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Bakground: In recent years, knowledge of bacterial resistance to antimicobials has expanded in
important ways. Availability of an increasing number of antibiotics allows more precise
individualization of resistance phenotypes and recording susceptibility results as patterns or
phenotypes is valuable for both surveillance and patient care. If the patterns of resistance to panels
of related antimicrobials are considered the underlying mechanisms can often be inferred. And the
inferred mechanisms make the clinician to be advised to use alternative treatment. Interpretation of
resistance phenotypes is based on the comparison of clinical isolates with prototype susceptible
bacteria belonging to the same species. But interpretative reading of antimicrobial susceptibility
tests requires an immense knowledge of antibiotics. Such interpretative reading is best achieved by
computerized expert systems.

Methods: The authors attempt to determine phenotypes for the clinically isolated strains for each
class of drugs tested by the Vitek 2 systemTM(bioMerieux, Marcy I Etoile, France) using the
Advanced Expert System™(AES, bioMerieux, Marcy I’ Etoile, France). A total of 91, 107, 89, 65, 251,
113, 47, 33, 23, 122 and 110 isolates of Staphylococcus aureus, coagulase negative staphylococci,
Enterococcus faecalis, Enterococcus facium, Escherichia coli, Klebsiella pneumoniae, Serratia marcescens,
Enterobacter cloacae, Enterobacter aerogenes, Pseudomonas aeruginosae and Acinetobacter baumannii,
were examined respectively.

Results: Biological correction based on the phenotype was recommended from 2.2% of E.
faecalis to 46.8% of S. marcescens and therapeutic correction, from 7.3% of A. baumannii to 60.9% of
E. aerogenes. A total of 25, 26, 18, 19, 22, 22, 15, 15, 17, 19, 19 phenotypes of S. aureus, coagulase
negative staphylococci, E. faecalis, E. facium, E. coli, K. pneumoniae, S. marcescens, E. cloacae, E.
aerogenes, P. aeruginosa and A. baumannii, were detected respectively. Association of resistance
mechanism from S. aureus, coagulase negative staphylococci, E. coli, K. pneumoniae, S. marcescens,
show 10, 11, 6, 4 and 3 pairs from resistant phenotypes, respectively.
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Conclusion: Vitek AES potentially provides a tool to assist the development of antimicrobial
susceptibility interpretation in the clinical microbiology laboratory. The inferred mechanisms make
the clinician to be advised to use alternative treatment.

(Korean J Clin Microbiol 2002;5(2):84-96)

Key words : antimicrobial susceptibility tests, phenotypes, interpretive reading, Advanced Expert
System™(AES, bioMerieux, Marcy I' Etoile, France)
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Table 1. Composition of antimicrobial susceptibility cards
Staphylococci Enterococci Enterobacteriaceae Nonfermenters
AST-P523 AST-P524 AST-NO17 AST-N022
(product 21015) (product 21016) (product 22023) (product 21020)
Beta-lactamase beta-lactamase amikacin amikacin
Benzylpenicllin ampicillin amoxillin/clavulanic acid aztreonam
Clindamycin ampicillin/sulbactam ampicillin cefepime
Erythromycin benzyl penicllin cefalotin cefpirome
Fosfomycin cefuroxime cefotaxime ceftazidime
Fusidic acid cefuroxime axetil cefoxitin ciprofloxacin
Gentamicin cirpofloxacin ceftazidime colistin
Kanamycin clindamycin ciprofloxacin gentamicin
Lincomycin erythromycin gentamicin imipenem
Minocycline gentamicin(high level) imipenem isepamicin
Nitrofurantoin imipenem nalidixic acid meropenem
Norfloxacin kanamycin(high level) netilmicin netilmicin
Ofloxacin levofloxacin ntirofurantoin pefloxacin
Oxacillin screen nitrofurantoin norfloxacin piperacillin
Oxacillin norfloxacin ofloxacin pipercillin/tazobactam
MIC NCCLS 99 pipercillin/tazobactam ticarcillin
Pristinamycin ofloxacin ticarcillin ticarcillin/clavulanic acid
Rifampicin quinupristin/dalfopristin ticarcillin/ clavulanic acid tobramycin
Teicoplanin streptomycin(high level) trimethoprim/ trimethoprim/
Tetracycline teicoplanin sulfamethoxazole sulfamethoxazole
Tobramycin teteracycline
Trimethoprim/ trimethoprim/
sulfamethoxazole sulfamethoxazole
Vancomycin vancomycin

Table 2. Numbers of organisms, biological corrections, therapeutical corrections and inconsistence between identification and

susceptibility tests

Organisms No. Biological correction Therapeutic correction Inconsistence
Staphylococcus aureus 91 12(13.2)* 20(22.0) I(1.1)
Coagulase - staphylococci 107 19(17.8) 32(30.0) 4(3.7)
Enterococcus faecalis 89 2( 2.2) 51(57.3) 0
Enterococcus facium 65 4( 6.2) 15(23.1) 2(3.1)
Escherichia coli 251 19( 7.6) 110(43.8) 0
Klebsiella pneumoniae 113 6( 5.3) 48(42.5) 1(0.9)
Serratia marcescens 47 22(46.8) 28(59.6) 0
Enterobacter cloacae 33 3( 9.0) 14(42.4) 0
Enterobacter aerogenes 23 8(34.8) 14(60.9) 0
Pseudomonas aeruginosa 122 13(10.7) 48(39.3) 3(2.5)
Acinetobacter baumannii 110 5( 4.5) 8(7.3) 1(0.9)
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Table 4. Various antibiotic phenotypes for Staphylococcus aureus and coagulase negative Staphylococcus

Antibiotics Resistant mechanism Number(%)

S. aureus CNS*
(N=190) (N=103)

Beta-lactam acquired penicillinase 32(35.6) 28(27.2)
modification of PBP' 55(61.1) 72(69.9)

wild 4( 44) 3( 2.9)

Aminoglycosides heterogenous(APH(2' " )* + AAC(6 )) 69(76.7) 86(83.5)
wild 21(23.3) 18(17.5)

Furanes wild 90(100) 103(100)
Macrolides/Lincosamides MLSB constitutive 45(50.0) 54(52.4)
/Streptogramin MLSB inducible 10(11.1) 1( 1.0)
MLSB inducible or other 17(16.5)

wild 35(38.9) 33(32.0)

Quinolones resistant 46(51.1) 38(36.9)
wild 44(48.9) 65(63.1)

Glycopeptides GISA! 3( 3.3) -
GISS" - 3(29)

wild 87(96.7) 100(97.1)

Tetracyclines partially resistant(Efflux Tet K) 25(27.8) 74(71.8)
resistant - 2(19)

target modification(Tet M) 28(31.1) 2( 1.9)

wild 39(43.3) 53(51.5)

Trimethoprim resistant 31(34.4) 42(40.8)
/sulfamethoxazole wild 60(66.7) 72(69.9)
Fusidic acid resistant 16(17.8) 74(71.8)
wild 74(82.2) 34(33.0)

Fosfomycin resistant 12(13.3) 54(52.4)
wild 85(94 .4) 63(61.2)

Rifamycines resistant 7( 7.8) 34(33.0)
wild 83(92.2) 51(68.0)

* . coagulase negative Staphylococcus, 1 : penicillin-binding protein, ¥ : aminoglycoside phosphotransferase, §: aminoglycoside

acetyltransferase, | : glycopeptide intermediate Staphylococcus aureus, §: glycopeptide intermediate staphylococci species

< AEto| e s WA E o] 3457(382%), 2~EF
Ento]ld sk WA ol 457(4.5%), ~EF Enfo] Al
7} ZlEpeol Ao W3 1EE WAd & o] 275(30.3%), of
/\ﬁfﬂﬁ 243 (27.0%)S3 =1 ]3] E. faecium 2 g} n}o] 2l
T WA &l 1157(17.5%), ~E R Ente] 413} 7l efa}
]*Joﬂ We 1% WA ol 48F(76.2%), ok & 2 55
(7.9%)°] Q1 T}. E. faecium Van A WA & o] 33(4.8%),
Van B A & o] 85(12.7%)2} oA & & 523(82.5%) =2
el =), E. faecaliss= V an B YA 3 o] 15(1.1%), ©F
A& 885(98.6%) 7 == 1 tH(Table 6).
AU A 2] We-E A FAlo g 8P 15F9]
ZAE =, TS 53 dyadd TOHE’W&O]
1255(49.8%)°] AL =9k, K. pneumoniae2 ¥ YA

2l Baj) &4 oFA & o] 793(70.5%), S. marcescens= ESBL
WA B 34F7(723%), 1T NB2 22U I E
9L 347(723%)°] 247+ AL =kt ofr| =2 e AL
ol=A kA e TP L AT K. pneumoniae
ok & o] z+z} 1675(66.5%) 2} 905(80.4%) = 7+ =7
gk ot} S, marcescensS o] A A (2+AAC(6 ))WHA & o]
25F(59.6%) % 717 =k tH(Table 7).
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Table 5. Association of resistance mechanisms of Staphylococcus aureus(N=90) and coagluase-negative staphylococcus(N=103)

Association of resistance mechanisms

Staphylococcus aureus

coagluase-negative staphylococcus

B-lactam : modification of PBP*
MLSB' : MLSB constitutuve

B-lactam : modification of PBP
AG' : heterogeneous(APH(2" )+AAC(6' ))

B-lactam : modification of PBP
Tetra’ : partially R(Efflux TET K)

B-lactam : modification of PBP
Quinolone : resistant

B-lactam : modification of PBP
Tetra : target modification(TET M)

AG : heterogeneous(APH(2" )+AAC(6' ))
B-lactam : acquired penicillinase

B-lactam : modification of PBP
MLSB : MLSB inducible

B-lactam : modification of PBP
Quinolone : wild

B-lactam : wild
AG : heterogeneous(APH(2" )+AAC(6' ))

B-lactam : modification of PBP
Glycopeptides : GISA'
B-lactam : modification of PBP
Glycopeptides : GISS'
B-lactam : modification of PBP

Tetracycline : resistant

MLSB : MLSB inducible or other
B-lactam : modification of PBP

45(50.0)%+ 3(41.7)
51(56.7) 62(60.2)
21(23.3) 43(41.7)
29(32.2) 41(39.8)
25(27.8) 2(1.9)
12(13.3) 15(14.6)
3(3.3) -
21(23.3) 26(25.2)
2(22) 1(1.0)
3(3.3) -
3(2.9)
1(1.0)
8(7.8)

* : penicillin-binding protein, T : Macrolides/Lincosamides /Streptogramin, ¥ : aminoglycoside, §: tettracyclines,

(04%)= 7} wrokt}. K. pneumoniaedl] 1ol A WA 71 A
o Ae %4 FHIF ek, g Be AL ek
ket oFAl o] o 8 ESBL U4 & ¥} ofn] w22 mAte]
=7 <palel] i@ o] A4 (+AACE N Fe] Ao
2A 115709.8%)7F 7+ =3kan, vl ep-2tehAl kA o o
g ESBL¥} o}nl el mAtol =7 <A o
(AAC(6' DU E 3 Aol 35:2.7%) = 71 F Rt
S. marcescensol] glol A WA A9 A & 3E2FH b
e, b Be AL e oA el o
ESBL3} ofv] = 22] stAbo] =7 okl o] o g o] 44
(+AACE NI & o] 3o 2 A 305(63.8%)S] 3L, M
b7 oFAl o gk ESBL W4 & 3t ot =2 2] AL
o= A kAl thek ok ] Ajte] 1F:Q2.1%) = 71

| : glycopeptide intermediate Staphylococci aureus, 9] : glycopeptide intermediate staphylococci species, **: %

29k t}(Table 8).
P. aeruginosa 11952} A. baumannii 109529 83 &
A HH, o] 5 el Ald e Ao ek TP

107H o]l 2.m, P. aeruginosaz} 671, A. baumannii 57 =
=3 e R is YAE L A esns S8
E AL gl T} P. aeruginosae ok & o] 4735(39.5%) =
744 =9k o}, A baumannii= o] m = o o g 1A E
93(8.3%) 2 A< std U A 370& 30 - 40%= =A
By}, ofml w2 FAFol =4 kAol thal A e P
aeruginosa®} A. baumanniie] (GEN NET AMI TOB R)u|
q3 o] 2}7} 363(30.3%) 9} 48F(44.0%) 2 =A) EMSE
t}(Table 9).
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Table 6. Various antibiotic phenotypes for Enterococcus faecalis(N=89 strains) and Enterococcus faecium(N=63 strains)

Antibiotics Resistant mechanism Number(%)
E. faecalis E. faecium

(N=89) (N=63)
Beta-lactam acquired penicillinase 5(5.6) 9(14.3)
resistant(PBP* ) 5(5.6) 52(82.5)
wild 80(89.9) 2(3.2)
Aminoglycosides resistant (HLR ' gentamicin) 34(38.2) 11(17.5)
resistant (HLR streptomycin) 4(4.5) 28(76.2)

resistant (HLR streptomycin 27(30.3) -

+ gentamicin)

wild 24(27.0) 5(7.9)
Furanes resistant 4(4.5) 60(95.2)
wild 86(95.5) 11(19.0)
Macrolides/Lincosamides resistant 63(70.8) 52(82.5)
/Streptogramin wild 28(31.5) 31(49.2)
Quinolones resistant 27(30.3) 53(84.1)
wild 62(69.7) 10(15.9)
Glycopeptides van A - 3(4.8)
van B 1(1.1) 8(12.7)
wild 88(98.9) 52(82.5)
Tetracyclines resistant 77(86.5) 18(28.6)
wild 12(13.5) 45(71.4)
Trimethoprim resistant 9(10.1) 54(85.7)
/sulfamethoxazole wild 80(89.9) 9(14.3)

*: penicillin-binding protein, T : high level resistant.
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Table. 7. Various antibiotic phenotypes for Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, Enterobacter

aerogenes and Enterobacter cloacae(continued)

Antibiotics Resistant mechanism Number of isolates(%)
E. coli K. pneumoniae S. marcescens
Enterobacter *
(N=251) (N=112) (N=47)
Furanes resistant 83(33.1) 81(72.3) - 7/11(30.4/33.3)
wild 196(78.1) 102(92.9) - 9/9(39.1/27.3)
Quinolones partially resistant 23(9.2) 23(20.5) 23(48.9) 12/8(52.2/24.2)
resistant 75(29.9) 36(32.1) 40(85.1) 6/6(26.1/18.2)
resistant Quin-1 25(10.0) 5(4.5) 7(14.9) 8/17(34.8/51.5)
wild 138(55.0) 56(50.0) 7(14.9) 8/24(34.8/72.7)
Polypeptides resistant - - - 1/0(4.3/0)
wild 33(13.1) - 42(89.4) 12/20(52.2/60.6)
Trimethoprim resistant 94(37.5) 30(26.8) 7(14.9) 9/11(39.1/33.3)
wild 148(59.0) 82(73.2) 40(85.1) 14/22(60.9/66.7)

*; Enterobacter aerogenes/Enterobacter cloacae.
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Table 8. Association of resistance mechanisms of E. coli(N=251), Klebsiella pneumoniae(N=112) and Serratia

marcescens(N=47)

Association of resistance mechanisms E. coli Klebsiella pneumoniae Serratia marcescens
B-lactam : ESBL*+ impermeability 72.8)* 4(3.6) -

AG' : heterogeneous( ? +AAC(6 )Y)

B-lactam : ESBL+ impermeability 4(1.6) - -

AG : resistant(AAC(6' ))

B-lactam : ESBL 5(2.0) 11(9.8) 30(63.8)
AG : heterogeneous( ? +AAC(6 ))

B-lactam : ESBL 5(2.0) - 1(2.1)
AG : wild

B-lactam : ESBL + impermeability 10(4.0) 4(3.6) -

AG : wild

B-lactam : ESBL 1(0.4) 3(2.7) -

AG : resistant(AAC(6' ))

B-lactam : ESBL - - 1(2.1)

AG : resistant(AAC(3" )-1I)

* : extened spectrum S-lactamase, T : aminoglycoside, ¥ : %, §: aminoglycoside acetyltransferase
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Table 9. Various antibiotic phenotypes for Pseudomonas aeruginosa and Acinetobacter baumannii

Antibiotics Resistant mechanism Number(%)
P. aeruginosa A. baumannii
(N=119) (N=109)
Beta-lactam acquired penicillinase 17(14.3) 49(45.0)
acquired penicillinase + resistant IMI* 8(6.7) -
carbapenemase - 47(43.1)
high-level resistance 2924 .4) -
high-level resistance + resistant IMI 21(17.6) -
resistant(beta-lactamase-) - 58(53.2)
resistant carbapenems(impermeability) 5(4.2) -
resistant imipenem - 9(8.3)
wild 47(39.5) -
wild(cephalosporinase) - 37(33.9)
Aminoglycosides resistant (GEN NET AMI R) 13(10.9) 2(1.8)
resistant (GEN NET AMI TOB R) t 36(30.3) 48(44.0)
resistant (GEN NET R) 10(8.4) 1(0.9)
resistant (GEN R) 5(4.2) 2(1.8)
resistant (TOB GEN NET R) 10(8.4) 30(27.5)
resistant (TOB GEN R) 2(1.7) 4(3.7)
resistant (TOB NET AMI R) 2(1.7) 3(2.8)
wild 51(42.9) 32(29.4)
Quinolones resistant 64(53.8) 69(63.3)
wild 61(51.3) 43(394)
Polypeptides wild 119(100) 96(88.1)
Trimethoprim resistant - 68(62.4)
/sulfamethoxazole wild 119(100) 43(39.4)

* : imipenem, T : gentamicin, netilmicin, amikacin, toramycin resistant
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