmunoglobulins

(i) IgC (normal rango - 4.8-10.7 g/1):

Levels of lgC were found to follow a normal distribution

and ranged from 6.7 to 27.8 g/1 (moan 14.5, lSD 4.7) M10ng 28

pationte, and from 7.1 to 14.3 g/1 (moan 10.9, lSD 1.9) among

28 controls, e-0.0005. Twenty-two pat.lento (76\) and 15

control subjocte (54\) had lovclo cxcooding 10.7 g/1 (P)O.l,

chi-oquored toot with ratoo' correction). ACter eix monthe

oC anti-tuborculooio treatment, moan lgC lovolo wore otill

eignlCLcantly hlghor runong 16 patient.a (13.7, lSD 2.1 g/l)

than among 19 controlo (11.4, lSD 1.9 g/1), P-0.04. However, 

at u montho moan 190 levele were compai:Able in both groupe

(13.4, lSO 3.0 g/1 among 11 patiento, 411d U.2, lSD 2.3 g/l

among 18 con�rolo), P-0.56 (Fig. 16).

(11) 1gA (normal r=ge - o.s-3.7 g/1):

in pat.iontn wore log-normal ln 

c.ovelo oC tgA

tnit.ially, but oubooquont.ly were normally
diet-rlbut.lon 

dln�tlbutod. Affl()ng 28 pot.ien�e initial valuoe -ro.ngod Crom

1.0 to 6.2 g/1 (mean 2.6, 9S\ llmlto 2.2-3.l g/1), compared

wlt.h o.6 to 4.S g/1 (mean 2.0, 9S\ llmlt.o l.6-2.S g/1) AJ:110"9

29 controlo, p-0.04 ,out pa�lonto (14\) 611d one control
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Fig 16, Changes i.n mean •erum i.Jmuun09lobulins of tuberculosis patients 

during chemotherapy. 2 so or 95\ confidence limits indicated. 

(n, controls:pationta • 28:28, 19:16 and 18:11 at 0, 6 and 12 

cionths respectively) 
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(4\) had IgA levels above 3.7 g/1 (P•0.16, Fisher's exact

test). No diCferences were seen in mean IgA levels at six

months between 1 6  patients (2.0, lSD 0.7 g/1) and 19 controls

(2.1, lSD 1.1 g/1), P•0.78, o.nd at l2 months between 11

patients (2.0, lSD 0.9 g/1) and 18 controls (2.1, lSD 0.8

g/1), P•0.5 {Pig. 16).

( i 11) tgM (normAl range • 0.4-2.5 g/1):

Lovola oC [gM were log-normally distributed at oix

months but normally diotributed on othor occasions. initial

valuoo among 28 patients ranged Crom 0.4 to 3.6 g/1 (mean

1.5, lSD 0.8) comparod with 0.3 to 2.8 g/1 (moan 1.4, lSD

0.6) among 28 controlo, P-0.55. Throe pationto (10\) and two 

controlo (71) had valuoo in oxcooo oC 2.5 g/1. Similarly, no

diCCoroncoo in moa.n IgH lovole wore aeon between 16 pationte

(1.3, 95\ limit.a 0.9-1.9 g/1) o.nd 19 control.a (1.4, 95\

limlt:.e, l.l-1.8 g/1) at oix months, and between 11 pationts 

(1.7, lSD 1.o g/1) a.nd 18 controls (l.5, l.SD 0.6 g/1) at u

months (Fig. 16).

5. sodium cnorrnlll ranoo -
136-147 nmol/1):

Initial 1ovolo oC oorum oodlum wore oigniClcantly lower

ln patients than control.a, but returned to normal during

treatment (Pig.17).

oodilllll levelo did not Coll.ow a

•
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patients, initial sodium levels ranged from 122-142 1!'111101/l

compared t o  136-144 mmol/1 among 26 controls, P<0.01

(Wllcoxon's ran>c sum test). Seven patients (27\) but no

control subject hnd levels below 135 mmol/1 (P•O.Ol, Fisher's

exact teat). Fifteen patients and 19 controls at six months,

and 1 2  patients and 17 controls at 12 months had comparablo

serum sodium concentrations (Fig.17).

6. Iro n (normal rango • U-27 pmol/1):

Tuborculosis pationts had significantly lower initial

serum iron lovole than t.hoir matched controls, but normal

valuos wore restorod during t.roo.tment (Fig. 17).

The initial scrum iron lcvolo in patients roquirod

square-root trAno(ormAtion. Valuoe �or 26 pat ients ranged

from 3 to 18 µmol/l (mean 7, 95\ llmite, 6-9 µmol/l) compa.red

with 4 to 28 µmol/l (mean 17, 95\ lim!te 15-20 ,unol/l) tor 26

controls, p(0.0001- TWont.y-four pationto (92\) but only

throo controls (121) ho.d Jron lovolo loo• than 12 µmol/1

(P<O.OOOl, chi-oquarod toot wtth ¥atoo' correction). Thero 

woro no difforonceo in moan sorurn iron at six monthe botwoon

15 patlents (l8, .l.90 8 ,unol/l) and 19 controls (18, ).SO 6

J.IJnOl/l) , and at u ,nont.ho bot.we en 12 pat..l onto ( 18, 1.50 a

wnol/1) and 17 cont.role (17, lSD 5 ,IUl!Ol/l).
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7. 

TlBC 

Total iron binding capacity (TJBC, normal range -

40-75 µ.rnol/1):

Tuborculoeie pationto aloo had lower initial levels o! 

than controls, which incroaood to normal during

troatmont (Pig. 17) 

TtBC values woto normally distributed. Among 26

patients TIBC ranged from 15 to 84 ,unol/1 (moAn 54, lSD 16)

compared to 50 to 90 µ.mol/1 (moAn 71, lSD 10) among 26 

control aubjocte, P(0.0001. six pat ionte (23\) And no 

control had values lose than 40 µ.mol/1 (P-0.01, Fiaher•e

After eix mont.he of therapy mean
exact probability toet).

TlBC valuco woro comparable botwoon l5 pationte (63, lSD 8

.IDIIOl/l.) and l.9 controle (66, lSD, 8 µ.mol/1), P-0.17. Aleo et

12 montho no diCCoronco wa.o ooon botwoon U pationte (62, lSO

8 µ.mol/1) And 17 control.a (68, l SD 12 µmol/1), P•0.39. 

8. Al)tAlino phoephataoo (normo.l. ro.ngo - 80-280 iu/1)

Pationta had a highor mean lovol oC al>taltno phoaph.at.aa• 

but norm,al lovol• were roatorad during
control.a 

c:hoaoth•r•UY· 

Initial 1ovel• woro log-normally dlatrlbutad, and ranged

Crea 18 t.o 999 1u/l (fflean 246, 96\ ll•lto 201-301) ...-ng 21

patl�nt• co�pared vlth 18 Lo 231 tu/l (-Ill\ 160, 9�1 llalta

u,.170) .-,rv, 26 control•, r<0,001, Ten ('Allenl• (3�\) Nat

110 coriLrol• had 1av•l• ,ibOY• 210 lu/1 cr•0,001, rtahe,•e

"'•£t. 1,,nbahl 1 ILY teal). tl(J d lt'.farenc•• woto oeen ln �

•ll:al lfl• J;flCl•P'••' ••• v• 1110•

llfJI, t p ,,,, 1u/l) anti

,ii • , • 11"'.lnl he hal .,,.c,n 11 rat l.nt e

11 on\, ola (If.I,, l ll s• i..,;' 1)
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1 2 .i 

P•0.16, and at 12 months betwoen 12 patients (196,

1u/l) and 17 controls (14S, lSD 30 iu/1) P-0.10.

lSD 83 

9. A8partate transaminase (AST, norm.al range - 10-35 lu/1):

AST valuoo of patiente wore Cound to be log-norm.ally

diotributod, except at 12 months. No difforoncee were

oboorvod between t.he moan AST values of patients and controls

on admission (22, 95\ limite 17-30 and 20, 95\ limits 18-22

iu/1, rospoctivoly, P•0.57), at six months (22, 95\ limits

19-27 and 21, 95\ limite 17-25 iu/l reepectivoly, P+0.3S),

and at U monthe (21, lSD 4 and 23 lSD 8 iu/l respectively,

P•0.28). 

10. erythrocyte oodtmentation rate (&SR, Westorgron,

norm.al ro.ngo • 0-7 mm/hr):

Tho moan ESR of tuberculoale patient.a was much higher

than control valueo, rose further in the flrat Cow weekll oC

troatmont, but Coll to normal 1evole by eix montha (Pigs. 18 

and 19). 

ESR valuoe wore 1og-normallY dletributod and ranged from

7 to 140 nn/hr (moan 37, 951 llmito 26-Sl 111111/hr) among 28

patienta compared with l to 10 nn/hr (moan 3, 9S1 limit.JI 2-•

IISQ/hr) among 27 lll,lltehed controls, P(0.001. 1'olenty-slx

patient.a (?3I) but onlY t.,hroo hoalt.hY control.a (111) had &SR

valuoo o,bovo 7 rnm/hC (P(0.001, chi-oquarod toot wl� Yatoo'

correction). Chomouier•PY wao -ooclatod, in elght out of
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nine patients studied in detail, with an initial sharp rise 

in ESR to a peak at one to two week.a, followed by a gradual 

and continuous fall (Pig. 18). A secondary rise occurred in 

three patients, two of whom developed complications. One 

patient dovoloped sudden unexplained respiratory distress at 

two week&, another had pulmonaxy embolism at four week.a, but 

no reason wai, apparent in a third patient who had a 

tuberculoue pleural e((ueion. No differences were seen in 

meAn eSR at six 1110nths between 14 pntiento (5, 95\ limits 

2-ll nwn/hr) And 20 control.a (4, 95\ limite, 2•6 1m1/hr) 

P-0.23, and at l2 rnontho between nine patients (4, 95\ limits

l-10 nvn/hr) and 15 control.a (3, 95\ limits 2-5 mzn/hr), P•0.55

Pig. 19). 

C. Lymphocyte eubpopuUttiona

Patients w ith tuberculoois had significAntly lower mean 

t l (TH) And B-lymphocyto per lpheral blood ot&l T, T-he per 

counto than their matched control.a- T-euppreooor (T
5 ) counts

wore comparable (Pig. 20).

l\tnong 13 pationt11 o.nd 12 matched controlo, tot&J. T, TH,

TS
lymphocyte phenotypoo were deClned with and D 

tluoresce1n-conjugatod monoclonal antibodies. T
II 

and TS

counts, a.nd TH/T8 
ratios were derived from tho abaolute 

lymphocyte counts- 1',ll var iableo oxominod required baao-t.en

l.o9 A-r 1 thm 1 C t..ro.neCormat.iona (or Oauaolan d111t.rtbu1.1on, and

co111par ioono wore ,nA.do between t..ho group• by pooled t. t..oata.

LY1110hoc:yt.o counte (bY .-,rphology) among t..heeo l3 P4'tlente
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ranged from 405 to 4120/µl (mean 1407, 95\ conLidence l imits

925-2139), compared with 1776 t.o 3570/µl (mean 2282, 95\

l1m1te 1975-2639) among 12 controle, P-0.03 Pig. 20).

Lymphocyt.oponia (<1300/µl) was soon in six patients

(46\) and none of 12 control subjects (P•0.01, P ieher'e exact

test). Total T -lymphocyt.c counts ranged from 356 t o  3832/µJ.

(mean 1171, 951 limite 768-1785) Cor pationte and 1365 �o

3106/µl (mean 1885, 95\ limite 1606-2212) for controls,

P•0.04. Aleo, TS counts ranged Crom 49 to 1318/µl (mean 411,

95\ limits 231-732) for patiente, and 267 to 1607/µl (moan

95\ limite 443-822) Cor controls, P•0.22. TH counts
603, 

ro.ngod from 138 to 2544/µl (moan 685, 951 l im its 402-1167)

for pationto, and rrom 825 to 2103/µl (moan 1279, 951 llmito

1067-1532) tor matched controls, P-0.03. Surprisingly, tho

ro.ngo of a lymphocyte countii (20 to 301/µl, moan 93, 951 

limito 58-l50) oro,ong 12 potionts woo olgnlficantly lower tha.n

41110ng l l  control aubjocto (89 to 750/µl, mean 184, 95\ l imits

120-282), p-0.03-

Docrooood TH/'fs

pationto (151) And

ratioo (<l.2) wore ooon in two of 13

t,n ono of l2 controlo ( 81) . Tho moan

ltmlto 

limlto 

0.98-2.82) 

1.s1-2.98) 

Cor:: pationto,

for control.a,TH/Ts ratio wao l.67 (95\

co111pai:od with 2. l2 (9S\

p•o.42_ Both pat1anto w ith docrouad TH/TS r::atlos aleo had 

abaoluto lymphocytopooia, which J.mplioa docroaeod Tll coll.a.

tn tho courao oC chomothor•PY• a gradual inc:roaoo in TH;,,S

ratio• (and lymphocyte counts) waa oboorvod J.o both pationtei

patlont. 1 _ tror11 o.19 (t.otal lymplloc:yto count, TLC 1062/µl)
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1 ., 0 

t.o 0.20 (TLC 1206 /µl) nt. four wookn, ,lnd Lo O. 74 (TLC 

2407/µl) ot 14 wooko; poLiont 2 Crom 0.66 (TLC 1003/µl) to

0.72 (TLC 1969/µl) ot Lwo wooko, nnd Lo 0.98 (TLC 1482/µl) at 

oovon wooko (Tablo 4). Jn cont.root, tho control oubjoct with

a low rot..1o (0.96) hod on incrooood TLC (3570/µl),

implying an tncroooo in T
9 

collo. llo woe por!eetly hoalthy

and non hornoooxuol, but. reported on at.tock oC chickenpox cour

to oix wook.D proviouoly.

D. TUborculin okin rooction11

Tuberculo11io patient& had oigntCicantly higher 

proportlone oC early (6 hr) reaction• and l•rger reaction

aizea to lTO eeo thon 111,Atchod healthy control•. Repeat.

t.eetir19 during treatment ahowod • elgniCicant in=•••• in the

proportiona oC patient.a giving both euly and del.&yed <•• tu)

re&C"tlona, th• utter to 100\, and th• abaolut.e ra&ct.lon

In contr-t., rapoat LeatinQ oC control.a incr ... ed the

proportion.a only oC control• glvinQ early (but not. oC t.hoee

9lvl09 deuyed) reaction•, and th• abeolute reaction ol'r:••· 

T\ofonty-olQht pat.tent• alV1 26 -tchwd control• �-.to 

a>tn-teaL.«I vlth 1'"1, arid lf n•o•Llvo 101'\J PPD, and toact.lCNI

hra. 1'11 value• tot at-•t.•• 
voro road •L 6,12,2C, 41 and 72

of &�uratlon wor• noa-llY

wt.,, h•••-t.an lO(lllr tl tull t1an11for 

( ot 
pr OJKI I LI 011• bM \ Wt!tl-11

, lam_ 
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th• I 

t11l •• t 

• ' 'I I I , ...... , .,..

,,,..,t., 
,1a,•ll• 

VOI" n. ..... ., 

re ,. ' ,t I

,,. ' f 

t ,. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



131 

TUU I 

T-belper/•IOPPR•.OZ rauoo l• 12 DG.-.1 -uo11

and a> t.abcre11lo.1• p•u .. u

C.-IIO, T-IMl,-./aDPFr.eaor r•U•

,::muol P•tl-t 

12 
2.0• >. '11 

,, 
, .. , ,. JI 

Jl 
1.1, ,.o• 

2t 
,.>) •••• 

�· 
,.n •• lt

>> 
I .tY ..... 

J) 
.. ,, J.J>

,. 
I• I l J • I J 

,, 
, ... ,.,. 

JI 
... , •••• 

,, 
,.,, l .,.

JI 
l .,. ,.,, 

• ... ,

,, 

...... t• 

, ... ,. ,., ... ,
• .. , .

JI 

u• ,,.. ••t•''
.. ,. 

JI 

J•t•rl 
• 0, JJ

>> CJ w-•

.. ,.,. 
• t,tl

,, ..... 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



.1. ,_} .. 

proportions obtained on different occasions within a group

were performed with McNemar'a teat (Armitage 1971).

Similarly, reaction aizea between unequal groups were

compared by pooled t teats, while reaction aizea obtained on

different occaoiona in the same individuals within 

were compared by paired t-toata.

a group

l. Tuborculin reactions before troatmont (Pig. 21):

Fourteen oC 24 paLionts (58\) with active tubarculooio

had reactions at 6 hra to lTU PPO compared with none of 24

matched control.a, P<0.001. However, the moan oize of

induration at 6 hrs asnong reactors wAB only S.l (l so 1.4)

lmll. At l2 hro, 17 pat.ionto (71\) reacted, compared with only

2 control& (8\), P<0.001, although the moan reaction oizeo

wore comparable - 8.2 (l SO 2.7) mm Cor pationto, and 8.0 (l

SO 2.8) un for cont.role• At 24 hro, tho proportions of

positive roactiono - 20 of 28 pationto (71\) and 10 of 24

- wore not difforont (P>O.OS), but pationta
control.a 

ha.d a higher moan dtamotor of induration (12.8, l so 3.3 ffft)

than control.a (8.9, l so 3.4 nm), P(O.OS. Tho proportions

reacting at 48 hro wore aloo similar: 21 o! 28 patient•

(75\) and 16 of 26 controls (62\), P)0.5. Howovor, the boat

dlacrimlnation in react.ion aizeD occurred at 48 hra between

akin teat poaitlvo patients (17.S, 95\ confidence limit.II

l4.4-l9•2 nc) and controla (U.8, 95\ confldenco limit.a

e.6_15.1 u,m), 
p(o.os. No dlfCorencoe wero ooon at 72 hro

olthor ln t:.ho proporttono reacting to low dooo tuberculin

(421) 

reepoctlvoly, P)O.l) or in tho moan reaction

(79\ anO 

•lzoe (l4•0, 1 90 4.2 ml'.II .and 12.0, l so 4.7 tm1 roopoctlvoly, 

•>O. l).

62\ 
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Fig 21: Ti.Ille course of proportions (\ reactors) and mean diameters of 

indurntion (cm) of subjects giving reactions to intradcrmal 
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tn all, seven o( 28 patiento (25\) and 10 of 26 matched 

controls (38\) were skin test negative to lTU PPD at 72 hrs. 

Of thoee seven patiente, five had pulmonary, one meningeal, 

and one milio.ry tuberculosie. All four patients with pleural 

effusions had positive low dose tuberculin reactione. On 

retesting with lOTU PPD four patients and fivo control& who 

were initially negative to lTU PPD bocamo ekln test-poeitivo. 

2. Tuberculin roactione during treatment

Patiente and controle who wore available wore re-tooted

with lTO PPD (on the altornato arm) oix and 12 montho aftor

Fig. 22
tho initiation of Ant1-tuborculoelo chon,othorapy. 

ohowo the proportiono of roactlono, and Fig. 23 tho reaction

oi�oo QmOng 10 pationto and 18 controlo who woi:o tooted on

all thi:oo oecaoiono. Colftparioono botwoon difforont occaolono

of tooting o.ro noceeoaxilY i:ootrictod to thooo oubjoeto who

0tudiod on all throe oeeaoiono. Somo
wore eomprohonoivoly 

patients could not bo followed up on all oecaoiono boeauao

th ilablo cmovod oway or died). 
oy wo1:e unav• 

a) Proporttono of reactor• (Pig. 22) 

A oix month period oC chomothoropy wae aoeoclaLod with a

lne•0480 in tho proportion• of paLionto reacting

a ign if icAnt � 

at 6 h1:• (Crom 2 t:.O 7

out oC 10 , p(Q.05),

out of 10, P•0.03), 12 hra (from 3 tot

24 hra (Crom 4 to 10 out oC 10, P(O.OS)UN
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Fig 22: Ti.me course of proportions (\ reactors) of subjects giving 

reactions to intradermal injection of lTU PPD at o, 6 and 12 
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l :t 6

and 48 hr:e (Crom 6 to 10 out oC 10, P-0.046). J'urt.hor:more, 

all 10 tuborculoolo patients became okln teet-poo1ttvo t..o 1ro

PPD alter eix 1110ntho oC treatrient and 90\ gave early

roactiono at 6 hre aCter U 1D0nthe oC trea�nt (J'tg. 22).

The proportions oC reactor• .uiong 18 controls re-tested

actor eix month• aleo tncroaeed, Crom Oto 4 (P>0.05) at 6

hre, l to 7 (P(0.05) at 12 hra, 7 to 9 (P)O.l) at 24 hre but

decroAecd Crom ll to 10 at 48 hrs and 72 hre. Those reeull.a

wore elmllar t.o thoeo obtained Crom this group at 12 1110ntha.

b) Reaction st�o• (J'tg. 23)

The moan �tmu• dtametore oC tnduratlon a.lways occurred

at 48 hro, and were coapa-.:able Cor 10 pat lent.a and 18

control• on all thr•• occulon• oC t.oatlng: 15.0 (lSD 3.4)

16.0 (4.4) 

20.9 (5.6) 
against 11.4 (180 5.1) -· P•0.14 tnttlally;

&.galnot 17.2 (3 8) 11111, p-0.52 at elx mont.ne,

Ch&ngee ln moan 
a.galnot 18.3 (3 9) -· P-0.25 at. U t:10nthe

react.ion olxo• CollowlnQ ats 1110nt.h• oC treat.aunt amonc;, 

pationLe wore •• co11awa: Crom 4.5 (2.1) to 10.4 (4 4) - at 

6 hre, P-O 121 6,7 (l 2) Lo 13.8 (3.1) m at 12 hra, 

a.nd cr:o• 1s.o (3.4) to 16 .o (4 .4) .. at 41 hr:e.

P•0.0131 

P•0.6. 

at 12 

Hoco at.ciklnO c:h.ngoe Ci:0111 lnlt.ial valuoe ..,.ro aoen

to 11.7 (5 2) 11ft at 6 hre, P•O 091 to 14.7
1110nthe1 

aJ;. 12 hro, r•O 071 ,.nd t..o 20 9 ( S 7) .. at 48
(6.7) lll'D

•-0.037 

ll'Cln t.h.n ' 

\l" ( 5. J )

'·••Ltno oc 

even mor:0 
dtall\AllC

0 t.O ].3.5 (6 6) 
C ro111 

Lo ].'1,2 ,, .. ,
11!1'11 at 

oontco 1• at. 12 fl'Onlh• 

11ft at. 6 hra, P<O 0011

48 hre, r-o.ooa

gave 1111111 lat re111.1lt.a. 
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e. cytotoxicity

Levels of spontaneous and IPN-augmented NX activity were

compa1:able 

controls. 

between tuberculosis 

l. Spontaneous cytotoxicity

patients and heal.thy

Percent cytotoxiclty at each effoctor: targot (E:T) cell

ratlo was found to be normAlly diotrlbuted, so dif(oroncee

botwoon groups wo1:e tested by 

illustrates the dietribution 

paired t-teoto. figure 24

of NlC coll cytotoxicity in 70

healthy donoro (aged 18-65 years), 27 tuberculosis patient.a

4U'\d 27 matched healthy controlo. Percentage epociCic 

cytotoxicity in the healthy population rangod from 18 to 71\

(mean 41.6\, so 12) at 40:l, U to 631 (moan 32.S\, so u.3)

at 20:l, And 6 to 461 (moan 22.31, SO 10.3) at 10:l

offector-targot cell ratios. H,aXimum cytotoxicity was always

soon at tho highoet e:T coll ratio and docroaoed linearly

With this ratio, except at very hlgh level.a. Spontaneous

background Slcr roloaoe 1n cultures or t.Argot celLe without

offoctoro w- alWllYO lees th&n 15\. At high lovole or

cytotoxiclty tho ro latlonohiP was not llnear buc rat.her

suggestive of on upper plateau rooponoe at va.riablo B:T

reoponooo or different 

non-parallel, (P<0.001)1:at.ioe. In 

lnd l v idua lo 

addition, the linear

wore 0 sgniftcantlyUN
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1 1 0 

(Armitage 1971), suggesting that lytic unit (LU) calculations 

(l LU - the absolute number o! eCfector cells required to

yield a given percent lysie) would be invalid and inaccurate. 

of 

Twenty-six (of 27) patients with tuborculoois had levels 

opontaneouo NK activity within the normal range !or 70 

healthy controls including thooe matched to the tuberculosis 

patients (Pig. 24), with mean values (41.2\ so 1.2.3, 33.3\ 

SO 13.0 and 24.2\ SO ll.7 at the three E:T ratios

roopoctivoly) that wore not dl!!erent from t.hooe of matched 

controls (44.S\ so 12.2, 36.4\ so 12.3 and 25.S\ so 10.4

roopoctivoly), P•0.39 at 40:l E:T ratio. There were no 

diCCorenceo in NK activity according to the site of d1aoaae.

One patient had marked lmpairmont or Nit c;ytotoxicity - 10\,

He was a 54 year old severely 5\ and 3\ roopoctlvoly. 

alcoholic with widespread multibacilla.x:yllllllnour iahod 

tuberculous bronchopnoumon1•-

2. IFN-augmontod cytotoxicity

mononuclea:t cells with highly 
Pro-troat.niont or their

purlCied leucocyte 1FN significantly enhanced NK c;ytotoxlcity

l&) patients a11d 1S (of 15) controlo toatod cr1g.

1' Coll ratio, tho mol\l\ c;ytotoxiclty wao
in 16 (o( 

2S). At 40el S: 

�z 1 to 53.31 (P(0.05) in patlont• and Crom 51
lnc1:oa.ood C1:om , 

to 63.1\ (P(0.05) ln cont1:olo.UN
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1 '1 2 

3. Cytotoxicity during troo.tmont

Meaeuromonte repeo.tod on lS po.tlonto o.!tor olx months of

continuouo anti-tuborculooie Lhoro.py did not ehow o.ny

eigni!1co.nt change (Fig. 26). Howovor, in tho patient with

lnitlo.l low lovolo, thoro were progrooaivo lnc reA.See in both

epontanooue and tFN-o.ugmontod cytot.oxicitloa throughout the

period oC chomothoro.py (fig. 27).

P. Mononucloar cell proliCeration

.rn vitro proli(ero.tivo reoponaoe to PPD o! peripheral

Crom tuborculoeia patient.a 
cello (PBMC)

blood 

Wero oigni!icantly 1ower tho.tl thoec of control.e, whero

rceponoeo to SEA + TPA were comparable. Al.eo, PBMC Crom

patiente tended to require lnrgor dose• oC PPD and longer

poriodo o! culture t.o achieve their ma.ximUJD reeponaea. No

mononucloo.r 

mononuclear cel..la 
inhibitory o!Coct wo..e obeo rvod when

cultured ln patient•• aor•• Nor111&l proli!erativo re.apon•

�oro roetorod dur ing cho1110t.h0r•PY·

"-1.l. valuo• cor >u t.hyin ldino

traneCormod to oquaro rooL to echiove

1• In CaLo.l cnlC oorum crCS)

(cpa) -r•

•) Calle alonn 

Cultu[a or m0nonuotnar cell• ln Cetal c�\C ••tua wlt.bou�

, 
,,, con11 ltl•t ,.\, le 111 ol l t•t at. l�. �u•, 

•"' I 1111, lenLa ,. ••" \ t 11!1 • 

_., 1 1111 , J J u,,, "'"' nllt,.ln•tl fte!a \lnall lllMl\lll.,.\ eel \a

,,. lf•l.l1yllll1 nf' 

•,r .. ,. nu•·• rtcia JI tu 111 c10 (""'"" :11, , ... ,.,.,

, , pa I I""' a t " 
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lim'iB 179-307), compared to 83 to 1073 cpm (mean 458 cpm, 95\

11m1te 364-563) tor 28 controle, P(0.001 (Fig. 28). At six

tnonthe the proliferation was not diCCerent between 15

patlente (380 cpm, 951 ltmite 230-608) and 15 controle (356

cpm, 95\ limite 225-529), P-0.37 (Pig. 29). 

b) Cella etimulnted with SEA and TPA:

The mean 1H-thymidine uptn)ce in ceeponae to SEA + TPA

wae compaxo.ble botwoon 29 pationta (1338 cpm, 95\ limit.a 

1093-1607) and 

P-0. 53 ( p lg.

28 controle ( U77 cpm, 95\ limite 1009-1576),

28). s1mllar roaulte woce obtained at alx 

montha Crom 15 pntionta 4111d mAtchod contro1o (Pig. 29).

c) Colle otimuutod with PPD:

vitro 'COACtivity
ln contrnet, mo,rkod di!Coroncoa in Jn 

to PPO woro cound botwaan pationte and cont'Cole in PCS. In
J 

teeponea to 10 PPD, lnlt.tal maxt111um H-thymidlne upta.lte

ranged from 67 to 4100 cp,n (moan 1518, 951 lim1te 112S-1969)

among 29 pntionte Alld 481 to 8S32 cpm (moan 2842. 951 limita

2097-3700) a
mong 29 controla, P<O. 001. Similarly, i.n

roaponao to lOU ond 1000 PPD th• moan proliCoraLivo roaponeo

ror patient.a c1415 cp,n, 951 limit• 1049-1835, and 1078 cp,a, 

951 llmite 773_1433 roopactivolY) woro aignitieantly lower

th-,, control va1uoo (2465 cpn, 951 limit• 1847-3173 and l?ll

op,a, 951 limtLO 1360-2147, roopoctively), P<O.Ol tor each

comparieon c,1g. 28)·

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



65 

55 

"' 
-... 
0- �5

� 

c. 
u 

� 35 

25 

15 

0 Controls(n•28 or 29) p<0.001 

D Tuberculosis(n=29l 

p<0.001 

Cells 
alone 

NS 

I 
r.-

+ SEA

+ TPA

: �:�: 
.:::.:. -· . 

: '. :: :  : 

: •: 

::::.:::: 

+ PPD

lu 

pzQ,Ql 

T 

rt-
r: 

-: : ..

. :::.n: :: 
' •  

.. 
. : :: · 1 
.. 
...• , -:-:-

l
�:::.1· . ·  .._; 

/} 
. : • :, 

+ PPD

lOu 

p=0.01 

. . 

;;'.i[ 
: •: ·7-: ·;.. .... 
·:;:-

;,:,:
, .  ,, 

+ PPD

lOOu 

Fig 281 KllximUlll H-thyi:ildine uptako (mean cpral into mononuclear cells 

lro:ii auhjecta before treatment. 95\ confidence linits indicated. 

.... 
_. 
C: 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



70 

- 50• 

\.. 

30 

10 

• 
, 

I 1 7 

D Co11t1ols(n•l5l 

D l11hc1ct11osis(n•l51 

NS 

--
•• 

-�

coils 

atone 

' 

NS 

i SEA 

+ TPA

r�s 

• •

. ., 

� � 

I • L, 

, ...

PPD 

lu 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



148 

Furthermore, thore were marked difCeroncoe in the 

k1net1co o! Lhe reoponoeo (Pigo. 30-32). Cello from moot

controls reached their mAX1mum responoeo to PPD on Day 4

compared with Day 5 !or most patiento. Thie di!feronce was

moot obvious at the lowoot dose of PPD (lU) when the maximum

uptake occurred on Day 3 tn 3 controlo and 3 pationto, on Day

4 in 18 controls and 8 patients, and on Day Sin 8 controle

and 18 pationto. Tho earns tendency wao observed at the

higher PPD concontratione, but the reactlvltioo in both

groups were lowor and the di!Ceroncoo between them wero leee

pronounced (Pige. 31 and 32). Thue, with lOU PPD the 

maximum uptruco occurred on Day 3 in 2 controlo and 6

patiento,on Day 4 in ll controle 111\d 6 patients, and on Dey s

in 16 controlo and 17 patients . With lOOU PPD the maximum

cpaa wore ooon on Day 3 in 3 controlo and 4 patlonta, on Day 4

in 18 controls and 12 patlente, and on Day Sin 8 control.a

and 13 pationt.e. 

coll 
c1rroopoctivo oC the time or

Poa>t rosponooe

concentration at which they occurred) Cor each individual

plotted against tho concentrations of PPD tested ehowed the

-.x�wa �H-thyinidlno upt.Ako with lU PPD in 20 control.a and 12

eationto, with 1ou pPD in el• control• and 12 patlenta, a nd

'-'lt.h lOOU PPD i n  throe controls and five pat lent.a (Fig. 3)).

to 

ACt.ot oiX 

PPD vet• 

control.a. 

t110nth• oC chelllOLhor•p)' ptoliCoratlve r••pon•••
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2. In normal human serum

In pooled human eerum, proliferative reeponeee to

e woon patient& and controls.
etimulante were not different b t 

a) Colle alone:

... - n e ranged from 
Maximum proliforation ��ng 13 p11tio t 

118-974 (moan 330, 95\ limito 183-519) compared with
cpm 

73-931 cpm (mean 393, 95\ limits 262-549) among 13

P-0.54

cont.role, 

b) Cello etimulatod with SEA and TPA (Pig. 34):

Maximum 1 H-thymid1ne uptake in rooponee to SEA • TPA 

t:llnged Crom 243 to 3163 cpm (molll'\ 1588, 95\ limite 1101-2165)

Gl!IOng 13 pationto, and from 566 to 2425 (moan U86 • 95\ 

limlte, 925-1705) cpm among l.3 rno.tched controlo, P•0.31. 

c) coll.a etiJDulated with PPO (Pig. 35): 

ranged Crom 

In roeponoe to 

133 t o  2657 cpm 

lU ppO, >H-thymidtne upto.ko

(moan 1116, 95\ liJDit.a 

pattonto, and crom 246 to 4374 cp,11 (mean

S96-1797) 8.ll'IC>ng 1.3 

132S, 95\ limlta 

cont.rol.e, p-0.54. S1m1la.rly, no

674-2194) 
13 

diCCeroncoe waro round between ma.,e1.mua ro•poneo• to lOU PPD

a,ag 
(•a,,no • 87 to 4447 Cp,11, moan 1333, 9S\

nv .13 pat.lente � • 

ll�it• 728_2U9) and 1 3  control• (292 to 5287 cpa, _.,, l39I,

95\ limit• 680 2371), p-o.89, or between 1UJ1lmua ro•pon••• to

lOOU PPD al'IIOr\9 J.l pattonLe (rall9• 67•3330 cplll, -an 1055, 95\

l&alt• 411_18371 •"" l3 control• (331•3560 er-, '"""' ,,s. 9S\

llalto ,,,-i•&G), r-0 17,
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3. 

a) 

In patient's serum 

Colls alone: 

l H-thymidine uptake

156 

among 13 patients ranged from

119-839 cpm (moan 375, 95\ limits

(moan 331, 95\ limits 215-472) runong

266-502) o.nd 154-742 cpm

13 controls, P•0.59.

b) Cello otimulated with SEA o.nd TPA (Pig. 34):

MaxlmWII reoponoeo to Sf!A + TPA ro.ngod Crom lU to 3259

cpm (moan 1092, 951 limito 637-1668) among 13 patient.a and 

tro� 493 to 1979 cpm (mean 1088, 9S1 lim lto, 829-1382) runong

l3 controls, p-0.98. 

c) coll.a st1mu1..ated with PPD (f' ig. 35): 

In rooponos to lU PPD, 'H-thym ldine upta>ce ranged Croa

203 to 3320 cpni (mean .1.198, 95\ limits 710-1813) A11110ng 13 

patients, o.nd trom 64 to 3061 cpm (moan 1095, 95\ lilllJta

J.3 
controls, P•0.75.

619-1.707) (rango 

dttt wore 000n .ln ,naJCiJIIUJa reoponoes to lOU PPD 
eronceo li,.1 to 770-2580 and rango

178-5204 11>0&1'1 
1542, 95\

C.Pffl• 

349-2496 1110on 1265, 951 limits 864 1743 roopoct.lvely,

cp,n, 
rooponooe to lOOU PPD (ranvo 221-

P•0.54), in 
_. illlUJII 

o.nd 

3722 cpm, mellll 1091, 9S\ 11,.1ts 624 1688 and rango 460-2453

cpa, -an 980, 951 1J•it• 663 1360 roopoot.lvoly, r-0.70). UN
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c. Monocyte migration

Compared with matched controls, patients with 

� mpa re mono o migration towardo the
tubcrculoeio hftd 1 1 d cyt 

chemoattractant, casein. 

Values for monocyte rAndom locomotion (RL) o.nd 

chomotaxio (CTX) were found to follow a normal distribution.

RL values among 15 patients rAngod from l to llµ (moan 4.5,

l SO 3.S) compared with l to 14 >J (moAn 6.8, l SO 3.9) among

'1.7 controls, P-0.038. valueo for chomota.xio among 15

patients ranged from 8 to 27 µ (moAn 20.7, l SO 6.1) compared

With 16 to 32 µ (moon 23.3, l SO 5.4) among 17 control

eubjocto, e-0.02s (Fig. 36). Three pationto (20\) but no

controlo had values cor chemota.xie lees than 15µ (P•0.09, 

Pioher' e exact toot). 

H. 

No significant diCCoroncoo woro found between pationta

IU\d mAtchod cont.r ole 1n moan titroo oC JPN-a induced by 

lf'N production 

induced by SEA + TPA, and 

Newcastle Dieoaee vtrue, IPN-'7

lYN-,, induced by ppt).
t1owovor, • oubaot ot nine 

I.Uberculoeie patient• producod lOV t.itroo ((100 u;'lal) oC 

t;.O PBHC etimulation with PPD Jn
lPN-,, i n  reoponeo 

compuioon to at.hot patient.a, t.hJo group wae cha.cect.erlolld by

lover tl'N-a and IP'N...,. roepon101 to v1rue and �llogene 

rolat.iv• anorQY to t.uberculln 

vJtco pOMC prolSCotat.lve reapect.tvely, 

doproeeod 1n 
l ell oC vhlch

n•utrophll loucocyt.0• ••

altin t.••l lng. 

lo 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



1!'i8 

40 

P "'0.025 

-

30 • 

- - CX> 

0 
• 0

"C CXX)
Q,) 
-

Q,) 

• 0

> 

• 0

ro 20 
- 0
• 

0 
-

Q,) 
u p ,. 0.038
C: 

• 0

• 

ro 
• 

0 
·-

-

10 
0 

• 0
0 

•• 0

•••• 0

• _o_

• 

.. cxxro 

0 
Random Chemotaxis 

locomotion (CTX) 

( RL) 

Fig J6r c0!0Pnr1eon ol rondom locomotion (ln 

mod1UIII) ond c:oeain•otlr::iulatad chC!l!lotox.lo

ol "°nacyt a• botvcron 17 aoLC:hcd hc,Al Lh}'

control• ( •) ond 1!, pallcnt.• vlth lubel'-

culo11111 I o) •

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



159 

Tho geometric mean IPN-a titres for 28 patient• and

28 controle (Pig. 37) -re 2.52 and 2.50 log10 u/ml

(unat lmulatod ), 

3.18-3.58) 

411d 3.41 log10 u/ml (9S\ conCidt-nce llmita

And 3.46 log10 u/ml (3.24-3.64) roapoct1voly Cor

NDV-etlJllulatod cultures. only one aalnour1ahod alcoholic

P&tient with extensi ve aa.iltib&cillary dleoaee and negative

ekin teete had undotect.Able JPN-a levela (belo� 2.0 10910

u/mJ.) by JRKA and <10 u/ml by b1oa•••Y on eenaltlve cells

following PBMC atJmulatJon with NOV.

and ••an

P Jguce 38 ahOVII that th• d 1atr tbutiona

lPH-,, titre• atl111Ulatod by SEA + TPA wore cocnpa.rabl•

&IIC>ng 1 4  patient• (3 34 10910 u/ml, 3 04-3 56) and 14

Matched control• (3.37 10910 u,/111, 3 16-3.55). Slmla.rly, 

the moCU\ lPN ? tttr•• tnduced by PPD were not dlCCorent 

botwoon 25 patlonta c2.ss 10910 uf•l, 95\ limit• 2.23-2.81)

and 25 control• (2.77 1o010 
u,,.i., 95\ limlta 2.58-2.�6), 

P)O.OS by the btno•l•l teat. HOW9Ver, the aubjecte could be

divtdod into 'hJgh' .,,d •1ow' JPN-Y roapond•r• by uelnq 

t.he 20th centtlo tor PPD roepon••• (100 u/al) •• the cut-otC.

one patient. and no c:ont.rol 

In reeponee to DE.I\• Tt'A only

b l •u-
level• below 100 U/llll. ln

au joote produced ��-· 

cont.raet, ln roeron•• to rro, nln• patient• (36\), lncludlno

the 1_ d r t.o sllA • TrA, but. only one 1Ut.eh..S c:ont.tol

v- roopon o 

(4\) produced JPN·? tltt•• bolow 100 u/-1 (r<0.02, 

Ohl·a�uarf'd teal wtUl Yale•' correcLlon) UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



5 
-�· 
I _  

1:: l 

f? 
-
,;; 
.. -·

l-

l 

" 
-

Cells alone 

lll 
11f

r 
Contrt>ls 

et 

� 

................ 

l 
Tu:>erculosis 

Cells+ NOV 

:l1
� 

� �!r 
c?-••• 

• 

� l' 
� " • 0 

• 

0 

I 

Conlrols iuberculos1s 

J_ft•erteron (Il'N)•':I rc1pon1ca of eononuclonr cclla fro:a 

JI Mt:.-<-:e� t.calthy C'ontrola I• I and 28 tW:x!rc;uloGia 

• IOI to atU.ulatlon vlt.h i:ovca1tlc Olsc"aci

, ,

... 
C":, 
C 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



4 
-
-

E 
-

::, 

2 3 
8' -
-

-
-
- ,----

I 

z 
u..-

1 

u.d . .J

SEA+ TPA 

• 

••••••• 
-

• 

.. 

0 

0 

CCCOO:> 

C000 

0 

------ ----

r 
Controls 

0 

I 
Tuberculosis 

PPD 

" 
" 
• 

........• 
" 

-

• 

0 

0 

0 

CXXXX) 

OC00 

g;,-
0 ---__ ....J" ____ 

T 
000 

• 000 

r 
Controls 

1 
Tuberculosis 

Fig 38: Interferon (IFN)-y responses of mononuclear cells from 

aat.ched healthy controls ( • ) 111ld tuberculosis 

patient.a ( o ) to Staphylococcal Enterotoxin A plus 

Totr4hydrophorbyl Acetate, SEA+ TPA (n ° 14 per group) 

or Purified Protein Dorivativc, PPD (n • 2S per group). 

� 

.;, 

� 
UN

IV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RA

RY
AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



Some clinical feature11 of the high and

-y respon or patient11 are shown in
PPO-atimulatod IPN d 

low 

Tablo S. The major differencoo wore in t.he larger proportion

of patiento with negative skin tests to lTU PPD, and the 

Brn.allor moan reaction size a.mong low IFN-,. reepondere. 

On repeat testing with 10 TU PPD, all but throe patlonte (two

wore low IPN-,, reopondore) wero positive. Both groupa

wore comparable in age, oox and ethnic dietributione, diot,

Dito and extent of diaoaee, and the presence or abeonco of

cavitation. r..ow tPN-,, roepondore to PPD alee produced 

lower mean IPN-"7 titrea in rooponse to SEA + TPA, and to

6 loooor oxtont 1owor moan IPN-a titroe in rooponeo to

tmv otimulation (Table 6). They had a lower moan ESR and

higher noutrophil counto than high rospondera. 1\1110, t.hoir

maxil'Nll 3H-Lhymid1no incorporation in roaponao to PPD
mailll 

(915 cpm, 95\ limits 285-1902) wA.D o ignif icant.ly lower than

limit.a 
among high I PN-"7 producoro (1954 cpm, 95\ 

their mean proliferative 
1636-2300), 

rooponeoo

p.Q.01,

to SEA + TPA (1186 cpm ond 1501 Cplll roopoctJ.voly) 

39). No di!Coroncoa woro 

of moon W/H2, arna muocle wore not dit!oront, P•0-25 (Pig.

aeon botwoon thoao groupo in Lerma

Circum.toronco, •kiniold t..hicJcnaaa, oorum aodium, •arum total

protoina, albumin, globulin, iron, TIBC, phoaphate, colciwa

�---
(TablO 7). /\ healthy 35 yoar-old l!Wlle

-... immunoglobulinB

control oubjoct ot tSC origin 

140 

PPD, 

produced undotoctable lovela of 

wan okln to•t-nogatlvo lo 1 

and had PDMC proli(•tatlvo IPtl-, in rooponno to ppo.

TU, but po•lt.tvo to lO 't1J

l'l'O Lh•L woro below lhe

(cpl!')
t.0 

lOWot 9�\ 

to•pon•o• 
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confidence limit for the control group moan. The 

Bignificance ot low IPN-7 responaes to PPD in such an

apparently healthy tuberculin reactor is not known. 

In all the patients followed up, chemotherapy restored 

Blcin test rooponsos, PBMC prolitoration, neutrophil counts 

and IPN-a responses to NOV. ln the one low IFN-,, 

reopondec patient re-tested at six months, PBMC otimulation

With PPD yielded an JFN-7 rooponse within tho normAl 

range. 

[ . Reactiona during chcmotheraPY

A Cow otdo-eCCects oC chemotheraPY wereOnly 

encountered, including further (transient) elevation oC oerum

(2), peripheraltcnnsAminaae (22 potlonto), pellagra 

neucopathy (l) and psroiotcnt cover (l). Two patient&, both

Caucaoia.ns, developsd ouddon unoxpoctod roopiratory dlatreaa,

cow wooko a!tor the lnitiatlon oC tatal in one co.oe, a 

c:ho1DOthor11py. 

Caoo 12: 54 ysor-old mol.nour1ohed alcoholic with

"'ldeopr ead 
• IIC/11\ty• 

louo bronchopnsumon1o
tubsrcu 

(I' 1g. 

sputum. 

40), ehodd.lng 

Ho had a 
acld-(aot bacilli (.l'J'B) ln

10 TU PPD, anaoala (Hb12.8 toot t.o o>c!n "oVat.lve 

g/dl), low osrum oodlllffl (127 ftlft()l/1), albumin (24 g/1), iron

(4 .umol/l.), TJDC (JJ ,unol/1), l}'11'phoc:yt:.opon1a (774/,al), and •

MAntOUlt

all Al\thropomotrlc l.ndicoa. PllHCoC Procound doprosoion

.tl ,,iruo, mit.o0on• and antigen yielded vory lCN
111Ulat.ion with 

l.vole ((2,0 100 JO u/ml) of ll'H-o and IPH•7, Hie
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Cllnlcal 
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ac v y was grossly subnormal, and PBMCspontaneous Nit ti it 

proliferative responses (cpm) to mitogens and antigens were

fu below the low er 95\ confidence limit for all patients.

The initiation of chemotherapy and ward diet with supplements

followed by weight gain and a gradual improvement i n hie

Clinical state, scrum biochemistry, NlC activity, Mantoux

reactivity illld PBMC responses. Tw<> wee)c.o later, ho developed

Sudden eovore respiratory dietroao, hypoxia, cyanooio, 

tachycardia, hypotonoion and worsening of lung ahadowa. Hie

Lung
tomporaturo rose to 41•c and hie ESR to 110 nnfhr. 

oco.no, ECG, blood and oputum culturoa wore not helpful ln

elucidating the caueo oC hie deterioration, and the cheat

X-ray dld not ahow 1uno congoetion or pneUJllOthorax. Ho

rolrlAtned very unwell for two wee>tD in spite of broad-opcctr_um

llntlbiotlc and oxygen treatment, but euboequcntly improved.

omoar wore obtained
Hie Ciret negative oputlllll culture

four and II ix month& rcepactivelY actor et.a.J:ting treatlllont.

treatment, and roalioticto 
ln View of hie slow roeponee

Ooubto about hie abillLY to comply with treatment at home , he

1110nthe. Ho WAO roa.dmitt.od 
wo.o �ept ln hoepital for eeven 

u -'ter dtachargo with a re currence oC

llWell two wooltll ..,. 
ehowed numorouo 

D..,_ ro--.. �-"lY• the opULWD

, -ptome and, "_..,..... 

reoumod, 
MO· II lo treat.111ont. wae

a.becondod Crom the Hospital,

omoar 

but he oubooquontly 

ld b.tfflAl'I adlaitted with a Cive -nt.h
,. 3a yoar-o 

-

C1)UQh, oovoro weight lo•• c• atone),Caoo 2!h 

hloto1:y oC 
hl..,. ntohL o-wo•t•, aJ'ld Cound to have oxLen.alv•

Covor And acono ,..., 

lA tlon w1Lh numerous I\J'O in oputua. H•

productive

bllat.01:al 1uno oonaol u• 
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had anaemia (Hb 10.$ g/dl), lymphocytopenia (332/.1.tl), low

eorum eodium (129 inmol/1), total protein (44 g/1), albumin 

(18 g/1), iron (5 Jl.lDC>l/1) and TJBC (1S p.mol/1) and gavo a

8111411 positive (6 n:111) ekln induratlon to lTO PPD. en 

contrast to caoo 1� hie NK activity, 'H-thyrnidtne uptake and
IPN-a and IPN-7 production in response to mltogona,

antigen o.nd virue were within normal limite for healthy

control.a (Pig. 41). Five doye actor the initiation o!

chemotherapy ho developed aovoro dyepnoea, pleuritic pain,

1eucocytoeie and roeptratoty Cailuro. 

to methylprodnisolono, heparin and 
incroaoing neutrophil 

Ho did not d roopon 

P0&1tivo preeeuro ventilation, and died in cardiac arrest on

led A"to-mortem thrombi in the day 14. J\utopey -c:ovoa -· 

Pulmonary voaoele 4Uld oxtonetvo lung lnCarction.
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Pig 4 

Days in hosp 
l 2

l r l

3 4-7 8 
,pulse, 

9 10 11 12 13 14 
resp. ITU I PPVClinical

events 
r0c 

f irr19u1ar dttr."�F t 
40, 

. . 
0 • • 0 • • 0 • • 0 

37J 
O• • • • • • ::, • • • • • O • • O • • 

ESR 
mm/h 

100, .
o . .  .- • • 0 • • • • •0

nJ o • • • • • o • • •
0 

. . . . . . . . . . . - - . . . . . . 
4000

Lympho 
ct.(/ulJ 

. . . . . . . . . . . 
. . . 

Mantoux
<mml 

0 0 

2�] J 
6000

lympho 
prolir. (cpmb [} 

NK('Ai) 7� II 

IFN-0' 4] 
11091ou/mllO [I

.. . . . . . . ' 
• 

• • • ..0. 

. . . . .

. 

.. 

. 

. 

• , -P • c.:-• .. : •• 

Albumln•l8g/l 

li Clinical, 1abOrotorY and 1nunwiologlcal data !rOl'I

another pot.1cnt (cooo291 who h�d n !ntol reaction

during uoat111anL (ITU 1ntana1vc t.heropy unit,

he hydrocort1oono1 tPPV int.crmittont poaitivo

preaouro vontil�t.10n1 t � death, For other dot.all•

•on lo9and co ri9· ,01.
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CHAPTER FOUll - DISCUSSION 

Thoeo etudice provide evidence (or a epoctrua oC 

clinical Corlll8, nutritional, -taboltc and ic::iuno roeponao 

abnormAlitloe, and clinical ro11poru1e11 to therapy 

patients with active tubotculoele. '-i,ero .. moet pat tent.a 

wore eynptomatic, tour wore surprielngly without any eympt.oas 

ln oplto of extensive disoaeo (one patient) or cavitation

S)'ll'pt.oialese patient.a ore import.Ant when (two plltlonte).
conaldorlng the control oC spread oC lnCection wlthln the

Co11111unity. The ISC ethnic group constituted the majority 
AbOUt hal! oc all tSC(70\) oC the pottont population. 

PAtlonto hod developed activo tuborculosle within Civo yearo

but at least one-fiCt.h had active 0( eottling tn the UJC, 

diooue on arrival in the U1C and wore adaittod directly

88\ oc caeo• 

Croa 

oC l\irport. 
ISC patient.a. fl\e 

tuborculo. ie and the 
oxtropulmonory tuborculoeia occurred ln

too�ono Cor tho very high provalonco oC

dteoaao in the ISC

'l't\oro le evidence U\&t 
htghor Croquona)' oC oxtrapulJnOnary

PQpulotlon oC tho U� aro not 11;nown,

tuuarculosl• acqulrC'd by ISC ,_tgrante are

tholt count.rte• oC orlgln and ore roeponelble
th0 n�talna oC H 

Ptovalont 

for Lhnlr oubnoquonL 01eoano (Ora.no• et al, 1977). �e••

�ltalne tond to uoiono to phao• type l, ate aore eu•�•rttble

ln 

eonaltlvo to 
lo 
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leoo virulent thAn lhooe leolated 

P4l1enta (Sub�-1-k t 1 1960,· 

froa Britleh or African 

.,...,, e a ,  Hitch1oon et al, 1963: 

Batea o.nd Hitchl•on, 1969,· C ann t 1 1977) u c--.e e a , . 

groo.tec Ccequency ot roacttvatton (or 

Thua, U,e 

re-inCoct.ton) 

tubocculoale aoen in thie group la probably not. related to 
th9 Viculonce o( the ocganiea, but to eomo ctuuacter1et.1c• of

CrAnge 111\d colleague!! ( ) euggeated t.h&t. ISCthe hoat. 1977 

patlenta may ha.VO a natural euacoptlblllty, or t.hat 
laatgcatton and the attendant phyelcal and oociocultural

PCOblome 

laclnner. 

may alter t.holr roatot.AnCO ln oome unexplained

,. . Nut.rltton 

Compared t.o -t.chod 

Were olgnlCtcant.ly lo•• 

control•, pAtlent.11 wlth tuborculoete

heavy c-••utod ae W/H2), lo•• cat

c .. aeured •• eklnfold t.htc)a,•••> and le•• muocular (meaeured

•• o.rra muscle
•eru,a •odlwa, a,lbumin, tron and TIBC. Hypon•t.r•-1• could

have been caueod by Jnappropriete A0H aecretlon (Led1f\9h-,

1913) •Adteon'• dteeaae or dietary detlcloncy.

ctrcwet•ronce)

, eubo11nlcal,..... 
Culou• chal'IOtherapy and ward 

lnit1ot.1on o( antJ-tobet 

diet with aupplomont• w•• followed by •  gradual repletion of

bod -.111.1111 J ron and 'l'IBC, all. ot ""ich 
Y weight, fat, oorOIII •-

bY • ill 1111>nt.h• •
CulJ.y reconatl tllLod

,-nd albU111ln level• 
�0•ole oJrcumterenoe

P•retatently Jow tor •• 1ono •• 12 IN)nt.ha act.er lnlttat.lon ot

treatment, lndteat.JnO 

ru11y raconat.iLULed

u,at total bOdY rroLein at.or•• _,a not 

durtno traat,...nt. 'The lnitlal rapid

nf 
ward dl•t dur U\Q 
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Howcve'C, in the present study, comparison

..,ith a non-hospitalised treatment group was not made.
hoepttalieation. 

Whethe'C deficient protein reserves are a predisposing

cause 0'[ an offect of tuberculous infect ton, both, or ie not 

clea'C Unde'Cnut'C i t  ion favours reactivation of latent
• 

tube 1: cu loe 111 (Edwardo et al, 1971) since dofictonciee oC

C&lortee, p1:ote1n, va'Cioue vitamine and trace elcmonto

conetetontly impair lymphocyte (unctions (Chandra, 1983). If 

uodo1:nut'Citlon ie o.n offect oC tuberculouo lnCoction and

thi11 io p'Cobable 

could b e  that protein reeorvo11 take longer than 12 montho to ao weight 1ooe to a cardinal oymptom - it

sedontary vegetariano who
't:epleto, pa'Ct tcula.r ly 

rt io notable 
conot1tutod half oC ou'C 

mea.n a.nthropomotric indtcoo for

<70\ oC whom wero of 1sc orlg in) wore

tho 30 healthy controlo 
that 

elightly loeo than tho

compiled by Jolliffe ( 1966) Cor uoo in developing

, 0tondardo underoot imate tho

countr ies· 
• 

even Jell iCCo 8

aver 
u torn countries (81Ac��urn ·-d

age meaeuromonto for "88 

,u, -· 

8iot1:1a.n, 1977). Tuber0u1ooie pationto

P'Cofoundly h d at diagnooio,

mo.1-nour to o 

t 1oaet a.o 
long 

lnalnut'C ii.ion poroioto a 

h _,,thor•t»' regimen.

n ino-mQnth c CP-•tandcu:d

&re thoroCot:o 

and protein 

AO tho p1:oeent 

ueeoomont ehould identiC 

lnltlal anthr0pomotrlO
y

P•tlonto in nood of epoctal nutritional support. The 

lnetttutlon oC a high-pcotoln diot �lght aid chornothorapy and

Co crodl tho dLooAJtD, HO\lover, lt lo not

Cllitate rocovorY 
�- 1oon tn t.uberculoole, And whethe•

""'°"" �hat cau••• �oJgnL

•
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dleury proteln eupplc:!!Cntation ._-ould incro••• albumln

atorea. Loea oC body _.,., le caused by an icbalance in which

energy expenditure exceeds energy (Cood) int.Ake (Hort.on,

1983). Thie may explain the cachexla oC tuberculoala. Many

pa.ticnt.e o.re anorectic, a.nd probably h&vo a reduced food

lnt.aJte; moat h,ave (ever and night eveau which would waete

energy. Further atudlc• are noodod to -aeure prec1aoly Cood

intA>te, motab<>l le rate and intoraed tary -tebolt•m in the••

patient.a. 

8. Blood counts, l!!SR, 1ymphocyt.e eubpopulat.tono

At d l&gnoe 1•, pat.lent.a wlth

1eucocyt.o•l•,

tuborculoet• 

1ymphocyt.opon iA

had marked 

•lovatlon oC &SR, eetu• a1u11no phoeph•t.a••• .:>nocyte .nd

eoelnophll count• 11\eee caeaeurotD"nt• had returned to nor-.l

art.et eix 1110nth• oC treat.Pint., conCtrmtnv earlier vork by

neut.rophll 

Malyel• oC lyaq,hocyt.e 

(HwllbOt: eL al, 1980) · 

patlf'nt.• had • 1gn1C leant.

oubpopulat.lone 

• ..,. 
count• oC total ctrculatlng T-<:el'-• 

..... uctlone ln a1,ao1ut•
-

holper/lnducor T-call• (Tu> and O cel19•

Jncr•••ed Ta coll•)

wooll.• r-r ov i oua l)·. 

had 
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lncteaao ln coll• (which Lneludo cyt.ot.ox le cello), 

do11cr ibod •• T5 •augment.at1on• (Fahey, Detol• a.nd Gottlieb,

1983), 1• probably a 
roeponee to CUM,t,01\ viral 

Th1• pattern oC abnor-llty ha• boon obeorvod
lnt oct lone. 

&tter ptim&ty 1nCeetion11 oC eubJocte w1th 

cyt.o111e9alov1rue or epato1n-a.rr vlru• (Retnherz, 0'8r1on,

l.oeonthal --� Sehlo·e-•", 1980·, ,.._a.Jord 8 1 k l.l 
a.nu v -· �· w• , r c o  , Tld••n, 

Mcconnell., HotCbrand and .1ano11oy, 1981; C..rney, Rubin,

Hottraan, Hanaen, Healey and Hirach, 1981), aCter herpoevlrue

tntoetiona oC renal tranaplant recipient• (Schooley et al., 

1983), and in eympt.oea-Croo proatecuou• homoaoxuale (Pinching,

Jeftttoe, Donaghy, Mund•Y• tcd(anu•, t<oehtael, Parkin and

Hartle, 1983). our eubjoct dented be1"9 hoaio•oxual. 

L)'lllphocyt.oponl• ha• ti.en Cound prevtoualy ln

t.uboreuloo ta c1.wo11nakl ot al, 1976, Shlma et al, 1976:

.\l-Ta"ttl and Th-•lni, 19781 «.t.& et al., 1979, Humber et

vorkete (H•leh and Chol"9, 1981). 
4'.l, 1980), t.hough not. b)' all 

'nlo reat.orot.ion oC conatat.ent.lY nort1111l count.a wl�ln t"'°

"•o'-- aL• a perturbation oC 1--,..,....,.0

,.. of t.ro&t�ant. augge 
,.....---,-

ltaf(le tether t.han • ca11ur• oC product.Lon 1n t.ha bon•

... , -y be eau•ed ..., l t 

-ttO\f. eueh port.urb41t•on 
-r •• oc 1ve

l)'aq)hoc:yt.o eoquo•t.rat.lon 1nt.o tnCectod organ-ayet.•- which lo

t.houhht. , act.lYO t.uborculo•l• (Rook, Cara-11 and

v t.o oocur .n 

•t.�corcS, 1976,
C Sl lVA, Fel<oLY and ealtd, 197�, 

r1ouC •• 

klnn-- �- 00 �ollot ftnCS Llnk, 10811 ,ujlwata,

·--n, ,ryden, Brl....,n ' 

Okuda , � 
d Touyuguchl, 1982). The aochAnt•• o( •uch

, u ... u)uiwa an 

ln.p._0,..,. _ 
ot 11.• rovotelll by c:ti•1110l.hatA('Y l• flOI.

" -,- lr•l'II''"° 

""�- It. l• llff.,.11,l• th•I.. t.h• rar ld killing o( tubeic\e
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bacilli by ef(ective modern drugs allows the release and 

OL e trapped lymphocytes into the circulation.
rapid return , th  

While thore were absolute reductions in total nwnbcrs oC both

T-cells and B-cella in thlo oerieo, various authors have

reported a predominantly T-lymphocytopcnia (Al-Tawil. and

Thewatni, 1978; skvor and Trnka, 1979; Katz et al, 1979;

Hulllbor et al, 1980). In agreement with lCAtz and colloaguea

( 1979), tho T-lymphocytopcnio. observed ln thls aer loo wa.s duo

Abaoluto 
l!Ullnly reduction in cello. 

in the prooonco of a norm.al TH/Ts ratlo in

aomo reduction in T
9 

coll count aloo, 

t o  a 

TH-lyrnphocytopenio. 

th18 aeries .1 11 mp ea 

oven though 11boolute Tg coll numbers wore not oign1Cicantly

roducod. Thie finding contrast.JI with the datA of Katz and

coUoaguos who reported a proportional tncroaoe in T
9 

colla

in tuborculooi• patient.a. However, TH-lymphocytoponle. with

counta could indicate • 

normal or olightly reduced T
9 

relative phyoiologicoJ. axcooo of T9 
activity. But thoro io

no good ov.idonco that numoraey' oC 

directly with phyaJologtcal octlYitY•

coll counta co.rrolatoa 

in tuberC\lloai• 

The tindino or 

P•tlonta ia ourprloino, and do•• not appoo.r to correlate with 

Jn vJvo 
or 1o<> and lgA (but not lgH) obaerv9'1

over product ion

b r 
16) Tuborouloproteina auch •• rPD

0 ore troaunont (rJO· 

•
re polyolonal n cell 111.tloo•n• (th1lta•r at al, 1972). It. ia

Probable LhaL Ut• Jn vJvo antibody ,aaron•• Qt th• to-r 9

«lolla '• gr•alJY JlOl•nllat.ad hy th• ro-rt\11

avatlalll• • 

•'1 •uvan•· 
-r t, a• 1y av" I I •t• \a 111ycl\t••ct •� I•\ al\t 11,-,ia. 

� .. ant,tvJI y .. 

11 'I •1111aa (\tll>), u•h"'1 • haaaolrt.1�

'iWovo, , l(al r a11,t c" • • 
� ·
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plaque-forming a.eeay to meaeure antibody production to  ohcop

red blood celle, showed that B lymphocytee (rom tuberculoe 18

� yporeeponelve in vitro to pokewced mitogcn due
eubjecte weye h 

to inhibition by  adherent celle. There(ore the coexistence

in this 
or 8-ly mphocytopenia and hyporganwnaglobulinaemia

eorlee may not be fully explained by the potent adjuvant And

1Ditogen1c effects o! tuberculoprotoine on a-cells. 

The findinge trom thiD etudy contra.at with proviouo

tcporte by some 1nvootigatoro of normal (Williama et al, 

1973; Catner an d  Mdereon, 1980; Koioh and Cheng, 1981) o.nd

lncroaao d  (Kventy, 1977) T-coll counts, And normal (Williams

et al, 1973; Bhatnagar ot al, 1977; Al-Tawil Mld Thowa1n1, 

1978; catner and Anderson, 1980; ) and tncroaood (Koioh and

Chong, 1981) a-cell counts 1n pationto with tuborculoois. 

to difforonceo tn cAJSO eelect1on, diooo.oe
Thie due 

eovorlty botwoon otudy popui.attone, o r  mAY be in onwnoration 

uoed 'tOOOttlng 
te hn 

ther workero
c iqueo. wt1or ea.e most 0 

tochn -ro accurate and opec1Cic technique

1quoo, an arguablY ,._ 

uot 11 .. roonoclonal. antlbodtoo wo.o emplo yed

ng fluoroocotn-labO ou 

1.n thio otudy.
Oxplanation for thcoo findings io that

Ono altornmtivo 

th 
not tn A))eoluto coll counto, but in

oro IIIAY be a roductton, 

lho denelty oC anttgonic moloculoe on the coll. ourCacoo

l by antibody roagoneo. tt lo 

l:ec09nieod, 
re 1 11urface glycoprotolno ... y al.tor ln

cognlood that col 

cor 
01tlllllP 0• 

(Chandra, l.983). Howevor, one

Protel.n 

•lfth 
ro0uctlon11

• t. oxpecit ouch 
onet'1Y 

•ubooto, whlCh wao not th0 cao•·

t.o aCCoct all. l)'llll)hOcyto UN
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c. Tuberculin akin reactiona

Early okin reactions (6-12 hrs) to low-dose (1 TU)

tuberculin were oignifica.ntly more frequent in patlents than

matched controlo, although the proportions reacting by 72

hours were eimilu in both groups . Thus, at 6 hro, 581 or 24

Pat lento o.nd none oC 24 controls gave a reaction to l TU PPD; 

at 12 hre, 711 of 

teactione (P(0.001). 

patients only 8\ oC controLB had 

Clonchur, Pooo leek and s 11vermllll ( 1965) elicited ouch o.n

oarly reaction to o.n ultraaonlcate oC H. tuberculoeie 1n 91\

o
C 106 pationto and nono oC 61 controls. Simll&rly, Wilhelm 

Romer (1977) deoerlbod a poptldo ioolatod from a

1:
lbonucle oprotoin cractlon of H. tuborculoeio which olicitod

ll 
slcln-rooponao IIIAl(illlUID at 24 houro apparently only in thooo

With Active tuberculoete. Mote rocontly, ltll-rdjlto And

COlloaguoe (l982) have oboervod this oarly reaction uoLng PPD

1n 7 21 oC 1o, pat ton to but aloo in 3. S\ of 143 control.o. 

Since PPO lo an 1�pure ml�turo oC IIO'cobacterlal product.a

(Selbert and HUndoy, 1933), Lt would oppou from these

rooulto that tho dtocrlminatotY value of tho aecolorated okLn

reaction incroaooo with the opociCieltY or the antlgon used.

oarlY dorll\Al rooponso lo 

(1980) have ouggootod

not known, but 

C:AUDO oC that 

ltardj lto and oral\CJO 

roptoeont an o.nttb04r-modtatod Art.hue reaction,

Wou•A b _,....., etrculatlng antlbodioe to tho

.... 0 1nc1uonc ..... �, 

Lt may 

and t.hue 

antigenUN
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uaed d 1 an ees by the etate oC delayed hypersensitivity. The

uoe oC pure and specific antigcna (or thie teat, iC they are

monoc onal Mtibo Y technology, m.o.y improvernade available by 1 d 

ito diagnoetic 

corre1atione 

epeciCicity and seneitivity. Howovor, no

were found in thle otudy botwoon total tgC and

tgA antibody titres and the timing or etzee of ekin-tcet

reactions. 

Tubcrculooio 

1ndurat10n t o  PPO 

po.tiente ho.d a l.argor moan maximum

tha.n control.e, but thia woul.d not have bcon

or any value in mo.)tlng the diagnoaie. Ton per cent of

Pationto and 191 of hoalt.hY control.a Call.ad to give a

P0att1vo akin roo.ction to 10 TU ppO. AJnOng 10 patlonto, tho

oC early (6-8 hr) And dol.aycd (48-72 hr) 
Ptoporttons 

toactione wore otgniCicantlY tncreaood, the l.attor to 100\, 

o.ttor oix monthe of chomothoroPY (Pig. 22). ln contraet,

control.o at o tx monthe ohowod an
repeat tooting of 18 

th• 
proportion of early xoactiono.

inctouo 

Purt h  -nd controls gavo o lgnif lcantly la.rgor

ormoro, po.t1ento -· 

oar ly and dol.Ayed xo•etiono, pattonte at U montho And

only in 

cont 
'l'hODO obeorvatlone confirm nrovioue 

rolo at olx monthD· 
"' 

t
oporte (Stoelo AJ'ld Will.lo, 19341 Hagnuo a,,d Edwardo, 1955:

NQtain, Halt, RAO, Chandraeokha.t and u,.l, 1966: Thoiapoon, 

c, - - d •aror ,, 1979) I.hat aequont.1al tuborcul.ln

�oroth, Snider All • 
tuberculin oonoitivlty lnon 
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Repeat teeting o! healthy controls in this series

iUnplif ied cellulay (T 11) 4 -ce reeponeee - but only in initial 

- causing laz:get: delayed reactions. I! eaz:lyt:eactoz:a 

t:eact1ona are indeed antibody-mediated, then repeat tooting

would aleo have enhanced MtibodY pz:oductlon in both 

initial z:oactore and non-reactors - incz:oaeing the oizee of

early reactions and the pz:opoz:tjone oC thoee z:oacting.

However, �epcat tuberculin tooting did not induce delayed

tuberculin hyporeeneitivity in initial healthy non-reactoz:e. 

Thero!oro, tho 1ncroaoe with tlmo in the propoz:tion of

P4tiente giving delayed reactione (to 100\) muot have an

problll>lY a rooult oC improved T-coll
altornatlvo ba.olo: 

rooponolvoneoo aeoociated with effective thez:apy (Goldetein

ot al, 1976). Nfdltional evidence Cor thio wao ooen in the

Parallel improvement oboorved with treatment ln other

l)rnlphocyto 
' tt-thymidlne uptalto and lntez:Coz:on

reoponao e 

Production. 

D. CytotoxicJtY

Other report.a of wide vuiatlon in m;

Thooo dat• conCitffl 

....,._ot nor-•l people (Porbeo, Niblack, Pueha,

-r.. oxicity among ,._ 
19811 

,a.ntonolli, Stowart and 

R.lch lo, .Johnoon and oldhllfll•

Ou 
oult• Crom repeat tooto in norn,,alo

P<>nt, 1981)- ttowevor, re 

(T 
th lovol oC end09enou11 Kit act iv 1ty in

"1>lo 8) conCtrm that 0 

(Proco and Batnoo, 

ho l 1• ourpriolngly otAblo

• thy donor• p 

19 pooeiblO to cat09orlxo nor-l donore a.

82) but that it 111

doro ..mo remain high or low on repeated

• toW• roopO" 
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1'.UU • 

Serial ?i'- c:yto�os1cttJ 111 tor m:,,orwclear c-ell• of 

boa.lthY daftOC• a;a.1.ntl IS'J t&r9«U

al &n C11:' �ll r..at.-lC of -COrl

l 
, 11 It 

Donor 

J.O. >J

:• 

>I

a.s.
ll 

A.S. 

u.o. 

• 

JO 

ll 

11 

.. 

�-

SI 
" 

l�

, . 
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Yoneda, Kasai, Ishibashi, NishikAwa, Tokunaga and Mikami 
(1982, 1983) roported that patients with pulmonary

tuberculoeie have onhanced NlC activity, and that further 

augmontation occurrod during chomothorapy. Their conclusion

was supported in a eeparate study by Ina and colleagues 

(1982). The findings Crom the proeont study, however, do not

w h theee reports. t.ovele of ondogonoua and11.gree it 

IPN-augmonted NK cytotoxicity were comparable in our group of

27 patients ru,d 27 matched control.a. tuborculoeio 
Purthormoro,
O.Ctivlty a.ftor

no change was obaorvod in moan apontanooua NK

oix months of chemotherapy. Only ons patient

ho.4 aubnormal NK activity which was unccaponaive to IPN. He 

w
o.,a an a1coholic with extansive diaoaee, negative akin toota,

dim1n1ohod Jn vJtro IPN-a ceaponao to virus and IPN-7 An d  

Ptolt•o ti t 1vmphocytao to PPD, And groaa
L ra vo rooponoe• o 1· .. 

00vorolY roducod anthropomotzic by aathonia 

.llldic um al.bWll1n, iron and tot-• 
oa, haomogl.obin, aor ..... 

iron b ., ohol consump tion ia .. aociatod

ovidoncod 

- ind1ng capacity. ,...c 

With • d t ..,_coll. function• (Lundy, Ratt. Do&lc1na,
opreaeion o �� 

Wanabo, Jacob• and 1,eo, 1975) -.nd, paradox1ca.ll.y, olovat1on

and Adl.or, l980a). 
ot Nk ac tivJty (SAJC0"8'

�al 10 • wou-rocoqniaod c:auae or inn.aired
nutrition, however , ,-

_01 �----Ara 1983) Aleo, Saxena, S••ona
- 1-modiotod J,m,unitY ( ... , ..... ' 

· -

llnd ah0_,_ .. ---•t tood depr tvat1on 1n ale:• cauoed
Ad.ler (l980b) •"""' .... 
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(Porboo et 

Hncka.y, 1980;

al, 1981; Mtonolll ot ol, 1981; Ponochow and

Pornandoo and Gupta, 1981; Nagol, Colllno and 
Adlor, 198 1). Low valuoo ln t.hlo populotlon could not bo 

attrlbutod to tho hlgh proportlon oC oldorly pooplo (24 out 
ot S4 woro ovor 70 yooto) ln their oorloo, olnco tnC activity 

dooo not docllno with ago (torn41ldoe and Gupta, 1981 ;

ot 1 a , 1981). It lo pooolblo that thoeo di!Corenco• are

lnhoront ln tho population otudiod otnco I« •�t1v1ty 1•

oonotlcally dotorminod (Rodor and Prooo, 1982). However,

Yonoda and colloa.gueo did not at.oto tho levol ot b&c:ltqround

1Y0te in their aooaya (An lndtcator oC uaay quality), and

•l.eo perCormed cu,oayo at only one e:T coll ratio. One

-..Sve.ntago of lll!OAYD at inultlple ratio• la t.hAt t.ho

lnvoatlgator CAil cone irm a. 11noar tncreaao 1n HK activity

'With E:T coll rotlo, an I.JIIPOrtant indlcator oC v&11dity. 

ehoW cJ.oa.tlY act1Tlty la
The preoont data 

Ua11a11y normal 1n active tubarculo•i• and 1a not a!C�od t,y

•t.&ndatd chemothorapY (riCan,picln, taontazld and et.h&=butol)

lloa: by t.he 1 onhanco•ont oC l una react lYlt.y whtch
pcogcoo• vo 

'l'tl••• raault.• •U90••t that

•Y•t.- t. nlaY a prt-rY role Ln a-t
pa:obablY do•• no • ·  

occuro during troatinant. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DOGOTAL HEALTH REPOSITORY PROJECT



E. 

In 

183 

Mononuclear cell proliferation 

the 3 H-thymid1ne incorporation aeeaye performed in 
(et�l. calr serum (PCS) the maximum reeponeee of mononucloar 

cells fi:om 29 patiente cultured alone or with PPD wore 

depreoood a igni( icantly when compared with control.a. The

no lllaximum difference wae ooon at lu PPD. In conti:aet., 

wei:c aeon in culturoe otimulated with tho T-coll. diCCoi:ences

lllitogene SEA and TPA. Whon mononuclo&.J: col.le Crom 13 

Pattcnte and control.I, wore cultured in 10\ pooled norma.l.

human eei:um or 10\ paticnt'e eerum, no dtCCorcncea wore

Oboerved between the groupe in 2H-thymidlno uptake by 

unstimulated or stimulated col.la. Although eera wore alwaye

heat-inactivated 41ld tiltorod before ueo, the uptalce into 

unstimulated cultureo oomattmoo oiccoeded SOO cpm . Thie high 

background m4Y be attributa.ble to the mitogenic activity ot

8
0llle batchoo o! PCS, proba.blY cauood by contamination with

bacterial ondotoicin (F&i-ro.nt and Nowton, 1981). Howovor, tho

doetgn o! thio otudy made it unlikely that variation• botwoen

batchea ot PCS (or other reagent.a) would 41-f!ect inter-aamplo

comp pakient and m4tchod control wore alwa..,. 
Uiaone. Bach ... , -

toatod under Jdonttcal condition•, uaiNJ the 8.,...
together 

• e compa.rod by paired t-t.e t. 
'••gonto 1 11\&Jr 1mum count• >111r e e

Without aubtract.1on ot the background.

l'PD 
"1aong 

C11:oquontly 

hoalthY 

occurred

control•, 

on 

�t.1anta IIIAJCiJIIUS re•,POn•0•

•ttac) and witn hJghor

O•Y • and vith lu PPD, wtlJl• aaonv

tended to occur lot.or (O.y s or

concontratlona or PM>. In rJtro UN
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TIQ t. borc:uloala P4t.1c-nt..a ( ·etl-n &."ld �..::rarland, 1966; 

al, 1980), ba� not. canalat.c:nt.ly Ellnor • 1978: 

(C:&tnar &nd Andcroan, 1980). 

'nle finding• (cCQ 

�la of dlf(occnco• 

t.hlo at.:� 0001d be erplaincd on t.he

ln l)t.;JhOCYt.• �occp+..or aCCinlt.lca.

Accord Lng to t.he clon&l aelec:t.lon t.hoOry (Butnet., 1969)

•ubject.a wlt.h tuberc:ulo•l• or poe1tlvo �uberc:ul1n akin

toactlona ehould h&vo •pp0-apec:tC1c:• l�•• tn t.helr

P.t lphor&l. blood; t.hl• h,a.e bee.I\ d.-,net.rat.ed (Sl31t.h and

Retcha&nn , 1972; l!!llnOt, 19711 Okubo, itueaaa and Yano, 

c:ont. lnuoua 
1982). 

•
'ltpoaute of tuberc:ulo•l• patlent.9 to a laro• antigen load aay

loa.4 t.o •- de9r•• oC 1a=a1nol0Qlc:&l tolerance and -y lnduc:e

1Ylal>hocyt.o popul.At.lon• wit.h 1ow-aCClnltY 1:ec:ept.or• (Nlleoon,

19
72). Such low afCtnlt.Y coll.a would preeurthly roqulro

However, 

1-roor doaoa oC ant.lo•n and 1ono•t period• oC c:ultlvatlon Cor 

..._lflllla actlvat.ton Jn vJtro, wt1ereae 

tot.1n 11"-lnly hloh-AtflnltY roc:opt.or• which are pr011ptl.y

t.r lggorod by low do••• oC ant. 100n, 

lubercutoal• could be oxplalned 1n t.hl• way. IU.ao, lt lo oc

healthy l� 

Motg)' ln all.1ary

lntereet U,o vetY C trot. 1nvoet.loat.1on on l)'IIIPhocyt•

t.hat et al, 1.963)

pat.lento dld

ohov.d that. 

not. pro1,if •r•to te•ct.lvlt.y 

lYaphocyt..ea CtOID 

\tt, lOW c:oncont.rat.lon, whllo coll.e Croa

•� Okpoood t.o PPD 1n • 

�·o• dld, 'ffl&t. 1110nonucloar coll• Ctoa

oucoeaoCully t.roat.od 

tuborouloele oubJ•Ot." 1" t,hln

t.h• non opoolClC �1t09•
"

• 

"• l'D would 

0•0tc10• ant.loon" •

•nt.toon rnoopt.or acctnlt.Y·

atudy prol1C•�•tod not-ll>' t..o

•
but not. 

t.h l It t.ht10t'Y oc UN
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to expectations, PPD caused considerably moreContrary 
l H-thymidine upta.Jce than SEA • TPA. Whereas mitogene will 

particular lymphocyte claes,

other specific antigens stimulate

otimulate up t o  80-90\ of a 

mootly T-cells, PPD and 

only the omall numbsr o! colls bearing opec1 Cic receptore, 

uoua.lly 

1983). 

lees than O. l\ of the total (Wilkinson and Horris,

is evidence for non-opec ific
thoro Howevet, 

tecru1tmont of l ymphocytoe in the PPD-opociCic prol1Cerat1ve

Shiratouchi, Pujiwo.ra and Terao'lc&, 
tooponso 

1982). 

(Teuyuguchi, 

addition to ito antigenic proportioo, PPD
Ale o, in 

ha.o activity Cor s- lymphocyteo which
non-specific mitogonic 

mediated t,y mitogonic T-cell Cactoro (Blomgre n,
io probably 

1975). 

In conclusion, rnononucle•r cello (which conoiet

PredomiTUUltly of iymphocytee) from tuborculosio patient.a wore

'tel.at t 1 
to •ftttnon but not to mitnnono, 

vo y hyporooponoiVO -· • -• 

&lthough col.1.D ci:om a Ctr,1 patients with more oxtoneivo

bOth· 
lymphocyte 

<llso &oo wote

llnornv �o 
-A bY active JnCoction, oJnce norm&l

-., -u probably jr,dUC"" 

reactivity wao rootorod bY troatmont. Loo• of reactivity io

unresponotve

Prob JnitJallY aCCectin9 antigen-aenait1vo

Ably pr017roe0Jvo, 

l
)'lliphocytoa but lotor JnvolvJng oth•t 1ymphoc:yt•• Jn adva.nc.ct

tor 
Jy,,,phocyto hyporoaponaivon•••

one 
oC tolor11nc• (H.llaaon, 1971) bydiaoaoo. 

could bo the 

1-. 
wall aubatanco• or tuborclo bacllll

-• ..... noaupproa•lve coll 

(kl 1 
,. gnulo and DanJ ol, 1981). &wldo.nc• tor

• nhon1. Ellner, �p• 

a J .,.-phoayt.• prolJCerat:lon (llell-n .-n.S

••ru. factor n1ock nQ r· 

Muter•-__., 
nol round Jn thl• at.ucly. 

• ..,.,. l !>66) v••
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P. 

tnean 

1�8 

Monocyte migration 

Fifteen tuberculoeis pationto had relative impairment of

r andom locomotion and ca.seln-otimulated chemotaxio

compared to matched controlo. These findings confirm the 

and Nioleen et al (1982), who

circulating o.nti-chomotactic
Campbell (1979)teporta o t  

attributed the defect to a

Whether thio defect io a cauoe or effect o t
factor. 

tubotculoo ie is not clear from thio otudy, but Co.mpbell found

rnonocyte migration returned to norl'Nll during treatment. 

ltnpaired monocyto mi gration to tho oite oC a tuberculouo 

lntoction, tor example, could have oorious implicationo for

th8 granulomAtouo rooponoe which to oesenti&l. (or hoot

r
eetotanco againot H. tuborculoolo croutll,lllle, 1979). 

that 

o. Interferon production

1 
--� rculin protoine appoa.r to bo

PN-,. rooponeoo to t.,...o 

relativoly dopreoood 

P.tiont_o in th.ie etudY· 

"'-Y bo a cause or all 

a proportion (36\) ot tuborculoaie
.ln 

Thi& t.1nd1"9 -y bo epur1oue, but Jt

attact ot tho tuborouloue .lntoctJon.

were eet up blind tor the patients and control• in

tn. ••aaya

P.1:&1101, 

tooto4 on 

and

every

Conaletent tor th• 11tanda.rd prepa.ration 

voro 
eeeltt,8 ut1likeJ.y that the l•rv• 

p1ato, ao Jt 
ot inaccuracy in the 

dlttoroncoe observed ari••
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It ia not known whether low titres of tPN ariea becauao

Cella ot some tuberculoaie patienta are unable to reepond 48

efficiently to PPD (and to a leeeer extent T-cell mitogen

whether there le a omaller proportion of

or 

vlrue), or 

a deficiency of ooroo acceaaory {actor
reeponding celle, or 

ouch a.a macrophage help or interleu�in 2 in the preparation

made. 

Certain 1nd1viduale may have a genetic prodlopooition to

following 
the d ovelopmont ot 1nodequato JPN-,. 

in 

rooponaea 

CaJlure to activate 
tuberculoua Jntoction, rooulting

lllacrophagoa, and progrooaJon ot tho inCoction to active

diaoaao. Evidence from etudleD ot collWllunity groups (Lo.roe,

1964), twine (K&llJnllll and Roionor, 1943) and HI..A antigens 

(�l->.rit ot aJ, 19791 sJngh et al, 1983) strongly ou pport a

tootora in th• control of tho hoot Jrm1uno

boon auggootod ro10 tor genetic 
Jn th• U1t .1 t h1u,

roepo noo to tuborcuioa.1•·

that 
ionce o! tuberculoe.ie

the very high prova 

oc 1 
attrJbuea!>l• in port

SC ethnic group ,nay be

et 
1977). 

on,ong pareono 

to a natural 

Whether thie 

•uacoptlbility corano• ly,,,phoklne ( JFW-y) 

further reaido• Jn

to Jntection doeorvee•uacoptibil.ity

SH:octuotlon 
the 

.In roap0nao 

h t,0th hiOh and 10,,, reeponder pat.iant.e

}'JthOUO backQCOUnd•. 

comparllblo tor

1-roepondor control

Oirl9Jn.

Jn et.udy -· oC JSC 
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Alternatively, reduced IPN-� production may primarily

responder

strikingly

reflect a quantitative deficiency J n 
epocitic 

woro T-cell s, since Lou 3a + holper cello, whJch 

decreased in 
pa onte appear to 

thie eerioe ol tuberculooie ti 

be the T-coll subeot reeponeible tor
principal 

antig en-induced production oC lPN-7 ccunntnghruo and Horigan,

1984). 

Ii. Roo..oone tor anorgy

Supprooeion oC antigen-induced cutlll\ooue, proliforativo

roepon eee oC mononuclolU cello from oome patients
IPN-7 

Ioli th tuberculosis maY have occurred tor a varioty ot othor

reaoono. P lrotl.y, llllorq)' Je >cnown 

-wreoeivo tuborcul.oeie (Chapa.rae, 1982)

to occur in untroatod 

and corrolationo 
Prnn. 

have reported between anor9Y and o�tont ot intoction

tobeen 
(Bha tnagar 

'J'hroe patients who woro anergic 

ot ai, 1.977). 

teoting had radJolO'JicallY o,r:toneive diaceoo,

J tuber cul.in okin 

decreiaood l PN-Y production and docroaeed H-thynildlne uptake

However, no atrong 

oboorvod between radiologica.l.by 11\ononuclou 
overa.1.1 corrolationo 

••
tont ot dlaeaee and theoo other puamotora or CHI, although

the e•tent ot tnLootJon could not be compared ln f1Y8 

wore 

bone 
�-A on• ,nonlngeal). Aleo, nor-1

• two gl.al'dula1" .,_ 

Ptoltterative (Jt1-th)'Tl1d l n•) r••pone•• to powerful T-cel.1
with 

-llo;ana olthtbttod 17)' .-,nonucl••r cell• Crota two o( Ute U\r••

af\arQY weuld aro�• agatnat t.h•

.I\ ,n,nlAn•t &nn, 
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Second1y, 

depletion ot'. 

selective sequestration and peripheral blood

antigen-reactive cello may

lllltigen-induced cellular rcsponeee .

load to the loos ot'. 

such selective

compartmenta1ieation has been demonstrated in experimental

1971), 
(Schlossman, Levin, Rocklin and oavid, 

oyoteme 

infected lymph nodes of patiente with tuberculous adenitie

9 al, 1976), tuberculoUB pleural fluid (Fujiwara et
(Rook •t 

al, 1982) and cerebroepinal f luid in tuberculoue meningitis

(Plouffe ot al, 1979; Ktnrunan et ,sl, 1981). 

to 
Anergy to tuberculin ekin tooting, eometimee ooon in up

one third of patients with tuborculoue plouriey (Borger

Mejia, 1973), haD been attributed to p reCerentia.l

in the pleural 

Ooq 
h cyt 

uootration of anttgon-rooctive lymP o oe 

0 (Stead and Boteo, 1977)- solectiVD e oquoetrotion would

8Pac 

cor�-
co 

._.inly account Cor the occurron oC poriphora.l blood

lYtll h 
real within 

p ocytoponia ond tte rapid 
revo 

14 daye ot

9Q.tt1ng treatment. 

ottuotono in thie otudY wore akin toet positive, had normal

llononucloa.r coll pro11corativo roeponooe, and All but one

PtOducod 
C IPN...,, in reeponeo to PPDI Al.eo, no

norfflD.l 1ovele o 

0vora•i 
found between circulatil\9 1)'11\Pho....,..•

4c correlation wao

-1 -

However, all four patient.II with pleural.

cou nte DJ'ld the extent oC

tP0-1 nducod ,oononucle•%

tee l>Oneoe. 

JntectJon, akin reaction 

coll proltCocativo 

aitee, o% 
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Thirdly, circulating euppreaeor celle -y euppreee the 

reactivity of antigen-eeneitive cell• in tuborculoeie. 

Although IPN-,, production in reaponaa to •itogena and 

Antigena requires both T-lyniphocytoa and -ccophagoa (EpateJn 

•t •l, 1971; Arboit, Loary and Lovin, 1982), certain T-cella

(Johnaon, 1981) and macrophage• Jn aoae aJtuationa (Acboit et
•l, 1982) may actually JnhibJt JFN-Y production. In normal
il'ldividuale, at 10-t three pathway• regul.atJng lymphocyte 

Pro11coration have been described (Rico, Laughter and Twomey,
1979), and tho auppreeoton oC reeporutea to anttgene or

•ltogena h- been varioualy attributed to T-l)'lllphocytee
(Shou, Schwartz 
AUdtbo1:t and 

and Good, 1976), to 8-lymphocytea (Bona,

1976) Juy, 
llonocyto--crophage eertea (Laughter 

to cell• oc the

and Twomey, 1977).

Stal1.&1: ly, .-ong 

Cll:CQ•-tt-4-a �'"If euppreeaor 

(�� et al., 1979) have 

patient.a vith active tuberculoeie, 

-,nocyt•• (Sllner, 1971) and T-cel..u 

been reported, and lt haa been

are induced by the that euppreeeor 1yaptiocytoe

(Teuyuguchl, Shlratauchi, Teraoko and Hirano. 1980,

lfactee, Sher and Rabeon, .19eo) · The group or low JPN-, 

rea-.-J atudy ahare aoae •i•JlerJtJea vJth •
.--,ueca Jn thJ• 

•llbeet petJente deCJned by Ellner (1971 ) e�cept
of anerg.lc 

tlt•t __ , _,nocyt• and higher neutrophtl 
the for-r h•d nor-.. 

-..,,ta than the other (hJgh-reeponder) patJente.

Pourt.hly, cJrculetJl'l9 ear� Cectora

�� have aleo been deeonat.reted Jn ectJ•e� »tze,,t. reactJvJt)' 

bt end McPerland, 11611), but. not c:onflt-.clsro.J-ae (HeJl-11 
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(Hinz t• al, 1970).
factore may conaiet ot

There ie evidence that auch blocking 

potent imunoeuppreeeive coll-wall 

•ubetancee ot tubercle bacilli (Kleinhenz ot al, 1981) which

have been ahown to aupproaa antlgen-lnduced J H-thymldtne

and lymphokine (NIP) production by human PNBC (Ellner 

� Daniel, 1979). Thero waa no evidence tor auch blocking 
factore uiong 1.3 patient• tested in thJe atudy. Thie tindJng
IIUat, however, remain inconclueJvo, a• the number ot patient•

leated waa small. Aleo, inhibitory aorua tactora m&y be

Pr•••nt only Jn certain (?anorgic) patient• and at such low
titraa that so- ••an• ot concentrating the eorua -y be
nacoaaary t o  domonatrate their preeenco.

Ptnally, all the detect• obeorvod could be ••condary to 

�utrJtJon aeaocJatod with tuberculoeJe. Clinical otudtee
have de-,natrated that T-lymphocytoponta, decreaeed cutanooua

delal'9d hyperaeneitJvJty, lynphocyte tranetor-tJon and
1n...tioktne (NIP) production Jn reeponee to PPD -y reault
fr- a detJcJency of caloriee, protein (Chandra, 1983) or
1rcin (.Joynaon, Wal.Jeer, Jacob• and Dol.by, 1972) • •11 of wti1ch

"-re Profoundly depreooed 1n ttlle group of tUberculoaJe
Pettenta. 

Ot eCCocta oc tuberculoua 

••••-•, inadequate antlgen-tnduced ly,-phoc:yte ptoltCeratlon

..._ Proclactton of IPN-7 and other 1,,...okineo could roault 1n
'••t••• effector coll•, failure ot -cro-·-o• to 9enerat• ---

1"8tion, and dtoe••• proc,reeoion, •tuctaoa
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1 

1""ltc .. sac,�•• to e:a.ert •It snced �1a1c:zob1al 

, .. than. .... _._ln .... l'r&y. Wiebe and ..._, , 

S,ondJJ 

1913) and Le1ahaan1a

(Murray, Rubln and llot.hai-1. 1913). 

lyaphok t.ne required ltait. 

I. 

The ••rlt••t. event.a oba•rved Colloving lntttetton oC 

Cheaotherapy -r• a rapid I' I•• oC blood l)"IIPhocyte count.a &nd 

• •harp lncr•••• tn csa to a pea.>t vlt.hln t.h• Cir•t two .,..lea

(Ptge, 12 and ll). It. ., .. at t.hl• tl- vhan ch-,t.her-,,y

•tvht. be expected to be ao•t eCCect.lv• t.hat ••vere teacttona

Occurrec11 ln two pat.lent•, on• oC Whoa died. !lot.h -t•

Alcotw,1,c, ••lC•negl•cled, -1.n0ur1ehed, and preeented vtt .h
tac1101og1cally vtdeepread pulaonary di••--• &nd
l

�penta. Whll• th• older� had p-roCound depr .. •1on

Of lube-rculln ekln reectlvlty, lyaphoc:yte prol1Cerat.1on,

IPN.Ptoduct.ton and tOC act.tvlt.y (Fig, CO)' t.he l'Ol&nQeic vho

ta_. had no-r-l value• cor th••• -rkere oC cell n1d1at.ec1

•• W.lt.)' ,,,,. 41)

19.,) have drawn at.tent.ton t.o lllle and Webb ( an
• - - t.lent• who died auddenly. unexs,.cled'..,._,tant. g-roup of pa 61 

illltle WIU.O..t. ob¥tou• cau•• ,.,,thln • ,_ -eka oC •t..rttnv

er 10 

tub41rculoel•, In their eer lee, 14for pullllOnarY 

t.lClad dead Ctoa tubarculo•I• c--. Into.. t.tent• oer 
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t 9 !'i 

thia ca.togory. They wore young, had localised dieeaee, and

ahared c ertain char acterietica with the two eorioualy 111 

caeee in thia otudy: recant initiation oC chCIDIOtherapy (a

Cow aboonce o! tt:eatmont with 11tor otda, and a

weeks), 

Ptodominanco o! males. 'l'hlB pattotn o( reeponae ha.a boon

noted by other clintcial\11 (Clague, El-M•&rY and Ho pkin&, 

1983; Baroa, 1983; smith and om,,ubalill, 1983). Within a

Cew week.II o! otartlng antituborculoua chomotherapy, eome

clinically and -y even die. Although
Patlento 

thla may 

dotot: 101:ate 

tntorcurront pu l.JDOn&rY emboltaa, 

1:oault (1:0111 

lll)'oca.1:dial in!arctton or aeptlcaemla, there are often no

t lnd lngo to aupport ouch compl teat ton•. tt may be that th ta 

the natut:al couree o( ouch advanced dtaeue. However, tt
la 

ha.a otton eeomod that the 1nttlatton oC therapy h .. haotoned

the death 
t 

of theae patton a. 

Acute adrona.l tnauCCtctanCl' precipltatod by t.reatmont.

'-
l

t
h t: lCAJ11picln haB boon coportod (Sl-AnBa.tY and Eula

,

l983), and tho timing oC acute reaction• oCten colncld- with

the tlmo oC poa.k hepatoc:ollular on1t)'l8• induction by thl•

dtug 
•-n t)Omi..,,UOlt, Plot•�, He•-•t, 

: two woolc.e coucc1ng ..... , ·� �... • ...... 

�Uft'man and 
c,omann, 1916). uowavor, reepl1:at.O'C)' failure

•uch •a la

•t.t.rtbut.e 

1• dltflcult. 

laonlu:ld. Ccoquont.lY ooon 1n t.h•D• ea••• 

t.o [ICalllP101n, ethalllbutol ot 

hyporaanalttvlt.y 

t.o

likely, lt. rnnult.• c10• delayed 

'"•olptt.at od bY t.vo IIJ'f'l.inolOO 
lc;al c;�n•aquanc•• of t.re•t•en\.UN
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Piret, data Cro• th1e etudy have ehown that rapid 
bacterial k1111nn 1e 11 '11 ed ith • ueua y LO ow w in a Cew daye, 

"'••ke or IIIOnthe by an 1ncreaee in the number• and antigen 
reactivity oC circulating 1,-..phocytea (Fige. 12 and 29). 

Secondly, A huge do11e oC ouch antigonic matei.-lal 
•uddenly bocornoe available, and may be releaood into the
ctrculat1on e lthei.- d ii.-ectly 01." via macrophAgoo. When 
tuberculoproteln le injected directly into the circulation oC

� inaune an1mal., eyotemic i.-eactiono ouch aa Cevei.-, malaiee 
And ehock onaue crouman•, 1979); thio wao 1100n dlocoverod by

�OCh in hie initial unoucce1111Cul attornpta to treat 
tuberculooia patient• wlth injection• oC old tuberculin
(koch, 1890; Bignall, 1982). Furthermore, killed 

11),cobacteria are potent 1-unologlcal. adjuvanta (Freund,

1956), eapecially in largo number• (Brown and Brown, 1982). 

� ... •lve load oC antigen preaentod auddenly to l&z:go nllab
ora

or •reeuacltatod• 1-'lflocompetent lyaphocytea would

Ptoctptt..eto oevere eyoteatc hypereenait1v1ty. Whore 

lla�y roaerve l• already •-u, ouch u 

-·1ao
......... curthor tnCla ttion rw --, tuberculo•1•, 

ln ertonatve 
in the lunge 

Will teeult in increaaod alveolar c4')1llary por-&btllty and

the cltntc&l. picture oC the .itult reoplratory dlotreee

8

l'ndroae obtlervod in ooae caaeo.

,_._ t. with leoo oovore dlooaae -y �•e •tld....... e-.: pat.ton • 

.,_. ••lf-llalt.1"9 reaction• ln the lunge, lywrph nodeo, bratn

et OUM-.: focu• oC tnCectton. such react.lone -y at. enttrely

""'•llnlcrel and aoyapt.OIUllC tn the aaJor tly, -.ntCeoltno
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only as a sharp rise in ESR. Occasionally they may result in

porsiotent fever, gland swelling, gland tenderness or the

rt is
appearance ot new lesions (e.g. brain tubotcles). 

probable t hat oven in patients with limited lung diooaao who

do not have clinical reactions Collowing treatment , 

Chan.goo occur in alveolar-capillary permeability. 

oome

Further studios ate needed to ootablioh the pathogonoo io 

1dent1Cy high risk 
in ordot to

ot 

patients. Noverthelooo, it would aoom ptudont to treat eome 

tuberculosie patients with ateroido ab initio; but which 

treatment roactione 

recent aurvoy of deatho Crom pulmonai:y

P•tionts? ln a 

tuborculooio in England and wale&, Humphrleo, Byfield,

Do.x:byahii:e, oavioo, Nunn, citron and Fox (1984) found that 

163 ot l3l.2 po.tionte (12\) died before they had completed

Cho1110thoro.py, moot of the deathO (70\) occurring in the Cii:st

Of th• 163 patient• who dlod, 96\ woto

lllonth of t roatment

ot White ethnic origin- pactoro prediapoeing to death ln 

radiographic

a poe itlve this group included (in order oC atgnlficance) 

0itt.o-t 
0�tant of cav 1ut1o n and

" of dteouo, age, � 

'ft>oo• data ouggaot tha t older white

i:oeult.-

Cav1�tlng olDO&r-poolt ive disc-• run

oxte no1Ye 

omou 

PAtlonte with 

lh • higheot riolt d t.h durlnQ treatment. 

cor e• 
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CHAPTER PlVE - CONCLCJS[ON

A spectrum oC immunity in tuborculoeie

ave o own a pa on e with active
Thooo otudiee h h t.h t ti t 

t.uberculoeie exhibit varying dogreoe of a wido range of 

include

and immunological doro.ngomont.e . 'l'hoeo 

o.naomia,mot.a.bolic 

olovation 

neut.rophil leucocyt.oeie, monocytooio, helpor-T-lymphocyt.o-of ESR, proto in-calorio mo.lnut rit 1on, 

ovorproduct.lon oC inwnunoglobuline, 

Ponia, hyponatraomia, 

accelerated cut aneouo tuberculin hyporeonoitivlty, dofoct•

in llntlgen-inducod rnononuclear cell proliCe rativo and lympho-

impaired monocyto migration. 

�1ne (J PN-'Y) reopo nooe, o.nd
Jnto group• 

It io pooeJblo to ca togorJoo th• patients

accordi ng to their roactJvJty in reprooontatJvo toot• ot

Cell-mediated itnfflunitY (Table 9)- oroup l coneiota of

W
oll-nourished potionto with poeitivo dorma1 reeponooe (early

"'4 delayed) to tuborculJ n-PPD, norll\Al Jn vJtro mononucloar

l)'tl\PhokinO (tPN-,) rooponeoo to PPD 

•tlmulation. tn contraot, oroup S coneletD of groeely

1a&lnour lehod pattento with nOQotlVB oxin teat.a and reduced or

abeont J 
ucloo.r coll prollforativo and 1-hoXlne

n vitro 1110no n 

,....,.. 

(tn. 
pPO Botw oon U,oeo extreme• 1• •

proliforatiVB .,nd 

-,,) rooponeoo to 

Vraduatod and eontJnuou• downward qTadation (Oroupe 2,3 and 

4) , 
on• patient Jn oroup S (nu.tMr l')

n cellular reepon•0•· 

4 

�•d the lonQe•t tJ,.. ccour nionth•> to bacter101o01c aputua

con•eraJon, vtiJle tour pat.Jent• Jn oroup l (nUJlb4ir• 1,1.• andUN
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lS) had the shortest time (less than eoven days). such an

analyeie indicates that there 10 a spectrum or invnunological

teeponsos to tuberculosis ranging Crom a otate or hyper-

eeneitivity (Group 1) to one o! anergy (Group S). 

chronological otepo 

Tho 

in A 

not merely patte1:ne do!ined are 

Bingle sequence. 

were profoundly malnouriohed and generally 

hyPotcoponeivo t o  ppo 1n v1tro and in vtvo, thoro was n o

0tt0ng overall correlation among radiological extent or 

dutatlon o !  dleeaeo, nutritional state and the lovol or CMI.

Por 1notiu,co, patlonto in Groupe 3 and 4 hod equally odvancod 

dioeaee by choot x-raY er ttor ia; however, Group 3 pationto,

A lthough undernourished, had normal collula.c rooponeee to

Although pationta with the moot oxtenelve

dioeaae 

PPo, while Group 4 patients hod nor!D4l nutrition but poor 

observed 
no 

Collul..a.r i:oeponoee. AlBO, 

between 1.mmunolOQ ioal pattorn11 o.nd ago, oolt, ethnic gi:oup,

noutrophilia, iymphocytoponia, n,onocytooio , ralood esR,

'1lta11no phoephatUB or hyponatrae$1&, ouggoetlnQ that the•• 

dorMgomonto are non-opoclfic evonto. Simll.Arly, oerwa

'-iiunoglobul1n level.JI did not CollOW tho patt.ern oC col lul.a.r

pattonto wore aeon

nor"'4l 100 10�010-

1n ovary group had 

toe r;>oneo e, and 

Bit)\ or high or 
to augo••t that 

Sltlnenoe ( 1968) wo.11 th0

tubereuloeie, liko 
iopro•Y• 1e a die•••• ehAractorlaed t,y an

l� _0 dat.a oC ohatn•11•' and cotl
••ou•• (1-977)

ne epoctrUJI• ... 

Ptov1aoe1 etrono 

•••ocaateo (1977) 

(AA) 
to 

ccr 
t.hl• concept., and t.enclnl ,u'4

(U\I), 
on cl lnlC'al. 
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an  istopo.thological Cindinge which they
radiological d h 

correlated with the resulte of immunological teete. Thuo at

the reactive end wore patiento with pooitivo skin teote, low

an loca too pauc bacillary dleeo.ao which
antibody titroo d l d i 

responded quickly to treatment. At tho unreactivo end wore

ekin teeto, high antibod y titree and

those 

diooeminated multlbacillary dieoaoo which roepondod olowly. 

Agnihotri, chaturvodi and pande (1978) propoood a elmilor

with negative 

Further oupport 

throe-group ilT'fflunologlcal claeeiC1cation. 

for the oxiotonco of an ilffllune spectrum in tuborculoeie hae

recently como Crom oaniol, oxtoby, Pinto and Morono (1981), 

and Ridley (1983). 

Tho tlnd lnge in thiO etudy agroo with thooo earlier

that 80rum a11tibOdY (ilffllUnoglobulln) lovole

with collUllU reeponeoo a.o reported byrepo rte, oxcopt 

did not corrol.Ato 

0ther authors (Bhatnagar ot al, 1977; t.onzlni et al, 1977).

How 
i(iC a.nti-PPD antlbodioe. Th 

ever, they moaeurod epoc 

• 

1-. defined tn thill oorioe ie 10011 florid

--nologice.1 0poc trUlll 

than that Cound 1n 1oproeY (RidloY a.nd Joplin, 1966). Thie 

Crom leproay 

not ourprielng.

•eeenti&lly 1n that the -,,cobactortuni ie more virulent,

,___ ,A 
not 

le 

per�lt a chronic 'lepromatoue•

m>ro 

----no0on le, a.nd wou- con11oquently, at the 

tora 
to oxiet-

ot tuborculoe le

auittb acill&l:"Y a.norglc ond oC t.ho t.uborculoele epoctrum

t.1- boc:All-•• 

t.here 

t.h•

•re only a
1"f•ctlon

fl\ue, the 

to U\e 
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2"2 

leprosy 
Two hypotheses suggeoted for tho genesis of tho

epoctr um a -, re oqu ....... ly applicable to tuberculoo ie. The •delay,

hypoth esie (Codal, Myrvang, Stanford and srunuol, 1974) 

ouggeote that th t C �.., 1 d l d i 

- e onoe o .....,r e o aye , ndefin itely in

the •oupprosoion' hypotheeie (Scott,

anergic pati ento; 

Boughton and Vincin, 1976) propoeoe that early
Ruoeoll, 

oo io accompanied by CMI which either lncroaooe or lo

dieoa 

euppreeood. Tho latter agroee far better with tho clinical 

in the 

tuborculoole, And parallel.8 tho e vonte
oxpor lence of 

hoet-paraoite inter action that load to anorgy (Pig. 42).

Thue, following primary tnCoction in healthy woll-nour lohod

8Ub"' Jecte, the majo rity 

h1u,1 d e tiu:oughout life.

develops during healing 

of 1eo1one (95\) heal and remAin

TUborculin reactivity (aCCoront)

of prtmarY tuborculoeie or BCC

Vaccination. However, in 8uoceptiblO tndividual.8 (Pig. •2> 

fro= roactlvat1on (in a.bout S\ of

•ct1vo 

ln
tectad pereone, 081liol, 1982), or directly Collowo primary

lnce--
1 n hoalinn The va.tia.ble cl1nl-•l.

w�1on without 1ntorvon n, 7• 
-

dieoiu,e dovolope 

of 
variable the hoet'• 

Picture le 

"'11un1ty. 

'l'-ceu 

hypereeno1t1VitY (oCCoront), epec1C1c

oeuyed-type 

-nd -ntibOdioll are acquired ea.rly on. 

ouly at.age when lt 1mmunltY ..,. -· 

�Peteene1tiv1tY 1• of valUO in th• 

Oc the organi•� and build-up oC an

dotaction 

ro•p0noo co.nnonbetQ, 1968) Honoc:yt.•

lncreae-.diJIIIIUnO 

PtoliCeration and 

COf\eul9l>tlon in hlQh 

0811-•ll antigen• 

lhoauot.a

roeult 
_,n0cyt.oel• 

turnover 11,anulo--o Coraod ln reapon•• to

and 
1y,aphokln••· H,OOocyt.•• or t.helt

c,41 
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indtrect.1y 
by inducing proliCeration oC aupproooor 

T-ll'lll»hocytoe (htz et al, 1979) via the agency oC monokinea 

(N-.tee, Sher and Rabaon, 1980). 

Salect1vo lymphocyte trapping in infected organs (Rook 
et al , 1976) cauaee lymphocytopenta aCCecttng predominantly

T-help er cell•, depletil'l9 the circulAtion of 
1�h0kine-producing and other antigen-reactive lymphocytee.

�tibodtee, 1-une co.-plexee and 7tnhibitory eerum factore 

(Hettean and McParland, 1966; C.U.pbell, 1979) -y also 

contr 1bute

rllr\c:t.1on. 

to tnnunoauppreeeton by an tag on t :i: il'l9 T-coll 

Progroaetve dteeaae ta aaeoctated with deranged 
1nte i t-� d reectlary -t&boliea, reduced food n -• an woraentng

-.lnutrttton which profoundly tinpalre cell-mediated reoponaea

(°'-ndra, 1983).

-s,. 

ff the Viable bacterial load conttnuoe to tncroaao and

t-.inoeupproeelve coll-all picoducta •-•natton occure,

(�•lnhenz et al, 1911) are rolo .. ed tnto the clicculatton
froia • •turfec1• -crophag••· Th••• auppreeotve inCluoncee act 

•t-1 tnduc• var table d..,.roee oc -."Ill l' or 1n concert to -,. 

'-'te9...,__ hi eoquonttal epecticua thoa:o lo........ tveneee. on t • 

"--.11 abOv• which there ta a tendon,.., 
)'•point of no iceturn, -, 

•a u.,ologtc:al enhanco-nt,

lltcavteeeton to anerff-

and below which thoa:o to 4

t reaction• probably occuic aa "- ln leproey, tre•UN" a 

w-.�... ttente tn the alddle and lowo.- ironee - of IIP9radtng of P4 
k. eal reacttone -y reeult Cro. t'-
- •peatr-. such raver ..., 

aaeetve t,actertal kllltng, Ctret, 4
eno.. of eudden 
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teductton 1n viable bacterial load causes rapid 

tile 

rovsreal ot

trap and a sudden l)'llphocyte increase in the nW11ber and 

acttvtty of T-eelle; eoeondly,

-.ttgen load to a roeonetituted 

IIOPQlation roeulte in 

hyp.raenettivlty) reaction in 

presentation of thls maeetvo 

and 'resuscitated' lymphocyte 

inflanmatory (delayed-typo 

the loeton. This analysts 

lfould explain the timing of euch roactiona, 1110etly occurring 

10 to 30 daye after initiation of 
It t.kea for lyaphoeytea to recover

treatment - the time that 

Cull innune co�stencs 

� for the bactericidal. druga to produce the aa.ximwa antigen

loacs. rt would aleo explain why pattonte tn 
u.. 

8P8etrua -
h),p.r•ena1t1v1ty 

who retain 

pre-troataent 

a rolattvoly

probably

the 

high 

have 

•1ddle

level 

ot 

ot 

tho aioat 

•
•v•re treataent reactions (the one Catallty ot two patient.

"1tb raaettone in th1• ear 1•• belonged to Group 3).

"ltita 1nveat1gatton auggeat• that there

�Oftt.at»ie are .. for reaearch in t-.inlty in tuberculoeta.

Pt•at o"' w c ubercuJo • l• need to bo .. • the laport.ant. ant.tgena L "· 

1
aoi.t911 t.o improve the apectCtclt.y, eoneittvtt.y and

G
t

lltnoet1c ut.111t.y of t,w,erculinll• Such pure antigen. c ould

be 9llplted 1n dtavno•tlc akin teat.lng and ln the devolos-,ont

Of - in •ttro teat that. correlate• precteoly wtt.h 1-.intty •

....__ •• •- be 1-rtant in llalttnn ... 
Dnllli,, l)'llphoktn•• appe- ..., ..,....., . .,, ... ,. 

1-- lti..,. to lnveattgata Curlhor the �ectton. rt -uld be asc .... 

to1 88.-cJallY ae purttted naLural IPN-o and
• or 1nterfaron11, r -

"•• lb _ _. available tor cltnlcal trlale. It
.lnant. rPN-,, are ,...-

•l•o
JnveetJgatJng the therapeutic potonttal be _ .. th 

production le doCtctont. 
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Putthormore , tho poeoible uee oC othot 1anunoonhancing agent&!

IL-2 and
(leva.m1eole, thymlc exttacto, tranoCer factor, 

monoclonal antibodloo that ablate opoc1Cic euppreeeor T -coll

clonee) to haeten recovery ln anergic patiente at the lo�er

Thirdly, the 
end of the t b id _ .. 

epectrum mue e cone erou-

eupple111enut1on 
protein 

to 

poea lble role 

Cacllltate 

of dietary 

ln 111Alnour tehod patient.a naodo to be

clinical tr 1.a.l.. recovery 

lnvootig11ted ln a 

Fourthly, the changeo that regularly occur ln lung !unction

Collowing the lnetitutton oC chemotherapy, and fifthly, the

doC1n1t1en of patients who need cortlcoeterolde and the role

o( thooe druge in tho prevention oC acute treatment roactlone

proporlY controlled

ftnallY, the paoeible role of aert.118

doaorvo 

tactore, anttbodioe a11d 1tm1uno coa,.plexee ln 1rmrunoeupproeelonCurthor otudY· 

1.n the ovolotton oC th• apecti:u• oC tubotcalo•i• ahoald

be• proCitabl• ai:o• cor coturo roooarc:.h• 
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APPENDIX 3 : Oetailo oC laboraLory methoda

(a) Cell counting:

(l) Principle:

Tho otandard Neubauer chaJllbor 1& O.l rmn deep OJ'ld the

Al:ea of each large corner square le 1.0 oq 11111. With tho

c,howing Nowton'e r1nge)
covorolip 

the volume, 

p r operly poo1tioned (i.e. 

oncloood by each largo equare lo 0.1 x O.l - 0.1

IC average count per oquare io Y• coll concentration

CU nm. 

by dilution factor (z), coll

concentration - zy/O. l  cu lll!l, or 10, 000 yz/ml., eince 1000 

nm - l mi. 

-

y/0.1. CU nvo-
HultipliOd 

(ll) Me thod:

Coll euopono1on waa aixod And 100 "'1 pipetted lnt.o a

atoril.o BljoUJIC bOttlo containiOIJ 100 ,i.l of O.l\ TTypan blue

C� 2 dilution). '["ho contonto were thoroughly aixed. 'n\o

PeeL.eUt plpet.te into t.ho

... _ 

counL.od 
counting chlllober 

(oxcl.udln9 dyo) 

•operate altoo 'l'tl• avore9e �unt per 2� lar9• oquare• �-wor• 

• dllutlon (actor • coll

Cal CU la.tod. UN
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(b) Coll freezing: 

The cell ouopension was opun down and reauaponded in 125

µl of RPMI 1640 plus 10\ PCS in a !roozor tube. 125 µl of 

10\ Dimethyleulphoxide, DMSO (BOH Chemicals, Poole ) in RPHl

1640 PCS were added, and within 5 mine, ampouloe
pluo 10\ 

wore Jnvnoreod in glycerol at -30 °C and left tor 30 mine, then

tra.noforre d  otraight into liquid nitrogen. 

(c) Coll thawing: 

20\ PCS in RPMt 1640 waa prepared. Ampouloo (one at a

oC liquid nitr09on and waved
out time) 

intermittently in a water-bllth at 37•c until the loot icewere toJcon 

plpottod elowl.y dcopwlao, 
cryetai mel.tcd. 20\ 

Bha>ctng botwoon dcope, up to SO mle. The euoponeton w-

contriCuged 

twice more. Thie medium exchllf\OC ron,0ved OHSO, • coll polaon

U.at dehydrates coll.a·

at 1000 r()III cor 10 mine, roouapendod and waahcd

(d) 't'hymidlne dilution: 

Tl: itlated thymidlnO Crom thO JllldlOiOOtoPOD Oivlaion W&a

euppliod at • concontrotion of 49.4 JUJ/.i and apoci.flc

llCt.iv lty of lmCi/llWl!Ol.o, t,oth oC which were di lutad before

\le
e

. 08 ino a 1 ml oyr tnoo, LhO t,ottlo Crom Rad loieotop .. wu

Otnpt1e<1 into • plaetlC untveroal t)Ottl• and rlneod out with 2

-1 
o.07 al cold thyaldln • w ..

et.orilo normal ea1tno. 

C&tefully added with • ttalllllt.On dtepenaet which wu t.hen

'tln (t.ot•l volu .. - 4 al). A Curt.h•t • a 

••d with l •l aa11no • 
"•-'

-l ••lino wor• added to brl"9 t.h• total voluae to •l-

Vet.,.. r
ptrett•• l6 allquol• of o.zs al �•r•

·.., the ,:ppondot 

diopenaec, and ator.d et. 4•C, 
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(e ) Honocyt e migration aesay:

Pixi ng a.nd staining: cellulose membrane• (Sartor iua)

were washed with normal saline and immersed eucccoeively

Propan-2-ol (1) (or 10 mine

Distilled water (to hydrate), until mombranea aAnk

Harr lo haematoxylin Cor 20 mine

Dletlled wator in petri diah (ahakon)

PropAn-2-ol (2) (or 10 mine

Propa.n-2-ol (3) (or 10 mlne, a.nd

Cedar wood oil (kept dark) Cor 30 mine or longer ,

to cloa.r. 

Melllb ranee wore etored in cedar wood oil until oxru.tned.

(t) IPN-a

11od la: a) Blocking/diluting modiWD - Phoaphato buCCerodGDOay: 

oallne pluo o.SI b0"1no aecum albwsln and 0.0S\

aod iWD az ide. 

b) waahing modiUIII - slockin9 medium plua o.os,

TWoon-20-

in: 

Prior to an uaaY the 

(RI�) tray wore Cillod

wolU 

with 

oC oach 

bloclt109 

radiot-.anoaaaay 

..,cllua and loCt. 

ov0 tnioht a t  ••c

ot 
e ach 

(I Upl.ieat.o) 

t.oat. 

vlt.h • 

::100 ,1111 

< ln 

•hoop

•nt.l-lPN•o a.n t. i bOdY

hra) at. ,•c. MY,,�·� rr••ent 1n \he \eel •�• bound

11D•01r teal ly \<> th• ,,.,.11, wt,lch .,,,.. then waah..S thie• ll-•
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With waehing aediua.

Antibody (Celltech

200 ,il of 1:11 ,--clonal anti-JPN-• 

Ltd, Slough) -r• added to each -11 and 

further incubated with each be&d overnight at 4•c. '"'· 

l'lldiolabelled 1110noclonal antibody bound to • aecond aJte on 
the IPN 1110lecule. Th• rPN-a Standard (Celltech Ltd, Slough),

calibrated agaJnat the NRC 69/198 International Reference 

Preparation (National JnatJtute ot Biological St.anduda and

Control, London) waa aJailarly detected and ••••Yed Jn

Parallel. The bead• wee• waehed three ti-• and counted Jn a

CTL 300/1000 g.- counter. Re&dJnga troa the 

•t.n«tard -r• uaed to plot • doa-reaponee curve ot apecJtlc
counte bound (- cpa ainu• non-apecJtJc bJndin9) vereua log

10
IPN-• concentration. flt• titre ot ••eh teat •-.ple v

deteraJned by JnterpolatJon tro. thJ• curve.

(g) IPN-y -•q:
lfedt., a) Orovth aecll- - SA4Jl•'• .... 1 Medi-

(S�le, 1959) 

bicarbonate (lJ 

pentctlltn (100 

bUtter.-1 with aodl-

•> plua 151 n..._,,n calf ••r-.

11,,_1,, atr•pt�ln (100 11/'al)

and 1-01uualne (.Z •>·

bJ Natntenanc• aecltua - •eel•'• .... 1 ..,...,_

buffered wlUI .-,- b&carbOnat• (lJ ... , •l-

pe11le&\lln 1100 �>
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HEP-2 coll• were eoedod onto plutic culture plat.ea
(Stortlin Ltd) at� w 104 in O 2 ml r---� di • .  . g.,....,, me ua per woll,
And incubated !or two daye at J7•c Jn a hualdiCiod 51 co, 

1110nolayora formed. Three-Coldataoephore, 

dilutione ot 

until contluont 

oach teat ea,nple or the 1-abolf"atory Jteteconce

IPN-,, Standard tn -intenanco IMdlwa wore dlaponood (1S0 �l)
P•r Well in duplicate. WoU. dooignated 'vlrua• or 'cell•
controla rocoivod aodiWII only. Tho culture• wore Incubated 
overnight (18-20 hr•) at 37•c. Modlu• waa docanted, and each

(except the •cell' control•) wae chal.loNJed with 200

Pl1tque-forming unite (ptu) ot Soaliki Poreet V!rue 1n 200 .-J.

Of 111&1ntonance modiwa. The platoe were Jncuhatod tor a 

further 49_72 hra, by which t.i.- 'virue' control -1.i. 

ahowed 90-1001 cytopathic effect (cpe). 

Cls J ) and et.aJned
.101 toraol eal1n• • ne with 0.11 

cry. .. _, � vJolet in 201 Jnduetria.l -thylated ap.lr.lt (1S-30

IPN-,, titr•• -r• read b)' •rand alcroecopically

EecipEocal of the dilution at which appcoxl-tely $01

-

of 

U,. Celi. were protected froai vira.l cpe. 'ffle tltr- -re
�lQatect to a Laborat.ory �eferenc• st.andard.
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(A) 

267 

Al'PENDlX 4: st atistical methodo

Tceting data tor nornw.l dlotribution (Shapiro a.nd
Francia, 1972):

A computer program, Hinitab (supplied by the statiotics

Department, 215 Pond La,boratory, The Ponnoylva.nia state

Onivereity, University Park, pa 16802, USA) wao uocd for all

ma.inCramo computer at the

data the DEC 2060 

Harrow. oau Crom variousanal yeie on 

Clinical Rcooarch 

meaouromonto wore entered in columns against ind ividual 

oubjocte in rowo. To do a norm.Ill probabil ity plot oC the

datll in, say, column s, norm.Ill scores oC CS were put in a new

Column C99, uoing the 1notruction NSCORBS CS, PUT tN C99. CS

�llll then plotted ageinot c99 using the c:o!lllll,II.IU1 PLOT CS vo

centre, 

IC the oAmple was crom a nor•l popu�tion, the point.e

the plot would probablY cal.l roughlY ln a otrai9ht line.C9g_ 

tn 

IC th0 oa.mple WAJI crolll a non-nor--1

'l1\C 

popul&tion, 

•etralghtneoe•

the 

oC 

plot 

th• 

ehow 

P
ro

b-.bill ty plot wao measured t,y thO c0rrel.atloncurvatur•· 

Tt,o �d coJlAELATlON OP CS AMO

c:ooCClctant 

Of th 8 points in t,ho plot-

egg moaaurod 
and u,e poworCul 

otraightnoos • correlation. "

toot (1972) coi: nortn&llt.Y weJI b&Oed oo thl• 

"•-ry 
high coi:i:olatton wu conoiotcnt wlt.h nor-llty, �r

.

t.ha hypotheeio oC nor..-llt.Y w•• rejected lC t.h• correlation

to11 below t.he appropi:tat• valu• ln t.h• tabl• b910V (�a.n.

Jotnor and ityon, 1911)' UN
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• 

2!i8 

alpha 

N 0.10 o.os o.01

4 0.8951 0.8734 0.8318

5 0.9033 o.aao4 0.8320

10 0.9347 
0.9180 0.8804

1S 0.9S06 0.9383 0.9110

20 0.9600 
0.9503 0.9290

2S o.9&62
o.9582 0.9408

30 0.9707
o.9639 0.9490

40 0.9767
0.9715 Q.9597

so 0.9807
o.9765 0.9664 

6 0 0.9835 
o.9799 0.9710 

7S 0.986S
o.9&35 Q.9757

(b) Ttanetotmo.tion!I

ot et.at 1at1cal .nalyelo ce-toete,

"•t l anco, otc) ueod. rot evorY oot 

i:e;rooelon, 

oC 

analyl• oC 

data ln 

aqua-co i:oot, aquar• and

t.hta t.t led ln t.urn. Th• aludy, baeo-ton lc>Qatlttua1C, 

tact pto�l trlU\ocor�t1on• �or• 

lt� •Cot-tlon that gave th• hlQh••t cort•l•llon eoo(t1clent

�vo the a pp1opr1at• valu• 1n th• t.abl• (abO'W'C) vu ••1.ct..S

to, uoe ln anely•l•· 

"-t • Qlven to detoraln9

°9 ltana(or-t.lonl 
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LOGTEN CS, PUT lN C99 

NSCORES C99, PUT lN ClOO 

PLOT C99 vo ClOO 

CORRELATE C99 1\ND ClOO 

2G9 

lt wao not poooible to Cind a eulta.blo trano!ormo.tion

which wao thero!oi:o coroparod by t.ho
f01: oo1:wn oodium, 

Wilcoxon'a rank oWD (non-paro.111oti:ic) teat.

(c) Calculating confidonco i1'1to1:valB

The variability or ti:anefoi:rood data wae oxpi:ooaod a.a a 

interval foi: tho oa.mplc moan, do!inod aa t.ho

ti:uo (but un)cnO\offl)9S\ conCidonco 

interval which 

l>Opulation 

would 1ncludo t;.ho

in 9S1 of a 1ong eorioo of i:a.ndom oaJIIPloe

mean

Tho 9S1 intoi:val w-

fro111 the population concoi:nod.

Calcul.atod ao mean �t en - l) (O. OS) x SD//n, whoi:o

t
(n-1)(0.05) wao road o!f tho table o! t-dieti:ibution Cor n-l

d
e1,eoo11 oC ci:oodom and a pi:obabilitY ot o.os Coi: • two-t.ailed

teat. 
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• 

APPENDlX 5: Publications Md Scientific Meetings

Publicatlono relating to work in this thesis:

Onwubalil1 .:rx and Scott cH. Natural killing and Jntor!oron-a

production in tuborculooio. Antiviral Roo (Abetr.), 

1983; 1(2) :71. 

Onwubalill .:rx and scott CH- Natural killer coll activity in

tuborculoeio. ar J oio Cheot 1984 (in preeo) . 

Onwubalili .:rx, scott cH and Robinoon JA. Deficient ilfflluno

lntorf eron production in tuborculoo ie. Clin E"P 1-unol

1984 (in preoo). 

l'Ubl.icationo in 

0n'WU.balil.l .nc. Hyotor 1co,l 111ut10111: A e&BO report. Niger 

Mod J 1.979;9:741-749° 

On-..uba111.i .nc. overt diabetoo nollituo without ol.ycoeur la ln

othot ! ioldB:

• patient with cutonoouo uretorotlooetOIIIY• 

Br Mod J l.982;284:1836-7-

0nwubal.lll .nc. stcklO cell ""ao111ia- "'1 explanation Cor th•

ancient myth oC raincatnatton ln Htoerta,

1983; 11: S03-S-

t,ancot 
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• 

Onwubal1l1 JK. Oliguric ronal Cailure aaeociatod with

Benoxapro(cn treatment. Ncphron 1983;35:279-80.

Onwubalil1 JK. sickle cell Oiooaee and inCoctlon: A roview.

J tnfect 1983;7:2-20.

Scott GM, Ward RJ, Wright OJ, Robineon JA, onwubal!li JK Al'ld

Gauci CL. Effocto o! clonod Jntor!oron-a 2 in normal 

voluntoere: febrile roactione and changee in ctrcu-

lating corticoetoroida and trace motalo. Antilllicrob

Agonta Chomothor 1983;23:589-592.

Scientific Mootinge: 

The contents of thie thoaia have been preoonto d, Ln part, 

by the author at the co11owlnO octenti!lc mooting&:

l. Mooting or t.ho Journal club, c11ntc&l. Roaoarch

Centro , Harrow, Jun o 1982 

2. ConCoronco oC the Britlah sociotY cor 1im:,unol09Y,

London, Novembor 1982.

l. The 2nd tntornational n,o Heall"9 on th• 8101091'

Rotterd_, April 1983.

ot t.ho tntorceron syeto�,

•• , d , . • poatqraduate cour•• Cor

Tuborculoaio To •Y 

general practltlonor•, Jun• 1983"
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