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The central controller module performs all necessary
to assure the completeness, correctness and
coherence of the recorded data and of the required
operations. Specifically it acquires information from the
microplate reader currently used in the laboratory. It

Abstract: We present a new software tool which allows
a significant increase in the quantitative range of the
Enzyme linked lmmunoAssay (EIA) analysis method,

controls

using the kinetic information collected during the
formation of the reaction color. The software tool has
many automatic facilities which make its use very easy
even for non technical people. This software can be
used in any application of the EIA method. Results on
the application of this software to a commercial HIV-I
p24ElA, kit are presented.

performs controls on reader operativity simulating
complete kinetic and end point readings. It automatically
defines the number of the next test in order to correctly
save the test specific information and it controls the
presence of the data requested to be inspected or backed up.

The microwell reader interface module has to drive the

microplate reader during both kinetic and end point

INTRODUCTION

Several viral

diseases can

be better monitored if

numerical values of laboratory markers are available. One
easy and inexpensive method to quantify the presence of
antigens, antibodies or other analytes is represented by the
Enzyme linked ImmunoAssay (EIA) technique [1].
The EIA method depends on conjugation of an enzyme
to a detector molecule and use of the enzyme activity as a
quantitative label. The capture molecule is fixed to a solid
phase (microplate well), incubated with the test sample
containing target analyte, then with an enzyme conjugated
detector. After adding a specific enzyme substrate, color

produced due to enzyme activity is measured
colorimetrically (Optical Density, OD, at wavelength
specific for the substrate). Two types of readings can be
performed, kinetic, during color production and end point,
at the end of the reaction. The color produced is a direct
function of the amount of sample analyte bound. This
method has a dynamic range of only Zlinearity logs, which
limits its clinical use in the monitoring of patient markers.
The main objective of the present work is to extend the
quantitative range of the EIA. The working assumption is

that multiple readings of color production

yields
differential curves for increasing analyte concentrations,
which can be used as reference standards to calculate the
analyte levels. The overall management of so many

be manually
conducted. Therefore a completely automatic management
software, designated Quanti-Kin, has been developed both
readings and calculations can hardly

to

automate

the analysis

process and

to

make the

readings, using a cornmon RS232 serial connection present
in most of the recent microplate reader. It obtains from the
reader info storage all necessary information on the
microplate reader used. When all these data are available,
the synchronization with the selected reader is achieved,
the filters are set and the requested task is performed, with

a complete on line report of the current operation. This
interface saves on hard disk all readings, one file for each
reading for safety purposes.

The test information module allows the users to set all
information about the test: substrate blanks, negative
controls, wells with known analyte amount (their color
values can be used both as reference points and as internal
controls), identifications and dilutions of sample wells.
The result generator module is the core of Quanti-Kin
as it controls the correctness of the test development and
gives an objective interpretation of the raw data collected
by the reading sequences. First of all it controls the
presence of all prescribed readings; if this is the case, the

computer operates with a compression without loss
procedure which considerably reduces the disk space

occupied by the raw data. Even if the reading sequence has
been interrupted by a hardware fault, the module is able to
calculate the results. For calculations based on kinetic data
only 10 readings are necessary and, for calculations and
confirmatory tests based on end point data, the end point
reading is necessary. Kinetic calculations are based on
three interpolation algorithms: linear, logarithmic and
double-logarithmic. The choice of the interpolation method

to be

used

is made

automatically and the method can

evaluation as correct as possible.

change both according to the time line and according to the
optical density line in order to minimize the errors in the

SOFTWARE OVERVIEW

evaluations of wells belonging to the standard curve. This
module produces an interpretation report which consists of

The software is organized in six modules connected by
non volatile memory information storage in order to
organize the work in the most flexible and user friendly

several sections.
The first section contains test general information.
The second section contains the test performance
values, based above all on the end point reading. These
values are: the optical density values of the substrate blank

way.
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and of the negative controls, the calculated cut off value,
the linear regression coefficient of the line considered for
the end point calculation and the calculation range. The

low level of the calculation range is calculated

by

interpolating the cut off value on the linear regression line
if the end point reading is available, if not it is fixed as the
lowest value in the standard curve. The upper level is fixed
in the case of kinetic calculations as the second higher
value in the standard curve, whereas if only the end point
reading is available (too few kinetic readings) it is equal to

the value obtained interpolating the maximum

OD

the

average

of all

calculated undiluted analyte

concentrations.

The test inspector module allows the user to easily
manage data belonging to a stored test. By using a menu
the user can view and print: all kinetic raw data, the end
point reading, the plate layout and sample identifications,
the interpretation report and can export raw data (which
can be used in a commercial spreadsheet program to
produce charts, histograms, etc.).
The back-ap module allows the user, even without any

specific computer science preparation,

readable on the linear regression line.

delete all data of a performed test.

If some internal controls (wells with a known amount
of analyte which are not considered for the interpolation

RESULTS AND DISCUSSION

curve) are present on the plate a specific section is devoted
to them on the report. In this section the following values
are put in a table: the nominal concentration of the analyte,
its calculated concentration and the difference percentage.
If some internal control values duplicate the standard

curve value

or

duplicate between themselves, another

section is present on the report, devoted to the intra-assay

parameters.

considered

In

order

to

evaluate

to

back-up and

the clinical efficacy of

approach we have applied the Quanti-Kin software

this

to

a

commercial kit to measure the concentration of p24
antigen in HIV1 infected patient. Antiretroviral drugs
reduce circulating levels of p24 antigen indicating that this
marker may be useful in evaluating therapy efficacy [3,4].

In this section all duplicate values are
To evaluate the extent of p24 antigen level variations in
in descending order and the following individuals with elevated p24 concentrations, non

information are put in a table.
o The nominal value considered.
o The pairs of wells containing that value.
r The similarity coefficient between the optical density
value patterns of the two well calculated according to
the following formula (which is an adaptation to this
particular case of the similarity coefficient proposed by
Bousfield et al. [2]),

quantifiable using commercial kits, 440 samples from 40

AIDS patients with consistently high antigenemia (> 125
pglml) were tested in batch with the Quanti-Kin software
assisted p24 antigen assay with the following results: p24
values ranging from 400 to 600 pg/ml 61.35Vo,600 to 800
pg/ml 13.63Vo,800 to 1,000 6.597o, 1,000 to 2,000 pg/ml
9.09Vo, >2,000 pg/ml 4.3Vo and the highest observed p24
value was 6,886 pg/ml [5].

These data demonstrate that the Quanti-Kin
HIV-l p24 EIA

quantitative kinetic software applied to a

allows quantification of p24 antigen levels in clinical
samples up to 7,000 pglml and that p24 antigen levels
fluctuate over a range of three orders of magnitude in HIV
patients.

where ODr is the optical density at k instant, NLT is
the number of kinetic readings and the sum is extended
to all kinetic readings and to the last (end-point)
reading; i and j are two wells in which the real amount
of analyte is known and equal.
r The average of all calculated concentrations.
r The percentage ratio between the standard deviation
and the calculated average.
o The relative mean square error.
The following section is always present in the report as
it presents the analyte concentration in samples. The result
table contains: the progressive sample number, the well

location on the table, the sample identification and the
calculated analyte concentration. If the specific result is
outside the determined calculation range, it is indicated by

the<and>signs.
If dilution factors are set another section is present in
the report. This section contains the sample results
corrected by the dilution factors and grouped on the basis
of the inserted identification. The table contains the
location of the well, the sample identification, the dilution
factor used, the calculated undiluted analyte concentration
and, at the end of each group with the same identification,
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