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Attached is the tentative standard on the above subject for your 
review and study . This standard will remain tenta.tive for a period of 
one year while comments are being received from members or others who 
may have an interest in this standard . At the end of the year, the 
comments will be studied by the Board and the respective area committees 
and a determination made as to whether the standard whould be submitted 
for adoption as an NCCLS Standard . 

You are urged to give this serious consideration so that the final 
standard will represent a real consensus . 



PERFORMANCE STANDARDS FOR ANTIMICROBIAL DISC 
SUSCEPTIBILITY TESTS, AS USED IN CLINICAL LABORATORIES 

1 . INTRODUCTION 

A variety of laboratory techniques can be used to measure the in~vitro 

susceptibility of bacteria to antamicrobial agents . Recent reccnmendations 

of the International Collaborative Study and regulations proposed by the Food 

and Drug Administration represent important steps in the develognent of 

standardized methodology . The NCCGS subcccYmittee on antimicrobial susceptibility 

testing has reviewed and coordinated its efforts with those of these other 

groups . The subccYmnittee's reccsmnendations are consistent with the efforts 

of these other groups . 

The following do= ent is concerned only with disc diffusion methods 

that can be used for routinely testing the ccanmon rapi4y qr(-x4ing bacterial 

pathogens in clinical laboratories . The procedures recatanendecl in this report 

are outlined in order to establish a minimum standard of performance which 

we consider to represent the most practical but yet accurate and precise methods 

now available . It is anticipated that improvements in the current methodology 

may be developed but alternative methods can not be accepted until they have 

been adequately tested and shown to be at least as precise and accurate as 

the currently recommended technique. The type of information which would be 

required to properly evaluate other techniques is included in this report to 

serve as a cpui.de to those who wish to propose other methods. Although the 

following recommendations are limited to a description of disc diffusion methods 

to be used routinely in clinical diagnostic laboratories there is no intent to 

suggest that other approaches such as broth or agar dilution techniques can 

not also be used for this purpose. 
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2 . ]MICATTCNS FOR PERE'ORAING SUSCEPTIBILITY TESTS 

2,1 Susceptibility testing is indicated for any organism contributing 

to an infectious process warranting chemotherapy, if its susceptibility 

cannot be predicted from knowledge of its identity . Susceptibility tests 

therefore are most often indicated when the causative organism has been 

identified as a species known to be capable of exhibiting resistance to 

cannonly used-antimi.crobic agents, e.g . Staphylococcus species and the 

Fntaxabactexiaceae . Sane organisms have predictable susceptibility to 

anti,m.icrobial agents ; susceptibility tests are unnecessary when the infection 

is due to a microorganism that is invariably susceptible to a highly effective 

drug ., for example the apparently universal suscer)tibility to penicillin of 

'Streptococcus rsyx;enes , ~ S, pneumoriiae and 11 . -meningitidis in the U.S . 

-2 .2 Isolated colonies of organisms which rmay be playing a pathogenic 

role should be ideriti£ied .on the primary agar-pjates and then tested under 

controlled conditions. Mixtures of diffE;rEr_t types of microorganisms should 

not be tested on the same susceptibility test plates . Therefore, the practice 

of conducting susceptibility tests directly with clinical material should be 

avoided except in clinical emergencies . when the direct gram-stain suggests a 

single pathogen . In instances when testing. has been carried out directly 

with clinical material, -the susceptibility test should always be repeated 

using the standardized methodology. When the nature of the infection is not 

clear and the specimen -contains mixed growth or normal flora in which the 

organisms probablg:bear little relationship to the infectious process being 

treated, susceptibility tests are often wasteful and may be grossly misleading . 
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3, SFd~C7C'FION OF ANPIMIGROBICS TO BE TESTED PDUr=Y 

3.1 In order to minimize further confusion, all antimicrobic agents 

should be referred to by generic names only and laboratory reports should 

.not refer to specific trade names . 

3.2.1 In order to simplify the routine susceptibility test it is 

necessary to Unit sharply the number of drugs to be tested routinely . In 

general, routine tests should include only one representative of each group 

of antimicrobics with closely related in vitro activity. Tests should be 

limited to those drugs which represent currently useful agents which Are 

ocmnonly utilized within the institution .where the tests are being performed 

and which are appropriate for use in treatment of the specific pathogen 

under test. Clearly, the agents routinely tested against gram positive 

cocci should differ fran .ttiose tested against gram negative bacilli . In 

addition, certain antimicrobics are limited in use to the-treatment of 

urinary tract infections, i . e . nit.rofurantoin and na.l.idixic acid . These 

agents should not be used to test microorganisms recovered frcYn material 

other than urine . 

3; 2 . 2 In vitro tests with methenamine manadelate should rot be performed 

because the activity of this drug iri~vivo depends on the attainment of a 

urinary pH of 5.0 or less and in vitro test conditions may bear no relationship 

to the situation in the urine, the only possible site of antibacterial 

activity in the-patient . 

3.2,3 The following guidelines can be used for selecting agents to 

be tested routinely . 
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PEDTICILLINS - Generally, it is advisable to test all staphylococci 

against benzyl penicillin (penicillinase labile) and against one penicillinase 

stable drug such as methicillin, oxacillin or nafcillin . Cloxacillin or 

dicloxacillin should not be used for this purpose because they may fail to 

detect certain heterore'si.stant strains . In addition, a¢npicillin should be 

tested with gram negative bacilli. There is no reason to include amnpicillin 

in tests with staphylococci because of its lesser activity and similar .suscep-

tibility to peni.eillinase as compared to penicillin G. Carbenicillin may need to 

be tested against the gram negative bacilli, especially Pseudorronas sp. 

CEPF3ALOSPOP3NS - 4f the available cephaZosporanic acid derivatives only 

cephalothin need be tested routinely. Hrmevex, testing with other cenhalosporins 

be indicated far testing the occasional gram negative bacillus which appears 

to be resistant to cephalothin and alternative drugs are unsatisfactory . -

Because of its increased susceptibility to penicillinase, cenhaloridine 

should not be tested against staphylococci . 

TEMACYCZINES - Drugs within this group are closely related and only 

tetracycline should be tested routinely . 

POLYMYXINS - Polymyxin B and polymyxin E (calistin) are closely 

related and only one needs to be tested routinely. The polymyxins dif fuse 

poorly in agar and the accuracy of the diffusion method is therefore less than 

with other antibiotics. Resistance is always significant, but when treatment 

of systemic infections due to apparently susceptible strains is being 

considered, it is wise to confirm the results of a diffusion test with a 

dilution method. 

AMINOMYCOSmE.S - This group of chemically related drugs includes 

kanamycin, neanycin, streptanycin and genfanicin. Their relationship is not 

oaplete enough to assume that if an organism is resistant or susceptible to 
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one it will be resistant or susceptible to another . 

MACROLIDES - This group of drugs includes eYythrcmycin and oleandcmycin 

which have similar activity but incomplete cross-resistance . For susceptibility 

testing the two drugs panriot be used interchangeably Erythromycin is usually 

.the preferred therapeutic agent and is therefore used most frequently for 

susceptibility testing . 

THE La1CQMYCTid GROUP - These drugs have an in vitro and clinical spectrum 

of activity similar to that o¬ erythromycin. However, cross resistance is not 

vcmplete and the lincanycin group (linamycin and clindaQnycin) cannot be used 

to replace erythromycin in susceptibility testing . 

3 .2 .4 The list of drugs in the following table represents a compromise 

based. on various considerations including micrabiologic factors and clinical 

phazmacologic considerations . It fulfills the basic requirements for routine 
use in most clinical laboratories . Additional drugs should be available for 

use with special problems of the individual . Patient . Drugs other than those 
appropriate for use in therapy may be tested to provide epidemiologic information 

and taxonomic data; however, routine reports to physicians should include only 
those appropriate for therapeutic use in order to avoid misleading information. 

For exmrple, susceptibility to nitrofurantoin or nal.idixi.c acid should not be 
reported with organisms isolated frern sites other than the urinary tract. 
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StaThyloCoccus aureus a 

I. . Penicillin G 

2 . Methicillin 
or Oxacill.in 
or Nafcillin 

3. Cephalothin 

9. Erythrmrycin 

5. Clindaanycin 

6. Chloramphenicol b 

7. Gentamicin b 

8. Tetracycline b 

9. Kanamyci.n b 

10 . Vancanycin b 

Enterobacteriaceae 

l. Ampicillin 

2. Cephalothin 

3. Yanamycin 

4 . Polymyxin II 

5 . Gentan.icin 

6 . Tetracycline 

? . Chl.oramphenicol 

8. Nitrofurantoin C 

9 . Nalidixic Acid c 

10 . Sulfonamides c 

Pseudcxranas sp. 

I . Polyrcyxin B. 

2 . Gentamicin 

3-. Carbenicillin 

4. Tiananycin'd 

5, Chlori,~nphenicol d 

6 . Tetracycline d 

7. Sulfonamide c,d 

These drugs may be used for testing enterococci but ampicillin should be adde 
and kanamycin, gen-tamicin and clindamyci.n should be cmitted, methicillin may 
be tested for taxonamic purposes only. 

b 
May be tested with St~v lococcus aureus , but as secondary drugs only. 

Only with microorganisms recovered from urinary tract infections . 

May be indicated for testing sane Pseudanuonas species, other than 
P. aeruginosa . 
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4 . CUMENMY REG'OMENDED DISC DIFFUSION TMit1IQCTE,S 

4,1 For susceptibility testing disc diffusion methods that employ 

interpretive standards relating the presence of any zone of inhibition to 

susceptibility of the organism to the drug under test are not acceptable . 

More reliable results can be obtained with disc diffusion tests which utilize 

the principle of zone diameter measurement correlated with minimal inhibitory 

concentrations and the behavior of strains among known clinically sensitive 

and resistant species . However, the technical details of such procedures must 

be carefully standardized and controlled in order to obtain optimal results . 

7he procedure described below (4,3) is one technique for which sufficient data 

are now available to evaluate its accuracy and precision. 

4 .2 The disc diffusion test currently recamnended by the NCCL,S subccmuittee 

on antirzi.crobial susceptibility testing, is a slight mr)d.ification of that 

described by Bauer, Kirby, Sherris and Turck (73m. J. CZin . Pathol . 45;-493), 1966) 

Of all the diffusion tests proposed in this countrtt, this represents the most 

ar'rpletely described method for which interpretive standards have been developed 

and supported by a great deal of clinical and laboratory evidence. The only 

alternative method which has been adequately studied and shown to give carrparable 

zone sizes, similar precision and satisfactory correlation with minimal 

inhibitory concentrations, is the agar overlay modification of Barry, Garcia 

and Zbrupp (Am. J. Clin. PathoZ. 53 ; 149, 1970),- This involves an 

acceptable alternative method for standardizing the inoculian for testing the 

vcmYtonly isolated rapidly growing bacterial pathogens such as S, aureus , r.te-r.l-~,ers 

of the Entexabacteriacae and PseudaYnnas aeruginosa , but it is not applicable to 

tests with other microorganisms such as the streptococci or Heiro-chilus sp . 
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Plates inoculated by either of these methods-can be interpreted with the 

same zone size standards. 

4.3 Agar Medium 

4,3.1 Of the many media now available, the subcommittee considers Mueller- 

-Hinton agar to be the best ccmpranise for routine susceptibility tests, since it 

shows rather good batch-to-batch reproducibility for susceptibility testing 

and is low in sulfonamide and tetracycline inhibitors and 'gives good growth of 

rapidly growing pathogens . In addition, a large amount of data has been collected 

with tests performed with this medium and if another agar medium were to be 

selected most of the previous studies would have to be repeated and new zone 

size interpretive standards established. With the addition of 5% defibrinated 

sheep, horse or other animal blood, Mueller-Hinton.agar can be used for testing 

certain fastidious microorganisms which cannot grow on Mueller-Hinton agar 

without the added supplFSnent . The blood must be free of antimi.crobial activity . 

Although an ideal medium is not yet available it would have the foZlaaing 

characteristics: 

1 . The contents should be defined at least to the point of specific 

production details for crude components such as "peptone" and .agar . 

2 . Susceptibility test results should be reproducible on different 

batches of the medium prepared by different manufacturers . 

3 . Without enrichnent~ the medium should support cJrvwth of the majority 

of pathogens for which susceptibility tests are required. 

4 . The -medium should be free of ocmponents kna,m to be antagonistic to 

the vonmn agents for which susceptibility tests are made, 

5. The medium should not be subject to marked pH shifts especially to 

the acid side during graath of ccnman pathogenic organisms . 
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6. The agar and broth version of the medium should have the same 

formulation, except for the presence or absence of the solidifying 

agent. 

7 . The medium should be approAimately isotonic and the agar medium 

appropriate for addition of blood when required for growth of 

fastidious organisms . 

The subcommittee recognizes the need for a medium which better meets the 

above requirESnents. If economically feasible, this defined medium might be used 

routinely in d:iagnositc laboratories. If not economical for such use, a 

defined medium could serve as a standard to which the performance of more 

oaoplex media could be canpared. 

4.3 .2 Mueller-Hi.nton agar is prepared according to the manufacturer's 

reccnmendat.ion and immediately after autoclaving it should be allowed to cool 

in a 45° - 50° C waterbath. If needed, the defibrinated blood is added to 

the cooled medium to give a final concentration of 5% (v/v) . Men necessary, th 

blood-containing medium may be "chocolati.zed" in order to support growth 

of Iiejnophilus sp . The freshly prepared and cooled medium is poured 

into petri dishes on a level, horizontal surface so as to give a uniform 

depth of approximately 4 mm. This corresponds to approximately 60 ml. of 

medium for plates of 14 an internal diameter and approximately 25 ml for 

plates of 9 cm internal .diameter . Either glass or plastic pefixi dishes are 

suitable but the bottom half of the plates must be flat. The agar medium should 

be allowed to cool to rocm tomperature and unless used the same day should be 

stored in a refrigerator (approximately 2° -- 80C) . These plates should be used 

within seven days after preparation unless adequate precautions, such as 

wrapping in plastic, have been taken to minimize evaporation and they have 
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been shown to perform correctly with the control organism as specified in 

Section 4.9 . Samples of each batch of blood containing plates should be 

tested for sterility, by incubating at 35° to 37°C for 24 hours . 

Just before .uselthe plates should be placed in an incubator (35° to 37°C) 

with lids ajar until excess surface moisture is lost -by evaporation ( usually . 

10 minutes) . There should be no- droplets of moisture on the surface of the mediun 

or on the petri dish covers when the plates are inoculated . If the agar overlay 

method of inoculation is' used (4 .5 .2)r the plates must be warmed to roan 

temperature but the surface should not be dried before .inoculation . 

4:3 .3 The pH of each batch of Mueller-Hinton agar should be checked at 

the time the medium is prepared. The exact method by which this is done will 

depend largely upon the type of ecsuignent available in each laboratory, but 

the agar medium should have a pH of 7 .2 to 7.4 at rocm temperature and must 

therefore be checked after gelling . This can be achieved by macerating a small 

amount of agar in °a small volume of distilled water, or by allowing a wall 

amount of agar to solidify around a pH electrode in a small beaker or by using 

a properly calibrated surface electrode . 

4.4 Storage of antimicxobic discs . Cartridges containing filter paper 

discs specifically certified for susceptibility testing are generally supplied 

in separate jars, each containing desiccant (preferably an indicating desiccant) . 

The jars should be kept refrigerated (approximately 4°C) or frozen (-14°C or less) 

until needed. Discs containing those drugs belonging to the penicillin-family 

and oephlosrooriris should always be kept frozen to maintain their potency except 

for a small working supply which can be held: at 4°C for up to one wee};. The 

unopened jars should be removed from the refrigerator or freezer one or two hours 

before the discs are to be used and allowed to equilibrate to roan teffperature 
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before being opened. This is done in order to minimize the amount. of 

condensation that would occur when waxm roan air reaches the cold ~ jars. 

If a disc dispensing apparatus is used it should be tightly sealed and 

supplied with an adequate indicating desiccant, also it should be allowed 

to wanm to roan tEmperature before being opened. When -not in use the 

dispensing apparatus containing discs should always- be kept refrigerated. 

Only those discs that have not reached the manufacturers stated expiration 

date on the label should be used. Discs must be discarded on the stated 

expiration date . 

4.5 Inoca.ilation of test plates 

C5.1. The currently recaMnended method is perfornned as foIloms : 

A. Select at least four to five well isolated colonies of the same 

morphologic type from an agar plate culture . Touch the tap of each 

colony with a wire loop and transfer the growth to a tube containing 

4 to 5 m3. of a suitable broth . medium such as soy bean casein 

digest broth. 

B. Allow the broth culture to incubate at 35° to 37°C until it achieves 

or exceeds the turbidity of the standard described below (usually 

2 to 5-hours) . 

C. Adjust the turbidity of the actively growing broth culture with sterile 

saline or broth so as to obtain a turbidity visually canparable to 

that of the turbidity standard described .below. In order to perfonre 

this step properly there must be an adequate source of light, and 

reading should be made against a white background with a contrasting 

black line, to aid in the visual carzparison . 
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D. The turbidity standard is prepared by adding 0,.5 ml of 0.048 

M BaC12 (I.175% w/v BaC12- 2H20) to 99.5 ml of 0.36N H2 S04 

(1% v/v) . Four to six m1. are then distributed into screw cap 

tubes o¬ the same size as used in growing the broth culture inoeultun. 

These tubes are tightly sealed and stored in the dark at roan 

temperature. This,turbidity standard must be vigorously agitated on 

a mechanical vortex shaker just before use . A fresh standard must be 

prepared at least once every six months . There is sane evidence 

that deterioration may occur and close scrutiny is indicated. 

The subcommittee recognizes the potential source of error 

associated with. the use of such a BaC12 turbidity standard and 

efforts are now under way to define a more reliable permanent 

turbidity standard or a more acceptable method for adjusting the 

turbidity of the inoculun. 

E. Within 15 minutes after adjusting the density- of the i.nocultun 

suspension, a sterile cotton swab on a wooden applicator (plastic 

applicator swabs should not be used) is then dipped in the 

standardized suspension and the excess iiwcektun is renoved fran the 

swab by rotating it several times with a firm pressure on the inside 

wall of the test tube above the fluid level . 

F. Inoculate the dried surface of a Mtaeller-Hi.nton agar plate by 

streaking the swab aver the entire sterile, agar surface . Repeat 

this streaking procedure two more times rotating the plate 

approa:i.mately 60° each time so as to insure an even distribution of 

inoculLUn. If the plate is satisfactorily streaked, the zones of 

inhibition will be uniformly -circular and there will be a uniform 
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confluent or almost canpletely confluent lawn of growth. Replace 

the plate top and allow the inoculun to dry for three to five 

minutes but no longer than 15 minutes before applying the drug 

impregnated discs . 

4:5 .2 An alternative method for inoculating disc diffusion test plates 

which is acceptable for routine use is the agar overlay method . Uhis method 

is applicable only to tests with ccmmonly isolated rapidly growing bacterial 

pathogens such as S. aureus ,~Enterobacteriacae and Pseudcnonas aeruginosa . 

A. Select 4 to 5 isolated colonies of the same morphologic type frcm 

an agar plate culture and prepare a visibly turbid suspension in 

4.5 ml of brain heart infusion broth in a 13 x 100 mm tube . Zb 

avoid changes due to evaporation during storage of this small 

volume of broth, it is transferred asceptically into sterile tubes 

an the day that it is to be used. 

B. Incubate the small volume broth cultures in a 35S37°C waterbath or 

beating block for at least four hours but ix~ longer than eight hours 

C. Transfer a 0.001 ml calibrated loopful of the well mixed broth 

culture to 9.0 ml of a 1.5% aqueous solution of agar which has been 

melted and held one to eight hours in a 45°-50°C heating block 

(in 16 .x 125 nm screw cap tubes) . The caps are tightened after the 

agar is melted and unused tubes are discarded at the end of the 

day to avoid changes in agar concentration due to evaporation. 

D. Quickly mix this seeded agar by gentle inversion and then spread 

over the surface of . a 150 x 15 mm plastic petri plate containing 

Mueller-Hinton agar (4mm in depth) . To facilitate this procedure 

the plates are brought to rocm tanperature before attempting to 

spread the thin layer of seeded agar. 
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E, Allow the inoculated plates to stand three to five minutes 

undisturbed on a flat and level surface arid then apply 

susceptibility discs as described below. 

.4 .6 . Test Procedure 

A. place the appropriate drug impregnated discs on the Surface of 

the agar plate inoculated by one of the two methods described 

above . With sterile forceps or needle tip gently press down 

each disc to insure canplete contact with the agar surface . 

The discs may be. placed individually or with a dispensing 

apparatus, but they must be distributed evenly so that they are 

no closer than 15 m from the edge of the plate and no two 

discs are closer than 24 mm from center to center. Since sane 

diffusion of drug is almost instantaneous, a disc should not 

be moved once it has cane in contact with the agar surface. 

B. She plates are then inverted and placed in a 35°-37°C incubator 

within 15 minutes after the discs are applied. The plates should 

not be incubated under an increased concentration of C02 because the 

interpretative standards were developed using aerabic incubation and C02 . 

will significantly alter the size of the inhibitory zones with sane agents 

C. After 16 to 18 hours of incubation exmine each plate and measure the 

diameters of the zones :of complete inhibition {as judged by the unaided 

eye) including the diameter of the disc, to nearest whole millimeter 

using sliding calipers, a ruler or a template prepared for this 

purpose, held on the back, of the petri plate illuminated with reflected 

light . System Using transmitted light may be used if ccmparable 

zone sizes are o'atainted by the quality control procedure in 4.9 . If 
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blood is added to the agar base the zones should be measured 

from the surface illuminated with reflected light with cover 

remcived . The end point should be taken as the area showing no 

obvious, visible growth that can be detected with the unaided eye . 

Colonies which can be detected only by varying the angle of 

illunination are ignored . Strains of Proteus ~mirabilis and P. 

vulgaris may swam into areas of inhibited growth around certain 

antimicrobics. The zones of inhibition are usually clearly 

outlined and this veil of swarming growth is ignored . With the 

sulfonamides, organisms may grow through several generations before 

inhibition takes effect. Slight growth (80% or mK)re inhibition) 

with sulfonamides is therefore disregarded and the margin of 

heavy growth is measured to determine the zone diameter . 

4 .? interpretation of zone diameters . 

The sizes of the zones of inhibition are then interpreted by referring to 

Table 4 .7 - I, wizich represents the subcaYmittees present reccgnnerdations . A 

categorization of "susceptible" implies that an infection due to the strain teste 

may be expected to respond to the reccmne,nded dosage of antimicrabic for that 

type of infection and infecting species. Resistant strains, on ;,the other hard, 

are not completely inhibited by concentrations within the therapeutic range . 

The internciediate category includes strains which may respond to concentrations 

attainable by unusually high dosage or in areas, such as portions of the urinary 

tract, where the antimicrobic is concentrated . The intennediate category also 

comprises a "buffer zone" which should prevent major interpretative discre- 

pancies from mall uncontrolled technical factors . 

The categories listed in Table 4.7 - T were developed by canparing zone 



"ATuo sctoTinajc.rt -4a~-x4 Lz~.~.zn - i 
" (atoz-n pawjTns .zo; a.ze santien 0 I W) uo?:jeqa.zdxaqut 

auoz jo spoc%xzeqs aums acp ipTm pasn @q ueO sOsrP aPM TuO31nS ~ ~ OSZ Jo E{ OOE - a 
'Poc~aul uOr~nlip e ~zcA ̀ ~sa~. uotsnj3iP ie JO s~-~nsa.z aLF4 uuzjuoD oa. as-rm st Tt 

'paxvptsuoo ST sute.z4s aZqrqdaasns 0-4 anp suoz~~a3crr ~-Fuz-4sAs JO< Wau4vaxa. uatim 
u~r u~ ssaT sn~. :tnq '-4upoz3tuliis stileml-e st aoue:tszsaU "so-ra,viq~~ue xa~.o cp 

s-t po~aut uo~sn;3TP ac.pjo ~~ar~~,e atp paze aebe ur AZ.zood asnj3?P 8 uixiWZoa - p , 
.Pasn Poy49ur uor.~nTzp uodn -4uapuadap D.= ys - o 

t3--o3oT4cjcir-qs buzonpo.zd - asPuiTTiDtuaa - q 
' (TL6T a-"mr) bur'4sas ATTTiqr4da0st~,, 

; ,a.z~Turr~~ uo ~44z~~lS S'Z~i Ai Pa.z~da~d ' (896T) Te 49 a~n~g` unz~ Pat3tPoiu sEi - E 

TI. Irs ' ZTF` Tu~/briS' ZT< 
SZ5 , lu/brf UOZ< 

axouY a0 6'L : 
azoiu .xo 61 

8'~ - VT 
81 - ST 

ssaj a~o ~T 
ssaT zo VT 

brl OE 
Ed 00£ 

pi~~ ~zxrpil~K 
u-roqcre.xr~~o-TTz NI 

p%LM 0I7- ' p%bWMLU S£ <'- a.zau LEO LT 91 - £Z ssaZ LEO ZT fxy00£ 
4 
~ ~ a saPTuieuojIiLS 

Iw/brt 9,- Iu/bd5' ZI~f aTOM .zo 5t vi - £Z ssal ao ZZ brl pZ utOTum4ua ~ 
-lu/Ed 9~ ILU/fxf SZ:z ~ azoiu ~0 5Z VT - ZZ ssaT .zo IZ br! pt : u,r~~i~da~S 
T~/ o l-, ~ azozu zo LT 9T - £t ssaT :1o Z-[ br! OE ur~~LuB~aK 
Z// bg;. Zwbr, SZ< azcau-zo 8-[ LT - VT ssaT .zo £t fx( 0£ cztDAuneczL-A 

'Nt/w Z-7. lw/br! g-<- 
~ 

a-Toui .zo 9Z 5'L - ZT ssaT ao -ET Ed Z uTDArepurT3 
TW/bY{ Z-:; Tuu brl 87 azout ao ST vi - UT ssaj JO g brt Z uzOA=czt Z 
Tm/f)d Z.; TLU/br( 8-z: a.zcnu z1o g-1 LI - ~t ss-aT z1o £T brf ST ` cttDAunXPAla 

ru/13{ V3;; Tw/brt5 " z r° a~zotu -70 6T gZ -- ST ssaT .zo VT brt p£ aut-Caxv� 
Zwbrf 5zf T~/n~S' GI~ a.zow 10 8-1 Lt - £T ssaT zo , ZT btr OE Zoozuauduue`_ .j 

TwC1 5'ZT-, ueaiu a.zoui -1o ST VT - TT ssaz .zo 0T fl OQ£ pS uixIuAToa 

ILU/br( 9Z=~/bd Zc ~ ; a~oi uu ~o £z ZZ - ST ssaT ~o LT 9 sna~.o.za iTo3 '3 
Twbrt 05Z'" P~/b~ SZ ~ a.zotu J0 5T vi - ET ssaZ M ZI ds si2czauopnasa 

bry O5 uTTTiOzuaq.ze Z) 
Tul/bri OT;;- Tw/bri Q~ 2 a.zatu xo gZ 5r - zZ ssaT -TO -ET bnl 0£ auTpzTOT-Gqda Z) 
Tm/btf OT5; Tw/btf Z£ ;E azau .zo 8t LT - ST ssaj zo ° VT br( p£ urq:VoTPctdao 

Tu/bd c,>' axau -To zt TT - Qt ssa-C .zo g for( OE u-rOA=ueA 
tu3/bd 9 " o> ' aaoiu JO ET : Zi - TI ssaT 10 . OT ~ 2 ~TZt~~xO . 

M urZZiolem 
Tu/s~r( 5 " Z>' azoui LEO VZ £T - 01 ssaj ao g br( S U?TZzOTtGaW 

W ?,~Z* a.zau .zo ZZ IZ - ZT ssaZ ao -ET swsTcre5.zo -Taq:jp 
gwEAT-S5 TLU/ibri Z£ < a-7au ZEo VT £'C - ZT ssaZ ZIo Zt iooooaxa4ua 33 

a~a~Et~a~~~u'3 
-~u~~! Z " ~y-, q s~, uaa a.zout a0 6Z 8Z - TZ ssaj -70 OZ ~ 

QT 
iooo~ZA;d a~ 

TT. 
A OZ Pue E) UTZtiOTaO 

~ ~ qtqdaosnS q~s-rsad a aaosnS ~~i~~~ui ~~szsa~ "aua~oa 
: xo.zdci~ :. ~oa~a.z~ ~ I w . (uau ~sa.z~au o a.) xa4au~zQ auoZ ~C.zo~.tqruuI Osia Iviqoaa?~uc~ut 

panbtuAaas uoTSnjjzQ OszQ a~ 
~" 

zcoj s~u-FodwazS o I W a,4murxoxklv Fue SPaeP~S anr"4azcLTa"4uI azzs-auoZ 

s~saZ gj a28d . 
I - VV aTqLS eC:ITTj:qTzdaosng asTQ - "pjs "Zuay 



Tent . Std . - Disc Susceptibility Tests 
Page 17 

sizes with minimal inhibitory concentrations CHIC' s) in broth and agar 

dilution. tests . These were related to blood levels usually obtained with 

frequently used dose schedules or in the case of nitrofurantoin or naladixic 

acid, with urine levels . These breakpoints were tested against the distri-

bution of zone sizes and MIC's among a variety of species of known clinical 

responsiveness or lack of responsiveness in order to check their appropriateness . 

4.8 I.imitations of the Method . 

The disc methods described above have been standardized for testing 

rapidly growing pathogens, especially the Fnterabacteriacae , S . aureus and 

Pseudcmonas sp . In addition, limited experience has been gathered suggesting 

that the interpretative standards are applicable to tests with Henophilus sp . 

and streptococci, provided that the agar medium is supplemented with blood . 

The alternate agar overlay method cannot be used when blood must be added to 

the agar me~litun . Although S . pyogenes and S, pneunoniae may be tested-by 

the reccmmended method, routine testing of these organisms is generally 

unnecessary because they remain susceptible to penicillin G; isolates 

obtained from patients allergic to penicillin might be tested against 

erythromycin and,tetracycline in order to detect the strains resistant to 

these alternative drugs . Sufficient studies have not yet been undertaken to 

develop reproducible definitive standards for interpretation of disc tests 

with microorganisms which are fastidious in their nutritional requirements, 

requ.i.re an anaerobic atmosphere or increased concentration of 002 for growth, 

damnstrate an unusually slaw growth rate or. manifest marked strain-to-strain 

variation in the rate of growth . Such organisms should not now be tested 

by disc diffusion methods since the results can not be properly interpreted. 

Same studies have indicated that a slight modification of the recromnencled method 
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may be applicable to tests of N. meningitidis for the purpose of detecting 

sulfonamide resistant strains (Bennett, Yzap and Eickhoff, App1 .Microbiol. . 

16, 1456, 1968) . The standard method probably is not reliable for testing 

N, gonorrheae which should be tested by dilution methods if tests are to be 

performed . This disc diffusion method appears to be satisfactory for 

detecting most strains of ~S . aureus utich are resistant to methicillin arid 

other penicillinase-stable penicillisis, in spite o£ the marked heterogeneity 

of such cultures . The alternative agar overlay method has not proven to be 

as satisfactory for detecting methicillin-resistant staphylococci . In this 

regard the sensitivity of disc diffusion tests may be more efficient if the 

plate is incubated at 30° C, Methici.l.lin:resistant staphylococci generally 

appear sensitive to cephalosporins by the diffusion technique but there is 

evidence that they are more resistant to these antibiotics than methicillin 

susceptible strains . Hawever, the clinical significance of this observation 

remains uncertain. For this reason, cephalosporin susceptibility of methici.llin-

resistant strains should be considered equivocal . 

4 .9 Quality Control Procedures 

4.9 .1 In order to control the precision and accuracy of the test procedure 

stock cultures of Staphylococcus aureus (ATCC 25923) and Escherichia coli 

(ATM 25922) should be abtained fi-cYn a reliable source and tested daily 

(or each time a batch of tests is performed) and inhibitory zone diameters 

should be recorded . Solid and liquid media used for propagation and storage 

of these cultures should be soy bean casein digest agar (USP) and soy bean 

casein digest broth (USP) . For prolonged storage, laboratories with the. 

required equipment may store these stock cultures at -20°C in a suitable 

stablizer such as 50$ fetal calf serum in broth, in a lypholized state or in.- 
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liquid nitrogen, without significant risk of alteration in antibiotic 

susceptibility. Alternatively, cultures may be grown on soy bean casein 

digest agar slants and stored under refrigeration (4°-8°C) . Such cultures 

stored in the refrigerator should be subcultured to prepare fresh slants every 

two weeks . For testing, the cultures. should be inoculated into the broth, 

incubated for four to eighteen hours and then streaked onto the agar plates 

to obtain single colonies . Colonies are then picked for testing according to 

the reccnmended- susceptibility testing procedure. Such cultures may be used 

to monitor precision and accuracy as long as there is no significant chancre 

in the mean zone diameter which can not be attributed to methodology. Such 

a change indicates contamination or change in susceptibility of the organism. 

Fresh cultures should be abtained fran a reliable source of such changes occur . 

4.9 .2 Adequate precision and accuracy in this procedure can be determined 

by standard statistical methods . Laboratory workers experienced in these 

computations may establish acceptable precision by calculating the standard 

deviation for each drug tested wi.th the control cultures . Table 4.9 - I lists 

acceptable maximtun standard deviation which if not exceeded will assure with 

99$ or greater confidence that serious interpretive errors will not be made due 

to inherent test variability. These values are based on the differences between 

the minimum zone size for susceptible strains and maximum zone size for resistant 

strains as listed in Table 4.7 - I, 

Accuracy may be established by cangaring the observed mean zone diameter with 

the accepted range around the currently accepted true mean value . The acceptable 

range can be calculated according to the following formula : . X + 3S 
4IJ 

Where X is the accepted true mean listed in Table 4 .9 - 1, S' is the maximum 

permissible standard deviation listed in Table 4 .9 - I and N = the number of 
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observations used in determixii 
I 
rig the observed mean . An observed mean which 

lies outside this range indicates a significant difference fran the accepted 

true mean (P<.01) . 

- 4,9.3 Alternatively, a worker may establish acceptable precision and 

accuracy by the following procedure which requires no statistical computations. 

Each laboratory should record the results of consecutive separate analyses with 

the recommended control cultures for each antimicrobic to be controlled . These 

observations are taken sequentially in groups of five observed values each . 

Precision (reproducibility) may }e evaluated by determining the range (R) of 

values in each group of 5 observations Q+laximtun value minus Mini ;mam value) . 

This range should not exceed the maximum, limit listed in Table 4.9 - II arid 

in a series of ranges obtained fran consecutive groups of 5 tests each, the 

average range should approximate the listed value. 

Accuracy of results can be evaluated by comparing the mean value obtained 

with each group of 5 observations, with the expected range of mean values for 

each antimicrobic-organism combination being tested. Table 4.9 - II lists the 

acceptable range of mean values about the true mean . 

4.9 .4 If either of the control limits established above are exceeded, 

there is a significant probability that technical variation exists which 

can lead to~clinically significant misinterpretation of test results . These 

variations must be investigated and corrected in order to assure valid results. 

The control limits described above are based on data gathered .by the Food 

and Drug Administration in its phase II collaborative study, and represents a 

degree of precision and accuracy which is practically attainable in clinical 

microbiology laboratories . The experience of several subcommittee members 

suggests that the test can be performed with even more precision than that 

permitted by the described standards . 
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Table 4.9 - I Maxim= Acceptable Standard Deviations and Mean Zone 
Diameters that should be expected with the E. coll 

(ATCC 25922) and S. aureus (ATU C 25923) 

Maximum Currently accepted true 
Disc Acceptable mean zone diameter (rrm) 

Antimicrobic Content Stand. Dev . E, aoli S, aureus 

Penicillin 10 units 2.9 * 31.5 
Ampicillin 10 mog 

Staphylococci 2.9 * 23 .5 
Enteric bacilli 1.3 17 .5 * 
& enterococci 

Methi.cillin 5 mog 1.6 * 19 .5 

Nafcillin 
& f?xacillin 1 mog 1.3 * - 

Ceghalothin 30 mog 1.3 20 .5 31.0 
Cephaloridine 30 mog 1,6 -- * 
Carbenicillin 50 mcg 

Pseuda-nonas sp 1.3 -- * 
Proteus & E. coli 1.6 -- 

Chloramphenicol 30 mog 1,9 24 .0 22 .5 
Tetracycline 30 mog 1.6 21 .5 23 .5 

Erythrcmycin 15 mog 1.6 11 .0 26 .0 
7 .i narYrycin 2 mog 1.9 * -- 
Clindanycin 2 mog 1.6 * -- 

Kanamycin 30 mog 2.6 21.0 22 .5 
Neanycin 30 mog 1.6 20 .0 22 .0 
Streptanycin 10 mog 1.3 16 .0 18 ..0 
Gentaanicin 10 mog 1.3 22.5 23 .0 

Sulfonamides 300 mog 1.6 -- * 
Nitrofurantoin 300 mog 1.6 -- * 
Nalidixic Acid 30 mog 1,9 -- * 

Polymyxin B 300 units 1.6 14 .0 
Varicanycin 30 moq 1.3 * 17 .0 

* data not relevant 

- data not yet established 
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5 . RDOCMMENDATICJi3S FOR EVALUATING ALZE FMTIVE 
DISC DIF'FIISIm TDCHI3IQtJFS 

5 .1 There is little question that the -currently recxitmended methods 

can be improved upon in a number of ways but. .the subcommittee .is concerned with 

the fact that modifications are often introduced without first adequately 

evaluatirig the effect of altering the test systan. For those investigators 

who wish to propose any modification the following guide lines are established 

to define the type of data that will be needed in order to determine whether 

the "new" method is acceptable . Without such data any deviation from the 

described techniques must be considered unsatisfactory. 

5.2 A series of recent clinical isolates must be tested by the proposed 

method in parallel with the currently reccmended technique, recording the 

observed zone diameters around all relevant antimicrobic discs. Far each agent 

the diameters observed on the two types of test plates can then be plotted 

against one another . and a regression analysis used to determine the degree of 

correlation. If a significant difference exists, the regression line may be 

used to suggest new interpretive standards for the-proposed method . The 

number of . tests necessary for statistically significant results is difficult 

to determine but appraximately 50 to 100 selected isolates would be needed, 

providing zone diameters, are evenly distributed and that there are no points 

along the line where excessive numbers of data points are accumulated . 

5.3 The accuracy of the disc diffusion method must be evaluated by a 

correlation between inhibitory zone diameters and minimal inhibitory concen- 

trations, (broth or agar dilution tests) . Selected strains obtained during the 

vanparative study described above (5.2) should be further tested by a broth or 

agar dilution technique in parallel with a repeated disc diffusion test. Strains 
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selected for such a study should include all strains with which the 

interpretation of the two disc diffusion techniques disagreed and all 

strains which gave intermediate zone sizes. In addition, a few strains 

which were susceptible by both methods and a few strains which were resistant 

by both disc methods should be tested by antibiotic dilution techniques . 

For each drug at least 50 organisms should be tested in this manner . 

5.4 The precision of the proposed diffusion methods must also be 

documented. On at least 50 different occasions the two control organisms 

described in 4 .9 should be tested by the currently reccmended technique 

and at the same time by the proposed method. . The resulting data then can be 

used to calculate and ccmpare the mean and standard deviation for zone 

diameters around each of the antimierobic agents tested . To be acceptable 

the proposed technique must be capable of producing a standard deviation no 

greater than that of the recommended procedure arid both should be well 

within the tolerance limits described item 4.9 . 



tent .-Std . - Disc Susceptibility Tests 
Page 25 

6 . KEC,`QNR4MATICTiTS FOR A NATIONAL REFERENCE CENTER 

It has become increasingly obvious that standardization can be abtained 

only when there is same sort of reference laboratory which will continually 

evaluate various reference materials such as media, stock cultures, anti-

microbial agents, etc . ; In addition, a central laboratory could provide an 

invaluable service by collectirigystoring and analyzing relevant data which 

have been collected in regional reference centers and by other acccmplished 

investigators . Finally, a national reference laboratory could undertake 

specific investigation,al studies to provide the information that is needed 

for the further development of standard methods and to study problems 

which arise when naa antimicrabial agents are developed. One central reference 

laboratory and four or five regional reference centers should be designated 

in order to obtain these goals . Such a national reference center must maintain 

close ccmmuiication with other agencies and professional organizations 

concerned with the general problem. 

This laboratory should function under the continuing guidance of a 

group of individuals designated through the cooperation of the NC,'CLS subcaTnittee 

on antimicrobial susceptibility testing, the FDA and the CDC . This group of 

selected individuals should meet with the central laboratory staff at regular 

intervals in order to develop the programs to be undertaken by the central 

reference laboratories and to evaluate relevance and priority of the prcblems 

to be assessed. This group should also systematically review additional data 

collected by the central reference laboratory and its reqional reference . 

laboratories . On the basis of these continuing studies this panel would prepare 

future technical and interpretative recannendations -to the NCCZS subcamattee 

and to the FDA. In this way it would be possible to systematically prepare 
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definitive standards when new antibiotics are introduced or other changes 

are indicated. 

The Food and Drug Administration has the legal responsibility for certi- 

fication of antibiotic impregnated discs . A national reference center which 

can consider questions that fall outside the responsibility of the FDA is 

essential) since FDA has no direct affiliations with clinical or public 

health laboratories . Obviously, such a center must work closely and 

collaboratively with FDA arid other agencies and professional organizations 

to derive the max3nnxn benefit and to avoid unnecessary duplication. 

The NCCII:S submamiittee on antimi.crobial susceptibility tests formally 

recaYmend that a national reference laboratory be established at the center 
r 

for Disease Control., Atlanta, Georgia working in collaboration with regional 

reference centers located in academically oriented medical centers. The 

regional reference centers should be headed by recognized authorities in the 

area of in vitro susceptibility testing. R-presentatives fram the Food and 
. t.f` . . . . . . 

Drug Administration National Center for Antibiotic Analysis and from other -, 

agencies and professional organizations concerned with susceptibility testing 

'Nshould be included in decision making . Certain members of the NCCLS subcom-

mittee an antimicrabic susceptibility testing shall serve in an advisory 

capacity to the national reference laboratory and in this way shall. be 

instrumental in conveying to the reference center the concerns of the subcom- 

g recammendati.ons to the NCGLS merdbership . Without such centra-mittee and br-in 

lized directed effort it will be difficult or impossible to maintain current , 

updated reccmrendat.ions within this canplicated multifaceted field . 


