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This project explores a lean initiative of a multinational
healthcare company related to a Toxoplasma IgG
(protozoan parasite) quality control test. The objective
was to reduce the test’s cycletime, material consumption
and labor through an optimization of the testing scheme.
A nested study design and a random effects model (also
called variance components model) were utilized to assess
the test method sources of variability. The test method
was used to assess materials at various stages of
production by evaluation of assay response and/or
sample concentration. Validation runs showed that the
test method performs in a manner that is consistent with
the variance determined. A new testing scheme was set
and its suitability for intended use was demonstrated. As
a result, the total annual cost of the test was reduced
from $45,736 to $33,320 or by 27 %.

Abstract

Toxoplasma Gondii Test

An immunochemical automated analyzer is used
for quantitative and qualitative measurement of IgG
antibodies to toxoplasma gondii in human serum or
plasma. This instrument is used in medical laboratories by
trained medical personnel. It can process about 100
samples an hour. A multinational healthcare company
made this instrument and manufactures the reagents,
calibrators and controls need it to process the tests. As
part of the manufacture, a quality control test is
performed in order to determine the optimum
sample/control (S/C) ratio of the In-Process Toxo
Calibrators B through E.

The testing scheme requires a significant amount of
labor, as shown in Table 1. The test consists of a cycletime
of 60 hours, a material consumption of $3,600 and a
labor activity cost of $2,117 for a total of $5,717 per lot
produced. The total annual cost of the test is $45,736,
based on an annual production schedule of eight (8) lots.
Consequently, the test is considered one of the
operations major offenders. Therefore, the
sample/control (S/C) test needs to reduce cycletime,
material consumption and labor intensive. This lean
initiative will focus on reducing the testing scheme of the
quality control testing laboratory.

Table 1 

Sample/Control (S/C) 

Testing Scheme (Current)

Characterization and Confirmation Studies

Figure 2

Nested Study Design (Characterization) 

Variance Components were calculated and instrument
and replicate factors were identified as the most
significant sources of variability. Variance Components
were used to calculate the restrictive limits considering
the repeatability (within run precision) and intermediate
precision (between instruments precision).

During a second step of the project, a confirmation
study (validation) was performed. A nested study design
including one (1) reagent lot, two (2) instruments, two (2)
runs per instrument, and five (5) samples replicates per
run (1 x 2 x 2 x 5) were performed. The intended of the
confirmation study was to determine if material on test
conforms to a predetermine acceptance criteria (limits).

During a third step, a Test Method Application
Worksheet (TMAW), that uses the variance components
determined in characterization, and a new testing scheme
were used to demonstrate that the test method is
suitable for its intended use. A test method is considered
suitable for the intended use if the capability index (Cp) is
equal to or greater than 1.0 for in-process testing
applications [3]. The new testing scheme for in-process
test complies with the requirement of a Cp equal to or
greater than 1.0.

Results

Conclusions

The Toxoplasma IgG Quality Control Testing
Optimization project was performed in accordance with
all the good manufacturing practices in the healthcare
industry. No atypical event was observed during the runs.
The cycletime, material consumption and labor intensive
of the new test were reduced when compared to the
previous test, as shown in Table 3. The total annual cost
of the test was reduced from $45,736 to $33,320 or by
27%, based on an annual production schedule of eight (8)
lots.

Table 3

Total Annual Cost Improvement 
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Approximately 85 % of women of childbearing age in
the United States are susceptible to acute infection with
the protozoan parasite Toxoplasma gondii. Transmission
of T. gondii to the fetus can result in serious health
problems, including mental retardation, seizures,
blindness, and death. An estimated 400 to 4,000 cases of
congenital toxoplasmosis occur in the United States each

year [1] . T. gondii is transmitted to humans by pathways
shown in Figure 1.

Figure 1

Pathways for Toxoplasma gondii infection

Serologic tests are used to diagnose acute T.
gondii infection in pregnant women. Because false-
positive tests occur frequently, serologic diagnosis must
be confirmed at a Toxoplasma reference laboratory before
treatment with potentially toxic drugs is considered.
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As part of the assessment, the testing scheme was
modified, for the process shown in Table 2. The numbers
of instruments were reduced for all the calibrators while
the numbers of runs per instruments were reduced only
for calibrator B and E. Even though, a considerable
reduction was reflected on calibrator B, from 16 to 2 total
runs. The reduction of the test total runs was 22.

The lean initiative consists of three steps. During the
first step an experiment or characterization study was
performed in order to evaluate the test sources of
variability. The test method is used to assess materials at
various stages of production by evaluation of assay
response and/or sample concentration. The test method
sources of variability identified were reagent, instrument,
runs per instrument and replicates of the sample. A
random effects model (also called variance components
model) was determined from a nested study design
including two (2) reagents lots, five (5) instruments, two
(2) runs per instrument, and two (2) samples replicates
per run (2 x 5 x 2 x 2) as shown in Figure 2 [2].

Table 2 

Sample/Control (S/C) 

Testing Scheme (New)


