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Automated reading of a microtitre plate: preliminary
evaluation in antimicrobial susceptibility tests and
Enterobacteriaceae identification
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SUMMARY An automated microELISA Reader was evaluated for its ability to read and interpret
microtitre plates. A total of 309 microtitre plates were investigated by automated and visual
methods. There was disagreement between the methods in one hundred and twelve (0 6%) wells.
However agreements between the two methods for susceptibility tests and Enterobacteriaceae
identification were respectively 98-8% and 89- 3%.

Multiwelled plastic trays are used routinely for the
determination of minimum inhibitory concentration
(MIC) and bacterial identification. The micro-
dilution technique is an accurate and reliable method
as compared with a standard reference technique for
antimicrobial susceptibility tests2 8 11 12 13 15 and
Enterobacteriaceae identification.479 1017 However
significant errors can occur in the reading and
interpretation of microtitre plates and affect the
precision of microdilution tests:2 faint haze or small
button of growth, identification of the wells with drugs
or biochemical characters, transcription errors of
laboratory data. An automated system may avoid
these difficulties. Recently a manufacturer proposed
an automated instrument to read and interpret
microtitre plates.6 We describe another type of
system that allows reading of the microplates and
computerisation of the results. This system will be
further incorporated in our previously described

5microcomputer system.

Material and methods

STRAINS TESTED
Three hundred and nine strains of Enterobacteriaceae
were recently clinically isolated and were tested in
this study.

MEDIA
Mueller-Hinton broth (Difco Laboratories, Detroit,
Mi) was used for antimicrobial susceptibility studies.
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Enterobacteriaceae strains were identified with MIC
2000 Enteric Media (Dynatech Laboratories,
Alexandria, Va).

ANTIMICROBIAL AGENTS
The different antimicrobial agents were provided by
pharmaceutical firms. The antibiotics and the MIC
break-point values which are used were

Antimicrobial agent (pg/ml) Abbreviation

Ampicillin 4- 16 AMP
Cephalotin 8- 32 CTN
Cefamandol 8- 32 CFM
Cefuroxim 8- 32 CXM
Moxalactam 18- 24 MOX
Gentamycin 4- 16 GEN
Tobramycin 4- 16 TOB
Netilmicin 4- 16 NET
Doxycyclin 4- 16 DOT
Colistin 2 COL
Ticarcillin 128 T-IC
Cefoxitin 8- 32 CXT
Cefotaxim 8- 32 CTX
Mezlocillin 64-256 MEC
Kanamycin 8- 32 KAN
Sisomicin 4- 16 SIS
Dibekacin 4- 16 DKB
Amikacin 8- 20 AKN
Thiamphenicol 8- 32 THI
Fosfomycin 32 FOS

None of these antimicrobial solutions was sterilised
after preparation and there was no bacterial
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contamination. All of the buffers, weighing vials and
plastic containers for the solutions were sterile.
Antimicrobial susceptibility dilution tests were
performed according to the recommendations of the
National Committee for Clinical Laboratory
Standards. 16

EQUIPMENT
The automated system consisted of a microELISA
Reader MR-580 (Dynatech Laboratories) connected
on-line with an Apple II Plus Microcomputer (Apple
Computer Inc, Cupertino, Ca) equipped with RS-232
C computer interface (Leanord, Haubourdin,
France). The test wavelength of the reader was equal
to 570 nm and the threshold to 1 10. U-bottom
microtitre plates (Dynatech Laboratories) were
prepared and inoculated with a MIC 2000 System
(Dynatech Laboratories), as described' '4 and used
according to the manufacturer's instructions.

PROCEDURES
The computerised data system was developed for the
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needs of the laboratory and the application programs
were written in BASIC Applesoft by the authors. The
wavelength and the interpretation thresholds were
selected after preliminary tests. The 230 most
frequent numerical codes of 21 Enterobacteriaceae
species were loaded in the microcomputer memory
eliminating the need for a manual codebook. Other
numerical codes could be further added in the
program but the small capacity microcomputer core
will always limit the quantity of numerical codes.

Microtitre plates were read after 15 to 18 hours of
incubation at 37°C. Readings were taken within 45
min of the addition of the chemical reagents. The
blanking was automatic against sterile distilled water
contained in the first well. All numerical data were
transferred from the reader to the microcomputer
which separated them into a plus and minus form.
However, results of three biochemical parameters
(acetoine production, indole production, 3-galac-
tosidase) were typed on the keyboard by the tech-
nician because the colours of these reactions did not
coincide with the test wavelength. The result

PLAGQUE t63. 1. P

CQD- DU GERMIE '5205560 ESPECE IDENTIFIEE E. COLI

** ANTIBIOGRAMME MRRESPONDANT **

AMPIS (C.M(- 4) CTN:S (CMI(- 8) CXT:S (CMI(- 9)
CFM#S (CMI(= 8) CTX:S (CMI(- 8) CXItS CCII(a 9)
"ECIS (CMI(- 64) MOX'S (Ct1I(- 18) KANSS (CPII(- 9)
GI-N'S (CMI(- 4) TOBsS (CMI(- 4) AKN'S (CltI(s 9)
SISSS (CMI(< 4) DKBsS (CMI(- 4) NETIS (CMI(i< 4)
DOT:S (CfMI(<- 4) THIIR (CMI) 8) TIC'S (CPII(i< 123)
CCOLS (CtI'I(- 2) FOSSS (CMI(- 32)
Fig. 1 Example ofprintout with complete bacterial identification and susceptibility
tests.

*LAQUE '24. 9

ONP I +
ARG * +
CIT I +
IND * -
LAC I +
RAF * +
!NO I -

H2S
ORN
MAL
V. P
SAC
RHA
ADO

- LYS +
+ URE a-
* TDA *-
+ DEX *+
+ ARA I+
+ SOR I+

OxY IV-

CODE DlJ GERME :533677 ESPECE IDENTIFIEE MON REPERTORIEE 3 VOIR CATAL

6. ANTIBIOORAMME CORRESPbNDANT **

AM.PtS (CII(W 4) CTNtR (CMI) 8) CXTuR (CMI) 8)
.MaS (C(MI(- 8) CTXtS (CMI (a 8) CXMIS (CMI (- 8)
!!ECgS (CMI(u 64) MOXUS (CMI(- 18) KANIS (CMI(- 8)
3EN3S (CMI(- 4) TOBIS (CMI(m() AKNIS (Cll (a 8)
5ISsS (CMI(- 4) DKDIS (CMI(a 4, NET'S (CMI(- 4)
DCTtS (CMI(a 4) TMllER (CMl) 9) TICIS (CMI(n 128)
OL:CS (C.MI"( 2) FOSIS (C)'I(m 32)

Fig. 2 Example ofprintout without bacterial identification: biochemical results and
numerical code only are printed.
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Microtitre plate-computerisation-identification-sensitivity testing

appeared on the cathode ray tube and was
simultaneously printed. Figure 1 represents a printed
report which gives the record number of the
specimen, the numerical code and the identification
of the micro-organism, and the different
susceptibilities to the antimicrobial agents. The
second printed report ticket (Fig. 2) differs from the
first one: the results of 21 biochemical reagents are
printed as the numerical code. In this case the
identification of the micro-organism does not appear
because the numerical code is not programmed and
must be compared manually to those reported in the
analytical codebook.
The system automatically determined the

identification and the susceptibility tests and
delivered a printed report in about two minutes. The
reading of the microtitre plate and the transmission of
the data from the reader to the microcomputer
respectively required 1- 25 minute and 13 seconds; the
results of the three biochemicals were typed in about
10 seconds; the computerisation time ranged from 3
to 4 seconds; the result was printed in 7 seconds.

All microtitre plates were interpreted by a single
observer with a standard viewer. The visual reading
was considered as the reference method. To exclude
bias automatic and visual readings were performed at
random.

Results

A total of 309 microplates were inoculated with 309
Enterobacteriaceae and were independently read with
the MicroELISA Reader and a standard viewer.
Each microdilution tray contained 20 biochemical
reagents and 20 drugs. Consequently, tests with the
309 strains generated 17 613 wells with 6180
biochemical characters and 11 433 wells representing
6180 different antimicrobial tests.
Of the results obtained with the automated reader,

112 (0 6%) wells disagreed with the visual method.
With biochemicals reagents discrepancies were
observed with 37 (0- 6%) wells giving 33 (10- 7%)
misidentifications.

Seventy-five (0- 6%) of 11 433 susceptibility tests
disagreed with the visual reading. Consequently 75
(1 2%) susceptibility test results differed with the
reference reading. The existence of air bubbles or
dust on the bottom of the well was respectively
observed in 19 cases (0 2%) and seven cases (0 06%).

Discussion

Barry and Braun3 reported that the examination of
25 022 MICs gave a discrepancy of 5-2% when
measured by two visual readings. This error rate was
considered satisfactory by the latter for tests on serial

twofold dilutions. Automation and mechanisation of
the reading process would help the difficult task of
defining certain endpoints. With an automated
reader, Ellner and Myers6 obtained an agreement
equal to 90-0% between machine and visual bacterial
identification.
Our results show that the automated reader and the

software developed by the authors are highly reliable
when compared to visual reading. Although the
accuracy of susceptibility tests is excellent (98- 8%),
the error rate of misidentifications (10-7%) demands
improvements in the selection of interpretation
thresholds. However, this disagreement is close to
that found by Ellner and Myers.6 The most frequent
biochemical reagents with discrepancies were
carbohydrates (10 cases) and Moeller's medium (12
cases). These discrepancies may be explained either
by a lack of clear cut reaction4 or by the reading of the
microtitre plate with a single wavelength. The use of
the sample filters of the microELISA Reader (five
filters) may allow better discrimination of the colour
reactions. Thus the typing of three biochemical
results on the keyboard should not be necessary
because the reactions should be read with the well
wavelength. A further difficulty occurred because of
air bubbles in the wells during thawing. Formation of
these bubbles can be prevented by adding 0-02%
Tween 80 into the sterile distilled water used to
prepare the standardised inoculum.6

In comparison with a previous study,2 the
automated reading of susceptibility tests performed
with microtitre plates is more accurate than visual
reading and may be applicable for routine use. The
system avoids transcription errors of laboratory data,
improves data management for epidemiological
studies, and saves time. The system does not depend
on a single commercial supply of test kits allowing its
application for testing many antibiological reagents.

We are very grateful to Miss BC Wanat for patient
secretarial aid and to Mr John Hall for improving the
English of this manuscript.
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