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We describe the applicability of the E test (AB Biodisk Solna, Sweden), a new method for determining minimum inhibitory 
concentrations of antimicrobial agents against bacteria. This report is based on the literatura review and on our own 
experience using the E test for susceptibility testing of the Xanthomonas maltophilia, Streptococcus pneumoniae and 

Streptococcus viridans group against eight different drugs. 
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M 
easurement of the susceptibility of microorgan 

isms to antimicrobial agents is of great impor 

tance in the rational use of antimicrobial 

agents, in the evaluation of new drugs, and in epidemio­

logical studies. However, the resuJts of such measure­

ments are not an absolute value because they are influ­

enced sometimes markedJy, by the test conditions used. 

Differences in each factor such as inocu]um time, may ali 

affect the amount of anlimicrobial agent required to i n ­

hibit the organism ia vitro (7). Tbese factors make the 

standardization of susceptibility testing crucial. 

Antimicrobial susceptibility testing may be done by 

a variety of techniques. The most frequenlly used method 

in Brazil is disk diffusion (3, 12). This is a test yíelds a 

qualitaúve result, such as classification of the organisms 

as being either susceptible, intermediate or resistant. 
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A major advantage of this procedure is its flexibility 

in Lhe number and kind of antimicrobial agents that can be 

tested, and the easiness of setting up individual tests. lt is 

technically simple and requires carefuJ attention to de­

tails, leadiog to reproducible results. The deficiencies of 

the disk diffusion test are its non-quantitative interpreta­

tion and its inapplicability to many fastidious organisms 

and anaerobes. 

Other methods for susceptibility testing include: broth 

microdilutioo (13), agar dilution (13), and, more recently 

automated or mechanized susceptibility testing tecboiques 

( 10). Toe convenience afforded by tbe availability of dilu­

tion susceptibility testiog in broth microdilution trays has 

led the widespread use of microdilution methods in the 

Uniled States and other developed countries. 

Toe use of microdilution trays prepared in bouse 

aJlows simultaneous testing of severaJ antimicrobiaJ agents 

against individual orgaaisms and also provides a reliable 

standardized reference method for susceptibility testing. 

This method is well standardized by the national Commit­

tee for CliaicaJ Laboratory Standards (NCCLS) ( 13) in 

the United States. However, lhe work involved in prepar­

ing the trays and the substancial costs of purchasing lhe 

laboratory hardware for in-bouse preparation may detract 
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from the convenience of this method. DiJution testing by 

agar method is also standardized method and a reliable 

susceptibility testing technique that may be used as a ref­

erence for evaJuating the accuracy of other testing sys­

tems. Additionally, the simuJtaneous testing of severa( 

isolates is possible (usually 20 to 37) and microbial con­

tarnination or heterogeneity is more readily detected than 

broth methods. Toe major disadvantages of the agar dilu­

tion are the time-consuming and the labor-intensive tasks 

of preparing the plates and inocula, especially as Lhe num­

ber of different antimicrobial agents to be tested against 

each isolate increases. 

The suscepribility testing instruments now available 

offer different leveis of automation. Some instruments ooJy 

interpret growth endpoints whereas, others incubate broth 

microdilution trays or special cuvettes and perform serial 

or final interpretations of growth in the presence of anti­

microbiaJ agents. Current instruments utilize either the prin­

cipie of turbidity detection of bacterial growth in a liquid 

mediurn or detection of hydrolysis of a fluorogenic sub­

strate incorporated in a special liquid medium ( 10). Al­

though current microbiology instruments offer both p o ­
tential for improved intra- and interlaboratory reproduc­

ibility and significantly reduces the time required to per­

foan the tests, the accuracy of the results has been lower 
than that of manual reference systems, particularly if lhe 

instrument has a short incubation period. An incubation 

period of onJy 3 to S hours may not be adequate for ex­

pression of aU bacterial resistance mechanisms; e,g., in­

ducible B -lactarnase-mediated resistance among gram­

negative bacilli to some enzyme-labile symbol 66 \f "Sym­

bol" \<; l O -lactam antibiotics ( 1 O). The range of  drug dilu­

tion offered by these methods is usually very narrow. 

Toe E test is a new in vitro method developed to 

determine Lhe minimum inhibitory concentration (MIC in 

symbol 117 \f "Symbol" \<; 1 O g/rnl) of individual anti mi­

crobial agents on agar medium (4). The E test overcomes 
some disadvantages of disk diffusion and broth dilutión 

procedures. Additionally, it is able to retain some of the 

favorable principies of agar dilution testing by simply pro­

ducing quantitative MICs. 

Toe E test consists of a thin reagent strip that carries 

a continuous concentration gradienr of stabiJized and dried 

drug (figure 1 ). The gradient range is equivalent to IS 
log2 dilutions by a conventional reference MIC procedure 

(13). Toe E test then uses the principie of agar diffusion 

to perforrn quaotitative testing (4). ln order to determine 

an MIC with the E test, the surface of an agar plate is 

swab inoculated with an adjusted bacterial suspension in 

the sarne manner as a disk diffusion test. One or more E 

test strips for the antimicrobiaJ agents to be tested are then 

placed on the inoculatated agar surface. 
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After an ovemighc incubation, the interaction of the 

antimicrobial agent gradient and the test bacterial inocu­

lum gives rise to elliptical inhibitory zones (figure 1 ). 

Figure 1-Photograph of a 15 centimeter long Mueller-Hinton 
plate with tive E tests strips (ciprofloxacin, ceftazidime, 
piperacillin, tircacillin/clavulanic acid and trimethroprim/ 
sulfamethoxazole. The microrganism being tested was 
Xanthoma maltophilia. 

The results are read in the intersection of Lhe ellipse 

with a MIC scale on the strip (figure 2). 

Figure 2-The intersection of the inhibition zone with the strip 
showing the MIC (0.19 symbol 117 \f "Symbol" \s 1 O g/ml) 
of a Xanthoma maltophilia strain for trimethroprim/ 
sulfamethoxazole. 

The E test is of particular interest to the clinicai 

laboratory because it allows the determination of the sus­

ceptibility (MIC) of an organism to one or more selected 
antibiotics rather than to a predeterrnined panei of antimi­

crobial agents. Since October l99 l ,  when it was released 

by the Food and Drugs Administration (FDA) for use in 

the United States. the E test has been evaluated in severa! 

clinicai studies (2, 5,11,14). 
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It has shown to be particularly usefuJ for testing 
fastidious and unusual bacteria that can not be easily tested 
by more traditional methods. e.g.. Streptococcus 
penumoniae, Hemophilus influenzae, Neisseria 
gonorrhoeae and anaerobic bacteria (8, 9). 

ln the study of Jorgensen et ai, lOO Streptococcus 
penumoniae and 50 Hemophilus in.fluenzae that demon­
strated various resistance mechani_sms and leveis of anti­
microbial suscetibility were examined by E tests perfonned 
on agar media currently recommended by lhe NCCLS 
(HTM and Muller-Hinton sheep blood agars, respectively). 
Toe E test MICs for a totaJ of I O anti microbial agents 
were compared with broth microdilution MICs which were 
determined by following NCCLS recommendations. ln 
general. E test MICs. for both species were quickly and 
easily interpreted and agreed within one log2 MIC incre­
ment in 89% of tests with Hemophilus influenzae and in 
80% of pneumococcaJ tests. OnJy 0.7% of the tests have 
had major errors. Toe majority of disagreements occurred 
with rrimethoprim/sulfamelhoxazole. Therefore, the E test 
was found to be a reliable alternative method for lhe de­
terrnination of MJCs of tbese two faslidious bacterial 
strains. The E test was also compared with agar dilution 
using other fastidious and resistam bacterial ( 15). Toe E 
test showed a quantitative accuracy (+- 2 log 2 dilutions) 
of 99% for N gonorrheae aod 95% for Enterococcus spp. 

Baker et ai ( 1) of the USA Centers for Disease Con­
trol compared lhe E test with disk diffusion, broth 
microdilution. and agar dHution teses by using a challenge 
sct of 195 gram-positive and gram-negative bacteria for 
14 antimicrobial agents, and the E test agreement was 
greater than 95%. The E test would be panicularly useful 
in cases for which an MIC of penicillin is required for 
suspected penicillin-resistam pneumococci, for determin­
ing lhe levei of oxacillin resistance in staphylococci, and 
for measuring the MICs of ampicillin and vancomycin for 
Enterococcus faecium isolares from severe infections. 

We have used the E test for suscetibility resting eight 
Xanthomas maltophilia isolated from an outbreak in 
hemodialysis center in São Paulo. W e  tesred thc 
suscetibility for ciprofloxacin, ceftazidime, piperacillin, 
ticarcillin/clavulanic acid and trimethorpim/ 
sulfamehtoxazole on a Muller-Hinton agar plate (figure 
l).The E test inhibition ellipses were clearly demarcated. 
and the points of intersection of the zone edge with the 
strips were generally easy to interpret (figure 2). 

We have also used the E test for suscetibility testing 
of S pneumoniae and resistant viridans group Strept0coc­
cus isolates to penicillin: chloramphenicol, ciprotloxacin, 
erythromycio, trimetbroprim/sulfamethoxazole by using 
blood agar plates. We  did not have any problems for in­
terpreting the results. 
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CONCLUSIONS 

The E test represents a new innovative approach for 
the determination of antimicrobial suscetibility which is 
potentially applicable to a wide array of drugs and micro­
organisms. Like the agar disk diffusion method. the E test 
is easy to execute. Nonetheless. the E test goes one step 
further by providing quantitative wide-range MICs in a 
simple and easily reproducible maoner. 

The E test approach may be weU suited for the test­
ing of certain fastidious bacteria or bacteria that is diffi­
cult to rest. Further studies are required to fully explore 
the potential of lhe new method employed in antimicro­
biaJ suscetibility testing. 

Acnowledgements: The authors are grateful to Dr. 
Ronald N. fones from lhe Anti-lnfectives Research Cen­
ter, University of Iowa, USA, for reviewing this manu­
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REFERENCES 

1. BAKER. C.N.: STOKER. S.A.: CULVER. D.H. & 
THORNSBERRY. C. - Comparison of the E test to agar 
dilution, broth microdilution. and agar diffusion susccptibility 
testing thecniques by using a special challange set of bacteria. 
J Clin Microbiol, 29: 533-538, 1991. 

2. BAKER, C.N. - The E test and Carnpylobacter jejuni. Diagn 
Microbiol Inf Ois, 15: 469-4 72, 1992. 

3. BAUER. A.W.; KIRBY W.M.M.:SHERRIS, J.C. & TURK. 
M. - Amibiotic susceptibiliry testing by a standardized single 
disk method. Am J Clio Pathol, 45: 493-496. 1966. 

4. BOLMSTROM, A.; ARVIDSON, S.: ERICSSON, M. & 
KARJSSON. A.-A novel technique fordirect quantification of 
antimicrobial susceptibility of microorganisms (abst 1209). 
Los Angeles ICAAC, 1988. 

5. BROWN, D.F.J. -Toe E test chalJenged with selected strains. 
Diag Microbiol lnf Dis, 15: 465-468. 1992. 

6. CITRON, D.M.; OSTOVARI. M.I.; KARISSON, A. & 
GOLDSTEIN. E.J.C. - Evaluation of E test for susccptibility 
tcsling of anaerobic bacteria. J Clin Microbiol, 29: 2197-
2203, 1991. 

7. ERICSSON. M.H.: SHERRIS, J.C., ed. Antibiotic sensititity 
testing. A repon of an international collaborative study. Acta 
Pathol Microbiol Scand B (Suppl 217): 1-90. 1971. 

8. JACOBS. M.R.: BAJAKSOUZIAN, S.; APPELBAUM, P.C. 
& BOLMOSTROM, A. - Evaluation of the E test for suscep­
tibility testing of Pneumococci. Diag Microbiol lnf Ois, 15: 
473-478, 1992. 

9. JORGENSEN. J.H.; HOWELL, A.W. & MAHER, L.A. -
Quantitalive antirnicrobiol susceptibi I ity testing of Haemophilus 
influenza and Streptococcus pneumoniae by using the E test. J 
Clin Microbiol, 29: 109-114, 1991. 

637 

1, 



10. JORGENSEN, J.H. - Antibacterial susceptibility tests: auto­
mated or instrument-based methods. ln BALLOWS, A.; 
HAUSLER, W.J.Jr.; HERRMANN, K.L.; ISENBERG, H.D.; 
SHADOMY, H.J. (ed). Manual of Clinicai Microbiology, 5th 

Ed. American Society for Microbiology, Washington, D.C., p. 
1166-1172, 1991. 

11. KNAPP, C.C. & WASHINGTON, J.A. - Comparison of the E 
test and microdilulion for detection of 8-lactam-resistant mu­
tants lhat are stably derepressed for type I B-lactamase. J Clin 
Microbiol, 30: 214:215, 1992. 

12. National Committee for Clinicai Laboratory Standards 
(NCCLS). Performance standards for antimicrobial clisk diffu­
sion test standard. M2-T4, 2nd ed. Nacional Committee for 
Clinicai Laboratory Stalldards. Villanova, PA, 1990. 

13. National Committee for Clinica] Laboratory Standards: Stan­

dards methods for dilution anti microbial susceptibility test for 
bacteria that grow aerobicaly, Standard, M7-A2, 2nd ed. Na­
cional Committe for Clinicai Laboratory Standars, Villanova, 
PA, 1990. 

14. RAUTELIN, H.; RENKONEN, T & RENKONEN, O.V. -
Evaluacion in testing susceptibility of Pseudomonas aeruginosa 
to tobramycin. Eur J Clin Microbiol lnf Did, 11: 177-180, 

1992. 
15. SANCHEZ,M.L.;BARRET,M.S.&JONES,R.N.- TheEtest 

applied to susceptibility tests ofGonococci. multiply-resistant 
Enterococci, and Enterobacteriaceae producing potent B­

lactamases. Diagn Microbiol Infect Dis, 15: 459-463. 1992. 

RESUMO 

Descrevemos a aplicabilidade do E test (AB Biodisk, Solna, Suécia), um novo método para a determinação 
das concentrações inibitórias mínimas de agentes antimicrobianos contra bactérias. Apresentamos uma revisão da 
literatura e nossa experiência na utilização do E test na determinação da suscetibilidade de Xanthomonas maltophilia, 
Streptococcus viridlans contra oito diferentes drogas. 
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