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INTRODUCTION 

Serving an externship in a local hospital, 

I first learned of the methods used for testing 

bacterial sensitivity to the antibiotics. The thought 

occurred as to whether or not this lal::>oratory procedure 

could be adapted to use 1n the office of the practicing 

physician, who does not have the readily available 

facilities of a hospital laboratory. 

In order to learn more about the tests them­

selves, the literature was consuited. To gain some 

background in the principles involved led to a survey 

of assay methods, from which the bacterial sensitivity 

tests were derived. This 1n turn led to a review of 

the investigations which resulted in the ph�nomenon of 

antib1osis and the concept of essential rn.etabolites. 

Because of the voluminous amount of available 

literature on these subjects, no attempt is made to 

give a complete review. Rather, this thesis is a 

brief review of the investigations and discoveries 

which have been instrumental in the development of 

methods for testing for bacterial sensitivity to the 

antibiotics, and the quest ion of whether the bacterial 

sensi ti vi ty tests can be an office orocedure or not 1s

answered • 
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ANTIBIOSIS 

One needs only peruse any of various history 

books to find related the scourge of epidemics and the 

havoc they created , but it was not until in the 1880 1 s 

that medical bacteriologists raised the question of 

what became of all the bacteria causing such diseases 

as typhoid, bubonic plague,. cholera, dysentery and 

tuberculosis . Would not the soil and water be filled 

with such bacteria? The soil and water were searched 

for the answer and the results of various experiments 

established that pathogens do not survive long in soil 

or w&ter . 

To relate a few of the many experiments we find 

that DeBary (10) in 1879 was the first to emphasize 

the significance- of antagonistic relations among 

microorganisms . 

In 1893 Frankland ( 31.n observed that the 

typhoid bacteria die in 9 to 13 days in unsterile 

surface water but survived 20 to 25 days in sterilized 

polluted water or in pure deep well water . Similar 

eesults were obtained by Jordon and associates (41) 

who found that Eberthella ~~EQ£Sa survived 15 to 25 

days in sterilized water but died within 4 days in 

raw ri,ver or canal water . 
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In 1902 Russell and Fuller (54) showed that 

sa9rophytic bacteria were direc tly responsible for the 

destruction of the patr-ogens . 

Thus it was found that in a natural milieu 

as soil or v;ater in wr..ich a :r..ixed -:,icrobacterial 

poyulation exists tnere occur numerous examples of 

anta.::-;onis:!ll . While this relationship was first visualized 

as due primarily to co~petition for nutrients as aptly 

expressed by Pfeffer ( 49) who wrote 11 the entire norld • 

and all the friendly a.nd anta~onis1., .Lc relat.i onsnips 
' 

of ctifi'er·ent organisms are priJ1arily regulc.ted by the 

necessity of obtaining food 11
, it· soon became cle.s.r 

that antagonism e.notlg microorganisms embraced phenomena 

other than mere compe tition for or exhaustion of nutrients . 

:<'or example S:11i th ( 67) in 190 5 demon strated that when 

two or :rrore organisms live in close proximity they !!lay 

exert ~utually antagonistic, indifferent or favorable 

effects . 

Lasseur (44) reserded antagonism as a very 

com)lex ohenomenon , stating that it is the result of 

nu~erous and often little known activities , then ? ro­

oosed that it influences the moroi,ology of the or15anism . 

Indeed Hettche(40) in 1934 stlowed that the morpnology 

of the diptheria organism may oe changed and this is 
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often accom~anied by a reduction in virulence . Also 

Em~erich and Saida(l9) found that pyocyanase brings 

e,bout .norphological changes in Bacillus antnracis . 

In 1940 Gardner(35) f?und that penicillin by inhibiting 

fission of bacteria led to abnormal growth of cells 

followed by autolysis . 

To go back several years , in other fields of 

investigation , we find that as early as 1877 Pasteur (48) 

had noted the phenomenon of antagonism when he observed 

that oy simultaneous inoculation o:' Bacillus anthracis 

and ve.rious ot.t:1er bacteria the develo_?men t of anthrax 

in sensitive animals could be repressed . In 1885 

Cantani (7) applied the above ohenomenon when he treated 

a -patient suffering with tuberculosis with·a culture 

of saprophytic bacteria designated Ba~tiurn termo, and 

the results were hi3hly favorable . 

The 5reat amount of investigative work done 

in regard to ants,6onisra a'Ilong microor.;c=.nisms is too 

voluminous to record here , be it sufficient to list 

the various tyJes of anta3onism which have been 

reco;nized: 11 1 • ..r..nta;onism in vivo vs a1-tagonism in 

vitro; the former being often designated as antibiosis(44) . 

2 . Re~ressed , bactericidal and lytic forms of antagonism, 

as well as antagonism of function vs antagonism of 
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growth . 3 . Direct , indirect and true antagonism . 

4 . One - sided and two - sided antagonism ; antagonism 

between strains of the sa'.Ile s:')ecies and a'.Ilong different 

snecies ; or iso - and netero - antago!:i S!!l . " ( 70) 

Amon~ the various tyJes of antasonism the most 

definite and best unders t ood is that which results in 

the for.11a tion of anta:onistic substances . The nature 

of these subs t ances or toxins produced by dif~erent 

bacteria or fun~i is not alwe,,,s the same as some can 

be destroyed by heat, exposure to ::.ight or by filtre.tion ; 

others are resistent to hee.t and ultr:a -violet rays , whi le 

still others are ·readily adsorbed by filters from 

which the/ can be re.:noved by special solvents . 

Likewise t he .:ne chanisrn of action of the antagon i s t 

varies greatly , aypearing to be de:iendent on the specifi c 

nature of t~e active substances . rhe antagonisti c ac t i on 

may be' either bacteriostatic or bactericidal or both. 

They also vary in effectiveness when injected into the 

animal body , some being highly toxic others having low 

toxicity . 

Al though Lasseur (43) confined the term 

antibiosis to anta~onism_in vivo , antibiosis is now 

defined as '' bacterial antagonism ; e.n association 

between two or more organisms which is detrimental t o 

5 



one of them . " (12) 

A..~TL ... C:ETAbOLITE 

Let us turn again to the lat~er 8art of the 

19th Century for a brief reviev1 of investigr..tions in 

other fields of rnicrobiolor;y, '.)articularily as regards 

:netabolisr.1 . In 1270 Kuhne (,'-1-3) introduced tne term 

enzyL1e to nean a bioloGical cD.talyst . Buckner (5) in 

1897 pro')osed that the microor-:;anisms 'Jroduce tneir 

ef:ects through the agency of intracellular enz1mes . 

however it was not until 1S26 that tbe first enzyme , 

urease (66), was crys tallized . 

,'fi thin the ne x:t eleven yeo rs nine other enzymes 

were crystallized and much was written about the 

mechanism of enzyme action . From this work has e:nerged 

two main theories : 

11 1 . 3&yliss I hypothesis . This sug ests tbat the 

substrate , or suost~nce acted uJon, is adsorbed 

upon the surface of, the enzyme (assu:ned to be a 

colloid) . This brings about a closer orientation 

of the reacting ~olecules , 9ermitting t~e substrate 

to be acted u .Jon . ~ . :i.ichaelis ' hy::iot.nesis . This 

is a cner:iical view as contrasted Y1ith Bayliss ' 

6 



physical approach . -~ichaelis believes thst the 

catalyst reacts vr.i th tee substrate , fcrmin-:; an 

inter£ediate co~Jound . The latter then decom~oses 

into the new Jroduct olus the original enzy.:ne . 11 (42) 

But e v en in .1938 it nas not l{nown that there 

VJere ;,roteolyti c enzymes in streptococci thus Loc1-:wood ( 46), 

working on a cti on of sulfanilar:1ide, denounced his own 

hypothesis that the proteolytic enzymes of streptococci 

v:ere inhibitied by sulfanilamide . _,ac Intosh and ','ihitby(47) , 

in 1939, also vt0rking on the me chanism of sulfanilamide 

.s.ction "QrOl)osed that tne drug ccted by blocking the vital 

food suoply of bacteria by inactivating an ensyme . 

Stamp (64) was able to extract a s-1bstance from streptococc i 

whi ch was antagonistic to the a ct ion of sulfanila:nide 

and _?rO ')Osed that this substance was a ne c essary 

uul,I'.L 1,l ve la(.;T..Or . 

~reen (38) in 1940 obtained a substance from 

3rucell~ abortus and v~rious other bacteria which he 

ter:...1ed 11 P 11 factor . This 11 P II factor counteracted the 

v,c tion of sulfani l.s.rnide and he concluded that sulf anila­

mide inhibited an enzyme reaction fu::ide.mental in 

metabolism of bacteria . 

.~ods (74) obtained an extrac t from yeast which 

counteracted tr_,_e &ction of sulfanilc-~.ide . Be believed 
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this substance identical with the Stamp factor and 

Green ' s 11 .P 11 substance . Noods identified this active 

material asp - aminobenzoic acid a.~d looked on it as an 

"essential :netaboli te 11 
( ?i ldes) which is acted U_)on 

by a special enzyme system , e.nd that the sulfonamides 

inhibited growth of microorganisms by competing with 

it for the enzyme . 

Fildes (22 , 23) established the II essential 

metabolite" conce_pt when he wrote II an essential metabolite 

is a substance or chemical group which takes an essential 

part in a chain of synthesis necessary for bacterial 

growth . A growth factor which must be supplied in the 

nutrients is an essential metabolite which the cell 

cannot synthesize . 11 

This hypothysis provides a rational oasis for 

the mode of action of chemothcraputic agents si~ce it 

would explain inhibitions of crowth by any drug which 

interferred with the normal metabolism of an essential 

metabolite . The ways in which any drug would interfere 

,,ith mete,bolism of an es sential metabolite are : 11 1) 

by oxidizing a substance required in the reduced form , 

,2) by molecular combination to yield an inactive product , 

or j) by competition for an enzyme associated with an 
ti 

essential metabolite . (22) 
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Ch.c.1.hOThERAPY Ai~D CnKv10TB~-~p u•r1c AGK\TS 

.~ t h the preceding brief review of antibiosis 

and anti.netabolites as a background we now turn to the 

subject of chemotherapy a."1d development .of chemotheraputic 

agents . 

~lthough the phenomenon of antibiosis had been 

sug ~ested as a possible mode of tr~atment of cert&in 

infections in t he latter part of the 19 th Century (7 , 19 , 

20 , 48) it was not until the period between 1908 and 

1913 that t h e fundamentals of chemotherapy were established . 

To raul Ehrlich (16) goes tbe credit for stating the 

princi;;iles of chemotherapy , for it wes he who used t he 

term II chemothera:::>y" to mean treat:nent of parasiti c 

disease by ' direct attack uJ on invading organisms -

viruses , fungi, ba cteria, spirocnetes, protozoa, or 

helminths . u Ehrlich (16) also early r ealized that 

al t hough a e;rea t :::1.any drugs we re effective at some 

concentra tion in vitro, toxicity for tne ho st .night 

prevent their systemic utilization . As the specificity 

of yrotei~ interactions wa s little understood during 

this .9e riod, it was his view that drut~s combined with 

tis sue cells through receptor side chains(l7) . 

Io-day m rl i ch's (16, 17) theories could be 
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reformulated in terms of enzyme -,nediated ste~)S in 

metabolic Jrocesses , some playing a role in both parasite 

and host and others being unique to organism or host 

tissue . 

The discovery of the chemotheraputic value 

of ~rontosil by Domagk (11) in 1935 and subsequent use of 

the sulfonamides was remarkable, not that these drugs 

were more _)otent than the V/611 known an ti seotics in 

inhibiting bacterial growth , but because e c·fecti ve 

sulfonamide concentrations could iJe tolerated in oody 

fluids without _Jrohibitive toncity . Thus the era of 

systemic antibacterial chemotherapy was introduced . 

In 1928 Fleming (25) was studying variations 

of staphylococci when a culture was accidentc:...lly 

contaminated by a funsus . This resulted in lysis of 

tbe bacterial colonies . He carefully saved a culture 

of tnis mold and la.ter identified it as 2enicillium 

gQtat~ Even though Fleming (26) sugg ested that 

penicillin could be used as a dressing for se0tic 

wounds, a major war was necessary to bring the :lliracle 

drug to the physicign . To 7lorey and Chain a.nd coworkers 

(1 , 6 , 27) goes credit for working out certain of the 

basic che:nical and biolosic )ro :ierties as well as 

1)roduction u.:ethods of penicillin . They also studied 
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the effects of Deni c~llin on ani~als . 

This f::3.Ve im:0etus to the see.rch for other 

antibiotics which have t he co~bin2.tion of ef f'e cti ve 

antibacterial activity and low toxicity for ~'w.n . As 

result of this secrch many c1ntibiotics were found , 

however only a few notable ones possessed the above 

combination . Those which can be used systemically 

and are now av2.ilable to the )hysician are : Streptomycin 

(5~) , :olymyxin (6?) , Ghloromycetin (6 , 14 , 15) , 

ureomycin ( 13), 1,eo!n7cin ( 71) and Terram~rcin ( 2L!-) . 

A00AY !,IET30DS 

:3efore the antibiotics are available for use 

by t he ~hysician there is firs~ production of the 

antibiotic and then assay of the antibiotic in order 

to deterCTine its ~otency aTd to corre late dosage . As 

assay ::1e thods for r:1ost of the antibiotics arc similar 

to those for penicillin only the latter will be discussed . 

Up until 1943 aside fro!:l the re_Jort of the 

Oxford grouo (1) little infor:nation had ao:peared pertaining 

to the ~icrobiolbgical aspects of penicillin, yet the 

matter of establishing with some degree of certainty 

and accuracy the .:.Jotency of penic:'...llin solutions Yras 
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an important issue confronting workers eng~ged in 

penicillin studies . 3ecause of the wide divergencies 

in 1.)enicillin a.ssa.y ~rom one ls,bor& to ry to another it 

v:e.s dif~icult to inter:_:>ret findin s s and correlate 

dosasc . 

However all :;:_)enicillin assay rnethods have 

in com:n.on the determi!'"lation of the amount of ·penicillin 

which will ce.usc c.n o.rbitrarily established degree of 

inhibition of the .;rowth of a susceptible test bacterium . 

In es s ence , the methods differ in the mechanics used 

to ~ea.sure the inhibition . 

The most i7idely used assay method for _Jen::_cillin 

is t:t.s.t of the Oxford 6roup (1:), the Oxford cup rnethod , 

although numerous 1:iodifications of this original method 

are eoployed . To eliminate the day to day variations 

the Oxford sroup introduced the concept of the penicillin 

unit , later known as the Oxford unit , which is the amount 

of :oenicillin which under conditions o::' the c1..,q as say 

gives an inhibition zone 24m.,1 . in di~eter , or that 

a~ount of p enicillin dissolved in 50 ml . of meat extract 

broth which just inhibits com,i letely the growth of the 

test str&in of StaJQY_locg_ccu_§_ §:.ureus . Thus the. ,.,potency 

of any penicillin sam~le is obtained by direct comparison 

with the primary stc1nd2,rd or indirectly acuinst secondLry 
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standards whose potencies have ~reviously been established 

by the pri:nary -:)xford standard . 

The advantage of the cup assay while it is not 

the most ~ccurate , is thst a large number of unknown 

sa!!:tples of penicillin can be run with co~.::.ensura te e.ccuracy 

and speed yet a minimum of labor . 

The Oxford dup ~cthod and the Cylinder Plate 

method, described by Abraham and associates (1) , are 

alike exceot that in the latte r QetLod gl&ss or oorcelian 

cylinders are used to hold tne penicillin solutions . 

Essentially the assay consists of placing five cylinders 

on an agar plate previously seeded with the test organism . 

Into three of the cylinders are pl~ced the unknown 

peni cillin sa'.Ttples and in the other two a sta,1dard 

penicillin solution is used . The l)late s are then incubated 

and after 15 to 16 hours the zones of inhibition are 

c~refully ~easured and by compariaon with standard the 

:po tencies of un!movms are deter.::i.ined . Technique of 

the Cylinder Plate Llethod is given below . 

The _Cylinder .?late ~-ethod ( 1) 

The 3odification is that tne J xford Cup is replaced 

by glass or porcelian cylinders one centimeter long 

with an outside dia:neter of 7 . 9 _ 0 . 1 a":1 . which 

have been ground perfectly smooth at one end with 
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the outside edge beveled . The c•linder may be 

made from ~yrex glass tubing or preferably from 

porcelain tubing . The nutrient agar ~edium for 

the assay plates must be cle&r , su~Jort good growth , 

and easily du~licated from batch to batch thus 

the following was used as it gave good results . 

~eferred to as medium I . 

Bactopeptone 
~acto yeast extract 
vorn.nercial hydrated glucose 
Bacto a3ar 
Distilled water to ~ake 

? • 0 gms . 
3. 0 gms . 
1 . 0 g:ns . 

15 . 0 gms . 
1000 .nl . 

Another medium designated medium II is used for 

inoculation_ of the as ::., ay )lates as it does not· 

contain stringy or gr~nular growth • 

... edium II . 

Bacto _Jystone 5 . 0 3ffiS • 
~acto yeast extract 1 . 5 gms • . 
Com.:,ercial hydrated glucose 

(Cerelose) 1 . 0 gms . 
Sodium chloride 3 . 5 gm$. 
1% phosphate bu~fer ~H 7 . 0 500 ml . 
DiQtilled water to make 1000 ml . 

Flood petri )lates containing 22 ml . of agar with 

3 ml . of medium I which has been melted ar:.d cooled 

to 48 - 50 C and .., then inoculated with l)o inoculation 

( 1 ml . of a 24 hour broth culture per 100 ml . of 

a;c:r) • _fter hardening of the agar , cylinders are 

dro_):Jed from a height of 1/6 inch onto the a3ar 
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surface . On each Jlate 5 cylinders are placed 

equidistant from 'the center . Glass covers are 

now re8laced with unglazed porcelain tops and 

the dishes allowed. to stand at room tem•)erature 

for 45 to 60 minut es. If roo□ te~perature is 

quite high the inoculum may be reduced or the 

standing tiille reduced , or if the zones are quite 

large the inoculum may be increased or plates 

incubated . 

'Iwo cvlinde·rs on each plate are filled with 

a standard penicillin s olution containing 1 unit 

per ml . , and the other three cylinders are filled 

with the test samJle . After the cylinders are 

filled , the plates are incubated at 37 C for 15 

to 16 hours . 

The dia~eter of each circle of inhibition is 

measured to the nearest 0 . 25 mm . Re~din3s for 

the s t11ndards and. the test sam:)le s are avere.ged , 

unless it is obvious that a cylinder has ueen 

jarred or that it lea1rn badly . A standard curve 

is !!le.de and the unit -value of each sample is 

calculated in ter~s of its respective standard . 

Factors affecting this method are : (1) depth 

of . agar medium, (2) pH of the a5ar medium , (3) 
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concentration of the inoculum, (4) the stock culture, 

(5) the relationshi9 between the r~te of diffusion 

of penicillin solution and srov:th of' the test 

or~anisill , (6) condition of the ground glass surf~ce 

of the cylinder ( ere.ck or chip causes leaks) . 

ruQ§. Dt:t,ution ... ethod . 

Ju-1other method of assay is the tube dilution 

or serial dilution method, 2nd like the _cu :J assay it is 

. widely used . Because of its accuracy, :rrany laboratories 

use this metho1 as a check on the c·rlinder .Jlate method . 

It is relatively si'.!;_Jle and fast to run . 

... any vro rkers consider the tube dilution met.:1od 

a modification of tne seri.al dilution used by l<°'le...:1ing 

(25) in 1929 . E'oster and doodruff (31) des cri bed the 

oroth dilution method devised by Squibo niological 

laboratories , which is essentially tne same as the 

method of Schmidt and i.1oyer ( 56) . 

This Jrocedure consists of adding , by suitable 

dilution J ro cedure s , difI' e rent amounts ,of penicillin 

to either liquid or solid media '.Vhich have been inoculated 

with a test or~ar.isin . On co.n,arison with the standard , 

the _)otency of the unknonn so2:.ple c&n de dctermlr:ed . 

I'ecnni~e of Tube Dilution ... ethod ( Sch:nid t .'.:c 1,1oyer) 

... edium II as described. in -.;u_J assay we L,llOO. is maa.e 
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up and 200 ml . portions are 9laced in ?00 ml . 

flasks . These are sterili ?.ed and refrigerated . 

As eech flask is used it is inoculated with 1 ml. 

of a 20 hour broth culture of Sta2tY1.ococcus aureus . 

The broth and inoculum are thoroughly mixed and 

the broth is then im~ediately pipetted in variou s 

amounts to sterile test tubes. Ihe sarnJle of 

penicillin which is being diluted mus t be subs t a n­

tially free from bacteria which are insensitive t o 

penicillin . Dilutions of 1/10 , 1/100 , 1/500 , 

1/600 , 1/700 , 1/800 , 1/900 , 1/1000 , 1/1100 , and 

1/1200 are made and added to tubes of broth , the 

tubes are shaken to thoroughly mix the broth and 

penicillin . Incubate at _37 C for 18 hours , or 

better , for 40 hours . The calculation for convert ­

ing dilution to Oxford units is based on the highes t 

dilution showing no growth , . 

?or exa.m)le: ( 18 hour re&ding) Takes 

approximately 0 . 045 Oxford units per ml . to 

inhibit growth , then to convert 

1/900- 900X0 . 045 = 40 units/ of sample 
1/1000+ 

(40 hour reading) Say 0 . 1 unit per ml . 

i a requi red to inhibit growth , then 

1/400-
1/500+ 

400XO . l = 40 units/ of sample . 
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Turoidimetric ~ethod . 

1mother valuable method of assay is the 

turbidi:netric method . The outstc.ndin5 fe&ture of 

this method is that its sensitivity )erm i ts r:1ec.surement 

of relatively small differences in penicillin activi t y 

with a reasonable accuracy . 

Essentic.Uy this L'letlwd consists of edr:inc to 

e1er:tes of flasks containing broth inoculated with a 

test or-r,anism , vc ry:.ng amounts of a )eni c illin standard 

solution and to another series lilrn a.:.nounts of unlrno\·m 

)enicillin sam.Dle . The flo..oks are jncu b.st ed for 3 to 

5 hours on a shaking mcchi~e , the s rowth stoJ9ed and 

· turoidi ties revd r1i th an Evelyn >hotoelectric coloroimeter . 

rechniq_ue of this :ne thod ~'!cs desc rited by F'os ter 

and .-fill:er ( 30) is z,i ven below . 

Turbidi:net_ric Techrii que . A stani2.rd curve is made : 

five points in du"Jlicate ( 0 , 0 . 1 , 0 . 2 , 0 . 3 , e,nd 

0 . 4 Oxford units/ 10 ml . ) define tbe curve . 

Using 2 . 0 .nl. of o..r. over~1i ght aer2.ted broth 

culture of ::::;c:cillus adhaerens ( or Ste9hy_loc:o_ccus 

aur.§_us) inocule,te 200 ~l. of sterile nutrient broth , 

then Jle.ce 10 .r.l . w.ounts or. 50 ml . E.rlen.:n.eyer 

flcsks . ~he standard ~eni cillin solution contains 

1 . 0 Oxi'orJ. units / ml . uantities of O, 0 . 1 , 0 . 2 , 
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0 . 3, and 0 . 4 ml . of this are added to the respective 

flasks in duJlicate . 

Tnen unknown samples are diluted to contain 

1 . 0 Oxford unit/ml . on the basis of the expected 

Jotency and 0 . 1, 0 . 2 , and 0 . 3 ml . added in duplicate 

flasks as above . All dilutions are ,nade in advance 

&.nd t he penicillin added to tne medium all at one 

time . 

~he flasks t~en are Jlaced on shaking machine 

at 37 C for 3 to 5 hours after which the growth is 

stopJed by cool i ng in ice water or adding a drop 

of disinfectant . 

Jsing an ~velyn photoelectric colori~eter 

the tu.rbidi ties are read and the st.':ir!dard curve 

is obtained by plaiting the oercent transmissible 

light against peni cillin concentration . Then 

potericies of the unknowns are computed from the 

standard curve . 

;~a:n,ne lka!!!Q 1,,e thod . 

:.;.a1n:ne lkamp ( 51) developed an assay J1ethod based 

on nemolysis of red blood cells by hemolytic streptococci . 

In this procedure a culture of he~olytic streptococci 

is diluted with veal infusion broth containing erythrocytes . 

A measured amount of this is added to each tube of two 
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series , one series containing varying dilutions of a 

standard Jenicillin solution the other series containing 

like dilutions of unknown ~enicillin solution . Then 

incubation for 18 hours at which time the tubes are 

examined for hemolysis • .0y comparison with the control , 

the potency of the unknown is determined . This method 

can be used to determine 9enicillin levels of blood , 

spinal fluid, joint fluid, and urine . 

Techni9.ue of J.a.:nrne lkamp_ method . Io the first 

two tubes of a series of small culture t ubes , 

0 . 2 cc of unknown sample of □enicillin is added . 

The rest of tte tuoes contain 0 . 2 cc of veal 

infusion broth . rhen serial 1ilutions are made . 

A control run with each deter~ination is :nade up 

from a standard of penicillin in a solution of 

0 . 85% sodium chloride in a concentration of 20 

Oxford unit~ per cc . 3erial dilutions of this are 

then made . 

A group A strain of hemolytic streptococcus 

obtained from the blood stream of a Jatient with 

erysipilas was used as test organism . Dilution 

of 12 hour broth culture is ~ade in veal infusion 

oroth containL1g 15" erythrocytes so that the final 

nuJlber of organisms varies between 1 , 000 and 
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10 ,000 cc . Then 0 . 5 cc of this dilution is added 

to each tube as well as to the control series 

containing known amounts of penicillin . The 

cultures are trten incubated for 18 hours and the 

tubes then examined for hemolysis . By corn8arison 

with the control the unit per cc canoe determined . 

..,,.odi f i cations . 

i umerous ~edifications of the above methods 

he,ve been re;iorted . One of the more im9ortant modifications 

is that devised by Vincent and Vincent (69) . Tneir 

~edification was the use of a thick filter oa::)er dis c 

( no . 470! in . diameter Schelcher and 3cnuell Co . Inc. 

N. Y. . ) s,aturated with the penicillin sa:nple and substituted 

for tne sample containing small cylinder used in the 

Cylinder plate method . The inhibition by unknown sanple 

disc then COJJared to inhibition by disc saturated with 

a standard penicillin solution . 

Epstein et . al . (21) described a similar metnod , . . 

using filter paoer discs but using flat pyrex baking 

dishes as culture dishes . Thus a lare;er nwnber of 

unknown sa:nJles could be run on one culture . 

1.ake and Jones ( 50) in 1943 described a 

modification of the :R.ammelkamp method which has advantage 

of ti:ne . They uJed as a test 0rganism a stre~tococcus 
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pyogenes and by preparing the various com)onents of the 

test ahead , the test is run at optimum conditions thus 

a reedinG could be obtained in 60 -90 minutes . 

otb 'i'bomas and associates ( 68) and .Sherwood 

and associates (60) em9loyed a wire looJ to deliver 

unknown '.Jenicillin s.olutions to a seeded ~Jla te . Thomas 

et . al . used a 4 mm (22- 23 gauge) Jlatinum 1009 to deliver 

one loopfull from e&ch solution of penicillin to an 

agar plate ~Jreviously seeded with a susceptible organis:n . 

Sherwood et . al . used a 4 mm 24 3uage nichrome wire loop 

to p lace antibiotic substances upon sterile absorbent 

paper discs which lay on· the surface of inoculated 

nutrient agar . 

Various princiJles have been tested for oossible 

use in measuring penicillin, particularily for assays 

requiring only a short time . ~or the most part , 

~npromising results have .been obtained . In the ccse 

of some , the special tech~ique and preparation are no t 

c'.:mvenicntly adaptable . A fev; of t.r.ese are : ( 1) _,.ethylene 

blue reduction by washed cells of a susceotible organism . 

( 2) ~.icroscopic oose rva tion of cessa. tion of ,Jooili ty 

of bacteria . (3) Inhibition of luminescence in cultures 

of luminescent bacteria . (4) -icrosco9ic observetion 

of aJpearance of enlarged and i~vo l ution cell shapes . 
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( 5) .. ' i tre. tion of acid formed by lactic acid bacteria , 

~ta2hococcus aureus, etc . (31) 

•rEST OF .o.aC'I_fUAL jK.SITIVITY TO ANTIBI01'IC3 

,~ile ecch of the antibiotics available today 

have a relatively wide spectrum of antimicrobie.l activity , 

there is considerable ov2rlapping of the s ·)ectra . Thus 

the clinicic.n is often faced with tne problem of selecting 

the correct antibiotic • .Among the factors influencing 

this cnoice, one of the most im)ortant is the relative 

susce9tioility of the microor3anism or microorganisms 

responsibile for the infection • 

«hile it is well recosnized that microor3anisms 
• 

very considerably in tneir susce~tibility to tne anti -

biotics, not only do i ndividual snecies vary in their 

susce.9tibili ty, but t he different s .Jecies very markedly 

in their sensi ti vi ty to the same anti oioti c . .,.ore - over 

different. strains of the sa,ne s :;.i ecies may exhibit wide 

veriations in their sensitivity to the same Qntibiotic (33) . 

Thus it can be said that in general tne sensitivity 

of a~y s pecies or strain of microorganisms to any one 

antiobiotic is quite independent of its susceptibility 

to any other antimicrooial agent . 
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To aid the physician in selec tion of the correct 

antibioti c and especially in the case where the ide:it ity 

of the etiologic agent is a question , several methods to 

test bacterial sensitivity to antioiotics have been 

devised . 

.Lhe f?Qgdi .Ji SC ... ethod . 

~ondi and. associates (4) realizing the value 

of a routine !nethod for ra;,id determination of bacterial 

sensitivity to antibiotics described such a method in 

1947 . 3ince rapidity of such a determination is more 

valuable than grest accuracy , the latter is sacrificed 

to so~e extent . I his method is es~entially a modification 

of the penicillin assay ~ethod of Vincent and Vincent 

(69) . It consists of )lacing filter )aJer discs s~ t Jratea 

with aHtlD..t.uuiu solution on the surface of a blood a;ar 

plate i mmediately after inoculation of the 'Jlate with 

the clinical speci!nan . The Dlate s are incubated overnight 

and the zones of inh ioition are measured for deter~ination 

' 
of t h e ruost effective antibiotic . 0o to three antibiotics 

can be tested on each plate . 

Techni oue of Bondi Jisc ~ethod . The medium used _____ ...__ - - --- --- -----
is a veal infJsion broth 9 re9ared &ccorjing to 

the method of Jri 3ht (75) to ~hich is added 

2~·.; try)tose and 1070 defiorinated hor3e olood . 
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?or each clinical s9eci~an two plates are made , 

-one for anaero~ic and one for aerooic incubation . 

swab or loo ~full of the clinical s~eciman 

is drawn once across one side of tbe agar surface . 

This primary inoculum is restreaked with a sterile 

in:::,culc.ting lo::,~ and is sJread r,i th o~:rullel 

streaking over 1/3 of the surface of the Jlate . 

After fla~ing the loo), the plate is successivel 

turned at ri~ht a~~les and streaked in the sa~e 

,uanner , care bein~ taken to touch crsvious inoculum 

with each streak until tne entire surface has been 

covered . 

The discs are cut with a cork corer or oaoer 

punch 6 . 5 ill'n . in diar:ieter out of ,7hatman 1r2 filter 

pa9er . These are tnen sterilized in a ?etri dish 

in l10t air oven . .,i th sterile forceps one of the 

dishes is di 1)ped into a solution of co,n.r,e rcial 

penicillin carrying 15 units 1 ml . 1he disc is 

then ~,lcced on the surface of eEch primary inoc~tlurn 

on left side of the olate, and a disc ?repared 

'.7i th strepto~ • .vcin c2.rrying 500 :nicro6 rains 1 ml . 

is pla ced on the right side of t he ~late . The 

jiscs should be 20 ::rL11 . apart and on a line pare.llel 

to t~e line of streak so tnat the inoculu~ around 
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each disc is co~parable . Two plates are made for 

each clinical soeci~an , one for anaerobic and one 

for aerobic incuoation . 

.:'be plates are incub&te,i overnif;ht and the 

next :r,orning the zones of inhibition are measured 

and comJared to deter~ine the more ef~ective 

cntibiotic . 

In 1950 Scott (57) reoorts tne testin~ ~ensitivity 

to aureomycin by Jondi Disc technique . To Jrepare 

aureomycin for the tost, 15 milligrams of recrvstallized 

aureomycin hydrochloride is accurately wei~hed, and 

dissolved in 10 ml . of sterile water . After mixing 

well by inversion, it is furtner diluted to a 1 : 10 

solution oy addition of 9 1_)arts of sterile we.ter, thus, 

Giving a final concentrstion of 150 rnicrogra~s per ml . 

7·he technique for testing is same as given above . 

Ditcn-:£1_at~ ~~1god . 

In 1950 Bice a~d Lonergan (55) descrioed the 

ditch - plate method for testinG oacterial sensitivity 

to antioiotics . T.his metnod originally w&s used in 

assessing bacterial resistance to sulfonamides . The 

method consists of removing three Jarallel 1 cm . wide 

stri9s of agar from an agar olate . hach ditch is 

filled ~ith a different antibiotic solution . The 
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at right angles to the ditches . The p late is incubated 

for 12 to 18 hours follow i ng which those wit~ zones of 

inhibi tion compared to each other . 

Te chn ique of Di tch-.2_late ... ethod . .Bacto - bloo.d 

agar bc::se with 51" citrated human blood is used . 

~elted agar is pou r ed into a 14 cm . petri dish 

and af ter solidifying, tnree parallel strips of 

agar 1 cm . in v:id th are removed using sterile 

sca.pe l and forceps . clood agars are p re pared to 

con t a in, res9ectively , buffered crysta lline 

Peni cillin G sodium, 10 units/ ml ., Streptomycin , 

cal cium c h loride co~Jlex , 500 units ml ., and 

soh1ble .h.Ureo.!lJcin hydroc hloride , 10 micrograms/ ml . 

lhes e are c arefully ? Oured to fill t he previously 

prepared dit ches . After solidifying t he 0late s 

snould be used at once . Or ganisms to be tested 

are inoculated in paralle l streaks , 1. 5 to 2 cm . 

apart, a t right angles to the di tcnes co n t aining 

the antibiotic . Fo r comJarixon, eech ~l ate should 

be c ontrolled ~i th a standard stock culture of a 

gram positive c o ccus e,nd a g r am ner-;D, ti ve "c oliform 11 

bacillu s • .Vith t wo controls , 3 to 4 unknown 

organisms may be t e sted on a 14 cm . petri dish . 

The ~lates a re t hen incubated at 37 C for 
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12- 18 hours and the zones of inhibition are 

measured . 

The width of the inhibition zo~e is not an 

index of the comoarative antibacterial ~ower of 

different antibiotics since other factors enter , 

particularily the rate of di f "usion th rough the 

gel . It is however an index of antioacterial 

quality when com~ared with the c ontro l . 

Dried Dis c ~ethod . (67) 

~ne main difference between this and the 

Bondi disc method is ttat in this method the discs are 

pre9e.red by dipping filter ;)ai)er disc in antibiotic 

to be tested, then dried and stored . These discs 

re.:nain stable for 6 months . The discs are placed on 

surface of an inoculated :9etri )late , such as in .oondi 

Disc method . The zones of inhibition obtained with 

these discs has been found to guide to the sensitivity 

of the organism and to tne adequacy of the antibiotic 

dosage . 

Dried Disc ~re2aration : echni~e . (67) Using a 

9 mm . cork borer, discs are cut out of no . 633 

rtoyle ~ill s blotting paJe r . rhe discs are separated 

in a large petri dish and sterilized in a hot air 

oven . 
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1 . Dried Penicillin Discs . Using a 50 drop pipette 

e&.ch disc is imJregnated with one drop (0 . 02ml.) 

of a solution of ;>enicillin containing 1000 units/ml . 

The discs are then olaced in a petri dish , the 

lid left slightly O)en and then dried in an 

incubo tor for 2 hours . Any moisture forming in 

tne lid of the ) etri dish is remo ved with a sterile 

blotter and the dried discs tnen stored in a 

refrigerator . They re.nain stc.ole for 6 to 8 .:nonths . 

~ensitivity interpretation : fueasure~ents are 

made from edge of the disc to the line of 

growth : 

15 ,nm . = O. 075 Uni ts/ml . tuoe sensi ti vi ty . 
(Sens~tive Organism) 

8 m.rn . = 0 . 25 Unit/nl . tube sensitivity . 
( ~ode r at~ly sensitive organism . ) 

3 mm . = 0 . 3 Unit/ml . tube sensitivity . 
( Sli~htly sensiti ve o r ganism . ) 

n i 1 = 0 • 5 Uni t / .n 1 • tube s ens i ti vi t y • 
(2esistant organism . ) 

2 . Dried 3treptomycin Discs . . .. ethod of ,,Jre~)arat_ion 

is same as described for 7enicillin dis cs . A 10 , 000 

microgram/ml. solution of streptom.7cin is useo. . 

.The dried streptomycin discs are stable for 6 months . 

Sensitivity interpretation same as for penicillin 

discs . 

3. Dried Aureomycin Discs . Discs are p repared in 

the same way as penicillin discs , i~Jregnation 
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being made with a 2 , 500 mi c rogram/ml . sol~tion 

of aureomycin . This solution is ?repared by 

dissolving the hydrochloride salt in sterile 

distilled water , and buffered with acetate of 

~rt5 . Discs are stable for 6 months . 

~ecause of tne instability of aureomycin 

in solution , reliable methods for tube sensitivity 

testing were not found , however the values 3iven 

below are at leest relative and correspond 

respectively with the zoning . 

12 mm . = 0 . 25 micro~ram/ml . 
(Sensitive or3anism . ) 

5 JlITl , = 2 . 5 microgram/ml . 
C ~oderately sensitive organism . ) 

nil . = 20 microgram/ml . 
( ~e sistant organism . ) 

4- . Dried Chloro:nycetin Discs . Impre3nP.te discs 

with a solution of 2 , 500 micrograms/ml . of chloro ­

mycetin and dry , as described for·9enicillin discs . 

These discs are stable for at least 2 months . 

densitivity inter9retation - same as given 

under 9enicillin discs . 

Agar Jlates are iDoculated with the clinical 

s.,)ecinan and dried disc of each antibiotic is laid on 

the surface of the inocJlated 9 late at le2st 15 m~ . from 

the edge of t :Le )late and from ee"ch other . Incubate 

for 12- 18 hours and measure zones of inhioitian . 
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Interpret as given in the pre ceding method . 

The _/2QY_le Tablet ... et hod . 

A search of tne literature failed to reveal 

a tlescription of this method . ~owever , this method 

of testing is used in numerous laboratories , one of 

which is tne University of Jebraska 'Bac teriology 

Laboratory . 'The following deocription was obtained 

from tr-e instructions wni c h a ccom8any the tablets . 

(Ihe tablets are produced by ~oyle & Company , Los 

Angles 33 , California . ) 

The various antibacterial drugs are incor­

aorated into co~~ressed taolets . These taolets are 

ma.de in two strengths for each antibiotic , and are 

applied to the surface of inoculated 9etri plates . 

The plates are incubated for 12 to 18 hours and the 

re1;;:dings tnen .:na.de . .at the present tLne t&ble ts are 

made for testing the following : penicillin , streptomycin , 

aureomycin, chloro~ycetin, and terramycin . 

Technique of Boyle Tablet ..i11etnod . As stated above , 

five antibiotics are iDcorporfted into co~pressed 

tsolets . Jrug concentrations in these taolets 

have oeen selected which will indicate the relative 

sensitivity of bacteria in the range of tne levels 

which are found in the body fluids of 9atients 
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receiving treatment . 

~he tablets are pleced on surface on an 

inoculated petri plate . Any desired solid ~ediu~ , 

such as nutrient agar , blood agar , chocol~te agar , 

or .!..Osin- •.. ethylene-olue agar , :nay be used and 

inoculation may be either the streak or pour method . 

The plates are tnen incubated and ~nay be read as 

soon as sufficient growth has taken place which 

is usually 12 to 18 hours . 

The tablets are made in two strengths as follows : 

Peni - Test ~ablets : 

~trength A produces inhibition zones 

com~arable to those produ ced by 

a buffer solution containing 10 

units/ml . 

btrength 3 corresJords to a solution 

contai:dng 1 unit/ml. when tested 

against a standard organism . 

Strepto - Test Taolets : 

Strength A tablets Produce zor-es of 

inhibition COJJar~ole to· a buffer 

solution containing O. l _mg~ of 

stre~tomycin/ ml . 

Strength B t&blots 9roduce zones of 
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inhibition co:nparable to a buffer 

solution containing 0 . 01 mg/ml. 

of streptomycin . 

ureo-Test TLblets : 

Strength A tablets nroduce inhibition 

zones comparable to a solution 

containing 0 . 025mg/ml . This vc.lue 

ap:Jroxima tes the lo,ver urinG.ry 

levels of 32 to 256 microgra~s/ml . (9) 

~trength B tablets produce zones co~paroble 

to a solution of 0 . 0025 mg/ml . This 
. 

corre s ,Jonds to blood levels found 

in aur-eo1.1ycin therapy which ·.ws found 

by Herrell and associates (39) to 

be 2 to 4 micrograms/ml . 

Chloro - Test Tablets : 

Strength A tc0lets produce zones comparable 

to a solution containing 0 . 25 mg/ml . 

This corresponds to urine levels 

found by Ley and 2ssociates (45) 

to be 100 to 400 micrograms/nl. 

Strength B tablets produce zones comparable 

to a solution containing 0 . 025 ~ng . /ml . 

ihich corresponds to clinical blood 
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levels . The blood levels of 

chloromycetin in )atients under 

there,py Yrnre found to be from 10 to 

30 micro_srams/::11 . by both Ley and 

coworksrs ( 2~:j) nnd SmL--del &nd 

cowo r-kers ( 61) . 

Terra- Test Tablets : 

f.ave been nroduced and are YJ.ow available . 

At this wri tinr; the a:nounts of Terra.mycin 

used in the t&blets is not availcble . 

Inter>)retation of results . If an orfD.nism 

is i~hibi ted by both Stren;:;th A c.nd Str·ength 

I3 the_ or;.s.ni sm is relatively sc.'1si ti ve, hov:ever 

if inhibited by StrPn5th A but not by Strength 

~ it is co~si~ered &s relctively resistant 

to t~e antibiotic tested . 

Dessicated Disc 2ethod of Severens (59) . 

This Method is es~entially the sa~e as t~at 

of the ;)ried :lisc method of '.:'ho1n.>son(6r) . The report 

hu.s not yet a,JJeared in the li tcrature al though the 

discs have just been Jleced on the market under the 

12.r.1e of .Jio - 'i'cst . 

'I'he discs are L'lpregnated with five dif~·erent 

antiobiotics and co~tain the followins aillounts of antibiotic : 
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1 . Penicillin - 2 units , 2 . Aureomycin - 2 .. 1icrograms , 

3. Streptomycin - 2 micro 0 re.ms , 4 . Terramycin - 2 mi cro­

grams , &nd 5, Chloromycetin - 2 mi crograms . Those 

concentrctions were chosen be c ause it was found that 

a berely preceJtible inhibition of bacteria by a lisc 

of this concentration would result in a sood clinical 

response wnen treeted .with the generally acceated dose . 

The discs are ·Jlaced on inoculated blood ap;ar 

9lates and zones of inhioition by various antibiotics 

compared to determine the agent of choice . Blo od agar 

plates are used as standard since a good cor relation 

exists between results obtained on blood agar and the 

clinical results obse~ved . 

Adantable ....... ethods . 

Although not des cribed in the literature , any 

of the asJay methods des cribed in this )aper can be 

ada ~ted to the testing of bacterial sensitivi ty to 

antibiotics . 

.lib.ere accur&cy of a high degree is de·sirable 

t.ne tube dilution method is used . This m"ethod has been 

used in determining the a,nount of antibioti c to be used 

in the dis c or tablet of tLe antibioti c :netnods in which 

the disc or t ablet are used . Should an organism be resis ­

tant to any of the antibiotics tested by disc or tablet 
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.11ethod , the tube dilution method is used to determine 

to which antibiotic and in wha t co n centration is ne cessary 

to inhibit g rowth of t he resista::.. t organism . _·' rom tbe 

r esu. l t it .nay be de termined v1ha t do sage ,would be ne cessary 

to maintc::.in to overcome t he infection . 

'.:'bus t he tube dilution me t hod , while not u~ed 

for rout::..ne t esting , is a v aJ_uc.1bJ.e supf.He:nerit-c..ry tecnrnyue . 

l!.vALUA'l'l01, OF Tr...i: LACT..!.i,IAL SEl\SII'IVIT'Y .Ti!..STS 

~ond i Disc fuethod . 

;'/hen 3ondi (4) described h is technique for 

determi n ing sensitivitv of bacteri& to Jenicil lin and 

stre0tomycin there were several illethod s_ a vailable for 

deter;nining susce oti b i li ty . 1·.o·:re v ·_ r, these pro cedures 

required first t~e isolation of the or~anism in pure 

cu~ture , before running tne deter~inati on for susceptibility . 

~•·urthermore in the case of a mixed infection separc: te 

determinations had to be car~ied out fo r each organism . 

Tnus the technique described by ~o~di saved at least 

one d2y in time , and because the t est for sensitivity 

is !!lade at the same time t ne pr i.nary culture is made t 

the necessity for se)arate determi:.ati ons in c a,::;e of 

a mixed infec ti on is eli□inated . 
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Al thou,7.h a considerable number of discs cc.n 

be cut and sterilized beforehand , the )rocedure of 

dipoins each disc in the antitiotic solution just before 

~lacin~ the disc on an inoculated olate requires time . 

Also slight differences in concentrotion of the anti ­

biotic from disc to disc ~ay occur . 

UnlE:ss a large number of tests are run dc:.ily , 

the fact tnat aqueous a~tibiotic solutions begin to 

deteriate in strensth within a week is a disadvantase 

of the Bondi ~ethod . 

Ditcn- ol&t~ =Qthog . 

The advantage of this method is tha•t a number 

of or~anisms may be tested on a single plate for sen­

sitivity to three se~2rate antibiotics . Also, dire c t 

co~parison of the ef?ects of the antibiotics on each 

organism may be made under identical conditions . 

Like the Bondi Disc .nethod measured inoculums 

of an 16 to 24 hour broth culture are not required 

thus a gain in time of at leost 18 hours . 

The pre9ara ti:m o~ the "ditches" reouires time 

and they should. be identic£ 1 which is rather dif i'i cult 

to accomplish . 

Lhus like the .3ondi method the Di ten- plate 

method would not tJe too practiccl as an office procedure . 
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Dried Disc ,,,etnod ( iho:noson) -- --- - ~ 

In this met~od the discs are cut , sterilized , 

impregnated with the different anti bi o:t,ics , dried , .::md 

then can be stored in the refrigerator . 'l'hey nill 

reme.in stable for at least 6 months . Thus any numoer 

of discs c8n be )repured in a rel~tively short time 

and are r3ady for use whe1 ever it is desired to test 

an orsanism for susce~tibility to various antibiotics . 

By using a pipette to deliver a measured amount 

of c:.ntibiotic solution to each disc gives unifor:ni ty 

o~ concentration of the antibiotic from disc to disc . 

Since tLe i!'ldi vi dual discs a re very light in 

weignt e,nd sticlr to the so lid !Tiediurn s;.irf&ce well 

enough, ~he ~lates may be inverted for incubction 

thus the :noisture collects on the -:>etri d:i sh cover rather 

than on t!Je inoculated mediu~ surface, f&voril'!g grov:th 

of' colonies . 

The objection to this method c:.s an of.:·1ce 

orocedure, lies mainly in ~re~aration of the discs . 

Boyle Tablet 1 •• ethod . 

The ob,jection of ')reoaro.tion of' discs ure 

eliminated by this rnetnQd . They e.re stable a.nd do not 

require refrigeration for storare . They give good results 

on any desired solid ~ edium . :W navi ~g two stren3ths 
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of each antibiotic , the sensitivity of an organism to 

any one antibiotic is readily determined , as well as 

com oarison With sensitivity to the v&rious antibiotics . 

Inhibition of lli. e organism by the loirnr strength 

(strength B) taolets means that & 300d clincial res)onse 

may be expected when treated with the senerally a ccepted 

dose for t11at antibiotic . The greater strength ( strength 

.n) ta!)lets are of such concentration, that this dose , 

while higher than the generally accepted dose , is 

deliV6rable . 

A disadvantage is that it is best to incubate 

,'li thout inverting the )late s , since the tablets occasion­

ally slip when the \)lates are inverted , or due to \ ✓ ei3ht 

of tablet they may fall from the medium surface . 

As an office routine for the clinician this 

method is quite acce~table . It is inex~ensive , requires 

only pre)e.ra tion of so lid medium for inoculation· of 

the clinical S_;)e ciman , and r11ay be reed as soon as growth 

hes t mi;: en p l,Ice . 

Dessicated Dis c 1;.ethod (Bio - Test) 

The discs are less ex :Jensive than the .doyle 

tablet . They are stable and do not require refrigeration . 

The concentratiJn of antibiotic in each dis c 

is such that if the dis c effects a barely preceotible 

39 



inhibition of bacteria a good clinical response will 

result with the generally accepted dosage for that 

antibioti c. 

Another advantage is that the 9lates may oe 

inverted for incubation , thus moisture does not form 

on the inoculated surface . 

.wlood agar is used as a standard medium in 

this method as it was found that a good correlation 

exists between results obtained on this medium and the 

clinical results obtained . Thus for best results only 

blood agar should be used with this method . 

s an office procedure this method is inexoens ­

ive and requires only the preparation of blood agar , 

and an incubator to run the test . 
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SUM1v1ARY 

1 . The phenomenon of antibiosis was reviev1ed . 

2 . The concept of essential ~etabolites was given , 

with a review of the investigLtion leading to the 

establishment of this concept . 

3. A brief history of chemothera.Jy and chemotheraputic 

agents was given . 

4 . A few of the assay :rtethods and modifications thereof 

were reviewed . The technique of the more widely 

used assay methods was given in detail. 

5. Tests for testing bacterial sensitivity to antibiotics 

were described . 

6 . The advanta?;es and disadvantages of the various 

tests of bacterial sensitivity to antibiotics were 

given . 
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CO.r CLLJSIONS 

Jith the increasing number of available 

antibiotics, it behoves the clinician to make a more 

careful diagnosis of infectious diseases . 7o aid his 

choice of the most suitable antibiotic for use in a 

given case, the bacterial sensitivity tests are of 

great value . 

In conclusion, either the Boyle tablet ~etnod 

or the Bio-test method can be efficiently used by any 

physician, whether he has the facilities of a hospital 

laboratory or not, as either of the two aoove methods 

are readily adaptable to use in the office of the 

practicing physician . 

.fy a9preciation to ~r . H. W. ~cFadden for his help 

and guida:1ce and to Dr. J . J . Dickerson for uae of the 

co111l!unication from Dr . Severens . 
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