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INTRODUCTION 



introduction 

The project described in this thesis was initiated in 1999 in response to the request by 

clinicians at Brewelskloof Hospital to investigate whether low drug concentrations 

could b,e responsible for the poor response to fully supervised treatment of certain 

individuals who had drug-sensitive tuberculosis. The study aimed to address several 

issues unresolved in the literature at the time and outlined below, including: the 

normal patient ranges for pharmacokinetic measures of the first-line antituberculosis 

drugs; the identification of patients at risk of low drug concentrations; the 

identification of risk factors associated with low drug concentrations; the role of drug 

concentrations in determining the response to treatment and treatment outcome. 

PrQled oblectlves 

(i) To measure the concentrations of rifampicin, isoniazid, pyrazinamide and 

ethambutol in a large sample of the patient population at Brewelskloof TB Hospital on 

the outskirts of Worcester, Westem Cape. Relatively intensive sampling was used over 

an 8 hour time period following administration of the patients' routinely prescribed 

medicines. The pharmacokinetic profile for each drug was obtained in each patient 

on a single occasion after 2 months of antituberculosis therapy in the hospital. 

(ii) To describe the normal ranges for the pharmacokinetic measures for each of the 

drugs in this patient population. 

(iii) To define efficient methods for identification of patients with low drug 

concentrations. 

(iv) To measure patient and formulation characteristics in this patient population and 

describe the risk of low drug concentrations associated with these factors. 

(v) To measure the response to standard treatment regimens for drug sensitive 

tuberculosis in this patient population. Data was measured at 2 months after 

admission to hospital and outcome data were gathered until 2 years after admission 

to the hospital. 

(vi) To establish whether low drug concentrations are associated with a poor early 

response to treatment (measured at 2 months after admission to the hospital), or an 

increased risk of disease relapse (up to 2 years after admission to the hospital) in this 

patient population. 

(vii) To measure cytokine markers of immunity in this population and the relationship of 

these markers to treatment response. 

(viii) To measure the susceptibility of the infecting strains of M. tuberculosis in this 

population to isoniazid and rifampicin and the relationship of drug susceptibility to 

treatment response. 

- 2-



Background informa!1on and meraiure review 

In c on trast 10 tie (Jeneral~ declinlnq ralel 01 cornm\Jnicable di'emG,', the global 

be,",k" Df tuOOCClJl",I, i, inc' ''0 '''''] 1.2 (The CbN' I)oJrden 01 D~"me:, YOllng chddren 

and II ..., "conorniccl ly (KI"" '>9" gro\Jp ore prom nenlly affected'<, Whi le g lobal 

init'oIIYf" are cjomlnoten by intermtional I,,'ance ann trade, II ,,! Immch of the Gbbal 

Fund fa' AIDS, Tuberceu o,,",, ond fN1hrkl by the UN l'lC(l'2 j i' evidence lhat fh" global 

Imporlance of fhis !hrea llo pUblic good, l;ncludinG herllthi;' recogn i7ed". 

The worldwicje indrtence 01 new lubercu D!'! IIBI ceses in 2fXf2 WOl eslimaledlo b" 

6 ,G mi liur. ii';liiOO c..~i)F, Th" Ir",ider",e raie' are r' qr"",; in Africa i3,,,,/100 ()X) In 

/fX), will, a 7,?;; annual r lueel " in Ihe numb"r uf cmel, in counlriel wilh e high 

burden of HIV-inf"ction) and Sub $aF-,aran Africe bears Ii'le b runi uf thk epidpmic 

i ligure I) , 

r;g"'~ I The> qObol cfS~'UuMcn "I Icot;.,..cum$ I~om: WO'W:i H", IIh O'(lm-;mf.-'fi, G Obeli T'..tr:-fClJ"';' 
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In South AfrKe<l lI,ere w",-" ap>->roximcfe~ ~::.8 new cO,les of 16 per 100 ()X) of the 

po>-,ulafion in 'lC(1'2'i. The country" ronked nr lll, for Ihe total llumb"r 01 COles, and the 

COlI! ul TB conlrnl in $UUIl1 Africa were e'iimafed fo be "bout IJS$ 300 rni l iun in 2003"< 
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There;'; a purtieu l",!y h>gh inciderK..-e o f tubercu losil ir> fhe Weltern Cnpe province: 

932/100 OC() In 2003 Of; and the ro tes in the ~rlund/Overberg region are higher than 

those reccrded for the prov ince m a whrle lin )001 the num b€>'" o t new sm ecT 

politive cn:;o in the Boiond/Overberg region WOl 36% abovc thc provinc,Cl! 

numlx;rl ' _ 

T he especial ly h>gh pfevalence o f tulx"culo~s in the Well€< n Cope il fue~ed by weial 

cond it iom of ine'-1w,ly and r nveny _ High levds of unemployment, ove.-crowdir.g, 

alcohol consumption, _'!Hoking, malnutrition a nd dietary del ic ieocy of vitamn I) have 

b""n implica led 01 risk fac tor:; for \u\certibli ty to tul;:.crelJlosi,: vitCJrllin A and line 

and may o lIO be important micronul ri erl!> lor re,i_, ICJrlC" 10 tuiJerculosi sl -I"', High 

inciclence ", tes in eh ikJren a nd a hirlh proportior> of reculTer>t casC5 ccllJ, ed by 

reeen i tramm~~on of new M. tubereuky;is ,tm i,,-, 1m oPf'O",d 10 reactivalion o f 

c1i:i eClsc by the origin{]1 ,I rainl , are evideoce Ihal l i qh ralel 01 trammssior> amrlity the 

d~eme burden in righ prevalenc e areas " , Casua l tra rlITrlssion i, believed to b" {]n 

importnnt mode of di:iem" tromm;,,;nn und€< these condilioo,";:'''. Ihe vifu e nce 

chCll{]d6! isti u 01 the prevaief11 Ilram of tuberculmk may contribute tn th" di_,c",c 

burd en: the putCltivdy ea;ily trmbfnilied and rela lively Yr ulerlt Be(ing , ke ,trai n, +)9, is 

rrewllent in {] I k,ml nne Western Cape community " , Cenetic va ri Cltior15 nrc d\o 

de lermlnants 01 suscep fb My to iu lx;rculosj, leg_ Y{]f int inns in th" NRi\MP I gene - the 

"oh~aI rc, istanc:e usloc:i-o led macrophage pro lein rlene l.\ c:ert aon HLA a l e les, 

in ter lelJ Ki rl-1 and the vit{]min D recep tor: m,d {] ltere,1 prOc-j\lCtion of irlterfHrnn-y, the 

in terleron y receptor, tU IT'lClU necrosis lactor-" a nd in ler leukin-12 ,eceptor 01 " I , blJt 

pClttflrns of genetic 'u:;cp.ptib ii ty have no t been identified in Western Cape 

populatiom us ye t, Furthermore, environmental foetors _'lJch os jlI iOf CXP05llrr-; to o ther 

pnthogr-;m may irlf llJHrlCe the type and e fficacy 01 the imrY'Uoo relponse In 

lL.tJercd mi,l ' _ 

II IV jhlJm"n immlJnrxJcfici<.."f'cy YirlJsl ;.; the most pot.--;nt force d<iving the tu l)€ rCIJlm'~ 

epidemc, In Alrica 31% 0 1 new adult ,---uses wa-e a llribl lkd 10 HIV-inlection in 2fOJ"_ 

While the worldwide preya leoce 01 T~ HIV ,---o-infect ion in "dui< 'HO, 0,42% in 20J0; in 

Snlith AffieCl jm,d 8 other Alfic{]n r-;nlJntri""1 th fl co-infection rate, approached 5% of 

the popUClti on': in ,ome di5triet\ nf Cape lown, HIV end TB co in lection ra tn are 

a:egecl to I)e m righ m 35 40%, In Sou th Af(lCa, i:/J:', 0 1 luberculosi, potie r>ts have 

HIV ir> led i-on""" The slze 01 the tubercu losis pandemic presenll a moslive ,---ha l enge 

to globd tuiJe rc u osis c ontrol. whl e in su iJ Saharan Africa TB a nd HIV are col ludir'g 10 

unfold ;;a Iragedy o f unpreceden led propcdiom" INc,",on Mm,dela, XIII in l"H)(l t;c",{]1 

AI DS Cnnferenr-;e, D<.xtxm. 1 4![)712(XX)1_ 
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fttOlIs to conrdn the 18 pondl;1Tlic o re lurrtlt;f lhu.,olanerl by Ih<! erner{lt'l'lce 01 I"ulr~ 

drlJO resistant iii (Mui?-lii ). The proble"" o t My,-:o/)/lc!envm '''Oe<cuiosil \mvll0neOuSlY 

IL'lJ\tunt 10 rilompicin and ison'07id (lh~ m O$t palent oniilubc!I'<;ulmls oyents C:l.rlt:ntly 

(.lVOtl()t;~'i hu, lJI is<OP) whc,e tlJWc:UO'l<' " eolmen! r.,.gmen~ hove b!:!en il cor.celveCI 

01/ poorly applied. An ulanrllng exu,nple is or,)vidcd hy the ,teep dimb in ro.l.i! tunc:o 

ro les in 1M lQ(rTlef USSR from 11'16 mid l ~')()s, rOl:ow iny the brculdown o f hcullh corc 

SYl lerTlS. rna C\f)ents u>ed to treot M[l~ · rB ore r~ojiv e ;y ineffective. toxic ond cos t:y. 

" •• 'ltt ",,"'...-.cO' 0 1 ..... v.~ tYf """'d> HOV h."'" "'" TIl <"f''<t<'tri;' <l(""""'!<> 
,..Ib't< I<l 10><1 OM ,,~ en"" of T~_ !~r;Jo:.»/'I .... ~_,,; ... 

,"" 1><>4, nt ~'" World 'lodH' OI>,jUr.,.,I.,,,,\ P'(IOOio'd 
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Fewo:'lf trlOrl .~% 0/ patien ts wi th <Tug sen~ti~c pu."onwy luberculmis w hO oro fil l y 

tr e<.r led with rilampicir >-tJus,--d ~CC \tl oulci fall troo tmcnt Of ,uilel dileos" reoPS!!' I.2C. 

Thu glotJOl TB c o ntre> initiative Dllhe World H" o ltrl ()rganilOtion (WHO) a ims by ;>OO.'i 

to dot<lct 70% oj m,eur pO\ iti'~<I pa~cntl and 11 '-'<.11 \ucce5llu lly 85% o t thule c ales 



IhrccJ9h supporl of DOT, idiredly ohsmv"d lrea lmen l, >hort cO'~r\el j)!oqrornrrlbs 

implem"nkl(J SCc. De~ile reumt in,;"mes in bolh TB inciden"" and preva lence, 

cure ra te" Il(]Ve , Ieadity impmv8d in the We,iern Cope reqiorl, from (,,,% in -,997 10 

7Y': in 20]2". However- mqor ch(~ l enges ob';tructirlq successfu l Irea lment tie in 

adequale trea t""'nt dcliv8ry and re9 cJ()" odherenC8 to the nxniJersorne treatn1f)nt 

reqimenl_ 

Much plJiJlicily l-..os been r;iv en to ti l" 1.....,1 spearheaded by th8 Global Alliallce lor IB 

DrlJ\) Development for a now dre", lhol wili reduce trf)atm.mt dumlion and dOle 

frequency, oc ",fe, and elleclive aqainst MDR tubercu losis, TI'\e aim of the Global 

Al ia",e is 10 hove a new' drlJ(J irl prori l.clion hy lD I [):,' , amj il will onPi be effective if 

app ' ed;n the contcxl of a brood siro le9Y 10 p,-even l, delect and Ireat the d i,ea<;(';_ 

A shateqy 10 comlx,t TB mu,1 ir",lude ellec live inie!verl lions 10 curb HIV i1 lectbn and 

1\105, and Ihe spread 01 MD~ 16, Sub; tantiol~1 ,ncreased ad fbws are required for 

poverty a llevia,ion proqramrne\ and 10 support intelventions in the home, H18 

c Drmnullily and IY,alth ca[{, laci iti"", /\(,'c "_,, to heal th core foci liti,,_, p-ovidinr; 

,n lensilied ellor ll 10 find and cure casel of IB, IlJoo[("l.k", plevultivf) tr8alm"nt and 

int"rvc,n lions agaimt HiV ferm the hocis 01 the Wc<id Ilea lth OrganilO liorl', propm"d 

quide'ines for nenional irnplemenlal ion ' tra18g i 8'~' IfiqVl'e 21_ ~reven tbn of MO~ TB 

ihreugh rda~8 cr ur; sUPr;"ies and g:>od adherence to dff)diVf) muliiple d rlJ(J 

con tolninq regil1'\ens il 00 imporia nt p<ierity of rB contrOl pr09rarnrrlbl _ 

Many m ore wi ll fa ll vidm to tuhercubsil before Ih8 pande",c is h:'O<.XJht under 

contra' 

Antituh",rcv l o~s Irea lmen l 

Arl tiiuocreubsi, chemotherapy was iniroduced in the 1 Y:>Os with I lrepiom yc in, It wm 

rapidly rec09riled thai monothmapy albwed Ihe early d8veiepment of rfesistooce. 

Two- and tt r e8-cJ-ur; com t:inations wt;re Ih8rf)fDre .,troduced 10 prevenl ih8 

f)mmqence of resil lance', 

In the 197'-" it wm mcor;ni7ed thai Irealmoot re(Jim8m couki be substanl ially 

sI'lOr len",j by Hm US8 of rifampicirl ar'ld pyrazinamide in 'si-xxi-cOlJ'(5e' w'eaimenr 

reqim em_ Th8sf) d rur;' am able to U I lhole Ibwly divid ing, m f) taho lOca l y sluqgish, 

persisl irlg crgamms, thus \'erilizi09 luberculous If)~em and preveniir'9 d iseme 

re"Urrf)nC8 in the monthl 1001owir't9 Irealment. It i_s the ster' ilinr; aclion ot Ihe req~ne", 



that dclemw1e' tho ' eevi5ite durol;::", of drug thL~'OI-'Y" _ The 'special pop.io l iom' 

hypothe,;," lIigure 3) explnins how a ea llbinatK;.--, 01 tICS I 1,,-..::: ontitlJl:JCfculmis drugs 

acts synefgiSIicOlly 10 n od,cate organisms ,,'I diltefCnf m etabolic phasel_ 

"me 3' SI''''Ci",J p{:f!L-'at""i~ " )'Pot""", lor I'..., ~rl'"" of "" ,:<xx,,,,;':'1 d lXJ> "" diJt~I=~ pal! of 11", 
1>:",,...,,' r)('I'''-'O~''" in hlJmon lec,ions i"'-"""lN I, ,,,,, l'I' Mitrr-;",.o, The C.arrr;<i IeCl or~ : lll1<1o)'''0<1 <1' ''9 It..., 
cl!.,m01here>py 01 tul""N~ nn"nt r<c:b\om ,_ ,ovrr>o 1 01 Antmin""AlI ChernothcrClpY 199 ): /'I: </1_ 
'9,31 

A: CONTINUOUS GWWTH ,: '-'11 ~h:J"') 

" ACID IN HI! ITlON 

C SPURT> OF METASO LISM 

l): OO.MA,NT 

~~) NIAlIl) ':I i tur~n, 

"'CV'C<' I¥c" 1 

Baclericidd adivity aga. 'r<ilOpidly dividing Ilog phme) organ isms is relleded loy t he 

rate of kill during the first ) days of treatment m ea,uroo loy the deelir'" in cdony 

la ming will in the sputum i_e_ the early hacleric:idol UCllvily IEllA) , Sleri'izing activity 

care'pand< ta the lime to ki ll 1I'le pers'llting agrn\\ms er,d is mea,ufoo l:Jy the 

p,evenlion 01 disease relar"e after the end 01 treatment 100I:Jy Ihe ,lliiogole marker 

spUtum cull Ure 2 mmth.\ after cornmef'rC:ing therepy) 

A ,tandadi_>oo approach is used il1 mast treatment programme, to faciiia te l(lIgc­

<cale trea tment programme, in primcry health c ae setting>, In Sooth Alr~:a _,tand(lld 

,ilanpein based regimens ae u>oo a_' advocated loy the WHO lIigure ~). n,e initial 

inter ',~ve !-'h05c ccmprise, riiarn,icin, "Oni07id. pYf07inamide <:T,d etharnt-AJ tol Iwith 

the addilion of _,treptomyein in !-'Olienl, who have previoo~y received tuberculo,;, 

Ircatment for more then .<\ weeb) _ Dur ing the inte",;"'e rhmc, the uclively divid:ng 

Ilog rhmej bocl li shouki be ei:minateci er,d the nl)l'lll:Jef o f ofgor',;';rm h(llboured by 

the pa tient reduc:ed 10 U lew I-'L~ '~sl;ng organbm thereby m irdmiz;nq the po_,~bility 01 

c:hJ g re!istance devek''-'. ',g durir-G Ihe cor,lir"<lalior1 plm,e. Approximately 9(f!{, 01 

paHents have no viooie M. tU/1f"fc[Jioc;i, in sp.Jtum c ",lure' OtlCf 2 rnonth, o! intensive 

phO'>e trea tment" The cor'l inuatior1 phase aims to eradicate thry;e p"'_,;'ting 



u flani"", and comprism Tilampk:'n and i'On OZl<.l in comhinu1ion Iwith " thUTnbdu n 

mJdii ion IOf 'e tTeu tTll enl PC1'ien~' i 
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h~'", c~ver ~1 "c" :",, I .. d",,, c~ " ~h ~ I'X':'V>C"~" bee" 1,,,~leu Ie. lei, " ~JI1 j woek\ 
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"yru~''--'' l ide 
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\I,ep ;U rn)'Url (2 '''C'"ltl" "'()':' 

< 51) kg 

«<' ' ''J '.J 'Tlq 
lXll'r'J 
&TJmq 
fYJ '''$I 

> 50.9 

Olll '''J 
~:c ''"1 
'-'In '''OJ 
, IXXl 
' I))) 
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.... ~~;; ,., ,r"" 'O:YI :' ·'L"':,ic.O ~,~o"" "Ga',.,,"'-" CG"1l'~ ii ;v~,, ' ~;fo~;', 

J ,','".,.,,, w""''' 11C<r',lm 
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' ' '' kp 
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.n: ·r<J 
80Jmg 

40{) rng 
4CO 11(_1 
i(f.) mg 

''''''-'-0T'''-~ ' ""'~ "".",> "" ''''''KO"d to 7Yl w, " pot ",",-, "",_" 1' ,_,,, " , . ,''', ""rl ' 0- "" :. ' .. ~, ', 11-",,,, CV,", 60 ,,,,->, 
'-' ",-,r' o;; ",O<;"" ' OV, 00",,,, ,,o;,"" ~"'" '''',''''0 ~,wt • .,~ "~' iT"" 'C'O ",," '"don 

kilompicin-txlsed , ho, t .. .1:o<rr_~, reg'm en_1 ".'Jd dirKtly obsr:.~ vGd 1,euirnent 

TilG w'tdely ,eco'1Hlle nded DO is lihe brond nOrTie 01 ihe inie,nutionully 

re co'-'-'n1Gnded luberc:,.,lmis conhol 1!r"legy: lJ~ectlY ObsGlYed IrGo1,nenl, SrlO,l­

cou " e) concentrates on cOle fin<.llnq and CUrG App,o,i'l'''-1t,,1y (,9% of 1he world', II! 

p ,,1ients li ,'e in orem nu.·.' cove'ed by DOTS p,cg umme,' : ye t II! con t' ol proqrorllrllc 

rel~,It\ nre ' tiI levereiY ri ndG'Gd by ihG lod of be1ter und affnrdnble dic,gnas1lCS cmd 

mqe effective rllGdic;ncso'o' Tile cun'enir,- ,ecornrrrended nn1ituberC'JIOSi \ tre,,1ment 

compr ilG\ , h<::>r'1 C0~lse chGrllolilG'UpGufic ,egmen< I\cq of 6 to iJ mont.~j. w:'lich 

conto in nlornpiC:" fo, uf lemt 1r)e l i,,1 ? months Id llfinq tile inten~ve 1:"lose)_ Tr)e 

6mmq 
I"Xl n" l 

~" k. 

I"Xl rr ." 
):») rr>:; 
1;;)J n-.:; 

1m ''''-j 
/,I f ) rr ~j 

';r:o mw 



prelerred regirnHl' conto in ri/ompic in tt1rovqllOUI: lili' ,Jt'ow, the treatmen t cOU"se 10 

he shOftened to 6 mOnltlS 101 lilm" on m trea tmenl Ie.- Ihe 1",1 tirm,. I low'wer, 

COf]CRn,; 0/ increased resis lance 10 ritamp<cin !-KJVe led the Wor ld Health 

OrgcHlilOtion iWHOjlo , trclnflly r<"Commend that all rilampicin dme.< ,hould he striclly 

llP€fViSed. Non rilornpicirl -corltoin fl g cont inuation phme, have tilRe lore h"'''' LJ5ed 

w idely in countries l.JrXlble to support d irect I.,. oh,erved treoiment Ie.- tl1e lul l dLJra lion. 

Rf'C"nt evide nce sU!J0€.<lino Worle outeo,"e, (0) tllV-infected p<ltienh il IIle 

con li'"fL'alion phme 01 JpeatPll"nt does not contain ritampieirr"')!'; irlcremed acc"" to 

druOS th ough IIle Global Drug Faci , ly; arld inc.eas"d ,uppoP1 lor DO IS progamrne< 

by the Globni I LJr1d to I ir/lt A'llS, ,uberculosi, arx:i Maloria m ay lead 10 mor" 

pro(y(]mm", using rilomph n throughou t the tre<ltmerrt CO<.H e, 

The U"· 01 h"d-dme cornbincl liom if OC'j 01 an liluLerculmi, drug; is encouraged. 

Tiley hok::l ,everal advantages inc lwing simplified procurement and prescribing 

practKee, orld a reduced rilt: of acquired drvg res istance. Bec(]u<e the dr.)g5 ore 

admirjste<ed in comtjnot i0f1, rmilta nt mutrnt, ore In" likely 10 be se lecled wl1en 

f DC< ere 'hod in n·,,, ,,,l l irlg 01 erratic drug takm or treotment intefruption"'. Whle 

the llSe 01 FOCs is recommended by the WIIO (]nd th" IUATLD Ilrl lernal ior1al Uniorr 

AO",n.\1 lubffculmi< O'ld Lung Di,emej, reports 01 inler io' bioavoi l(]tj lily 01 ri fompiroin 

in ,,,velal fOC;'" Y; Ilave lead to (] joint It(]tement, by th" OTg<mimtiof\'i thai only 

thOle FOCs witll proven rifom PKe;' , lioav(] ilability ,hould be llSedJ:l·:<-<. 

Mechanism s to enSLJre (] r",i (] t>" supp ly of cTlig, .. -.own to be of good q ualil y ore on 

impo<ion t asp"ct of irnpiemenlaliO'l slrategies and are lupported by the rec"ntiy 

es lab,shed Global Drug locility [GDF)". O f 'pecini conCf>l'rl i, the boovailabi lity of 

rifornpiein; file quali ty o f the raw m otRi(]1 [the porticl " "le and crys ta lline form):" , lile 

noture of the excipien l, and exposL~e to heot (md humid ity dur"g Ihe 

m(mulocturi ng proce" ore repuled 10 be impor larrt lac lors, ReG'", t "'port; of 

accelerated d e(Yodotion o f rifampicin . , FOe, lindR cond itions of IJig il ambief1t 

lernpeTOh-, es [~O" CI, humidity 1!5%RI I) (]nd ligh t, imply that ' torage cond il ions may 

h" vff)' impor tan t" It " 11YVllhe,iled 1t1Ot rn in l eraction between 'c.onimid ond 

rffompicin. wh ich may 00 augmenled by I lle pre,ence 0 1 ethambutol under humid 

CO'ldiliol)';, i< resVln~hle''-· . I urthf>l'mor", th", d rug i, r8 atively insoluble in water, i, 

'ubi"",t 10 en l erohepatic c irOJlotion"· ·c" ond dlssolufO'l tes ting does not cor,,, late 

well with hio"quivalence'o. In vivo tesrn g 01 lile bioayailability d! rifampicin­

cor1ta inino product, ;'1 hum<m voll}Pl tef>l" " th"refor" a genera lly accepted 

requiremen l pr ior to regis l ration"". 



Ir~ lio l t'iol., of rifomp'c"n-bmed sec regirnenl hod success rol e" of morc 1110'1 95%, but 

(] ,mull proportiD'l of patients foiled treatment or had relop", of diocase In lpite of lhe 

con lrolled study environment"''' . CO'lceivubly, ,ut)-opllfTlol systemc drJg exposure 

coula pkJy 0 ro., in those PUlie ' ,11 wtlO 'xIve ° poa; treatment response evcn u"der 

Ihe ,\tLJdl comlitiom 01 excel ent end olsU'ed dnJg qlx;lr, ly CY1d ddivcry, luly di ug 

scn,itive (yganlsms, "';Ih clirica l clilCme cOl'li lled to 1I1e 1lJ'lg .. and limi ted u- no co· 

rnO<bid Jiroesl. If low dfl'9 eoncentrotiO'1< in ;OfTle Ifxjiv lwuls a re contributory uncte' 

optimal eonri itiOlL' of d ' ug dei very .. they might be C'1JOI II 0' even more impatu" t in 

widely IfllplcrTlenlect trea tment control D'"ogra mrn"". Low d'ug levels rnuy be mo'e 

criticol in the cOlltexl of i""orl'p letc drug d el ivery. sub oplima drug quolill. on 01"]'1 

of d iscose p<cse"tullom (the ,ite and metobdic 5tole 01 thc orgmllsm being 

relevant), SCV8!","y ill potient' "';111 co-rnorb'd disease and manu lrinon wtl0 may be 

vulncrobko to ultered drug prKirm=oI::inetK:5, and compromised im mIJnity. 111 

oOOi1'OI1 . the P055ibiliti \C>oIJkJ be c'ltcriuineci ot >ut)-optirnul quoily cYugs be'lng 

P(J tl cukJ rly poaly ob\.Olbed in pol~nh with mae severe dileose 0' mcJ"ul ril io~. it il 

i ke ly thot trea tment joJu'c 0' lubcrC' )lmi, rccunerrce rC9,)! t5 trOln u cornpkox 

cOlllbi'lu ti or l 01 luclors Ihu l vu ries from p alle,,1 to patie" t" The rd utrve fYlportof'ce 

o f the in ter",,~ng determnCY1ts o f oIJtcome L\ poor", unrJerl tood , (figtJre 5) 

1 r" . "1 ;<,;,,, " " " " . , 

" ,r. ,ji ,,­
"""'0""' t 

NO'l-adherer><ee to Ireatment regimen> i, the mosl importm ll ri.,k fuclor' "'lOW" 10 be 

oslociated willl poor t' eatrne,,1 OUICOfTlC, Howcver. certoin patient, o re mae prone 

10 diseuse mlup",; extcmivc pIJ ' nOllury cuvitation, ex tensive rodiogophic changes 



Qr1 the pretreatmenl d1ClI X-roy, malR ,ex, and odvuncRd '-'9R erR putative ri,~ 

I",ck.-s ' ,"" Smoi:ir.g, diabetCl, low bcxJy "'ClSl, am a previoL" h;,lury of trfX)tment 

lor :ubercuIOli, h(Jve 01.'0 beRn Clwxioted with WOfse treoj""'nt oulcomel",<",<I" HIV­

infected patients are more likely 10 r clOP'R olter rifmnpicin-,p,-" ing cllerr.:)thRropy 16 

month re9mRtl< with twice-wee~1y rifmllpicr , in thR continua:ion phas.e'", 8-month 

regimens with only 2 month, of ,;IClmpicin2:" 11 monitl reg;mRnI withOfJt r;fampicin""I: 

ond tile presence or extropulmon,-"y diY30se '~ l oddition to pulmonary tube":ulosis 

ond drug abuY3 are '~ldependent ri lK factor, in Ill;, l'l"XJp""". I urtl"termore, HIV­

n tecled patient> ere al 0 higher ri5k 01 relopsing willl riimny<: in re,istClnt M 

tUberCUblis thon HIV negotive potien!> wilen 11ig,ly Intermittent do~r.g regimens me 

used:", lhese patients may require dosel ot llle :op end 01 thR d0'R-rR<.ponse curve 

0: more freqURnt dows for optimal treatment wtcome. 

n.,., inilR,-en l SUlceptib<j;ly of M. l ub.-fCu!",!, to the unlilul:>e<culolis ooe nl, muy vory 

betwP.en d;ffRrent i.,dote, {even umongst 11lO'e orgoni,,,,, <:utcgOfized m drug 

-,emitrvel . A. mOfe refrcx:lory m e loWic stote of ,'-1ycobacterium tuberCUIo.~'5 may be 

responsib<e for the increosed drug tderar>:,e ob'erYed ;n i.,dok ... trom pClI,enls 'Nilll 

prdonged bacter>al per,;.;tence Of diseme rei(Jp,e '" TI,me pa tienls infected with 

streins hovinO higher MIC, Cml be expecled to requir e higl1ef drug dOles to ochieve 

llleropeulic respome, ond tlli5 may b e 'Important in patienll ochieving drug 

concentrotions beiow thR normal rung<-,,;. 

lile qual'ty of drug pro<--ju<:h (JIld delivery of odequole dug dOles is emphmized, 

However, Ul is eviden: from the studies summan7ed in the fdlowing ,,,d;url til" 

r.-latior1<hip bel\.veen dug pio,mo conccnlroliOf1\ ond I'eol""'nl outcom.- in 

tubercuio~; PCltien/> 1"1< nol been delined, (Jnd i(Jctors msocioted w1th low drug 

levels in pCltients hove mt bRen odeql!otdy de,uihed. 

Drug conccnl,otiol]J in luberq;iosi l DQj'~ 

Seveml ilolClted repc:...-t, of low (mtitube,,:,-"os;s drug <:Of)(centraiions in palients Ilave 

emerged in the i teroture 'lIl<:e the e'-Tty 1990' ,'. 

lhe cme of an IIIV-infeded patient wi lll 0 rWllot",xplive dilorder om dissellinoted 

tubercLJblil WClI described in a iettRr published in The New EnglClnd Journol of 

Medi()ne in I W2". Tile concentrations of rifampiCin, ~oniaz;d ond pyra7inamide at ? 

and 6 hours oller drug ingellion were fwnd to be low when compcred to tl1<::­

"nO"mal ronge" fO" t ile peak CO/Ken Irol"'". IT (Jble I, Cme II. 
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S<Jbseqvenlly, anol l'ler repc.r! from !he Uniled Siale, dc,criLed bw plasma 

concent rations ot isoniazid, l ifampicin, ethamhutol. cipooflomcin and, les\ 

dramatically, pyrazinamide 2 hours a tter drug inge,f ion in ? HIV-inkcicd patie'-'!;" ; 

(Tuble I: Case> II arod III) The leveh of '~ on i azi d, rilampicin and pyralinamidc ore 

shown in Table I. One pa1ien! had evidence of mabblorpti o'-, ICase 1111. the other 

did not (Case III· /loth acquired drV9 res~tance Iilc>a1cd lilampicin re,istCf1ce in 0 11 0 

palien t and re";,!ance 10 ooth rifampicin and ;;o,-riOlid in tho othorl durinn trea lme nl. 

Cases of low drug concenlrations in ,evcref,' ill TB patient; wilhout HIV-infectiOll were 

also described. A man w il h exlen~ve pulmonary tubercub'k failed to relp<),-, d to 

ora! therapy. Rifampicin concentra tion, meO'LJrcd one and three hours after doling 

were O.b and 0.5 mgil. res,-.ectively. C onical irnrxovement was noied 0Ilf,' alter lhe 

rilamr icin and i50ri azid doses were increased and given intravenou,Iy" . In anotl]er 

case repor!, bw rifam l:>icin concenlra liom wet'e imp!icaied ill t ile deatll 01 a woma'-, 

witt] drug ,emi!ive p u monary !vberculo";, and no known immuno.<urpre.<\ion. The 

c01lcentratioo of rifampic;1l at 2 11OUl< after inge,ti(,,-, was ?J~ eng/I" 



In thL' at"c"f1c" of ta rppt drLt ) concentra liofl rangL" 'a ,-,ot;.,n1\, "h., :Jlmm" 

c Oflcentratiom rnL'mv(C,ej WCi" (Comporeet 10 publish"d '.,,,,xnrn,,c,d,,ri riruq 

concentra ltOrl raflg", dL' riv"d lagdy from heal thy vd unleer , ILdie," '''. Tll"'L' ra '-g".' 

o r" ,.ot appropnate for potienL estabi i,h"d on ihva:JY IS00 d~CL~~or, below: Fur 

most of th,,,,, pot;en t CO'P \ , SCfP.,n inQ lor low drug c or',cL'nira tiom U'OO a .,;nqlp 2 

hou bood ,ar,,:JI,,: til" pm,ibM y of ooayoo obsorpiior', :whid, rnuy ooeur mor" 

frequently ,n pu l>en l, ti)an ifl IllfJli hy voll,nk,HS, eQ throuph dekJ:/ed 9m lric 

unpt0nqj wm noi occounted fa, in odetl l()!". io lhe (}msiblv SPlJr;OUS m,'l"" ption o f 

low dru9 biouvaikJbi i lv ifl "X"" cmu, othpr factors may l)ave coniribu led 10 th" 

p C>O" rpspOllse "0 trculmefll e.9. low drug dm",. 

Subleq<Jently TI'Ie f,ndinqs o f Several studie, dc",,,, ibing "fl l;tuoc'n,ulmi.' rirug 

corKentrations in poti.,nts hOV., hf,.,n put-. isnpd. 

P~CXlLJ i n ct of. ,t<y:j iL'd ·h" 'L' rurn COflCUl lral iom 01 ", ',t;jubL'rcuimi, drugs in a 'eire, of 

2(, pati"nL w iih AIDS . , lhe Ur. ted Sta tps and PUPrto ~ico''''. ; r ""y frn)nd thai mmi 

pa llen ls hod low 2-hO!x I.,vd, of ,ifampicin laboui 79% of pal ienL), dhumbulc:> 

':al)Qu' 83% of p"tiL'" ts ) (l,d i,oniuLid laboul 60% 01 puiiL'n-,) in c ompori s"" to th ", 

\wxx"cd ,-"-,,rnal '"ng'''' lwo IXllienl.\ had very low 1< 3l)% of th(C 'owe.- I;m;t 

:Jrc:Josed 2 Ilour cO!-"::,,n tro'ior,:' ",we"fl tr"tiom of ,ifurnpicirl afld isoniazid, ,n spite of 

In" pr"vo'"",:" 01 iow cc)!',cefl trot iorls of th., two ,nost a ctiv., on t i tuwCljo~S ag"nt< 

'i wus not.,d that ooliP,-,ts 9L'n",,-a lly -",'un"d to I,av" a good rc"'pome 10 Ire"tmeni. 

Unlorlunalery, no con tra subj"cts without AI DS Wde .,tl ld iL'd , ,"'ka d, Ihe r-,ood 

conCP,-,jratioflS rneasured were corl1pored TO thp rpcomm.,nrierl 2-llour 

concentraiior" ck'rived frorn vol ues in I he litera I ure and phurrnacoki'-""tK:: \tLdiPI,",5>, 

T'w pro:JOIed rcwoQps kJ rqply rpll",;1 Ihp conccr,tra ti O!-" i'" hL'a' thy volurl lL'c-rs and ure 

rrot ,uitab'e for pu lients es loo lish<'ed or, th",,-a py. In portiClJar, wosta,-, j ;a lly lowd lL'veL 

of riimn<:licirr m" eXPecled US aulanductior. OccL,S wilh r.,pG<:1kri rioSL" "">'. 

h_" t ~erma." dis,""s., a nd rna lrrutritio", rn ay a lter ab,or :J tio rr , di, lri b<J lion, rnetabol;sm 

and e':rr', ;r.a ti('l'l of rirl!fJ' by s.,veral meC'l m li ,ms la !tl"orJgh limited "vicience is 

ava iluble " lhis poorly delinpd flf,ld: liqurp 6} 

, 



f !;l,',Et§ :J:>easc "<l'f altCf ,c", phormoo;t h e lb ~: crVQs by 'C,,~nl mcchoci< lr" 
-----~ 
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C";oy,,,i "",1(" €m c""",) 
,~~do'coo '" irr&<Y,,~' ·""i"iN ,' ~ '>-L<; "~""'fXJi :.'.'1<; ."'O!"",,, 'e,g , f'-g.\co._'o" 'ff 
SeJ,.;c·oo ,,,, ""cr"".",~' '''''''''i:y u,' ","'M ";'" o<ug ........ 1(l~.") b O,,·.'OC' "" .9_ C'."3114,""''''··w 

-Rec;,"c"a ,' ,,'~~' ,"" I'c>cjt '<nc 
S~~'v,ced P<'ri",",'1 .~' _IiTC "t ci'l<; atJ,u,~,,,," 

-Alte'ca c""m'" ~'~O(",-, ." _ ",d;.,,€O cecat\:; "".10.;'0<; 

-A"(",,~' rF)tc,'." b'.'>.~w 

""term cct,,,·;!), 0.'>.0 "'ve""'-' or' .Gi'-'''' ; iO'oo,',""';" " 
(J{ -.-J u! <:se .'; icotiugorion,1 ,Ol&'a/X>O:: ""1r" "e."'''-

-c~",.o; !x;.,(, c"",-x'M"", ana r<:<',_"",,,o 01 c.-)m~"ef;:' .'~.'\I ,'u o.'i",€a Oi;M't, ;:I."",,," 
~"cJ,,;c "'~i ,Y >'C',''''''OO 'cm' f' :",'.'0." (yyJ " xc'e!,'", '" 
'''<In ,'." Icc",-' i'-'."' ..-"! Ie"," u,,,' ,'",; ,',y' 'x~ci."'" i",,,~' '" ,_'<).; 

Fc..- rnc,sf pati;o;n t5, a ~ng l e hlc.-od ,crnple luken ut 2 hours of1f<f drug ingc-.;tion wus 

us;o;d TO derive th" drug cooce ntrotions, A ,i"gl" 'ampic cu"nc,f represent th" p;o;ak 

cc.-<-,cenlrotion for a r ",mocr c.-f differenf ctug;; 101 ;o;xompl" the rnuximu l 

conc;o;ntrotion 01 ;'c.-<-i u£id in most pat,,,nt, is achi"Yed ecrlic~ thun 2 hours o l t;o; r ctuq 

adrnin;, lru tion, und thot for "thamhutd Iak~'''-'''''' ioI3_ AI,o, scant ,omprlllg doc, nc,t 

occuro t"", ';o;II;o;ct th" pcuk drug concentrotion dLKing a dosing intervu! us fh e time 

to p",* drug "oocen lro/ion varif.5 wid;o; ly hdw;o;"n poti"nfs. Indeed, Pe loquin "t al.­

tc,und fhot th" r;fomp;cin " oo""ntrufi c.-<-, ut 6 hour> ul ler ctllQ odmini,tration was 

nighf<f t hon tho t a t ') ho<,K, in 3 ot the 4 polien\> scrnp led o t both tilTl<'ls , 

Th" irnplicotic,,.-, d ,everul of fll" ern"rqing repOII> Ihu t Icm druq cOlrcen lrot iOl-,\ cre 

link"d to HIY-lIlf6'C-tion 10f AIDS), ;\ 'l;pport;o;d by 'I,,, flndnql of Sahai "t 01", H"althy 

voluntc'-n and HIY-intcctcd p""oo, withc.-ut tu tx'-"-" LJlos i, w"r" giv"n antituhc-""ulc-"i , 

druqs fe( .j daYI, S;o;ri ol blood sampl"s w er" tren token over 24 hc<.Ks to qeneru le 

"on"entraFOIl-tim" "urv"_' for rifumpi"in ~orim;d ond pyrm;narn ide_ The m"an pea. 

concenf rofion ICmoxj ond 111e C>"e<.J undef tl1e cOllcenf ru lion--f irne curve IAUC) over 

/4 ho(xl of rifompicin w"'" d;o;u"asw by 4;% ond 32%, r"sp;o;ctrv,"y, in H;Y~ nf6'C-tw 

person" The exlent ot fn e decreme wus rekJ led to Ihe ,everi ty o t HIV-in fec lic,n. In 

;hc"e w ith a,ymptomati" H I V~ntediOll ond CD4+ "ell "c.-unt ahc,ve 30J ""Ik/mm', 

lI,e mean CtllOX ond AUC values w ere reduced by 36% and 2'1%, resp;o;ctiv<3iy, 

"omparw to tho,e of heullhy vc,luntc",,_ In tflOS" witn ,yn--ptc,mut>c HtV-intcclic.-<-" 

CD4+ c"u -,t, oclcm 200 und " d s! rryn' und WitflCN t dicrrhc.-cu the reductic"-,, w,-"e 

43'% and 3;%. r"sp;o;ctively: and in thc"e with AIDS a rd chroo>c diurrhoco the most 

mmked reductions we,-" se;o;n in p l-.aI'Olocokil-,.,tic lTlf<asIX;O;1. with va kJ ;o;1 of 44% OIld 

35');" re,pec lively, Pyrolirtam;d" showw 0 l ;ml 0, Irend , olthough tr " mean p;o;a' 

cc,n"en/rutic,n m-d AUC vo '->€, w ere reduced in HIV-infec led sub;ects to 0 I<>lser 



exlen~ Ihan lor rilampicin. 11m rn{]xim{]1 <concentrali on of ~onK]Iid wm >ignilicanlly 

delayed cr,d reduced In Ii)()se palienl, wilh AIDS und erronie diarrhoea. bu l was no: 

ulf""le,1 in AIDS rmlienls without diarrnoea IY those willl asymplornalic HIY-inledion 

Ihe a lered pllU1macoki r.el iu wiln HIY-intecl ian wm att riooted to malabSIYp tion of 

t he drugs, 1·loweye" changel '1'1 D-xytole absorplion accounted lor only 3170 mKl 1 n;. 

01 ~n" variabilily o l rilarnpicin AUC myj pY[(]7in{]mide AU C, relpedv~y , As the study 

dill nol ir-,cluc!e TB pUlien l, 1i1€ pharmacokir.ctie imp{]ct of tubf"ec} os;'; or <co­

Infectb n wrth tubermo>is and i IIV was not evaluated 

COrlve"dy, stu lli", in tubcrcubs il patient.< from Kenyu and Sautn Af rica lal ed to 

show significantiy lower dug concentral ions in pntien ts witil TH/IIIY co-infection, 

compare ,1 to tubercub,i, pat",nl\ wi thol.!' HIV-;nfectiOllx,-", Furlhermore, a , tudy in 

Thai luoocu mis p{]lienl, wilil AI DS dcrnon,tr{]tc,1 good peok e"",",entratiom 01 

nl{]mpic h Imc{]n Cmox 9.111 mgil " 4.41 11'9 /1). al'nOUf)h 110 conl rol group dolo Ilrorn 

tubc,cul rni, pufient> witTlOu t AIDS) wer e: ,eporled". 

In the Kenyan ,rudy. neither i IIV-infection nor d io rrl1Oea was oSlociated witn Ihe 

vmiClbii:ty in tile pnmm{]cokinctic memcrm Crn{]x, AUC Of termin{]1 hClII-ole of 

rifampicin, i,oniozjd or pylOlinamidc. In lil ~ ,Iudy 14 HIY-inkcted and 15 non-HIY­

infectec: I-'atien ls with tubercuk><; i, were odmi'led to i10"p1tal and commer.:::.ecl on 

,tmKtc .. lIILed dOl'" 01 ri fam!-)iein (6CD m g /daif'/ dOl" if "- 45 <g, 450 mg if " 45 <'1::, 

iSOI,;azid IX(J mg!day). pyrazinamide (1.5 g/day) and eiilam/)u'o! 1,'lC() mg!d{]y). 

Ph(Ym",;akrndic pwiile, of ril(mlJich isoniclLid Cr1d py,{]m mnide were dete,mined 

otter '2 w eeks of Ireatment from b lood satnJies drawn i-Jlt plilY to dr~'g admr-'; llration. 

ctld a' :).5. I . 1.5, 2. 4. 6. 8 and 12 nou" oil"" d,up ingestion. A, 'hown in tob ie 2. tnc 

k,vc<, 01 rilampcin and i,OIliazid were murkedf'/ reduced in corn!--,ol'ilOlI to Ine 

recommended ranges in the iitemtL,"" (]nd high", vmiClbie, w~ ;I,t those 01 

I-'yrazinamide were generCli ly wi'ilin tile re<commended range and ies.' vmiClbie. The 

non-norma.zed Cmax value., were below tne recommemed rarOes in the iiteratlfe 

n 9C)'7; Clnd 89'70 of patienll for rilampk:in and iloniaLid, respective'Y. Tne authors 

' uggmt thai m d nutrilion or WClsting rn(]y h{]ve contributed to m{]IClbso'ption in the 

palienh studied. MOlt of 'he pat~'nh "udied were cachec'ic; the me{]n body rnm.' 

irK/ex was 17.0,!2.1 <g/m '. Ti-.e con,eouence 01 suell low drug level., WQ.' not as.'esled 

in 'ilis I~udy 

lhe ,tudy in Cape Town in 13 lubercubSil patients wi~n AIDS am 14 patients witnou~ 

HiY-inlection aso demonstra;ed tnat HIV h fectbn Wa\ not associa ted with lower 

c:am,enl ,(]tion.' 01 rifmnpcin, i.uniaLid Of py,azinurri de ItaUe 2), The iev/3i, re~ed 
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I" 0" oo,erVal K::>r lal ,tudy", inve5tiga t;ng the concentration> o f rifampicin ar>d 

isoniazid at 2 hourI aite.- drug ',ngest'>on in non-H iV-intected aduits with pulmon ary 

tllncorc lliosi, who were not res.pond i"g well to treotme,,!, the drug rorr"uk:J tion a"d 

olcohrn use were aSlOciated with drug concent.-ations, ~if arllpkin concen trat ions 

were tound to be higher Ip <: 0_02) and " o"imid levek lower Ip <: 0_0-4) i" patients 

g've n a hed dOle combr lolion table l of the Iwo drugs compared to the 

concen tra tionl measured in patiellll ingelting single <:tug proctJct5, Alcohol LIse wm 

05.\oc ia ted with h igher ritornpici" c alce"tra tiom 1 p < 0.0 I ) 

Vall Crevel ct ar." tou"d that temales hod higher drug concen trotion, than males 

(tabie )i- However, the mmt important detenninord of the 2-hour rilompicin 

concen tra tian was the tormlllatiaL Thme p a tient, ta king tahlets suppi ed by o"e 

pa,ticuior manulacture-r had 5igniflcantly lower concell tra tioll." in "pite ot adeqLlate 

rifampici" conte" t of the tablet , 

The rec e ntly published filldjllg_' o i a , mall s t~dy investigati"g ritmnpici" 

con ce"tratio", I" the alveolar ceils and epHheiial l'w1i ng tlu'ref iobta;ned hy 

b fanchoolveolaf k1Vagej and pbg"a ot [>;\en and warne" with o"d withou t AIDS, but 

without tubercukl~,. iailed to ' how On effect of AIDS or "'X on pk:J,mo leveL at 2 or 4 

hall" after drug odministration, Howey"," a there w e.-e trends to higher d veolm cell 

ritampicin levels lobtained at 4lK'cm otter drug do~ng) in women than in men, and ill 

smoking women than in non-smoking women-"" 

',e, , 



In a study inveo.t iqatinq tiv'! impad of unocrnLJlrition on the pharmocol<.inetics of 

rilorflJ icin, ~o~aso et ai " fOLJnd that 8 sLJbiec ts wilh mean body mas, index (BM li of 

14.8 "g/m' had , ignilicanl ly lower drug ,~on,~entrati,-"" than 10 healthy subject> witll 

8M:, above Ie kq/m' (rneon 8M: )1 ~g/m ') after a ,;ngle 10 mg/rq dose; the meon 

Cmax(:!: se rn) values were 5(' I (+ O.;';D) and 11.09 (:!: 1.27) mq/I, respediveiy. and the 

AUC, 4:£.24 I:!: 4221 mg.hr/I and 59.12 (:!: 4.9 1) mq.hr/I, respectiv<"y. The author, ,~itc 

malabsorp tion. c hanges in dist(,Dution OI1d inueo,ed rff\Ol cl earance os I-lrobaDle 

reOS Ons for the difference, ob,er,"ed. Ten LJaderClOl-,";,hcd tubcrc u osis patients with a 

mean 8MI of 1(,.7 kg/m 2, estabi shed on a rifampicin contoi ring treatmen t regimen. 

had ILJrth,,;-r reductions in the biocr..a ilabiLty of the drug Imean Crnax (:!: sem) of 4.13 

I:!: OSl) mg~. and ALJC 24.11 I:!: 3.2Si mqJw/li. Unfmunat<"y the ,tudy bded well 

nOLJriYled tuDercu osis potient ,~ontro~, . 

~ed u,~ed bioa..a iklbill y 01 ;,oniand and rifampicin is obse!Ved in patiea\< taking food 

concom;lantly.':; ,~ J Lent e t al. fOtJrtd that inge,tion of a high c abohyd ate meal with 

aatituber'~LJlmi, medication deklyed rila r-r-picin obsorption, and deuea.,ed Cmax 

and ,",UC values for isonk '7id by ap~--",oxilT\ate~ )If;l, in a group 01 27 pottents in the 

Wes tern Cape. COr>Corlitan t ingestion 01 0 me ol hiQh in fipid ,~oused a ml(l iler 

reducliorl in isonimid l eve~. fyr(lliaarnide ,~oncen tratio", were lJllailected. MOl l 01 

t he reported patient , tLJ dies have em ured d ug admir1~trolio n on an empty ,toma,~h, 

t hLJ ' eliminating I his scxxce of vcrk,bi lity. 

The re,ult, of 2 rel-lorl>",,, suggelil hal a Il iqi1 lXopa-1ion of potienll respondng ~'X),""y' 

10 fOrs t I ne tlwropy have drug '~Or>C entrations Wow the targe t range, in the literature. 

Ilowe,'er. the drug levell in patien ts respon ding odequateiy to treatment were r>C,t 

rneosured in either study. Ih".-efofe. it ,~ann ot be ,~on,~ILJded that a h,gh proportion 01 

patien t' ,..,..;tl, low dnJg levels have inierior treatmenl resp::Jnsel 

Kimerling et a l." , mem,-," ed ilCHliOLid and rifampic'lI1 corlCentrotions in non-H IY 

intected ponents with 0 ,low clinic~al respon,e Ifa ' l"'e to ,~on',.u t the sputum cLJ lture 

,..,..;tllin I ') wee,,), trentmenl failure or dilease reklpse w;trMn 13 months of be:nq c l"'ed 

or a,~q lJir"d eJrvg r",~tance whle reu;;',.ing directly ob,,,.-Yed thDfDPY, Fcxxteen of 

the )) i64%) patient' receh'ing fir> t-line treatment. hod 2-hol'" rilarnp:cin 

'~Or>Cent ration , Ie" than 8 mg!1 Ithe lower ' m it of the l-lub l;,11ed target range) and 6 

01 the 8 patienl\ i75%) receiving a :oJ mg dose of isorimid had 2-hour 

concenlronons less than 3 mg~ ilhe lower limit of the 2-hoLJr rcferer>Ce range for 

;,orimid' ''': ta~e 2). 

1°, . 



Mehla e l 01. i, iden lilied 6 0 1 124 palien l, Irc~llcd fm pulmCJ(1ary tlJhereu l o~1 for ti l e 

In t t ime WllO w ere responding poaty oller 3 mon ll" on , I(]mjard i reClt",cni ipositiYe 

'pJtlJm , m;;Clf or e LJ lltJre , or p oor (.iniea l C<" radiogapllic response)_ All , ix pal ienl, 

we", IOJnd to Il(]Ve k,W CDnc entmtio", of rifampic in (leIS tll an 8 mq/I) at I, ~ and 2,~ 

Ilour; afler drug InQel lion under lasting condilio", (tClble 21_ The dme of rii(]rnp ieill 

WOl increos;;d from iff) mf) to 900 rng and til en 10 I XD mg in one pa lien l_ 

Di'-P'0pm lionCltdy inC".rcmed rifampicin leye., werc mUl<uled (]i th;; hiqher do'e'_ 

Improyed re\j)0(1\e\ to tr;;otrnen t were observed loI lowlIlg tile do~e increment,_ 100 

few p{]tient' were e.(] rnined to dr{]W eo"clu_~ens (] t:>:Ju t facte" awxia t;;d with th;; 

Iov< leveh, but CJ(1);' one ot II-.e pa tient, was intedcd wtil HIV and Ixrlf cf tile p;:lticnt, 

were a 'coI1ol,Cl 

Witlleul centrol ,ulJject> il ca,-,nol be conciLJded whether lew drug levcL\ Cl re 

~gnilicanl ly a"ocfated willl 11-.e inler'O' re' fxxbe 10 trealrllenl 01 the palienls in lhe,e 

studi;;\, How;;vec c ilCum,t(]rltia l eY irienee tha t low drUf) COf1(.;;ntration, are 

re'f-X1mible 1m poco- Irea lrnenl re>!)onse in ,orne pat ient, " pwvided by report> 0 1 

seY;;ral cases reslXHldinf) w e i to incr;;os;;d doses of ant ltuooculo,i \ d ruqs. alt;;r low 

eoncen tratiens hCld becn detected cn init i(]1 \t(]ndard dOle', ".".1< 

In contra.lt. NClfitCl et (]f. imply thCJt dnJg com,,,nirCltiom me not import{]nt ",cdictm, 

01 tiJbefcu l ,,~, recurr ence" I _ Tiley mea,ured ri!ampicin and isoniazid concen lrations in 

approximateiy half of the 1&3 pa tien t5 in th;; ~ , tudy rie~qn;;d to dctermir>;; the ri:;k o f 

rcnmence as,ociated wlh low ,erurn concentraliom 01 Ille 2 d rugs, HIV infedion, 

aqe, sex, ~r-= a du,t ;;'po>''''' injcctiOll drlJg lJ le, CD4 ccll cou nt k;._'1 them 100 "ell,/ml 

and HIY ~NA lood gre{] ter them L'':) ()(X) cope,/ rn l. rhc findings in 25 (13%1 pa tient; 

w ith tubercu l o~, reClXTence were compared 10 tilose beir>g Irea t;;d 10 .. Il l;; I t s! time, 

A multiy(yi{]/C Iogi, t ic ",ge,~on analy,i, wm u,ed to m,e" tile rd of recurre nl 

lub;; .. cu!osis associated with thc {]bcye-mcntKmed covmi(]tc fClcto", and nOne were 

found to be ~gllil i ean l detern~nan ts , Tile resu lts o,-e irconc lusiYe 10f s;;v;; rClI reO.lC"'_ 

The m\LJmption wm made 11'01 the mea'iU' e'l1en l, 0 1 eover-ia te laclors measu,;;d in 

pat ien t' with rcomcn t di,cme were repre,enta tive of the,e factors 01 tile p,-evious 

Ireatrnent period, in spi t;; cl no indic(]ticn in the report of thc tifT" to relap,e Irorn the 

p<cy iom epi>ode 01 tuberculosis, Tile assumption Il0lds fa' l ix;;d factQfs 'LJch m ,e. , 

and may hold for f{]cior, ,uch m ," icCl du,1 exp,mHe, injection dru g ule and HIY 

inleclion, d;;pendinq on the timinq thc p<cYicLJ ' cpi.,ode cf tlJherculo>i, (]nd the omet 

of tim riSK lacio,,_ Howeve.-, CD~ c;;11 count, viral load and drUf) eoncentrCltiom m {]y 

wei l b;; '1LJitc dilicrcnL 5ec"ndly, the ,c{]nt 'iCl'nr"ing u,ed to deter mine ,erum d ruq 

I 'J _ 



co",:entraliorlS [drug levels were measured ot ? CY1d (, hours oiler druy 

odminiltra l;onj m iqht not m:cUlotely rellee! d rug expmure during Ihat dOl ing in18fVa.' 

os the time ot the IJea\:. a-ug concen tral iOfl varies, Ihircily, tl,e serum d rug 

concenlralion was ciC!>otonl ised 01 the lower limit of their dme-'pecif[c eXIJec:ted 

ranges [ <::3 mqll ver_',-" .~ 3 m y!1lor potient< receiviny 300 my dmm 01 i:\ofliaLid ddly; 

"'1 myfl VC"f'U' ~ '1 my/I IOf IJal ienls receiving 'JaJ mg iloniazid Mice weeKly; and <: 8 

my!1 verSu, ~ 8 mgll lor t!>ose receiving ritCTTlpicin 6lfJ mg dai ly), As the_'e expected 

rcmges hn,ed largEOY Ofl data from healtlly volun tee" are not appropria te for a 

patient IJopula lion esla~ilr>ed on therapy, tl, e impact of tr.e lowest concentrotiOflS 

m ay !>ove heen mlsed ;n th;" or ln ly,;" , Lmtly, only 25 Vl"enl, wth reCUrrenCe 0 1 

tuhercUm ;" were included . , Ihe analyl~, If drug conc enl rationl were memured in 

approxima lely half of tr.e\e [the exoct number to undergo pharmocoKn elic nnnly>i' 

was nor reported) and tile va6abi ily r l drug cOrlcentralio", ;, Il igh as reported in 

otM patien t ltudies, the study may hove been under-powered, as wqgested hy the 

wKie y:,% confKlerICe intervnl ir n ih_ 

The rec:ently pu~ i'hed findinY' 01 Weiner e l 0 1." de>Grve a tten tion, even IIx)ugll Ille 

retrospective nature o f lhe pharmocokinetic eva luation has inherent weaKne"es 

The icvel, of rifnmycin and ;"Ofl;alid were evaluntcd in IJatient< emolied in to 

' w ercu/osi, 'r",11 Consortium! United Sta te, Public Heal th Service Study 22. whch 

compcred the octivity of onc:e-wedly tifnpentir.e pius L,oninzid to +wic:e-wedly 

ritampie~ l plu, iloniaLid during It>e con tinuation phale 0 1 antitubercu losis treatment, 

fn tl,e primCJY evaluoticn a mu!tivcriate onolysis fO<JOO lI,at ison iazid levek were 

m",()ated vvi!h an incremed ri sk 01 IJODI Irealmenl outcome, in Illose receiving tile 

once-weelly req imen, but not in the qroup receiving druq doses twice n week 

Ri lampic:n and rilapentine leveb were oot preoctive 01 Ireatment outcome in thil 

analylis. Ihil is tr.e li rst evidooce t t>a t isoniazid concen trotbns may be on impo.-tant 

dcterminont of tren tment ouicome, at iem! in highly inter rrit ten t dming re9me",_ 

It>e Ollociation of acetytator l lOilfi ,.,-itt> trea tment outcome strengtl'lens the finding 

and is ,upported hy ,-"eviou, ,ludic, if l<ing rOIJ~j ncelyto:or ,lot", nnd Irenlmenl 

failure on orlCe-wee~ly regimen, ' , :he daoa luqges ls that rifamycin and isoniazid 

leveis ore not important lor treatment ou tcome in palien!s w itilOut HIV ·inlection 

receiy;ny Mice-weekly regime",; 11OWeYer, Illi, pol-XJl otion -'lJec:ific: fimj ng ,hould he 

ink"fpreled with c:nution; the relrmlJeche natufC of tile IJI1CllmOco~inct;c 

inve\tigntrn m Ol t he pnrtic:u lorly lJnreliaNe for prenicling rifompicin levels nnd 

variot;on tI'erein. 



In summary, il is e,lablished Ihal in many ,turiie" paJ;f,nt\ hav" peak ar,t;!uberculo\'\ 

rirUCJ concentroti.cms lower thon ti,e therape<JIK:: range, advocated in thc lit."-atur,,, 

and that th" low cUl)c.,,-,tmtion, might In some drcumslances be reialed 10 HIV­

infection, alcohol use, underwtril;on, male sex or d")g forrnulat"'n_ Th" :rnplicat ion5 of 

Ih",e findirl9' CT" not known_ Appro~_,,;at" ranges, for ti,e dfug concentfatiom or 

olhe.- pll<xmacokinelic memure" ba,ed ry-, sluriie, e..-c-J uatin9 the effecti.,en"" ol)d 

toxiedy of treatment Illwe not been eslabl~lled, 

In ,pie of pour cllUrac le!isa lio" u f TB drug concentratior" in patient population', Ii, e 

unknown imp!;cotjol), of low drug concentrotions ond t ile lack ot volidofed mefhods 

for rie t"cting ,uh-QPtimal drug expo,ure, th" u'e of tl,e'aP"Utic drug monitorr ,g has 

been odvocoledY" " 

Rifm npi6n: pharrnacolinf',tic conc!l.['" 

Sysfemlc concentrahorll o f rifampicin il) the contexl o t tubercuK>s i5 treofmenl are of 

flO"ticulm conce", for ,everal re",or": tl", drug 1\ known to IlUve unprerl;ctahle 

bioavalobilily wi fh Iliglr, variable pkJsma concentralion>, il di'pkJys dOle-dependenf 

efficacy witllin tile d nically fe levol)t range; it is a drug o f pvotal impofiance in 

con lemporary sllO( I COurle a'lli luberculo,il chemufherapy; ancl i l il msocio fed wilh 

lev.,,-o! impo<kl'lt phafmacok'net;c drtJg-dru[,J inter=tlons, ' I' this the\~, greate< 

attenFon wi l t l,erefo,"" be locul,ed u" rifmnpK::in tho" th" oth.,,- f~,t- in" 

an tiiubercukJ,i, agen!> 

The Un"--1ue ,t"ri i>ing oclivily of rilampicin hm mod" il pm,ible lor Ihe duro liun 01 

tr"atment regimem 10 be reduced ,ub,lanlialy ;-''' ",,0' Tugether wilh ;,OriOL>CI, il 

form\ the hockbon" of mod.,,-n ,hort-cc<.m" cI,emuthe<apy, and rifampicin i, an 

in\lal~obie port of t"'otmel)t regimp.n5 where it can he afforded. 

Rifampicil) b ind, tu th" irdrac~ l u lm torget DNA-depend"nt RNA p""ym,,rme, lhereby 

inllibiting mRNA 5yrdll"sis"'_ Mutaik;ms il) I I", rpoll ['jBn" of M, t[JhE'rcuiolis confe , a 

high level 01 relislorce',\,M and are found in most resislan l isolates' >« , Approximate", 

I in 1 0' organi"", ore re-s;, lanl willlOUI dr~J ,elec liun p re"ure,.... .. 

lhe min imum ',-,h;bitory concentration (MIC) o f rifampcin for M. tubwc"kJsi, is aboJl 

0.25 mg/l in brote, and 0.':' mg/l in agCT2G Ihe minimum b=tericrial co"c"ntration 

(MBC) ;, oboul T mUll in Tween contoinin[j medium, and it i~ estimoted that th" 

plmmo rifomplcil) concel)l'otK)c, required fur the ,ome txJctericido1 aclivil y in 



infflctoo lung li~sue i~ TO fold to I:' fold thaT of the MBC' J, Iherefore, optimal 

anlimycobaeterid corCe<1tratiom >hoLJld thflrYfl ticcily apP"ooch 10- 15 mgt!. 

Refere!lce runges of 8 - LO of 24 1T'Jo;:111 are w ieldy qUoled for the peak rlfampk::in 

coocentratioo iCma4" ,''''',,,, Howflvflc the.'fI rar.gfls Cl'e based !argfl;i on hedthy 

VoilJntflflf data, and, os (j scus.,ed Plevi(lU.~y, ae not uppmPliule for pul ient' 

fI, tul-Ai,ll ed orl treu lmenl. Indeed, mosl repa led peok concentrul ion\ in pul ien l 

populations estabiOslled 00 treatment fall ooow tllis rc:nne ila~e /), with free drun 

COflcentratiam ik~y to be well ooaw tho<e tll0LJght ta 110ye optimu l irl vitro 

bacleriddal octivity in many patie<1ts, I'urthermore the concentration of tile Urlbound 

fraetior, at thfl ,itfl of oc tion muy be comidflmi::Hy lowflf tly", tlla t in tll f1 plusrnu. 

Concern rfl9(lrdiflg low rifampcin concflntratiom i, 'llflpatfld by thfl dose 

d ependency ol lie dug's acl iyily. Siudies in mice huve demomlrated dose 

dependent efficoci ave: the rangfl of 5 to 40 IT'Jo;:llkn"" A study in patient5 

dernomtruted ,Ignificunliy ,educed e{]fly buct8lic idui activity of u 300 rng dme 

compcred to 60J mg;', Patiflf1!> rec~v",g intravenous dosing with rtfampicin 

(associuled with Ili!)'1er w,lemic concenl rutions) ucil ieved u !legulive spu lum 

culture more rap~i than those who received oral rifampidn", I'urlr.ermore, a large 

clir k u l ,Iudy sllOwed IllUl da;e, less Illun 9 mglkg mfl osy)Ciul ed willl WrY.'C 

Ireatment oulcomes'l'i, ard tile corrUinol'i<)jl of "ifampk::in lin lie "ecommended 

dose,) und i.'OIliuzid !ui~ to p<event the emergencfl 01 i<onimid ,,,,istum:e in ,omfl 

patients, 

Wll i!e most palienls are cured by slandard trealmenl r.,gmes pwvided 1I1ere" good 

trflOtrnfln t d~iv<"y aoci odh8lflOCfI, it i< po<.~l--,lfl that incrflOSed dme' at lea.,t in ,o,-nfl 

putients, migh I be mae effective, und i I muy dso be pa;,i i::He to ';hor I en l ile dcxu ti on 

01 trflOtmflnt by such ClPP<oochfls'il". 

Ihe pharmocd:inetic measure that cOl'espandl best \Njlh antimycobacteflal activity 

lor rifampicin i, not estdoli<11OO. However, it i< her; hflfln 'W}'Je, ted tha t thfl Cmax : 

MIC ratio silould be maximized, as rifampk:in acll on in tracetlJlar target'>{'. Tile 

impatunce 01 an udecvate peak concentmtion ,utile tl1Un u \ustuined level is ubo 

\Uppc.- t ed by the lor-.;l pas t antibiotic e l teet demOl ls t''Uled in vitfo und tllf1 e fficucy 01 

ritumpicin based in lermitlenl Irealmenl 'enimem",";,". Tllf1 AUC/MIC was fO<Jnd to 

b fl u bfltter p:-ediclc" of buclfll';ul COUllt rfl(j,Jc tK)''', tllUil Cmux/MIC or thfl time tllat 

rifump icin concentrations rfl(m i ned doove thfl MfC, in u rn"infl mod .. " 



1\11110"gh ,()j,.e ,Iudie, il-,d icule uimml cornplde absOfptbn 01 rilnmpicin, dntn nre 

insufhc ientM, More recen t evide nce 9Jgqes l, thul l tis Ireque.-&,. i, nol lhfl cmfl, und 

ti101 roQ.-, ced biouyoi l nbi~l )' may, In ptlrt, be dL>e TO lo mulnlic)n 

c hnrcx;1eri\1iu,,",,:" ,t:,,'II,'''', Rdnmp>un ~ best nb\orbed On un e",pty ., Iornucll . D-,oyed 

and rcd ' __ ';:"Xl e-u,orption OOYO b"Dn rqxxiod when it i5 tnken wi1h lood:"';:', Gn5 tri c 

pH muy olIO r-,t1uence ub,orplior-, ; ucici l .cu lior-, with hi.,tmninu wm observod to giYD 

leYel, 1 1ime5 higher thn" thOle observed niter udrnini,l rution of the ul-,lucid Nu 

bjcurbo{1(]loO< Maximol concontrn ti ons (]Ie highly w ..-inble b e lwefln sludies nnd 

~ldiv i dJCIII, nnd nre nOfmnlly de1ected IIOfn I 104 IlC)Ul,""M,". 

Ir , p lulmn, 80 10 J'(ff; of ri tnmpicin i5 pr01ein bour ,d"',,"- The d ' __ ";J d is lribule, w~1 to 

lung, .,tomach wnll. fa l n l-,d brfK1st m1k; wi l h concentrntions greatF.r toon tho,e in 

plasma 12 hours ntter drug adminis1rntion! ' bu t not uppr<Xlching peuk plulmu 

Iflvflls""- Cerebrmpino l fluid {CSFI penfl lratior, e,timalfld by the ",Iio 01 thfl AlIC ;n 

Ihe CSF to Ihe AUC il-, picr;rf)U, i, uoo~t 22'% wi lh unir ,flurned mer,ing"'''. The 

concentrntion5 o f rifampicin ,ecoyered in salivn md nnln] lecretion5 n re les5 than 

m gW',lOC, " 

Thfl major mMabolilfl of rifamp icin ii th fl microb'oiog cally actlye compou1d 15-

d ""xe lylriinmpicin. It ~ rein tiYei ), wnter ,\(ju~e n rid il el'minnted niong with 

unchanged rifampicin lurgely thIOugll tJ< liu ry excle lion (]!1d 10 u le"er e xlent IhlOL";J ll 

rflr ,ul e1iminu lion. The excretOfy c np:'JCity 01 the liver" su lurnled at dOles of 3(() 

'1 ,'ilmg C"'J ~ ng the half-I:!fl ci r;fampicr-" and COlffl.'pond ingly, tl.e proporlior-, of Ihe 

drug o lirninuled :n Ihe L~ine to :ncren;e with lorger dose5:P,I~i. With repented do'e" 

rdnmpicin j<; flIirninuled m ore rupi dry nnd Ihe hulf- I le i, redL>ced. The ei tee t is mooe 

mcyked w ith 9(X) "'9 tl>nl-, 300 mg dm", ul-id i, muximul ul uboul 6 ooys',H'. ~he 

Cl'Jtolnduction L, thought to re.,, __ .t Inrgflly from induc:lion of dfl>UCfl lyfuting l .epul ic 

e5 tern le enlYrne; nlthougll imi)ct',on of g lucu 'onidahon may a lso piny u rc:He''''''"''''-lO'. 

Th e rflcove.-y o f rifurTlpic in und, 10 n g-eu le.- exlen l, Ihe recovey of delncetyi ­

l ilnmpicin in the b ilfl me incremed u fle repeated dming ',~, ,uggell ing Ihul bi linry 

excre lion rTlny n~o be inoxed, Ri fnmpicin LI a rnown f'-gycoprot,,;n .,ubstrute UI-,j 

nn ind '.,,:er 01 Itli' prolein" " T~s rein tively non specific trnnsmem bi'nne proten 

trnn5ports many drugs nnd other ,ubltunc", oul of Ihe enle.ocyle und bnck in lo lhe 

in leltinnl ~Jmen, nnd il j<; oi ,o flxpres.,ed on thfl car,a ' u.;ur merntJ<ul-,e ci Itle 

hep:Jlocyte ,O',l o,,- P g lycoprotein expression may them!ore be nn imporlur ri 

delflrmir£m t of IIle exlen l 01 rifnrnpicin'l nbsorpl ion trom 1he int"stinfl, b'linry 

~imb'ltion, nnd first-pn\s mfllnbolml UI-,j I'le exl er,t of auloil-,dL"O: lior-, {us il is n 
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determinont 01 rilmrp icil-ir,dex,ib(A o,pre"ion of (xug mdoboii7r-'[J OfllymmrooJ p­

glycopro leoin exrxes.lion in sites lUcl, 03 ti, e blood txa ' l barric" Ihe bbod les le\ 

bar ier , the r~()(;Cf1to, (]nd lymphocyte eel i rrr'-~llbror,e,r'x,r"rC2 moy 0"0 (lfl ee t the 

distribution 01 rilampcin between t~Sl'0 and cdlula- c ompartments of the body_ 

Le\\ than ~ at n'e rifampicin dose was recovered in Ihe bil e and urir)e m rilorrrpicn 

ond demcety~riiomr~ ci n in siucios by ACOCA! lo et a i. MC<'e recent evldence \ugqe,ts 

Ihat it i, likeiy thai Ihe iow rDcovery rel>:;d, poor r-do,tin", (]j)';orption22 ond/or 

prehepatic l~st-poS\ metobo"m' , Altt-oug-, Cfl alterna tive metabol c pothway 

whereby r,fampUn il rnelatx)Hsed to a hi,;-dy pohr glucc,~or1~Jc conjugate hm beer, 

suggA,ted, the importonce ot thi, route hal rot been conh: med"_ 

Alter (l , i.-.gle, bOO rng (jo'e 01 ril(]mpicin, the ) 4 hour urinary excret ion is about 10% of 

n", dose, ihe amount excreted in the urine declrel with repe(lted dol'-"'; 10.\ - 6 % 01 

the dmAn Th!, " con,L,teni ""th it-", l ind!nq ot ' lcreased tiliory excre tk:ln once 

au tornductk:ln il estoblislled, A derivative 01 ri fa rrr pici n, 3-l ormylrif(]mpicir" i, forn)f'l(j 

,p0r)tonAOu,ly ir) the urir,A e'peeially ur~jer odd COnditiorll:;' :f., and conters about 

10% of thA urinary (VJg acti'/ity. 

Alier a ~ngle f:[IJ mq dose the half life o f ri iamp cir) ~ approxi' rro tcly ] ,.1 :+- U.8 hours 

Wdh repealed admini,l roli<::>n il ii rujex,ed to obout 1 ,7 ~,O,:, hours~I, .. , Patient\ witll 

I mpo~ed iiver lunctior', Idue to c n-ho,;s, chronic ilelXlt itis or acute vira l hepat itiS) hme 

r,--.zfuced rifampcir) d:;-CJor)ce",r",- ClemcY'.eA il (]I.so decreased in p0t!eni\ witll 

comprom~ed renol function, however, as the ciearance il elt imaied 10 be only 

about 177" of GFR dosC>ge reductior) i, 001 recC<'",rrended", 

There i, a Il iqh deqree ot variabl ily in the initkrl aoo ncjo.x;ed r~mmo coneer)i",tior-" 

of rifampicin, Ir) odd;tion 10 voriol ion, j",tWA"", Ir~jividuoi\, significor-,t day-to ,day 

vmnt iom mA r""'ogni7Ad _ Vmhtions ;,-, rates o t ci"Uf] dilso lul;on, gastric emplyi.-.g , 

metaooism or excrelion may c m,iitule rclRvml (tynmric elf ACt'''. Vorb tior', r-, the 

con tem m)d quolity of The pwduci i.-.ge:;ted may a~o be conlribulory. Indec-d, m 

deICribed rxAvioe,~ty, the requirement for in vi.o t~o(lvoilob ilty t.:;-,tng 01 rilompicin­

con laininq prodcx:: ls il wei recog--.i.led ~'X ,J< 

Ri lan-plcin t koown 10 imucc the activity o f 'Ave"': ""'tabo!ic er"Ym es indud;nq 

re."ro l ol Ille microsomal cytod.-omc- p4S0 emymes ICYV3A~ CW3A5, CY~IA2 , 

CYP2AIi, CYf'2B6, CYP2C8, CYP2C9, CYP?C19, and po\sibry CYP2DIi ), UDP­

g;ucuronyl tr(]rdero,e, ,ulphotr(]r,sfermA, the estems" er)"Y fl le cata ly~ng ritomr~e i n" 
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own Ilydroiysis 10 25de,ac etyfrifampicin and otherslil," , " j It a lso imix.e; tile 

BxprB.'''m DI thB tran>membrar>e dflux P!)lnp P-g~copeotBi n"". Whi lB rifampicin's 

;nler(Xlielrl wilh Ihe PXR (pregnane X recepk. ) e:.-pllnn nLlCiear ree.epi,:.- resLJli ing itl 

:apidly iocrBa;ed e~peBSslon of C"TP3M is d&,cribBd '" '" much is st it: unkooYvI1 about 

Ih& meiobolic effect, of the drug, The c:i itlicol felevOtlCe 01 itlteracliotls with mnny 

d/U9' via Ihele rnec.ilOnimll Ilal b&en e;labi ished Sy,le'nic e.Dncentra tio", of dru!) 

,ub,lratel of both P Olycopeotein and CYP3A~ a re pO/licularly affec led by repealed 

dose.' of filnmp<cin "', t .'pee. ia l y ,elevanl exomple., include Ihe (Jl1;-etmviroi prot&me 

K,r; bilor,; ,ilornpicin Ilas been shown fo drornal ie.oI ly ,e(Le.e concen lralicI[ls DI 

10pil1av;-, saqu;novir, ampr&navir, ind;nov;r anrj nBlfinavi,-1 lb. As Ihe exten l of induclion 

lnay he d",e '~nie(t Ihe magnilude of e ' posLJ re ID ritnmp ie.in and vmobil il y in 

,ilarnpicin concentrations may be of impoJ'lance in quanlitying the druO drug 

inl&roctions, 

',',h le ,; I"'"picin 11m a drarnatic e tfec l or , the rnelabo i l rn 01 many concarnita nt ly 

adrninist&red drugs, lew drug inte<octim.' rB,ulting in ol;erBd rifampicin l&v&ls hove 

been oo<c.rihed. The proteose inll ibitor, i"dinavir and the cornrnor,ly ingel ted 

pipeline (a constituent 01 b'.ad ond long PBPP&ri W&re found in <;mo ll .,h;di&s to 

ItlcrBme rilmnpicin cD""entralio,",. The IIUC of a ";ngle (IX! rng dose of r i farnpic~ , 

wcr; increcr;ed by 73% in I I HIV inl&ct&d pali&n ts aftef they reC&iVBd oral dos&, o t 800 

mg inclinnvir 3 timBS dail y for !4 dny, " , The AUC of rifampicin was higher in 

tube". '''' o'';, pa tien" treated ""Ih pipe,ine (e] '''<J.I 1 .I1 r) c Dmpared 10 pa lien II wilhou I 

e.emcornitanl pperir>e (~/ mgJ',h,-)'IS. Ihe elevaled rifampici1 concentration, may 

110VB been m a ,,,-,ull Df P-g lfe.oprD te;n arod, Dr, CYP3A4 'nh b;tion'''. Decreased 

bioovailobi i ly of rifampicin, observed when riiamp1cin Yvas given cmcurrBtltly with 

para aminosa li sylic =id (P AS) has beBn ascribed to adsorp tOon of rifnmpicln by thB 

excipient bentor';fe"'. The concarr,itanl admin istration of keloconalOle has been 

rBported to redLJce Ihe nb.m'pti elrl Df rifarnpic.in " ,l 2Q, hDwever thil find;no ,11OUk::1 be 

confillYled by I,--, ther studies 

In n study 01 thB pharmocDkinetic interac:fi''''' between ,i lU'r,picin, isol1iaLid and 

pyraLinamid& in LJrltr&nted patient' w illl pui rnO'lrxy tUOe;-cLJlm,, 12I, the '.emcmnilanl 

actr,iniltraf ion 01 pyrar.namk::1e ond ~c:-n107kJ was msocintoo with or, irK:remed 

clenrc:nce of rifornpicin reflected by bwer IIUC va <J es, conlpa-ed to th& 

concomitant mjmtli,trat iem Df i.mroiazid alone 1\, the C'''ClX value, w&re nol 

;ignificantly diff&r&nt and the reduction n AUC wns ,moll. thi, iniera,.iiem i.' un,kely io 

00 of d n ie.aI impollance 



ImrtiozKj 

l'oni[J7id i.' a fc mdamfmtal component of ClIly fr ,t-\ "F. on tihlberc LJ lo~, rF.g imF.n, It has 

mc>re po tent fKYly t:xJctericidai oclivity ago;mt Mycobacterium lubercuw;i, than any 

othF.r knowrl dug and i: rF.lativ~y well to/eraled, Allhough it ho.; F.XcF.ll fmt activity 

ogoim l odve~ d ividing orgClll;; rrr;, i,oni07id'~ 0I1~ bacte!K::>< lo lic in Ill e p-F.,ence of 

semidormant orgar"'m,; it i, "ot a go:>d ,tF.f;li71",] apent",,,,". , Ihe dfLJg is takF.n into 

th" orgorism by d ;ftusion and oxygen dependF.n t active trarlsport" . l>eri[J7id f" i es Ofl 

the myccbocterKJI e-nrymF. cotola;F.-j)F.ficxidosF. for octiyation 10 a moiety that 

prol)ob/y inhbi ts the l il10 l step: in mycoic oed syn thF.:;i,:!),"'- The MIC ClCjdmt M. 

lubercuic", in t:Yoth cu lt 'Ke.' i1 0 ,01::; - O,O~ m-;;1I1 ~: ard the plcm,"] cor lCF.(,tration< 

acrievF.d by admil: terir>g the standa-d dcily do", (::oJ rrq dOO:~, Of approxirnate~ ~ 

rrqlky ) ore gF.f)F.(aI~ rF.po<tF.d to exc"F.d th" MIC by a 'Nide rna-gn 

SF.vF.fa l mutation, con fF.rring reo iltance have been idF.r,tiliF.d. Ilgh levF.l, of ,,,-~:tOf1C" 

occur il mutaliom 01 tile Kat G yenF. 'F.'pomib/e for catala;e'pF.f01idme exp-ession 

OCCLJr , MLJtation, in thF. inh "'- gen" OrE'! fesponsiblF. ior about 25% of drug ,,,:darlt 

;o olotes, InIl"'- encodes the dug largel and rruta tion: ore generoi ly as;oc iotF.d wilh 

lower levF.I, of r",;:tanc", AbSF.llCe of Ihe ahpC gF.r>F., like tile mutation of katC, 

appWlf: to in tF.rferF. w th ac tival iOfl or isoniOlid. TllF. mecilon"m, of r"~stance al'" 

unF.xpioined for oboLJ t 1/3 of i.>enio7id fB.~.,tOf1 t stra ins"\' m . 

Arnorpfun;; ,8'dx;oo 'when i:or>C17',j ~ admiri stered with lood""--'- Peak concF.f1traticm 

of app-oxirnatF.~ :J 7 rr(l.,~ cm be expected 1-2 holm oftff iI>gp,tbn ',&MN 3'- Isonlo7id is 

widely di,tr ibutoo to a ll tis'LJF.' incILJd:ong thF. CffPbro:pina l fluid'~;N,~' . Pro tein bind;- \\) i.' 

n " g lig ib/e (0-10%) ' . Ihe halH fe i: appr01ima ld y 1.l + 0.1 hO\.-.' and :1 ,1 + 1.l ho\K: in 

fast and ,low ocetylo tOf.'. rF.'pectiyAr'''''. Ll iminatioo i:; la rge~ by renal F.xcrel ion of 

acF.t\lr~on i ozid and isonico tilk; ocd. 

Ihe well delcribed genelic polymo.-pil i>m of thF. NAT-? gF.n" confF.fri ng he pa tic N 

aCF.tyltromjF.rm " activ;ty i: a mojor determioont 01 the voriobi , ty In the 

phorrnacokirlF.tb d;sployed belwF.en indiv i duo~, and geQ('JOphk; YOflation in thP 

dislribu lion oi the oeelylalor type i.' comidefab lei,'-", J\ Sbw aCF.ty1ot= have 

dF.CrF.med expre,sion 01 the ilepa lk; F.myme fB.'POnsib/e for th" conver;io!l 01 

i'oniCl7id into the ~lact;,'" metoboMe N·ocetylimrimid , ."' K;h tha t thF. m"an ar"a 

"nd"r the clJlVe Irom 2 106 hoo" o ller drug ir>gF.,tion was 6 times h:'9h'" than that 01 

fast ocelylalors in a y'ooP 0 1 60 tubF.fCl Ji O';'; pa tiF.n t.' in thF. WF.s t",-n Cope";:', In Ihe 

,ame yroup of patient< a trimodal d i:triblJl ion 01 i';oo ialid e liminal ion was 



demonstrated with 35%, 45% und 2(J% ,hw, intermediate and tast ucetylutor, 

re>j:)ect ively , The respective halt -livc.,.; tollo"",ng a :; mglkg dase in slow, intermediate 

and last e i n~natc"l were 3, I j, 1.48 atld 0.95 hour> rewective~. 

Changes In the ocetylotor phenotype trom tmt to .\Iow hay'e been ow::x: iated ",.;th 

d ise<Jse progessi-on atld watinq ;,-, HIV in/ection'-'''. Clearmlee is d su reduced in 

neonates and 'J1 the ""derh,,~,, I2' 

As the p lrnrna cOllcentratium u/ iK,niazid achieved in patients e~ceed the MIC for M. 

tubercuiosil by a w:de mm9in, a "";(1<OIy held view;; that the standardized dOles of 

i>O<1ialid are effective in the valt majority of pa tienL wllhou t individualised dmin9 un 

the bm;; of weight or accty lator statCh. l iuwey'er, -lOme evidence points to a degree 

of dose depetldency in isor; aIid'1 activity: d llical ,tudies conducted by the British 

Medical Re\earch Coondl in Madra.\ /owd a 4()() mg dal y dme d lXin9 the ,eco",j 

yeu <)/ treatment was m:::>re effec~Ye thoo 3()) mg daily in preyenting the relapse of 

di,ease"; and lower isonialid cuncentrations atld rapid acetylator type, ere rnore 

I;~ely to be oslociated ",.;th interior trea tment outcurne, cornpared to 'low 

acetylatolS when highly ",terrnittent 1000ce weekly) regimens are uled ' ~·\ ' . 

The duratioo ot adequate ;Ior;;oztd exposure may be rnore p redictive ot treatmen t 

response than the pea~ leyel. al it il thought that bactericidal agentl acting On the 

microbial cell wall exhibit ,aturable ki ling at coocentra tkln, g:eater than the Micro,'" , 

Indeed, the AUC ,eerrl< to be rnore irnp:.>rtant t OOn Cmax in once weekly dming 

re9imens,',I, However, pea<: concentmthns ere probabr, still impor-tant for optima 

d istribu tiun of the drug to the ,ite 01 actiun. Stu,jc" coodlJcted by the lIfitish Medicd 

Research Counci in Macros foutld that once dally dose.\ with .oW rng of i>anialid 

were more effect;ye than 2(() rnq t.....-ice dal ly and 200 mg once daily": this /itlding 

might sUPpoft the notiol-, tl-.ot an adeC)'Jate pea~ concentrat ion is impor-toot. and 

together with evidence tor the cll icacy 01 intermitte nt dOl ing regimens 12 to 3 dales 

e<Jch weeki suggest,1 that the drug may exert a sign ificant po.\t-antibK.>tic cffec163. 

isO<1ialid i, an inhuitor of CYP 2C9, CYP2Cl9, CYP2D6 and CYP2El "","{', 

C",",equently, the level, of drug, i~e theuph:,.1line, phenytoin, curbarnUlepine and 

wartarin n~gh t increae when they ere U\ed concutTen tly'H"". Induction 0/ CYP2£ I 

attc! repeated dOles il probably 01 little importance for phcrnlOco~ine tic 

in teractiom ' ';; but may potentiate the hepatoxic it y associated w ith CYP2El 

substrates '~e pur-ac etumc,- and i,oniazid itself. 



Several drug-dug phcrmaco\:inetic inte.-action\ affecting i\oniazid cOllcentraffans 

haw, been sfLJrlied: Tm (]bsorpfinn nf isonimid is dim r i shed by )(J-3(l"h whf",n 

(]\uminium hylioxiUe gel i> given concomitant".' ''' : Th" concomifanf aumini> lrafion 01 

ciprotloxacm may delay fh e ab\orption of isoniazid' :"; The anfiretroviral dug 

za lcitabirK: irlcremed ~nni07id cieorarlce ir1 1 ',' HIV-infected flatients. with a 

crmseqlJQ,-,t reduction in the AUC JI 

Pyro , inomii.k; 

Pyrmin(]midc i5 (] nicntinic aciU i.k;rivotive with "scl,,1 5t"rilizing activity against M. 

iubcrcuim;s. III parlicula abilify to kill orgarisrns in the acd ml ieu ot the macrophage 

phog05omes cnnfe" ,dOfJS(.~prev"ntino fJ'nperties a llow ing th " dl}['atior, nf 

ireatmenl to be rewceu _ I;',aximal be.-.etit i> achieved after 2 month\ ot 

therapy" ''''!.'' . II is "sed dlJrino the intcnsiv" pha_,e 01 treatment, arld at k>w"r dmes 

th(]n thos" u,ed when th" urug we; first introduc"d, in nrcJ(;.,- to limit toxicity_ 

Pyrmir.am ide i_' a pro-drug '''quiing convc;'f_,inn to pyrminoic acid JPO A) by bncillory 

pyrazinamdase Inicotinamidmej. POA is excre leu trom the rrfc robe by a weak etrlux 

pump, and, ur,dcr acid cor.d it inm, proton(]ted POA is reabscrbed and (]cclJmulates 

irl the organism_ A, the cHI", pLJmp is inefficien t the metabolite (]ccumuklt", calJ5ing 

cel lula damage, Pyrazinamide il mOlt acf i'{e agaimt badli that are less 

metabolical ly active. possit>y becau_,e tm eneroy dependent e fllu' pU"T' is Ie" 

<effICient unde, more _,trirlgcnt growth cnrKJ:tion, thereby (]Ibwing the metabolite to 

accumulate more read iry' ''. Drug reli> tance i> confened by mulations in the 

pyrazinamidme gertC, 01 which _,,,veml h(]ve been described"'1. 

Pyr07in(]mide hm tess vcriobie absorption irl p(]tienls than rifampicin or isoniazid I V I "'_ 

Peak 1e '{eI, 0130-50 mOll cye a ttained alter a 20-25 mg/~g dme" , The drug i, d i,play, 

rapid (]nd (]Imost complete absorptior, with peal concentrations reached in 1-/ 

hour<_ It il wide". d islribu ted, hal eKek rlt penetra tion in to CSf, and higl 

coroeenlrations have been detected in fN1mc..-tClIY epithelial Ifi no fluid'''''- Protein 

bind ing blow 110-20'1;): the eliminaf ion hall i fe i, approximately 9.5 hour" The dwg is 

exterlSivdy metaooi,ed in the liver, and metaooite5 are eliminated brg~y ir, the 

uri ne lobo"t 3% i, e,,,,et,,d unchang"d)" Tm pharmacoidn.,tic flarnmde" in ",lult, 

are mpor100 to be indep"nd"nt of age, ,ex, h"ight and serum CfB(]tir,ine level. bu t 

ch ild-en appe", to have ,lower ab,orption ar.d more r~d Cimination thor, adults "". 



tthambvtcX 

rthm'llllJtol i_' txx: tP.f;mtatie nt th" n xrently recOI'Ynended dOles. It is added 10 

reg;mens 10 reulJce Ihe emergence 01 drlJg ",_,i,tm"Ce, Opt ic neur itk il a :,eriou\ but 

rnl'-equenl side ellecl 01 the drug. wr; ch is olherwi:\" w,,11 td",,,t,,,J, 

Ihere ore few pvbl ilhed reports of etr.ombut~ conc enl ra lion< in patier'll>_ \-Iow"v",. a 

2-hOlx torg" t range of 2-6 mg/l ha" been propo,,,,j:"', About I.'l-i'i.'fi~ of on "'G"s ted 

dow is absoi bed witl) peak concentroliom in Ih" ord"r of 2-6 mg/I w ithin /-4 hOlJ" 

folbwing a 25 mg/kG do~e:;" '< ADsorption rl debyed, and peak concenl'-a tiom and 

AUC or" ",due"d wh"n "tmmDlJtol ;.; tak"n with food ""'. Minimal 1<5%) protein 

b inding occu.'s The halt-li le ii app.'oximalely 3_1 [~OA) halJ"< _ Tile dflJg i, "Iiminated 

by Ihe Udneys: 1580% uncharlGed"". Clewance ollhe drug is Iherctore ,educed in 

renal impairn-.-.ent. 

SI,-eplomycin may add to the bactericidal activity of '-egimens dUring the intensive 

phase and provide additional benefit in th" prevention of 1h" "mO'G"nce of drU(J 

'el istance , It i, widdy lJ,,,d dlXing tll" i"t" miv" phm" of t",otm"nt for ,xlti""ts who 

Ilove previous,," received ontilubL"CuIO\~ therapy Vellibulo -cochleor loxicity and tile 

requ l 'emerll for paientera l ac/n'inistration ,mit pi oiorloed use_ It ~ not known to 

interfere wi tll th" phormacoi<i"8tin of th" oth"r a"tihJ{) " rcl.~ m;'; drlJG_' Streptomycin 

cone""tra tio'" W8!e nol memured 01 par i 01 tllil project_ 
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d e ctc>d ,,.,; th O!gcm~m; kn " """ i" he ,,'_,i, lun l I" ~ o nkJli::J 0' rila rnpic n , WCfC 

e xclu d ed . 

)hc targe t ,arrvlc ,ze wa, e , ti ma te d fro m rr"'v>o:'Ll"< p h ur rnu("c~i n" I'" ,tlldi "" in 

pa tie nt, al DP tv'u rais TR lIos pitui '" W""t1ukp, Capc Tcw~ la ;>pc rt':h 21 _ To dcte ct a 

",ean peak ("anc Gnlm tio n 01 ,116 njampi cin ph" jrug v:i;h th e mo, t ',ar:,J Ue v~ak 

e o ncen lra t)an ' i in pu: i"", !:; re'pa ndi"lg poorly to tre-a trne:<t that ' ·.'al 7YI'o bw0l' t~a n 

th " j e.f j,., P'-"P'<Ji (J 1'0 '1 " '"'0 11, 18 poor r C<PQnacm WOlJ;d be reqJ"e j rf they " OI'l":i , ,,,,i 

ID% of th" , tudy popula tion (pow"" [1 ,8 " t th" 0_05 'e yol 01 sigoaic (] nee) FeY. th .. 

pu'po,c, ef tjo i, cG'cJ 'ati ,~,~ a p cd r, G : ;o,uic'm c ultu,,,, a t 2 rn~n lh' w(l \ rega ,d <J a '" cl 

mcd", Gf (] pocr r C\pc~'G, CII>d it woo c ,tn 1Cl !Gd by the 11Cl'pitd rei ,,;::;(ms und fro m 

t~", l:loralLXc Ih" t app"',"rY'JoCl lcty 10% of pal", ,,I, wou:d h" .. , " , pu t Ur11 n At"'e 

pmi!i"e [or ,,, ,.;o l"ldHiLIm jlrl)", ,,"hsk at '1 rrc nth, "_ II wo> e imc,"" the reforc, tG 

re '''');! a p p ,,,x;IY'<J te ly 'lOO pn t"",,!; _ 

Ei<:ibl", , _"-, ~,_",,, 'At", held , ,,, ,ic l~ ;., th" hnS rlhi j"l' 't1 ~ ' ''' 'W;-" i''' I, ,,e We re 

a p proad,o-j to particp atc in thc ,tudy. I'htte n i~ fOTme-d come nt wm oblan e d n 

lioc pa ",,~ f' languagc IAfri aan; o r Xho,al by h ... attc ndi ng doctor . 'Mtll the nc>p ot 

a trcmJa tor ',,1\&~ nG c,mer, 

Dd a pe Tiaio'-i"'l to 'he pa ti", nV hdor,' and me d c ''J1 ' ecordc p, jo, to o a rrodo n. du tu 

from H-.c time of adrri:;,bn , data a! 8 "",eks afte r ad mi" io n, =d da~a up u,-,tl 2 ye m, 

of te l ",d '-' ·' ''''' n "'"""' c.;. lect"d, rXko ""'" cch k oj •• ' ·I· h ·"u,,1 pc,ji<; nt Io id"". " 'i',,cn 

we re Ilared in the Oki,j.-~ n o f I'tlw''''::lc"bg)" ~Iniy "" il i of C,,~ ,e To'''''' The dGta wm 

tramlerreoj !o e-",e!ro~ i c ' i ~ , [Mhosolt becl 2002! MIo,e '] t'JO'/~', 

Od" "" ' ,, c/;o n lorm' j"ppendix 131 w"'''' LJ,e d to "ompi~ d(J~" f'D '" " "ch fX-J 1;"ni 

b y interview ""d exa mO-tat", ~, [le rrn gr"ph" , d e tal. 'e cqded ;"dude d ,e x " ,yj aQe 

Prior hi,to[;0< of tub0l'e ul",;, alyj tubmcu.,,"; tlea tTr 9~ t we,e documer tcd_ Pm t 

mcdica ! hi; ~o'y as w .. 1 many al " '9;'" crl-" onic or int"c ~"",,", ~ i n",,, , (md 

concon~tant medica li"" ..... C«;; no tw, Rt-g~IQl u1c",-,,,,, u'" im ,,,,,,,,, i,, d by th", 

paii e nt a noj ;,, :erprete d by the a tte ~oji ng ciri c ian ), 'i/OS ~ otcd lOT ' he- ye- Of Plbr to 

ad n-;;sion !o the hor,pile,: <:tl d d l'lir.Q the }NO "'onth, 7011;;\'/" '9 udn-,,,,on ~j ,-- -;tct1f. 

'rrY), n g habits crd th .. u_,'" o f "annabil o r oth ...- rec!f"O~ion al d ,ug' wm ,,,,',,"d" d_ 



Dco' ai, ,~ , !h.-, ~u: ,t,,,! q)"uJ,," u l lub" , cu k)~1 \', ,, ,,,, rtK C< d",t I r,e, e .'rIL ud ed the dme 

01 DI'l ce t 01 '/"lO torn;, 'he rlal e 01 rl:cg"ocic "nrl th., riate 01 hOlpil,,' "rl"" ,,","', the 

date a nd re l",t; of 'fXJ tum ;n ve , tigotio n' a l d ioqnoo;;, a nd rl ,.t"l, 0' an y t,,,,,tment 

ta ke n belor" arl", « ion to the hO'pital. Symptorn. "t the time 01 ad mis lion were 

>ou[1ht, anrl pe<"nent exa mrv:ll'o n ~nrllngl on cd"""km i;"cll,d'ng the weight in 

koogram'i were documentod, A c.hmt x-ray 'o'ial routinely pe rformed on ai , patientl 

on ad,"k;'Y' Ie; th & ho 'Pi t"l a" ,0 G ';1;',,,1 & eub rr>J 'rring '+,u·u rn ,arnps ,va , cob cted 

for .~,amnat"Jn (ni'Cl'o '>(',opy for ,AF8 nnd eu lt".rc of tl'b')fCl' '''~ boc:rr:1 ., xc-cpt ,."hen 

'e cenl re 'l" ', of 'pv 'v m Irrve ,liQCl"OI'1 ' ,e n' f'c:<n 'he re ferral ce nler we re av,,'~able 

Poitr'ie C'J tlW' wel e reta n e ri anrl Iho, e of ,turi.,. pa!:", ni> were lJ,erl to rletcmi n" 

th ", m ni-.'/KI fe< 'ifamoici n a nd ison'a , :cI. Lirritecl ,kd v ,,' ,c< 'rc es prd>bit." j 

vaH C1teci arad in a of e he>l nav chcmacs for extent of eorw,ddion ard c(l\o'itai>an, 

L""v.i ' ''' '-l';n" tic 1~1 'l ..,. ~_·""1T1 ',1 n f Ilj,u,u, '_"" Irr'.l;m in tl~ T'ed'_'m to ,H f,, ""'1lYJk 

d isemc rckID,," from ,.,;-' fectio n was beyond tho ,cope of tbe ,t'x tv 

At 0 p pro ' i m.-:rje ~! 'O_iry" '-,,,n,,:-; 1","'''An-:J ~,'k", ",- ro--, I bl""" ",.,,...,.,1,,, "," r" 

col lcdoo to "etc.-mine the p~1'lrrrcc{)k"ek prolire, of rrf"m picin, ;"onia"d, 

;o ,;'LJ""''-' '' ' ,-,e eJ"J ",!i.u, nevt,,1 ill pm"",, ; bkood <ampie< were cO;io;lcl"d for 

hasn""tok;.gy, ;;he rro::o al pa thobg y, HI'/-,Ie!oiogy and m ''''_'n0bgy " val l!Gtbro: 

;Xl';""I , we 'e we ;ghed ogc:>n, and a ;n,,1e C(l; I', n'", ;r",',,;; >P":'"'' 'p"crr--.& n ',-,-c;, ,snt 

for rric 'o,,"opy a~,d cultvre ;0 deted M. IlJberc1.Jo<;j" 

Ark, u ,-"ick',:" 1" " ",)'1', " f m J ho ",:6,ont, were d~cha rged fro ~1 ~ r"'N"L;k ko ,,1 

Hospi;a l and ,., ferred to ciin"" n-eGr th,,;r ho me, lor anilu k:l tory Care until rr .. at men t 

co rrpl€t,=, n_ ,>;',m: pat,,,,,!. LJtt&nJ -.d th" c.-1inic; \y,"eH/ b mOl'1'hlv lor co lcc!ion 01 

their o~t;tubern~ o'is "''-'0', whU, we re tak e n w;th or withe<.rt the ,,'p..-viokon of a 

de <ignated ob'..,-ve r, In accorrlmx:e with natiQnal guidelin e s, d;-ed rricrmcopy wm 

routinely pe rformed after 5 monjb, of treatment: tho>e p:>t' enh with two come cutive 

po >iti.','" ""ul em " l1<¥J IO 'N .. re re lJ(lrd ed a, t,ea tll)€nt Idlu,"" ,::ncf ,.,;-ta--' ed On 

inte mive P'lase ~eotrnan t "ccording to the re trcatrrcnt re g 'H"m 

At the out,e , of tbi, ,t,-,-,-,- ii ,-,a, h"p,,"o ,hat th e ea.-Ii r;;'pG", e to tr .. a;l,-,a,':t 

"" e mure" b-, ' r;.ute,..., cvl;v' es ot two nxmthl after adn, d on '0 t"_" f",<;pi:al wovk> 

p rovide a" ad'X1uut" m:::d .. "" 10' ""red ;:", .of 'J pha.-r.--acoo ,,1',a rri c mood 01 th .. 

varia bf, ty in an:itubercub ~, eh", concentratiDl'l'_ Once it became de", that ihe 

c-orc entro,iono o ( Q ';" 91" J,ug , 'ila n '~cin, w"" ,' ':,f c c'nc-~rf\ if -Jim ra a i z"J Th ot i. 

rright be moo,t"n l io """a,vr .. ,1 e- ,;j'?i'Y.) a<:li'/ily mor-s dil"c*ly_ Th e p:oLx ;.o1 w", 



jice ,'ud, (litac May 2COO . Pr:""mt, ",<,""to ""od 10 ,.,,,iJm to the cl inic ... ·/h e ' " th"l 

,,,c,,,rvaJ rl'a r arrbJlotory treatm.,nt, at 6, ~, i ~, iii ond L" rl'on t~, olT"'1 th.,. 

odri<".ion 10 &ewei>kioot H0.ip\ioi. At ih.,,,,,, ,,"it". u 'putu !n >perimen WelS coilecie d 

and d"pe, tch" ,J t,~, th " ~,',l",,~~ bbora!c..y al Gr"",_", r'0in' k < d r., ,~t e_"",,,, " "','rG, eapy 

to deled AF~ nne! !nycbbn"ter1a1 " " Ture.ln add iti<xl, th e dnlc, We ra vr.:terl by n,e 

.,'. "" Iigulur c;( J~.>y.',ated m~,tani i",,,e n I='ible j, cor '-'0<;iLJcl",J laJaphor,ically to 

a'c",rkl in the fG:'" 0f ,My pai',!" t, and th e ,,,,"uit, of 'putu,-, 1 ",~c,,-,~ nahon; pBrlorm",d 

'n 'hc mwti1e care of th", 00ti"",t 1"'9, T'NC' ,ji r",d op'~'urn mears we r'? ,,,,_, t,,"'Y 

pertorrneci at 5 tIT)nths af'". tr",airneni in it",t",n (>nri i' the d nic ,taff HJ,pected <1 

" O',,,,ni"(l 0 ' ,e kJ p ,e vi """ m",j_ Or; dudy ':Qn -.:>I",tl0 n, th'" h" Qir.-",nt vulcon'<" of 

caci) pa l;e,,j u) recordad in lhe i\bcrculo,;, (Tol r"fJ i""" , "'->, Jocun >e ntad; aod th" 

detect di,,,,oo" ,.,"'pe, fdl~ing th a period up unti l 2~ "'ClnJl" aller th" I",t patie nt 

WU ' orlrritto>d t" th e ho,;p!toQ Th., rci<:;..."un < et'''', co.,...,.,lttee, "nrl haelli h el U I he< ok. 
opprcNad tha mrcndrncnts_ 

or.,opp.,nd.oJ lappa ndix 11_ 

Pi"arrr.cor;n",tico m,.,,,,,,,,,d Wel' "moeri "ut "n eo"h ratiant elf'",r nor rm irnu te ly S 

weeki of daly adrin;.;tatiQn of anlitub",ro.Jbz the rooy u"de< ob,e'vat:o" in th" 

hv'.jJiiai_ T;)e dug d05es wc, e p,",cribeu by <11" Ul h,,,',J;;','i pllr ;;c.,,,, who used the 

dO~I"g yu',J": ine, n tabl e I. Thes", fJ uid""~ ,,,,, d il l",r , ly htl y from Ihose 01 the N"tkJnal 

Tubc':ocil0i, Conhol Proqmnr'e, they udvucote Ihe usc d io'-,ve r r~arnp'cin und 

i,'o nKvid Jm"" n pntient, weighinfJ """ IhCl" 33 kg, and high", d""", 01 pyrozin<1rniJe 

cmd ., t"QrnL'cb: ire iO,,:,.ti,,,,:. '=: 33 '14. ~h ", druQ do,,,_, "" .. "", nol aH""",d "n Ih'" cj,:.', uf 

lrtLL:. .- ~'Q-" oc'"' 01 ."~,,' p;c ,, , ',"--i ",,<J, v • .-",-,,,,TK)e u',u e ' ~"nb,"',. , . d m 0 "';~. "'" b;- II .. 
", ,',e"",, ;; ,c ,V'"~"' - ; G, e. ,',;o",'Oot ~oi~ i'''' 



The ±u'J fcf",,~ atioe, u,&d on ~'Ie d,,,,, at phG'~aGoki"elic as,,,,,ment "",,,,,9 t"""'''' 

'OJfneiy a'iaikl ble 0" the wnrd me<Jr il'l e l 'oIle v', The p'<"X.i'Jd e",.,."",, b" 10, nutlbet' 

"nd e xpi'" d"I~, 01 e"d, ,.,1 Ih ~ /c'''"'_''at''''n , u,e;rl ,.,n th " <iay ,.,' 0;'",,,,,,,,,'1- we'e 

recO'ded, 

Th e .,."ece el'a lion' 01 rifatl'('c'n , koni,, !irl pyrn,.,am'd" "nd "toombulnl '.'ier" 

• .. "''''''r''d " " "" .. ., SOtl'P "" fro", ",ach patied ,.,ve , e'~ht hou" lo lowing drug 

ad rr;ni,trat:oc . 

Fa'i&n;, lactsd iOVS'CI >Qh t P':iO' to phocmacokic6 tic ,arr,c>ling, ih" d'ug" werc 

adm;nis t",,,,d with approxim.:Jt"'l 2C(),,-1 01 wate! and patie "!.. w"re "'ke d "01 t" ent 

or d,;nl un l:1 " lu.-l'-"" 2 he"",, aft"" hGj "'b,,''''d. TO,,,, drug, W-o',= '",k",r '_'nd "" ,'tic ' 

ob"" .... "Ii<ln Th .. ""C1C1 ti me,,.,1 d ug "d"' "i,tr"ti,.,e Wet" r"''' '''<i.-ri , 

SCfid """OJS b:ood sanv", 'Nc re ara'.% flam G:O aml vc ic ;h liOvg;' a" il dv" " I" g 

eacnula with in 1 hour betaw d rdg a<Jrrini<tratioo and at 0.5, 1,5, 2, 2,5, 3, 4, 6 a"J 9 

h" 'J ;' s oller d"J'd a-:in-;nHlat:0n Th", e,-:,d ti,,,,",, c-f bbod ,a",(,,!jng ,.'"'",,,", r",,~,~rd ,"d 

I.i'hi-.J",-heparin hJoo, with a g .. ' 6-pcr"tor wet" ",ed (or b..,,-,ct ccl",C\ion. After 

cd",c.\,,,,-,, Ii '"'' ",:m "":",, ,.6{~ ",,;', ""uk,;dy pLc"J ,A, 'IG" LJ..t0"" "-,,,,-,lifu;:; ... I..;,-, i2000 

rpm 10' 10 • .. inu I "": "I r",.,m Iwnp"'" I'_,,'," \"il hin 30 rrO-1 ',j I e '; " I cd"ctivn , F"'~ e ach 

b!o",ri cr, ! .. t:'ie-'1 t,_,be, 3 1""""'" '"''lO' '''' c,1 ,:>t "",<1 '.2 tll ',-"e re ,!",'e d I', 

polyp.-opylene tub"" on dy ice "nlil T"e,le , to 'h .. -llO"C-; Ir" "''''' in th e i')'vi',i<ln <11 

Ph"mn cO'ogy, UC, d LXing Jr.c e'ienin~ idkw~"g ,an--p ing The ,a~Ie' were 'h'ed 

01 -80"C ',mI'J an"ly~" 

Va idaTed HHC Ihigh perto ,n.:".,,,, e liq-Jid cI'. ,.,,,,:.ot,.,<;,-Llph yi r, ,,, II.uJ, ciBv",ojJb(j 

withi" th e rhcrmacdogy C;'.thl w"",,, ",ed t,., d"t"""n'" r;icll't Vici", i,,,,, i-i <"-i "nd 

p'ifc'Ein'JrrI--cC' c0nC''?nlro tbm'" !appen~x 3.11. A Idkiu l"J rne lhod US;"" rn'"" 

,paCtrOKOPY IcC-HSI was " , .. ri In d",te""ee e th"rrb )tol concen tr'Jtio"s iaopendx 

3.21. Th e lui " valicfoted ronge ' 10' d"t"",-.-joaF"e of ,ilnc, p d" ;'''''''''icf pvm,;rl<1nidc 

and e lhan--bulOl coecentrat:oe, wer", 0.3 to 2-~ tl '>iJ /I .- 0,2 10 ; ,~ rrl<J /1. 0.2 to 70 r-r"'.lil 

"".,d J . 1 - i () n yil. 1 "'p"'ciivdy , 

Ai,o on th e riay 01 phatrrnc,.,rinek aI""»,,-,.,ni cOrl'Plete ufine c~lc~tiorr; \ve<e 

rrYJd e trom 2 to 4, 4 to 6, and 6 to 8 hoLX' lo!Iow1e" dwa "d, rle;,;-h"li,.,n. The yo: urn<> 01 

m "Ikwots w{'re stored " 



:hc u:';,-,,,, i COO""", , "i.., ,,, " t tn", ril " ,,,*,,""" w,,'., d"wrn-,jr,cd by G v·G:>.:J",cd ,-,-re'" ,'''G, 
"','hid-, -,.,,,, " rmdifica,,,,."· o f t'-l e picErn", a"O'I rr->e thoo, 

N()nultl.."c:r'rne ntal anal-,-,is 

;he f(]W dala c:ornor~h? pia",,,, c:C'nc-en+'a'0", "'''''' the' c-orr':"JX'<1cfng time, we' .. 

,tare d 'n iv',c ro;ofj Exc,,1 2002 beior" n"nc;arrvarh-.an tal aMY';' u,;ng Wir,Non,r, 

(ve"",n 3_3) to corrpuk th e pha rrna ,ookin ~ 1,-, F-x"a ~ '€ te" <Jnd rr'Dasure,_ 

F,,, th" p"'-pme, d tile determna"on oi th e pharmacokinek """mu"" and 

p<Xdrr'Dte" , bb:1k va"e, we'e er,lerec1 fer plasma d'u\l cOl'.'Ced-aiion' beM'ea."· 0 

a~.d Ihe Iclwer I; m't of the · .. aliddled ra."·ge of detE-frrir,ation Wh ere r.o d",·ia tion from 

bm~ir.e woo ob, ,",ved o n tr.e HPI.C t'dd".g a · .. a'.Je of 0 mali wm a"umed, Th e 

<:xuc;i lirn'" ur b ",uci 'Qtl~ ! ng 'Nere ,-,: .. ~d f~-r thC'· .-:k tc.m -;na'c;n vi Ih <: 

pharmacokir.elic m"osure , 

~he 5'" 1<' q~," ""nfl" C'l~'l" d "", ,~~ ,'har~)']cokret:c m&mur~' wm '" oo,kd ir. <:'fej.., 

to ,,,ne d "he ~.ormal ra'"'g" ;.". thai ra'"'ge in which the · .. due, for 90% of pared, i e, 

Elmn"tiOfl rat" coml",-,I iK. 0< '- • ,mit',: he 'I: I "',I o'der ·~Qnst"r,t Q"ocote c1 

with th e t""-,,,ir,d liclg I'~.e ar) port<-)('. of t ~" 'C LKVe . I' ~ e,tirr'dt"d by lir,ear 

r",,,,,,,,,,,,,n of f.ffi~ .,'" [og C()rlc en~a tion, 

Hall-I;f., ft ",;,; uriis: h,) k,rrina l hull -lif" = Inl?) I)', 

lag"lime Ifllg; units: h:'): the nme e iclpsed fro rr' tty, tin1C of drug ad rrin~tf(] :ion 

un Iii 'h e 1;-, 1 rr lfl m .... dbiA Gonce ntratior._ 

Time 01 maximum ob,e rve d conc:enirat;on IT ~ 'dX: unit,: hr'; time "Iap'ed from 

tn", t i""" of drlig aarri n;, ~a tiOl'. until Cmax _ 

Pe "k pl"~m" cc·nc~nhalion iCmox.; ur,iL m;JJ1i_ the drug CQ"cetltrotk:m 

cQrr"''PQ~.c1ing to TrTidx is th e mox;tTIjrT' "",mu"eo:::: d " ~g coocen Yatb:-: c!LX:ng 

a docing inte,·,·al. 



Ar.oa und .o , the Cu.v. 10 lhe lo.t mc",u.obl .o conc",,,i,aiio,, iAJet; lflih ; mgJ­

' _hr) ' t!,,,, ar ea co-,d", th e con<.:ed'aliot)-Fme c'.rv" from II", tir"e 0: drug 

adn-;r,istr"ti0fl' c,il th " kd ",,,,cmxable drL'g co,-,ce,-,lraron _ 

Are" unde' lhe Cen''' 10 in/inify iA IJCi; unih 'ijQ,1 .1-, :, tlK mc'a und", the 

ciO c,cvn tration -r""" CLt'ie fron-, th" fmc' uf dr~g adninistrat'on , exh'a po kJ ted 

to ir,fn ;ty 

VallXne of di,trib ulion I, "L <>d ,',r, ;1',,, Idm';'-,.::I phme iVz Fob,; u c,lts: Ii: 

V'Com=do,e/ ). xAL:Ci 

Totol body deoronce ice ob,; v/"Iik l.hr '1' 

o Fob, = do,,, ... ,~JCi 

Covariale fado" 

r",'icnt !'Octo" ro!" d ",d b',' tl-, ,, a ttendng r h '/~ic"'n a nd doclJn..,.,-,ted ir the paHec,1 

data ciJ lcct"'n fc:.-ms aft" r 8 w"e'" of tr=tmed in th e hO';p'ta l inc kJ d ed age, ,ex, 'h" 

'1dory of sn-o ki1g ClC,C; aicohol cor,,'.'m''''n'' 11-", ,." ar b" ior" adtri,iion iwhet he<, Or 

c,ol, t he ,~bj"d hoo regu<Jrl,- eo",~ med alcol-<lI - by judg ment 01 11-,., ati"rd;ng 

.,ry, K:ia n, emu wl, ,,TI><o', <.Of r.o~. II',,, ,~l>jccl hLld ,mol,"'-.! c.1gur"jj",j, 1-'''''''0,,, 
t,. l::..,.-C'. lo,h treatm".-,!. concomtant i1ne", concomtant n",dicatiocl, h"'ght and 

w" igh t 

AI'iJ al Cli:;oriJxjmnlc~' 8 wec', aiter adm-,'oc" 10 oad ,a"1"<'e, w" re drnwc, hiJm ench 

p at>",rrl for c;-'",-.-k.::1 paIhok-gy i: A J mi croti",,-j l<Jwj, ,&-='09,. i1 x 7 ",I dotted 

tube) and haen-.:>tolog, 11 x ~ n' ED1A lUbe and 1 x citrat& eiJr,tah'rrr g ESP. tu bej 

,, '~'d lJatior Th" ,arr..p." were ,"fr'o:lcrn'crt CIt 4°C b" fere trader with ... 6 ho lts tiJ the 

che n. cal rathck'9Y and hoematology klbaat", ;." of Goot" Schuur Hmoila l IGSHj 

"rd th o> I Jniv p,~t\' of CCl pe Te,';''''' iJeTi tor anal'i'~' O , ,,rrictry jc, ciud" d c,ua ,-rl";cC1ti'O" 

of ;C~Jm urea, (;fc ClJir.ir.e, tiJtal protein. al burcin, ,e rum a lan;,-,e trar,ani,-,a >e ,: AlT!, 

,,"'Lm a'ratal" tran<nminCl<C IASTi .. alknlic, ,, phosphatase r .. ~<l gamma-g luta rrl}' 

transf" ra >e I, -GT,I and toto i bil. '.bir_ HacrT<Jtclvg,- evaluCl''an ind.dcd a fu l bloiJd 

"~"uc,, n::cluc<n\l hacrn::;globin, mean cell YiOfvtn€ iMC .... ) .. white ""~ ""UI.t WiCC;' 

and platele!;!, a dffer"n':ai and th" " ')'lhroC)~c 'cdm" rJa;ion 'at", IESPi '1-, .. 

C ,c,;"; ,,1 '0/. 010",.- laooratory of liC1/GiII/SAw.R (Y:Jvth Africoo Ir,lil-.l" '" ,'v)",jkc LlI 

Reseachj '.,ed ELISA to de'ed HIY ; arc! ;o Cldbvd"" 








































































































































































































































































































































































































































































































































































































