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 The levels of drug resistance determined by the 
 usual non-quantitative drug-resistance tests are af-

fected by the inoculum size used for the tests. It 
is desirable to utilize a relatively constant size of 
inoculum. For this purpose, it appears to be most 
satisfactory to express the degree of drug resistance 
.as the population structure of the test population of 
tubercle bacilli. However, because of the difficulty 
to describe the population structure in a simple 
fashion, it appeared to be practical to use  the 
highest concentration of drug, on which small  in-
=ocula consisting of 20 to 100 viable cell units can 

 grow, as the degree of drug  resistance'. Making 
 data of the influence of inoculum size of the test 

population, drug resistances of  tubercle bacilli were 
 'determined by a direct quantitative method in 

 chronic  "  treatment  failure" patients suffering from 
pulmonary tuberculosis, and it was found that the 
levels of drug resistance in  tubercle bacilli remained 
within a minor variation after the long-term  che-. 
motherapy was administered repeatedly and that 
these levels of resistance, i.  e.  , the upper limits of 
drug resistance differed from patients to  patients('). 
It is the purpose of this paper to present the data 

 =obtained by more systematical observations about 
the types of the upper limit of drug resistance in 

 tubercle bacilli occurring in sputa of tuberculous 
patients. 
          Materials and methods 

 The series of patients whose sputum specimens 
were used in this study consisted of treatment 
failure patients of more than thirty years with 

 .cavitary, far-advanced pulmonary tuberculosis. 
They had received the long-term chemotherapy with 
streptomycin, PAS snd  isoniazid and other drugs in 
various combinations before the start of this study. 
They showed no sputum conversion and excreted 
tubercle bacilli sn sputum continuously since more 
than several years. Tne population structure of 
these patients were tested by a quantitative method 
during two to three years course of observation. 
Direct drug-resistance test was performed every 
month or every three months. 

 The sputum specimens were digested by one vol-
ume of  5% potassium hydroxide to  .obtain three 
different dilutions;  10° (original sputum  fluid),  10-2

and10-3.Each0fthesesputumdilutionswerein

O.02血lamountsinoculatedonthethreeseriesof

OGAwAeggmediumslantscontainingvariouscon・

centrationsofdrugsbyawhirlloopdelivering

O.02mLTheOGAwAeggmediumconsistedofthe

fo110wingcompositi0n:Basalsolution(1%Sodium

glutamateand1%KH2PO4),100m1;wholeeggs,

200m1;glycero1,6ml;2%malachitegreenso111-

tion,6 .m1(theresultingpH6.8).Themedium

wasin8mlamountSpouredintotubes,17t018×

1701nm,andslantedbySteri1まzationat90｡Cfor60

minutes.Drugc｡nce蹴tratio数susedwereasfollows:

dihydrostreptomycinsulfate,20,200and2,000μ9小

m1(theamountswereexpressedas10,100and

1,000μ9/m1,i.e.,onehalfoftheoriginalamounts

afterster圭1izationaccordingtothec0mmon.method

ofdescriptioninJapan,althoughtheauthorshave

anobjecti0uSopiniontothiscustum);s0diumpara-

amin0salicylate,1,10,and100μg/ml;isoniazid,0.1,

1,and10μg/mlinfinalconcentrationS.ControI

m、ediumcontainingnodruga1SowaSaddedt0these

series.TuberclebaciIIifromSputumspecimensof

patientswhohavenotpreviouslyanychemotherapy

aswellaslaboratoryStrainsofhumantubercle

bacillicouldnotgr0wontheminimalconcentra｡

tionsofdrugsdescribedabove｡

Themediainoculatedwereincubatedat37℃for

Sixweeks.'Thodegreeofresistancewasdete-

rminedasthehigheStconcentrationofdrug,on

whichmorethan50%oftheinoculumcangrow,

whenthecontrolmediumshowed20to100discrete

c010niespertube.ThedegreeofdrugreSiStance

determthedbytheabovemethodwaSnamed``the

degree0ffullreSistancedeterminedbytheactual

c0untmethod",whereasthedegreeoffullresis-

tance0btainedbyinoculatingtheorigina1Sputum

伽idiSnamed"thedegreeoffullresiStancedete-

rminedroutinemethod.

DefinitionoftheupperlimitofdrugreSistanc皇.

ThedegreesoffullreSistanceoftuberclebaci11i

wereplottedonchartstokingthedegreeSoffull

resistanceobtainedbytheactualc｡untmethod

(andalsothoseobtainedbytheroutinemethodfor

comparison)astheverticalaxisandtakingthetime

asthehorizontalaxis・Whenthecurvesofthe
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degreeoffullresistanceobtainedbytheactua1

countmethodbecamehorizontal,alth0ughtheyshow

oneorderfluctuation,overoneyearobservation

period,thedegreeofdrugresistance,enwhichthe

curveswereabouthorizonta1,wasregardedasthe

upperlimitofdrugresistance.Ifthecurvesfiuc-

tuatedbetweentwoormoredegrees,thedegreeon

whichthecurveran.mostfrequently,wastaken

astheupPerlimit.

Thepatientsreceivedcombinedchemotherapy

ei亀herwithstreptomycin,PASandisoniazid,with

isoniazidandPASorwithisoniazidandsu1五soxazole

(Adm三nistrati0nd0sis:streptomycin,1gperday,

2daysperweek;isoniazid,0.3toO.4gdaily;PAS,

8gdaily;su1丘soxa201e,3gdaily).Thepatients

alwaysreceived,theref0re,treatmentwithisoniazid

withvariouscombinationsthroughouttheobserva｡

Table1・TheupPerlimitofdrugresistancein

tuberclebacillieccurringinchronic

treatmentfailurepatients

Patient

tlonperiodoftwot0threeyears.

observationperiod,neithersigni丘cant

ofcIinicalfiguresnorsputum

observedin、allpatients.

Resultsand{童iscussion

(1)Individualdifferenceinthe
■

Number

convers10】r1

Duringthe
り
1mprOvement

were

upperl圭mitof

drugreslstεmceoftuberclebacillioccurringin 、sputa

ofpatients.

Theresultsobtainedareshownintableslan.d2,

andsomeexamplesofthereSultsareshowninthe

previousrep｡rt(1).

Theupper1imitsofdrugresistancevariedfrom

patienttopatientirrespectiveofthefactthatthese

patientshadbeenadministeredwithc0mbinati0ns

ofstreptomycin,PASandisoniazidrepeatedlywith-

outanysigni負cantc1inicalimprovementand,in

addition,theyhadfaτ 一advanceddisease,i｡e.,similar

typesoftheclinica1五gures.

(a)Ab0utonehalf0fpatientsrepresentedthe

upPerIimitofstreptomycinresistanceinmerethan

1,000μglml.Onthe0therhand,somepatients

showedtheupperlimitofstreptomycinresistance

in100μg/mlorin10μg/mldespiteoflong-term

の
streptomyclntreatment｡

(b)Alargenumber0fpatients(62%)showedthc

upperIimit0fPASresista獄cein10μg/mlandthe

三ndividualvariationwasthesmallestinrelationto

PASresistanceamengthreedrugs,slth0ughthe

mostsigni且cantfluctuationwasobservedwithin

eachpatientinrelati0nt0PASresistance.Inm0st

casesthedegreeoffullresistancetoPASbythe

actualcountmethod且uctuatedfromtimet0time

and,however,theupperlimitofPASresistance

stayedmainlyintheIeve10f10μg/mlinma町

cases.

(c)Theupperlimitofisoniazidresist竃nceVaried

Inarkedlyfrompatienttopatient.Aconsiderable

numberofpatientssh0wedtheupperIimitin1μg/

mlandsomepatientsshowedthatinO.1、 μg加L

Onlyalittlenumberofpatientsshowedtheupper
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Table2.D三stributionoftheupperlimitofdrug

resistanceintuberclebacillioccurring

thirty-twotreatmenトfailurepatients

Streptomycin

PAS

Is0niazid

UpperLimitofDrugResistance

1000μg/mI

14/32(44%)

100μg/m1

5/32(16%)

10μ9/ml

4/32(12%)

100Kt9/ml

10/32(31%)

10μ9/m1

20/32(62%)

1μ9/m1

15/32(47%)

10μ91m1

8/32(25%>

1μ9/m1

7/32(22%>

0.1μglm1

13/32(41%〉

limitin10μg/mL

(2)Correlationsa漁o簸gtheupperlimitsofdrug

resistance.

CorrelationbetweentheupPerlimitsofstreptomy・ ・

cinresistanceandPASresistance,thatbetwee箆.

th◎seofPASresistanceandisoniazidresistance,'

andthatbetweenthoseofstreptomycinresistance

andisoniazidresistante・wereplottedineachpatie就

inordertoexaminewhetheraclosecorrelat圭o箆

existsorn、otbetweenthesedrugs.Theresultsare

showninfigure1.Theyindicatethatthereisno
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Fig巳{ヒe1.R{…lationshipsbe七wee轟theupperllmitsQf

伽P励ci痢resista"｡eandiseniaziares3stance,between

those｡fstrept｡myci覇resistancea飛dpムsresista鵬a磁

betweenthoseofFASrε$istanceδ れdisoriiazi{北resl$ta戯ce.

correlationbetweentheupperlimitsinrespectto

thesedrugs.

(3)Relati0nshipbetweentheupperlimitofdrug

resistanceandtheclinicalfiguro.

Thepatientsshowednoimprovementbythe

administrationofstreptomycin,PASandisoniazid

madeforseveralyears.Theref｡re,theupperlimits

ofdrugresistanceappeartoindicatethelimitof

thechemotherapeuticeffect.Amongthem,itappe-

arstoberemarkablethatanumberofpatientshaVe

shownnoclinica1improvementbythelong-term

administration0fisoniazidinvariouscombinat量ons

withotherdrugsirrepectiveofthefactthatthese

patientshadbacterialpGpulationsmainlyc｡nsisting

oftuberclebacilliresistantt00.lμg/mlbutsuscep-

tibleto1μ91mlisoniazid.

Itmaybeconcludedfr0mthedatashowninthis

studythattheeffect0fchem0therapeuticsinap0si・

tivesensemaydifferfrom土patienttopatient.

1nthepresentstateofthestudy,theoriginGf

theindividualdifferenceintheupperlimitofdrug

resistanceisunkn0wn.H0wever,inViewofthe

recentlyaccumulateddataontheindividualdif周

ferenceintheb100dlevel0fbacteriolegicallyactive

isoniazid(2--7),itw0uldbeeasilyc0nsideredthat,at

leastinrespecttois0niazidresistance,thedif-

fe祀ncemaybederivedfr0mthisindividualdiffere.

nceintheactiveleve10fisoniazid.Inordert0

examinethispossibility,theserumc0ncentration

ofisoniazidwasdeterm.inedin」27patientsaccording

totheverticaldiffusienmethodutilizingM.tuber-

culosisH37Rvasthetest0rganism(8).Thepatients

wereadministeredwithasingledosisof4mg

isoniazidperkgbodyweightandtheirserum

levlesofisoniazidweredetermined6hoursafter

theadmi雛istration.Patientsrepresentingserum

isoniazidlevleslessthanO.2μ9/ml,thosebetween

O.2ando.8μg/ml,andthosemorethanO.8μg/ml

weredesignatedasrapidinactivators,intermediate .

inactivatorsandslowinactivators,respectively.

Expectingtodetectanyrelationshipbeweenthe

upperlimitofisoniazidresistanceandtheserum

concentrationofisoniazid,anumberofexperiments

wereundertaken(且gure2).Fromtheresults

obtainedun`tiinow,itappearsstilldif丘culttoobtain

anyclearconclusion,sincethedataincludedonly

threecasesofs王owinactivatorspossiblyderived

fromacharacteristicfigureofJapaneseinrespect

toisoniazidinactivation(8,5)

Sbw

工fiactivat｡r

IRtemediate
IRactiv8tor

Rapid

InBctivator

0」110声 駈 し

UpperUmitofIsoniazidResistance

Fig肢re2.ReIa七ionshipbe七wee廃 七heserulnisoniazi己

coftcentra±ionandtheupPerlimitofisoniazidresistance

Su騰 鵬ary

P0pulati0nstructuresoftuberclebacilliwere

foUowedupinrelationtostreptomycinreSiStance,

PASreSistanceandison.iazidreSiStanceduringtw(》

tothreeyear0bServationperiodSinthirty-two

patientSwhohadreceivedchemotherapywiththeSe

drugsrepeatedlyandhavehadtreatmentfailure

cavitarypulm0narytuberculosiS.

ThedegreeofresistancewasexpresSedaSthe

highestconcentration0fdrug,onwhichsmalI

inQculaconsistingof20to100viablebacillicould

showmorethan50%Suτviva1.Theupperlimitof

drugresiStancewasde丘nedastheaveragedegree

offullresistancefromvaluesconSideredtobestable

overoneyear・

Theupperlirロit0fstreptomycinresistancewas.

morethan1,000μg/mlinaboutonehalfofpatients,

andsomepatientssh0wedtheupperlimitin100・

μ9加1andsomeshowedthatinloμ9/m1.

TheupperlimitofPASresistancewas60μglml

inabout60%ofpatients.Individualdifferenceof

theupperlimitseemedtobethesmallestinrespect
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 to PAS resistance, in spite of the presence of 
relatively frequent fluctuation of the degree of re-
sistance within each case. 

  The upper limit of isoniazid resistance varied from 
patient to patient. Some patients showed the upper 
limit in  0.1  jug/m1 and some showed that in 1  pgiml. 

 Only a few  patients showed that in 10  eug/ml. 
  Any positive correlation between the upper limits 

could not be detected in relation to these three 
 drugs. 
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