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Development of events 

The importance of epidemiological and clinical understanding of the problem of 

drug resistance in tuberculosis is growing together with the extension of mass 

chemotherapy. 

The WHO Informal ?-!eeting of Advisers on hboratory I'kthods for the Drug 

~ensitivit~/~esistance Determination of Mycobacteria, Geneva, December 1961, 1 

proposed the definition of the terms "sensitive" and "resistant1' strains of 

Mycobacterium tuberculosis as follows: 

"Sensitive" strains are those that have never been exposed to the main 

antituberculosis drugs ("wild" strains) and that respond to these drugs, generally 

in a remarkably uniform xanner. 

"Resistant" strains are those that differ from sensitive strains in their 

capacity to grow in the presence of higher concentrations of a drug. 

This definition of resistance is based on the laboratory response; strains 

that are resistant in this sense do not necessarily fail to respond to the usual 

doses of the drug in the lesions of the patient. However, a diminished clinical 

response has been shorn? to occur whenever resistance is demonstrated in the 

laboratory, even though the extent or degree of that resistance is small. 

In the course of the last decade, there have been different evaluations of the 

clinical significance of drug resistance. 

Already in 1956, a review of the opinions of chest physicians in different 

countries revealed divergencies. 
2 

1 
Canetti, G. et al. (1963) ~ull. ~ l d  Hlth Org., 3, 565. 

Bull. int. Un. Tuberc., 1956, 26, 149. 



Most participants in a symposium on the clinical significance of bacterial 

resistance tests (1957) thought that these were very important for the success 0:- 

treatment, but there were wide differences of opinion as to what constituted a 

clinically significant level of resistance. 
1 

Partly as a result of this discussion, and probably after the publication 

survey in -land, Wales, and Scotlznd, on the prevalence of primary drug resist~nc~,' 

the first of it,s kind - the two committees of the International Union Against 
Tuberculosis (IUAT) (cornittee on Laboratory Methods and Committee on kntibiotfcs and. 

Chemotherapy) decided to obtain an idea of the proportion of patients admitted to 

hospitals or sanatoria with strains resistant to the stzndard antituberculosis drugs. 

Table 1 presents some of the data collected. 

On the basis of the analysed results from 72 hospitals or sanatoria in 17 

different countries, it was concluded that the dmourlt of drug resistmce presented n 

formidable problem to the clinician, and t n s t  the majority of the techniques in 

current use did not permit precise quantitative tests. 

1 
Bull. int. Un. Tuberc., 1957, 27, 223. 

2 
Fox, W. et al. (1957) Tubercle (Lond.), 38, 71. 

7 
1 Bull. int. Un. Tuberc., 1960, 30, 2. 





WHO/TB/T~-~~LI. ~ : ~ f , ~ r n a - t i o n / ~ L C  
page 4 

of the d i f  f e renc  met,!i~dr; I-:,; rln ~~x~;ki?r~~r.> ;'C ci~li;~;rcs anri ; c~r ; lpar i ssn  ~f t h e  i;ests 

made on t h e  same str;:ins i n  d i f f e r e n t  l.aimrn..oriLc::;. 

, . c c ~ m ~ t r i e s ,  i n  ~jp,icl; il-iL:s,: l-.-t.c.rc:crlcs l.:t~rc, :,s!,:c!d tc! indicc~ti-. Lheir cri ter ic! .  f o r  

cons ider ing  a st;r;::.,i.n t o  51; aii-isitivi; o r  res i r ; i ; i r~ , ,  t.i e;ch <if  t h e  ~~~~~~c i a j o r  drugs,  

rr-:ve:,tlcd -xtraortlinnr;- GL-'i ' , , ; ; ;dlTli:e~ iLi t!.!<;si; c : r i t i r a i < L  f{;r e~~c1-i of the d r q s ,  nit! 
2 

confusion, mcirked i1: tllis l i - l d  s .mc ;.c~.rs ,- ;o, l?:i:; n:̂ ii; l essencd  sirice then.  

Cane t t i  (1960) i;'i~iph:?sized the dis:;dvantclges ol' such 3. s t z - t e  of  a f fa i r s  i n  two 

f i e l d s :  s t a t i s t i c z i  - t h e  i n p o s ~ i ' i ~ i l i t y  of making 2 comparative a n a l y s i s  of the de 

from d i f f e r e n t  countrii;-s re@-rciirig thtli fiq?que;lcy of' r c s i s t n r i t  s t r a i n s ;  and therape  

a poss ib l e  f a i l u r e  of tl,ltmei;'i i n  3 l:!r,-ye n:.i;~'ber of  psiit211ts. Iie proposed t h a t  a 

working p lan  f o r  the  stud;i oi' ti?e drus resist,nnc(.: ~-~r+ni;lern by sn i n t e r i ~ a t i o n a l  

coiamittee should he or~;:~niz.::d. 3 

4 
Although t h e  \,]H': EyYpii.rt Cor;mittee on TuLercul:?:;is i n  its Seventh Report noted 

t h a t  r e s i s t a n c e  t o  drugs ,  especially t o  isoriir:zid,  had  n o t  2rcjved t o  be -the publ ic  

h e a l t h  problem o r i g i n a l l y  f~=nrc ;d ,  ;:.t the s a ~ : , ~  t.ir ,c; t h e  pres s ing  need f o r  i n t e r r a t i o  

s t anda rds  f o r  the de i ' i r l i t i cn  arid d e t i . r m i n ~ t i o n  cjf &rug r ~ s i s t s n c e  r ~ a s  s t r e s s e d .  

Evidence of thc nced f o r  such :;tanderds v;-s deqionstr~, ted by t h e  sipnposiwn on t 

t rea tment  of pulrnonar;~ t i l l jereulosis  i n  patii ;nts i - ! - r l ?~~ur in~  b 3 c i l l i  r c s i s t s n t  t o  t h e  
C 

t h r e e  major drugs ,  !~ciid i i ?  P m i s  ir, Septerr,i;cr 1960, ' i n  c Q n f i r a i n g ,  L,y b r i e f  survey 

of  t h c  s i t u a t i o n  i.n same c ~ i u ? r i c s  (Uni%ed KLn[<dor?, France,  Japan, United S t a t e s  of 

America, Poland, and Czechoslov~kiz - s e e  rr2whle 2 ) ,  ti-i;. s e r iousness  cf t h e  drug 

r e s i s t a n c e  problem. 

I 
C ~ i i l .  i n t .  3r;. Tu:;::-.l;. * 1964, 30, 15. 

2 C:anetti, G .  (15155) Bu l l .  in t . .  Un. T i ~ : i e r ~ ~ .  , a, 157. 

4 
WHO %xpcr-t Carr~rxii,iec ,,n Tuii i~r 'cui i~sis  ('13;~) S'jt-vcritl~ r e p o r t ,  Wld I i l -~ l -~  Org. t e  

Rep. ,>e1-. , 1:): . 
Fjull. i n i .  :in. Tubiro., 1961. - 31, :;. 





, . -  j. 'Tl-le~~ l.,: ::,,,;)i.,.,;;:82d i, -I ,-::it i::: ,:- ~ -c;,., [,rg,,:;-..lppc., , ~ f  i ) r in j , . ,~ . - ;~ ,  zLr1d a2:;t:iuirecj 

.? ;.isis <- ! L 1,~; (; 2.11 ,-,, 'C>". 7'. ~- - ' i , l , , ! ~ . 2 i - ; i + ~ ,  . 



In rcnrci-iing far 2 t.~:;.-;+ ?h:?+. 11 '. l; r:ccur?t.:, rcgr:~ili:.lr,ihie, a ~ ~ n i ~ : s ~ c ~ . l ,  ylld 

rapid ,  %h,: ~j:;rt,ic,iiy-,~;t:- 1-1 , -  - 7 , - ,  : . : , U. L~~ c. t'-- ,I ~f , Q , -  t. .; 

/ .  ;-,l:~.Ln : : . n t i t ~ ~ j : ~ ~ ~ y c ~ j ~ ~ - j ~ ~ ; :  eLr~:~,*~:; t~.::~:,;--i::~id, ~trr,~j?,~:lfi;;{(di;~, ,'?d F;'.,?,) , .-.lf,],it,~,~;';k: : b ~ : ~ ~ ~ : r ~ t ~ >  

i . > - .  ,,:S] L < ,  Vi!,J-::. ~:2s-ts f o r  r,:sist?nc,? t o  :;h,.; e:.;:l.,r :?ril<s -.I*,, :L:;: , . , ~.:,~;(,r*,r:nc~. 

A sin~pl,: Lest  f 3r resis-barice tc is21;iazLd >;::S ?c:,:;~!i?~~ende.j f o r  f 'u r t in~r  t r i z l ,  2nd 

it vixs r~c~ntncnded. al.so t h . ? t  ;i conipari.son be ;nade k..etwc-n dj.ff:-rent c z r e f u l l y  

s e l e c t e d  itlethods i n  ezch o f  sevcr:<l 12Lbl>r;~torii5s. The me thi~de thense lves  must ?;.S 

s t r i c t l y  adhered tc in e-cl? i? , i ; : ,~~atcry.  

Stu-dies t o  be ca r r i z i i  ou.t i n  d i f  f ' t r cn t  . t e r r i4 io r i e s  on the pri2vale:ice of i n f e c t i o n s  

d u . ~  to drug-resist .2i-t  orgsr,lcn!s in priti;.nts lriL?o c1r:iii; nc t  have rece ived  pr-evi.cus 

chemotherapy were sug;-.es-~,~~.d. 

Primary drug res i s - , . -  . i ~ ~ l ~ ~  - -  

iqeanwhi l e ,  th-2 prcbl,?in of  primary r;-si s tance i S 'ei:,::.rgir~g. T h i s  cor;?par2.t.i-~el,y 

new problem i s  a.tt?;ct,lnq :nor'? ?rAii! rqc>y-.e ;itt,:;!-~ti E-?, n r ~ . ~ : i c u l .  r:: i3 r ~ s ~ ~ e c t ;  of its 

p o t e n t i a l  i.pidernio'Lc;.;lc:.!.. si,nii'icr:ric, . 
Previou.sl~; un-L~~-:,-hecl psiiunts r.rhi! i-l.irboiir r-:;isL:i;<i, or;;:~l~isrns ;:re rex'crred t,o as 

h,q.ving primary .ire.5i:;",~-nce, iij d i s t i r i g ~ l i s h  - th i~m f:.oi:: l;h(-:sl; pe t . i ?n t s  v r ! ? ~  h a v e  r e s i s t a n c e  
, as a r e s u l t  oi' pre'iic-1s t;rc*r?ty~ent. (~i : ;~~id ' l l - , ; ;  o r  : I C , - ~ U L Y . . ~ ~ X  rcsis t ;ancc) .  

I 
Seliicjn, J. B. 7. I~~lht/.kiS:;on, 3. A. (l.c:5;:,) 1::: '?,+;erans ACimiriist>ratiori - .kr:ned 

F'orczs, Y??ti~.c;actic;nsi cf th:: 17th i'bnf'erencc 01: t t i i  C : k ; _ ~ n ~ ~ t j - ~ , r : - ~ ~ - ;  rjf Ti~i?;erc~ilnsis,  
fi?:.nphis, Tennessee, ;p. 258. 



It is from those with sccondery resistmce th2t most wtients with primary 

resistmce have ncquired their infection. 

Experience has shown that it is not nearly as simpie to determine the prev::k-n 

of primary drug resistance ;S had been anticipated. 

In some surveys, it has tsken a fantastic zmount of checking on the possibil 

of previous, but unreported, treatment, to really cone down to a fairly pure, 

untreated group (C. F.:L?ler (1963) - personal corr~3~icetisn) . 
According to A. S. Ploodie (~ersonal communication, 196j), in Hong Kong, in r 

group selected for 2 drug trial, who on three seperate occasions had denied prevj 

treatment, 22 out of 42 cases found to be isoniazid-resistant zdmitted on a fourth 

questioning to having had treatment previously. 

At the Tuberculosis Che~otherapy Centre, Madres, some patients disclosed the 

previous treatment only after a long period of association with the Centre, when 

stmosphere of confidence and friendship had developed between them and the staff 

(P. R. J. G a n g m a i n  (1963) - personal communicction), 
Whatever may be the reason, the fact remains that the separation of prima2 

from acquired resistance is very difficult. This was not unexpected. It is alrnlf17r 

well known thet, soon zfter the discovery of streptomycin and its introduction as 

drug  effective in the trentr:lent of tuberculosis, a small number of drug-resistant 

organisms were constantly being found among a large number of streptomycin-susceg 

bacilli of any population of mycobacteria. These drug-resistant bacilli were 

capable of dominating the microbial population rapidly and disturbing the bcnefici 

effects of streptomycin. 
1 

Soon after the introduction of isoniazid, in 1952, significant numbers of 

bacilli resistant to isoniazid were detected in most, if not all, strains of tubercle 

bacilli prior to their contact with the drug. 
2 

I 
Hobby, G. (1962) Bull. int. Un. Tuberc., z, 52. 

;1 
Hobby, G. & Lenert, T. E. (1952) Amer. Rev. Tuberc., a, 771. 



and these s~z-rr.ed, ic: li:: kJct;~iei:.~ ,:nc ;~ r , r l  i ' i - b r ' z  p e r  c'2i-i: . in dif fcreni i  centres.  he 

si-:uatiol?_ h.1~ since bci_.rl :r;;-qpdic:, ,j;: the. c - r c  2 ,pi-. l:~!? yf' / ~ ~ : c n : ~ : ~ d  :>3tk1,:,~.::r,] city G:' 

isonia2,id-r.sist::>.nt si;r,iil;:j .ri& i?:s ~;vz~t,ual I:::plica.iicns i'-,r. cpi:!c;mislc,zy (us;; 3f 

risoriiazid t.hc.rapy aloncj, ,:%c. . 
The divzrgeiicy cf the vi5-i.r:; e x p r t ~ s s ~ ~ d  iX.!cl;s Tt c' L L ; ~  -. +_l?at :?uch rr,nrc 2-~idencc  

needs to he found in ordcr tc cl:3.r.ify th? s i t u : ~ t i c ~ ~ .  

i Crofton, J. (1951: ) F,, 2-< L. ' r~t2.3. E9i.l. , 10, iL2F3. - - 
2 

P~Ij.tchi.sor~~ U. A. (1-956') %it. ;,!CL. Eu.21. - ?.G, -115. 
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. ~ 

Co~lp2re-J w i ~ h  t;le i i ~ ~ r ~ r ~ ~ C  l i - ~ ~ ~ t i t i l ? ~ ~ :  cf 5.5 ;;271 C C : I ~ .  ~ l l ~ i ~ ; ; ~  R i l j  L; ?c Croi'torl, 
. - there h a ~ j e  ';,eer, yery rew ~ , - z . ; ! ! , a ~ l i y  resj.stant, c j.se:. :P S C I ; ~ ~  coul?tri;.s : e.g.  , 81-mgary 

(-tVio per  cent .  j , Geri:l;-,.ny (2.9 per cent. ~~ccotqitii~g to L,;dtin, 2.7 p-r cent .  riccording 

t,o $leissner, 4.5 per cent. acco rd i r~g  t o  ;3art,::a11~i). TliiSier & G L n e t t i  indicated 

14 per cent .  for seli.lcted g r o u p ;  sii&tlj: lovjcr fit;ures of this t ype  were found by 
. . 7 .  

E'epys and by Diss~i.,an 9'. T g i  a :.'-L*. , ~, .,.-, :~!-. rL5-:: ' - - -  - L -i ,. !3e37-, .. A ?-; l -L j - : ,  - .. rl 

E12~1and, Sweden, 2nd France (5-5 p r  cent .  ) (il';?:;ls 1 .  
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TABLE 4. PR134ARILY RESISTANT TUl3ZRCI.E S A C I U I  7N ADULTS 



- .  
pe r i sd .  @le cannot ip;i;i?c~j;., i f i s i s t ed  l-i!,;j:,by (113;52), $;:c p c s s i b l e  s i s n i f i c a n c e  of  i-\Ivn 

shor  l; courses  of  chi:!noth~rapy. E;e,l oil;; t 1 .1~3  ij~~.,z,-!:~ c g i d  conceivnbl!; a l t e r  t h e  

proportioll  of suscept , ib lc  t:o rii:;is~;;int o? c ill1 ii; :& +tic. ni; . 

fllorcover, t h e  q u a 1 i t a t i . v ~  n;'iii>.re of the test mnpii;;-cd I'qr dt>ti;rr;:inir-~c; drug 

r i ; s i s tbnce  is of s ign i f i c r tnc i .  Tlii; ?L-,ction cji' 2il:! c .ni- . i r ; - icr~i- ,M agznt, Is in f luenced  t c  

a l-argc exter,t. by the nw:iber cf  ri1icr.o-organists p r L s c r ? t ,  drug concent ra t ion ,  

znd by t h e  t ime dur ing  which ti ;ct  drug and t h z  rnicra'r~e renhin  i n  contac t .  Tile 

minirnwn in l i ib i  t o r y  concen i;r!"if on of  any :in-ti:ni c r o b i a l  i g e n t  depends larg.:ly upon the 

number of organisms present .  Yet Ln non. of the s tu i l ics  d c s c r i b ( ~ d  h ~ s  inocul.uin s i z e  

been mare than  qualitati.vc;l;r ccj!ltr.oll~d. Al.thcjui;l: H:ji>i;y1 s dzduct ion c,~ilcernc-d only  

i n v e s t i g a t i o n s  in the iJ~:it& S t 3 . t ~ ~  of Ac:,rica, vnc c o ~ l d  conclu.de the same 3b0u.t n ~ s t  

of t h c  studies preselated ;.t tile Si:r~tt;e;.ntk: TilSe~-c.i;losi:; i:onferencr,. 

Adding t c ;  t h e  confusioi; are  t h 2  wide v3:ri~: ti;x I n  drug eonc;.ntrr~tions used by 

t h e  va r ious  l n ' n o r r ~ t o r i i s ,  the l a r g e  differ-ncc:; :?etvr?crl Grug c ~ : - i c e n t ; . z t i o ~ ~ ~  emploj~ec! 
Z 

i n  any s i n g l e  l abo ra to ry ,  : ~ n d  thc  varying cr i t ' : r i :~ o f  druL r z s i s t enc , .  

There :ia:; a l s o  the  p o s s i t > i l i t y  t h a t  sornc dru.;i-resist:,.ntt s t?a. ins  r e f e r r c d  t o  tis 

strsills of' Mycobacieriurr. -tubercuLosis may h;:;ie ??c,-.r; str::rins of "unc1cssii 'ii:d" 

mycobac-tc-ria, which a r e  geri:_:rall.y d rug - re s i s  tan't. 

The d i f f c r e n t i s t i a n  af' Lhesc : ; t ra ins  m-S nut ui83~~r-L~.-;.n i n  any r;f' the s t u d i e s  

r epo r t ed  z s t  Torontc.  

l. 
Hobby, 'C;. (1932) Bull. i n t .  Un. TuC,.rc., 2, 52 .  

2 
!331)13y, G .  (1.962) ~ 1 ~ x 1 .  k - ~ .  Un. T ' u j ~ c r e . ~  2, ,>d r *T . 
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It should be noted, hcwever, th2.t the methods used in this direct test survey 

did not permit a precise intsrpretztion of results ky the criteria o f  the investigat,?? 

cited. 

The next important point of chis pzper is t'r.st, quite eroobably, the speed with 

which resistant cells nicy increase in number (end become predominant) is rnore 

sipificant than the existence of smzll numbers of resistant cells within the total 

pogulztion prior to con-Lact with the drug in question. 

The investigation givcs groulds for proposing as sigiiificant levels of 

resistance - in vitro at least - mycoLacterial growth with less than 2 pg of 

streptomycin, more tnzn i ? [ ~ g  of PAS, and more thsn 0.5 pg of isoniazid per n l i  of 

medium. These threshold levels were based on the zssumption that it is justifiable t 

accept not less than 20 colonies as evidence of growth. 

Using different laborctory techniques but essentially equiv?.lent criteria for the 

definition of significc-mt arug resistance in both surveys, the investigators confirmed 

previously reported obseru~tions (~obby, 1961, 1963; Chaves et 21. 1956; Meissner, 

1357) t'nat the present level of "primary drug resistcmce" in the United States of 

America remains low (five per cent. or less to each of the three major drugs). 

It has been argued that these surveys offer no justification for complacency, 

since (1) patients admitted to a selected group of hospltals, and (2) a veteran 

population, may not be the most representative in the United States, and (3) the surve 

failed to include children under the age of thirteen who belong to the group probably 
I 

giving the most sensitive index of primary drug resistace. 

Different data (on selected groups) confirm this opinion: for instance, there h2 

LccrL no change in the incidence of primzry drug resistance of tubercle bacilli among 

patients seen at the Mayo Clinic during the past eight years (approximately 1.9 per 

cent.). 
2 

i 
Amer. Rev. resp. Dis., 1964, - 89, No. 3 (editorial). 

2 
Hershfield, E. S. et al. (1963) Proc. Mcyo Clin., 38, 22. 
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about their personal experience and views on the present prevalence of primary and 

acquired resistance to the three mzin tuberculosis drugs in their country or region, 

and about its trend over the last five to 16 years. 

Only a few of the replies received show the present situation in the respective 

countries (Table 6). :!any of the answers sre based on the results of studying a 

selected group of patients (Carlo Forlanini Institute, R8pital Laennec, Tdberculosis 

Institute of the Russian Federztlon, different sanatoria, etc.); some of the members 

have referred to published liter~t~re; in some countries there simply are no such 

data. 

In short, adequate information on the present prevalence of primary drug 

resistance is still not svailable. 

Among 23 replies to the question on the trend of primary resistance over the lasi 

five to 10 years, 10 ncticzd an increase, five no change and two a decrease, while 

six found that the present datL do r a t  allow fo?? an. amtrer to this que~-l;i011. 

Conclusion 

As the review of the literature and other available data has shown, it has not 

been proved yet that primary drug resistance has become L serious public hellth 

problem (in newly discovered, untrecited, patients). 

Lxlcreasing experience in the chemotherapy of' tuberculosis shows that the 

therapeutic vzlue of a drug 'md its value ns an agent in combined therapy are defined 

by Its ability to act on the sensitive part of the bacilli strain and on the mutants 

that are resistant to another antibiotic administered simultaneously. It is known 

that the percentage of mutant bacilli resistarit to the major drugs (isoniazid, 

streptomycin, and PAS) in norm&l strains is very small. The same, however, is not 

true for all drugs. Thus, pretreatment drug resistance to thiacetazone appears to 

be common in some areas: a prevalence of 20 per cent. to 50 per cent. or even higher 
I 

depending on the &finitions adopted in Madras and in Hong Kong (Fox, 19b4), in 

I 
Fox, W. (1964) Realistic chemotherapcutfc policies for tuberculosis in the 

developing countries (PIimeographed document wKJ. @+/C. 57, 19 May 1964). 
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I 
Tunisia, even when thiacetazone has not been used on m y  scale in the past. Because 

of the operational and ecanomic kdvantsges of thiacet~zone as a companion drug to 

isoniazid, the relationsl.iip of such pretreatmerit resistance to therapeutic efficacy of 

thiace-tazone needs finrther clarification. 
-. 

Acquired resistance 

If prirnary drug r5sistar:ce d-oes not appem to be 2. public heel-th problem of 

serious signifi~~nce yet, acquired drug resistance is already such a problem in many 

countries. It is important in so fzr as the prevaleiice of drug-resistznt tubarcle 

bacilli is a measure of the efficacy of past -Lreatms::t >?nd the extent of future tasks. 

To be more exact, the prex~:~lence of acquired drug resistance is a guide for future 

methods of tuberculosis control: ( L )  the reduction in therapau.tic effectiveness of 

the drugs gi.ren to an individurl patient, an6 (13) the epidemiologicel implications 

of drug-resistant infec-Lions in a community. 

If the drugs for tuberculosis clieriiotherzpy are correctly employed, drug-resistant 

organisms should emzrge rarely, if' at all, irrespective of the degree of severity of 

the disease. 

In pra.ctice, however, the use of multiple-drug therapy, thou~gh definitely 

beneficial, is not ,m absolute guarantee against the occurrence of drug-resistant, 

infections: for sorne patients with rnoder:ltely advanced or far ~dvanced cavitary 

tuberculosis, chemorllierspy :iit'ri the rnain cirugs (i-soni.zid, streptornycin, and PAS) 

fails and resistance develops (~cDermot,t, 1960). 

i3ernarrj s-ta~te-j tha i;, j-11 ;,-"~~<;i- ,_ , 20.9 per c e n t .  of patients a1.mitt.s~i to hospital 

W-ere "resistmt" to one or ]!lore of the inkin drugs; ir~ 1955, th~re were 22.5 per cent; 
rl L 

in 1954, 32 per cent. L j d t i n  fouxd the ~ercentzge of "rzsistanttt pxtients to Le 

30.9 in 1954; 22.5 in 1955; m d  $2 ;?er cent. in 1 ~ 5 6 . ~  At the Central Dispensary 

of 'vdarsata durin~ the period 1?5iJ-1956, 35 per cent. ciut of 5'721 strains examined ,rere 

found to be streptomy-till-res~s~~ant; 30 per cent. of 1281 strains isoniazid-resistmt 

(T'Iisic~iic~, 195'7). 4 

I 
Unpublished dzta. 

d 
Bernard, E. (1957) Bull. int. Un. Tuberc., 27, 262. - 

' Lydtin, K. (1957) Bull. int. Un. Tuberc., 27, 255. - 
4 
Misiewicz, J. (1357) Bull. int. Un. Tu'nerc., 27, 255. 
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TAALE 7. RESISTilNCE IN PfiTIEi'i'T'2 AIBEACY TPSbTEI1 A!K 7iXi)SE 
ORGANISXS kERE TESTED FOR RESISTANCE TO AT LEAST ONE DRUG 



(l? 20 per  cen t .  to t v ~ 3  cii.~js ,iil ,_.ie 7) . 

It need i?ardi;i ~ , c I :  ~ ~ q . : e b  t+zd i ;i;;t +,lie ~ ~ > i + ; + j r i ~  yi;i~i::tc?n,~~ adop t~ ( !  t h e  

d i f f e r e n t  c e n t r e s  v a r y  ~;r:r::;ider.3ij-':, - ' J  

The f irst  accur6t.e c+stLj!.,ate of' the s i z e  ~ 1 '  L j i i  prc,biem c,f secondar~f  yesis-~z_nce 

T,%ras c a r r i e d  :)ut i n  t h e  Ur;i tecl Iiir-.gdo:n. A randorr! s:!rnple of' 38 ches t  clinics provided 

a s i n g l e  sputim :;peci.iien f'~n:r! eac.1, gi' 512 r , ~ + i . ~ . r ~ t : ;  s.~i+:ii pillrnc?nary tubzrlculor,is who had 

l l s d  a p o s i t i v e  sgutu~; at i.:lo t ine  of t i i ~  sur..-cryr ((Oc-toiler 1960 t o  iiprj.1 1961) aild 

zllso twelve monti-is or r;liire y ~ ~ ~ - i o u s i ; i .  Eigilt:i-cne per cm+, . of -the c u l  Lures ruere 

r e s i s t a n t  t o  one o r  c:ore o f  i;he i;l-ir?e mziin drugs ,  li;, per  cent,. being r ~ s i s t a n t  t o  

m e  clrug, 26 :]er cent. i;o tw,;., and 41 per cent .  cc. sll . three. It was poss ib l e  Lio 

e s t ima te  the  nuqber of' tres-Led p~ i t i en t s :  t h r~ughou- t  the ~ o u n ' ~ r : j  who in 1.960 were 

exc re t ing  r e s i s t a n t  b s c i l l i .  There appear to  l1a . j~  ':eer, a t  l e a s t  350Q ~ ~ i t h  cul t ,ures  

r e s i s t a n t  t o  at l e n s t  m e  drug arid 1::00 r e s i s t a n t  t o  ?.l1 three. The survey showed 

t h a t ,  i n  al~cjut l ~ a l f  the pa.t i  z n t s  e>:cret,ir!g resi~~l;ii.rt Saci lli, - t ; c ~ ~ e r c u l o s i s  was f i r s t  

diagnosed dur ing  t h e  p e r i d  1950-55. T _ 
LLL onl: sL;: nf the 335 had i t  been diagncsed i n  

1959 or. 1960. Th i s  sugges ts ,  perh;l.?s, +,hat t l ie e f f i c a c y  of t rea t lcent  durii ig the  past 
2 

dccade has  been consid(:r&.~,iy impro led. 

A t  s e v e r a l  r e c e n t  s;imposLl; t hc  value of c.riru.eci-, ccgbined chernothernpy from the  

oiatset, sf "ireatment, 2,s ::lt.al?s c i f  l ~ i ~ l i n g  e:,1erg'znce of  drug r e s i s r . ance ,  w a s  

l Bul l .  i!:t. TJri. 7i'uii.;zi.c., i~j60,. 30, 2. - 
2 - S r i t i s h  Tuberc~~l.s:;iz Usc;3,clcxti.ori (1363) Tt~; -~ ; . r~ le  (Lond. ) , - 4 4  , l. 

' Bul l .  int , .  U .  T T .  1 . :  , 31, j. 

I;. 
Bull. i n t .  un. 'ruiicrl., 1362, 2, 133. 

f3~111. i n t .  LTn. T ~ x ? ~ r c  -$ 1?c339 . - 33, 12'2. 

'5 
Abs t r ac t s  ~ j f  111rc -.-- ~:,?;e~-~~:.~-tioniil  -- cJongt:c;; of i;he?nsthera p ; ~  -, 3ti~t,tg:irt;, 1.963. --- 

t 
i 
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As i n  t h e  cese  of  primary drug r e s i s t a n c e ,  t h e  xembers of  t h e  NHO Ecper t  

Advisory Panel on Tuberculosis  were asked by t h e  ' i"u;~erculosis  u n i t  about  t h e  

present  prevelence o f  s cqu i r ed  r e s i s t a n c e  and i t s  t r e n d  over t h e  l a s t  f i v e  t o  10 

years. 

The f igures  rece ived  confirm t h a t  t h e  s i t ua . t i on  i s  very complicated. (Table 8).  

;l:: t o  t he  t.ren& i,f ; ~ c . A u < T . ~ ~ ;  drug r e s j  stai-ici? o'ier :;he l a s ?  fi .de t~ 10 yea r s ,  

n ine  gernkers of the 5;cpert: Pa r~e i  def ' inl tc l--  nr,tLc.;d. an iricreas.;, th/.ce s~xpposed i. 

ciecrease, and 16  fouqd t,hjt Sjhe preserLt, ,data.  ar- r i i ~ t  euff'i.ciei?.L t o  p e r n i t  Er?, anstrer 

t o  t h i s  yues t lon .  

Conclusicn 

I n f ~ r r r ~ a t i o n  on prevalence of acqui red  drug r e s i s t s n c e  i s  difficult to okItain 

bec;use no s c i e n t i f  icr-11;~ bccur;: t e  d a , k  are av::ilt.ble. 

i h  da,ta, t h e r e f o r e ,  3.re a v a i l a b l e  t o  e s t a b l i s h  a t r e n d  i n  the  deveicp:~ei..lent of 

acqui red  r e s f s t a n c e  over t h e  p a s t  fi-de t o  iQ ;;ears. 

I n f e c t i v i t y  and pa thogenic i ty  of ~ e s i s t m t  s t r a i n s  

!imong o t h e r  conseiju.t.iicee '̂ if' drug r e s i s t e n ~ e ,  i - t  i s considered t h a t  212 eva.luation 

of the  i rkfect ivi- ty  and phthoycnic i ty  {ai s t r a i n s  frorn cases  wi th  p ~ i m a r g  o r  acqui red  

r e s i s t a n c e  would '2e reward-ing. 
l 
.L 

zxperimental  2nd c l i n i c a l  obse-rvhtions ('f~uirians 8 Kbrlson, 19'17; Wi,linsky 
-- 

2 
e t  3 ,  4 ;  YcCr>;i, 195"' c ,  1 1 ; ;  C a e t t ? .  e t  &l., 1551;' 9e13r6 e t  a l . ,  

6 
1952, e t c . )  do n o t  r e v e l  t:ny diTfe-rerice between tu i ;e rc l s  ':2.:.cilli sensit:ic.e and 

I 
Younans, G. P. 2 Karlsoil, L.. G. ( l ~ i i ' j )  timer. fie:., Tuberc. ,  - 55, 529 

'i 
liiolinsli;, E. , Re-instcl-i3, 11.. & S t e e ~ k e n ,  l!!. (].<;:,C') -d kiner. Rev. T~i ;~erc_ .  , - 5k, 335 

' ivlcC~j:, R. J. (1950) Amer. 51-v. Tu!:,erc., - 2 ,  227 

4 
Hz-rold, J. T, (1951) P,i?ncet,, 2 ,  f;5(? 

C a n e t t i ,  G. e t  -;l. (l i l5l)  He-;. T u i e r c .  ( r  , - l ,  128 

c-> 
Debrk, R . ,  Z r i s s a ~ ~ d ,  I!. C. Ec i l au f f l s rd ,  H, (1.952) Sea. Pr~rEs, - 2!;, 1576 
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L 2 r e s i s t , e n t  t o  strepton!yci;? 311d PAS. On t!lc o t h e r  hztnd, the  development ,of i s o n l s z i d  \ 
f r e s i s t a n c e  has  keen f c ! ~ ? ~  to 132 c f c s e l y  z ,ssociatea ?:it21 a decrease i'i' virulcr lce of 

1 Toe proI:ilem, 21c)wever, :is y,;llct!-ier i;r n c t  t h i s  Iosr: 2f 'k,rirulence i s  p a r c ~ l l e l e d  by 

a l o s s  of  v i ru l ence  for :;?&G. h f o r m a t i o n  i s  l - a ~ l i i r , ~ ,  both . n i c rob io lo~ ; i ca l  and 
i 

c l i n i c a l ,  t o  inswer this ques t;;,)~, a l  t ? l o u ~ h  tile rciationship ketwc,.en i s a r ~ i a z j - d  
i 
i r e s i s i~a r l cc  arid the p? 'zhc~~eni~ ,~7  ,, i - 7 ,  - ,  if S U . C ~  sLr i Jns  f o r  i:sr~ has  been d iscussed  Tcr about 

l 10 years .  One of' thti discussr isns  cf t h e  suj:Jeci; .:as a:t a symposium helcl i n  Pa-ris 

1 (20 September 595'7) on t h e  Cllr , j  c a l  SLgnificr,i~ce of  Uacter>ia l  Res is tanca .  '7 l/Jhile 

p a r t i c i p a n t s  ir, t h i s  cyntp~:;iu:!; s t r e s s e d  t h e  F a c t  that  isoni-azid-resistr?.r~"L t u b e r c l e  

b a c i l l i  cannot he considered t o  he a v i r u l e r ~ t  e7,:eri t,boagt they f a i l  t o  k i l l  guineaJ- 
: 

p igs  (M. ~ i s t ) ;  t h a t  t h e r e  i s  no-t: a  d i r e c t  ~ e l ~ t i o n s h i p  between t h e  l e v e l  o f  c a t a l a s e  

a c t i v i t y  and pa.thogenlci-ty (B. K r e i s ) ;  t h a t  the a:ipi?arance of isoniazid r e s i s t a n c e  i.s 

undes i r ab le  (E. ~ a n n e r )  ; and t;hht, t h e  prognosis i n  xis tierits w i th  i s o n i a z i d - r e s i s t a n t  

b a c i l l i  i s  much more unce r t a in  thari that i n  tho;;e w i th  s e n s i t i v e  b a c i l l i  (M. Lucches i ) ,  

c t h e r s  thought t , h a t ,  vrhere i;l;e ! l ac i l l 5  carmot ic)c eiirnriiz~tea cor13pletely frci~i  tlie 

p a t i e n t ' s  system, t rea tment  shcu1.d a in  a t  t u r n i n g  thecl a l l  i s o n i a z i d  r e s i s t a n t  

(E. ~ r e e r l c s e n )  . 

I 
B a r n e t t ,  f 4 . ,  Busni~y, S .  & Mitenison, D. A .  (1953) grit. .J. exp. Path. ,  TIC, 568 

c! 
Barry,  V. C . ,  Cans l ty ,  3:. L. & Gaffneg, Z. G. (15353) Lancet,  - 1, 973 

PIiddlebroo:, G .  & Cohx~, X. E. (1953) s c i ence ,  - 1l.8, 297 

4 
P4iddlebrook, C. (195);) Amer. Rev. Tuberc. ,  - 6,9, ql 

5 sist, N. (195t5) e r .  h e v .  ~ u h e r c .  , - 74, ~ i l p ~ ~ l . e i l i n t ,  '75 
,- 
0 

Z i t r i n ,  Ch. TV!. & Einc(>l!i, 11. PI!. (1.961.) <T. i'edia?;., - 48, 2x5 



In D. A. Mitchison' S opinion, isoniazid-resistant strains are alvrays rnore v i ~ i l :  

than B G  and are capable of producing widespread progressive forms of tuberculosis 

in guinea-pigs. Therefore, treatnent should aL?! at ;~li:iiiilating bacilli rather than 

making them resistant. W. McDermott agreed 5asically and admitted th?t isoniazid- 

resistant bacilli could be a danger for human beings. 

It must be emphasized that isoniazid-nonother&py in developing countries (with a 

few exceptions) was not the consequence of a policy of "isoniazid alone", but cf the 

lack of a satisfactory treatment organizatisn. The Literature on this point is 

voluminous and cannct be detailed here. The curr~nt l3clc of knowledge is reflected 

in the following opinions of members of the 'idHO &pert ~dvisory Panel on Tuberculosis 

in reply to a questionnaire sent to them by the bSHO Tuberculosis unit about the 

present conception of the infectivity and pathogenicity of strains from cases with 

primary or acquired resistance. 

Isoniazid-resistant tubercle bacilli are considerably different in their 

biological properties arid in their ability to far: -the enzyms catalase, and the loss of 

infectivity or pathogenicitg is closely correlated with this biological proper-by 

(B. ~apanicolaou). At the seine time, in experiments, the virulence of isoniazid- 

resistant strains was lawer than that of strains resistant to other drugs (M. Lucchesi 

etal.). The latter strains a,re able to nultiply in the body of a tuberculosis 

patient and cause death. The tub~rculosis caused hg strains primarily isoniazid- 

resistant has not the clinical chera,cteristics of the disease provcked by sensitive 

strains (E. ~ernard). Therc is no evidence (4. ~alkup) to demonstrate that primarily 

resistant orgariisrns cause other than the typical nman infection in man, with no 

attenuation of virulence, although evidence of attenuated virulence has been observed 

in laboratory animals infectcd with isoniazid-resisbant organisms. It is zften 

explained that this is because sirailis w i t l . ;  Los% catalase activity, i.e., c2talase 

negative, do not shcw the sare pathogenicit:? in expe~imeiltal animals, but once they 

have produced disease in :n;n, it takes the same course 2s it wsuld with other 
V 

organisms (N. L. ~ordia) or even worst (~h. V. Seba?i>ir). The Madras study has shown 

that isoniazid-resistant, catzlasc-negative organisms probably do not produce 
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disea-sc a s  f a s t  as normal vii- : i lent  t;i.;?ercl? b s c i l l i  (~mputi l ished data  frcm tht:  Madras 
. . . . 

Cheino therapy Centi- 1') . ji,3r.:er i n f ~ c t l : 7 l t j  :,f i s r ; l ; i ~ - i i i . - r ~ s i s i i ~ n t  si,r.ir,s 1s r-z,sed 

or1 t h e  fact t h ~ t  t,he ;jrg~po:ci;ii?n 3' s:~c!-i s t r a i n s  i s  :.tic!(: ~rn::~ll;;.r i n  prirnar); r e s i s t a n c e  

than  i n  acqui red  r?sLstance (P,. L. ~ ~ c k l r , : ~ n e )  . 
Froii.1 t h e  sp6-;cizl  s t u d y  on pn~tho;;~,i?i.:.-it.j.~ i:;:,~il;tzid-resist;ir~i; si;r:j,i.ns >f' 

7: .' D?;-,co. t ubepcu lgs i s ,  cc;rlciu;i;n ~ri ; !~s drav:r! ?,!?:.L al:i.;s% 50 pe? cent .  ~f t h e  1 . i  s t r a i n s  

tested sllowed no r;atl~oqenic: z f f c c t  i n  guinea -p i&,  abou L 25 per  cen-t. sh.;wc& a s l i . gh t  

e f f e c t ,  a.nd 25 c ~ u l d  not, h.r- collsi'.dered a s  path,,&cilic (0. ~ a r c i h - ~ o s c l l ) .  

Tin sm,mary, t h e  geil<r;l! i!:,prt.ssi .;n i s  t h a t  i;ubcir8clc iia.c<l-[.i i;hc.t arc bo-ti? r e s i s t a n t  

t o  r isoni iz~id and cai;n.l.b.se-pc;sit;iiV e a r c  vi.rult-nr.. Catalase-r~t :gat ive organisms do n o t  

,ic.is, ?:U-i ric such d i f f  ererice has yci s h o ~  the sane  yslthig .;iiic i ty i n  c;xpirimental -i l i ; -- ,~ 

been cstt,!;lished i n  !nen. 

long-term a p p l i c a t i o n  of  isoniazid, coss~;quentl; /  d e c r ? ~ - s i n g  the  c p i d e ~ i o l o g i c a l  
v 

s i ~ n i f ' i c z ~ n c e  o f  I s o n i a z i d - r e s i s t a n t  strc,:Lns, d i d  liot prove .to h e  c o r r e c t  (L. ~ u l a )  . 
There is  a group of cas;:s i n  which i n i ' e c t i ~ i l  $7 r e s i s t a n t  s t r a i n s  i s  pa r t i cu l a , r l y  

dramatic:  ca ses  of  tuu)crculous [,!c-ningitis. It i S hcped ti;? t u s e f u l  inf 'cjmation may 

bc obta ined  i ~ y  n i ~ t c h i n g  U-1s. dr1.g r ~ ' c i s i s t a n c ~  p ~ ~ t t c r ~ i  i r ~  tuberculous  meningS.tis i n  

c h i l d r e n  under five years vf a.:-<e ;:lttl t h c  5enera.l r e s i s t a n c e  pa-t tzrn.  

Conclusion 

l! c e r t a i n  parallellisrn hss ijee:? desc r i ced  'x,ci~irti;,n s z n s i ~ t i v i t , y  t s  drugs (par+;lcuiarly 

i s o n i a z i d ) ,  and path(j ,$enizlty.  This  has  beer; demonstr,?ted ,:m anin!nls,  bu t  t h e r e  seems 

t r ~  be disagreement bet;,reen the r ~ s u l t s  cf -th? -.nim::.l 2xperiinznts and of the  c l ln ic? . l  

expcr i ~ , r ~ c e .  

Avai lab le  i l~f ,~r ; r ,? i t io i -~  i s  ver); scarl+,;i 2s -i?ry littli: v~ork  ha,s r)zcn done on 

- t h i s  sub,Jecti. f"urthcr oi,r;c.-i.v~i;im rese;Lrc.h :Pc :'c:c!i~.ired kef',-?re a f L11a.l  

conclusion can rie reaci;cd. 



In vitro resistance and cliniczl prognosis 

Ln reviewing problems relnted to drug-resist?nt !/lyco. tuberculcsis, i-r, would be 

difficult not to touch on the relationship between the results of in vitro resistance 

determination znd the clinical results of treatment with homologous and heteroiogous 

drugs. Analysis of tnc replies received from the Tuberculosis Expert Advisory 

Panel members to this question might point out zrezs of cgreement 2nd areas for 

possible further investigations. 

The relationship between resistznce 2nd the results of treetment depends cn the 

quality of resistance determination. The fect thnt, in many statistics, chronic 

patients who do not respond to treatment have been evaluated as excretors of sensitive 

bacilli shows that the level of resistance generzlly ad~pted is too high (E. ~ernnrd). 

Under the conditions where 0.2 pg/rnl for isxii~~zid and '-1. vg/ml for streptomycin are 

significant, the relationship between the deteraination of resistance and the clinics1 

results was satisfactory. 

In many patients there is a mixture cf drug-resistant and drug-susceptj-ble strz-ins. 

In their treatment, a clir~ical effect is obtained through the action of drugs on +he 

susceptible strains of mycobactsria (Ph. V. 6ebznov). 

Some of the Panel meahers have a more definite point of view. S .  F'rim~dt-~bller 

affirmed that it has been established beyond dmbt thnt the prevalence of resi.stlnce 

to a certain drug renders it useless for further treatment; he added, however, that 

this is not always supported by sensitivity tests. 

In any case, the definite correlation between in vitro resistance determination 

and the clinical results of treatment with drugs is very impressive (N. K. Menon). 

There is a clear difference between the results of tre_itment in patients vrith drug- 

sensitive and drug-resist~nt inycobacteriz, particul~rl~ in cases with resistance to 

two or three drugs (A. hodei Zorini , G. LIEltore, A. S. Moodie, etc. ) . 
As to the homologous prepnrztions, signific~nt or total resistece t? one of the 

primary antituberculosis agents (strepto~~cin and isaniazid in particul-r) will 

adversely zffect the clinical response of an individ~el to the drug in question 

(H. Walkup). In other worlds, homologous drugs are mrzinly unsuccessful in such 

patients (Sir Harry ~underly). 



I<eterologous drugs a r e  -Iery rnucki more sntisfaci;orjr. Ltrgeljr  owing t o  t h e  

 eter er to l - r ance  of t h e  i d l ab i t zn - i s  sf Hong Icong, t h e  f:.ilure r a t e  i n  t rea tment  
0 - 
:.;i~th hi: terolozous drug; wzs n o t  more t h : ~  two per  cent .  (L. S. ~ o o d i e ) .  

P.?-~gh t h e  occurrence of i ; : ? ~ . - ~ @ i ?  resistan% 50 t w g  drugs i s  in f r equen t ,  znd of  

thc!!;cl.c y . ; :s~stsr l t  t o  threc., r ~ c ,  t h e  c l i n i c a l  response,  c t h e r  f e c t o r s  being equal, r v i l j  

deperr!. .?ri t.hc rc-lativa 3f fes - t iveness  of t h e  secondary drug i n  ques t ion .  F,?vourrtble 

resvlJ;r; l1:?.ve been r epor t ed  fr70n: a v a r i e t y  of combinations of drugs (H. walkup). 

!,hen p - e v i ~ u s l y  i son iaz id -  o r  s t r e p t o n j ~ c i n - r e s i s t a n t  cases  became s e n s i t i v e ,  i n  

spiti o f '  continuous admin i s t r a t i on  of t h e  drugs ,  pa ra l l e l i sm between c l i n i c e l  

imprcvc>iicnt anci l e s sen ing  o r  disappearznce cf r e s i s t e n c e  was found. When r e s i s t a n c e  

t o  t:-, o r  ' three drugs  :.res p rc sen t ,  t h i s  parc l le l i s tn  vins noted l e s s  f r equen t ly  

(P. I:;, :-L-cia-~osell) . Some nuthors ,  however, repe::t t h e  well-known concept cf 
J" 

W ?  I,"a-rrflctt t h a t  t h e  h i s t o r y  of previous treatmc-11-L hcs  a g r e s t e r  benring on t h e  

c l j a i c a l  r e s u l t s  than  i n  v i t r o  r e s i s t , m c e  r e s u l t s  (B. K. ~ i k z n d ) .  

Tie d e c i s i o n  whether t o  s t z p  o r  t o  cont inue t rea tment  w i th  drugs t,o which 

i r ~ y c a k - c t ~ r i a  kicve begun t o  shosr r e s i s t e n c e  must be based t o  a g r e s t e r  degree on 

c l l x : ~ z l  r z t h ~ r  than  on l abo ra to ry  d a t a  ( ~ h .  V. Seh~.nov).  

Ii 'eviously un t r ea t ed  " r e s i s t a n t "  p a t i e n t s  nppear t o  respond, t o  some e x t e n t ,  t o  

tre'ctt!;:erit r.;ith t h e  same drug,  a s  i f  t h e  organistns were s e n s i t i v e  (N. L.  ord die). 

Pr,viously t r e a t e d  r e s i s t a n t  pcitien-ts respond very poorly ts s tandard  the rnpeu t i c s  

(S. A. ~ o r m z r ) .  That is:  p a t i e n t s  with acqui red  r e s i s t n n c e  do n o t  respond t o  

t rea tment  w i th  drugs t o  which they  ?.re r e s i s t a n t  (N. L. ~ i o r d i e ) .  

r -  
i3 s1-1*!1 up,  a. r e13 t ionsh ip  c l e c r l y  e x i s t s  betvieen t h e  r e s u 1 . t ~  of i n  v i t r o  

-- F ?- : ,--l- 
. _,~. . -  ?:i,:e de te rmina t ion  2nd thi: c l i n i c a l  r e s u l t s  of  t rea tment  wi th  hom~logous 2nd 

:?c ' d ~ ~ c :  lr,;;~u;; i r u g s  . Drug r e s f  sTance undenia.bly has  sn m f  avourzble  i n f luence  on t h e  

cl~:ri .czLl c : ? f  c c t  o f  t h e  corresponding drug.  

-----W-- 

- 
I . ' . ,~! j~?imii t t ,  ';i. (1958) In: V?terans Administret icn - Armed Forces,  Trnnsac-tions 

ci' fh3 17-*,h Conf erenc,; oil t h e  Chemothercpy gf Tuberculos is ,  Meinphis , Tennessee, p. 262 





The purpose of the l i i i ~ / ~ / ~ e c h n . I n f o r r r l a t i o n  series oI' documents is to acquaint 

km0 staff and interested indijidual research and puklLc health ~irorkers with the 

progrcss of tuberculosis resaarch and control oy m~ans of: 

(l) summaries of some relevant problems; 

(2) field reports and other communicaticns which are of particular interest but 

which would not normally be printed in m y  WHO publications; 

( 3 )  papers that may cventu2lly appear in p2Tnt but which, on account of their 

immediate interest cr importance, deserve to b@ made known without delay. 
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publication, and a papcr so issued may, with the agreement of the author :ind &HO, be 

published in a WHO periodical or elsewhere. 

Authors alone are responsible for ;iiews expressed in signed articles. The 

mention of manufacturing companies or of their proprietary products does not imply 

that they are recommended ar sndorsed by the World H-31th Organization. 
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TABLE 3 .  PRIMARY RESISTANCE ( continued) 

Source 

Amer. Rev. Tuberc., 1955, 72, 1 - 

Tubercle, 1957, 38, 71 

Tubercle, 1963, 44, 1 

Tubercle, 1960, 41, 277 

Amer. Rev. Tuberc., 1961, 84, 1 

Tubercle (Lond. ), 1960, c, 32 

Report from 29 November 1961 

Tuberk.-Arzt, 1961, 2, 1-9 

Tubercle (Lond.), 1961, 42, 5: 

Tubercle (Lond. ) , 1961, 9, 3 
Proceedings of the Staff Meet 
of the Mayo Clinic, 1963, 2 

Resistance 

- 

- 

4-5 

- 
15.' 

23.2 

(16.4) 

6 

- 

I 
3.1 

1 9 

No. of 
strains Author (S ) Year 

PAS Isoniazid 

600 1.6 Beck, F., - 

Resistance to: 

Streptomycin 

1955 - 

FOX, W., Wiener, A ' ,  
Mitchison, D. A., 
Selkon, J. R., Sutherland, I., 
UK - 

British Tuberculosis 
Association, UfC 

Madras Chemotherapy Centre 

Bell, W. & Brown, P. B. 
(1960) Ashanti, W Ghana -- 

Bell, W. & Brown, P. B, (1961) 

Chaves, A. D. Dangler, G., 
Abeles, H., Robins, A. B., 
& Widelock, D. 

Pepys, J., Mitrhison, ; . A., 
Kinsley, B. I., Uganda 

JH/ PH 

sulf ~ I I B  

Kenya 
TB1-Pilot 
isoniazid 
TB~/DPT 

WHO TB Chemotherapy Centre, 
Nairobi, Kenya-4 

Dissmann, E.& Iglauer, E., 
Klagenfurt 

(five-year 
study) 

1953 -1956 

1959-1960 

1956-1957 

1958 

1960 

1960 

111 1953- 
11 1955 
111-X 1956 
1956- 1959 
I-Iv 1957 
V-XI1 1957 
v111 1958- 
11 1959 

1958-1961 

1955 
1956 
1957 

Short, G. M., Uganda 

Public Health Laboratory 
Service, EngZ;lnci& Wales 

0 . 7 

3 6 

9- 1 

18.4 

4.1 

- 
7.9 
6.8 
3 75 
12.6 

16 
9.9 
- 

3 
4 
7 
9 

2.3 

- 

2.2 

8.5 

8.8 

3-5 

- 

- 
- 
- 

- 
- 
- 

- 
- 
- 
- 

2.2 

- 

2.6 

5.5 

$. 8 

2.1 

2.9 - 
- 

10.7 

12.9 
4.1 
- 

- 
- 
- 

1 404 

- 

192 

343 

125 

428 

56 - 
191 
40 
- 

- 
- 

32 

190 
166 
190 
157 l 9  

8.7 1959-1960 2.1 

- 

Hershfield, E. S., Karlson, 1 145-1162 

1.1 

- 

2 c 

242 

1 371 

3c 372 
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o ldmen , i:a:r,enL cu 
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TABLE 6. PRINARY RESISTANCE (continued) 

Remarks 

Too few patients to be 
truly representative 

5 Australian States and 
Papua, Hew Guinea 

of all new cases 

No change over last 
5-10 years 

Thorax Hospital 
Orbegozo Dispensary 

Bohemia and Moravia 
(children & adolescents 

Adults in ~olfn 

Pro~risional data 

Samtorium dfErenk8y 

Sanatorium 
A tat&k 

Sanatorium Valdebag 

TB Clinic of University 
of Istanbul 

Sanatorium Heybeliada 

Resistance 
No. of 
straws Year Author 

Resistance to: 
country/ 
Territory 

1000 

l7 1 

l 

PAS Isoniazid 

4 5 

11.1 

f. bkcgregor 

Med, Res. Council 

2.2 

Streptomycin 
I 

1955-1956 1 0.7 

1959-1m 

1960 

1963 

uK 

0. Garcia-Rose11 

L. zula 

. 
Sauter 

2 3 

Sir Harry Wunderly 

~ h ,  V. 5ebanov 

K, Styblo 

A, L. Cochrane 

f 

7.6-23.1 

i- 
grit, Tub. Assoc. 

Pub, Health Lab, 
Service 

Tbomas 

1300 

Peru 

Czechoslovakia 

2.1 

UK 

-land and 
Wales 

England 
( ~ i m m  

3.1 

2.g 

uncommon 

6.6-8.2 

1959 
IX 1960- 
v111 1961 

1961, 1962, 
1 1963 

Australia 

USSR 

Czechoslovakia 

Wales 1 0 

78 

230 

4-5 

1 

I 
1.0 

7.6-30.7 

4 
4.2 

1'7 (5 gamma) 
15 (3 eswa)  

29.3 
26.09 

7.8 

2.5 
3.5 

12.5 

8 
3.1 

18 (10 gamma) 
3 (5 ,%-a) 

1g60, 1961, 
1962, 1963 

1953-1955 
1955-1962 

1958-1963 

1960 
1961 
1962 

1956-1960 

1961, 19-62, 

T. I. W k ~ e  

Switzerland 

Turkey 
l3 I 

m 3  

1963 

400 
1300 

124 

100 

12 
7.3;) 

12 

20.4 ) 
20.8 ) 
23*5 ) 
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-- - -. - .. 
:,< Resis tance  ti?: 

Yccr --A---- ~ . - --  - -  -- - - - - -, 
l 

Nc?. of 
S t r a i n s  

c:, 

Resis tance  Isoniazic? / Streptomycin 
i 

! 
- - , 
1/3 of p o s i t i v e  cases  
a t t end ing  t h e  pub l i c  
c l i n i c  

Data f r o n  Is t , i tu to  t 

C. For lan in i  

Data from I ~ t l i u t c ,  l 

C.  Fo r l an in i  
f 

Simeonov, Sarajevo 18 pat .  

f Tuclier I 

1 United S t a t e s  Public  
P H e a l t h s e r v i c e  

i 
I I. Macgregor L?.: 

S i r  Harry Wunderly I A ~ ~ s t r a l i a  

I 

1 B r i t i s h  Tuherculcsis  
, Associat ion 
l 

5 Aus t r a l i an  S t a t e s  6 
Papua, hJ, Guinea. 

v 
Ph. V. S ~ b a n o v  ? of t r e a t &  and re-admit,ted 

1 p a t i e n t s  
! 

Czechoslovakia 
( ~ o l i n  ) 

/ In -pa t i en t s  v r i t k ~  r e l a p s e  

..C 

O f  n l l  r e s i s t z n t  cases 



TABLE 8. ACQUIRED RESISTANCE (continued) 


