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ARTICLE INFO ABSTRACT

Keywords: Background: This study aimed to create an in-house glucose quality control material for humans,
Inhouse quality control addressing the challenge of obtaining high-cost commercially prepared quality control materials
Glucose

in developing countries.

Methods: An in-house quality control material for glucose was prepared using a pooled serum
sample and analyzed using a fully automated chemistry analyzer following the ISO 80 guidelines.
The mean, standard deviation (SD), and coefficient of variance were calculated from the first 30
days of measurement, and the variability was checked over eight months using SPSS software.
The study used Pearson’s correlation with a 95% confidence interval and a P-value less than 0.05,
which was statistically significant.

Results: The average mean =+ SD of human serum glucose was 185.2 + 8.4 mg/dL, indicating that
the precision between each measurement was better. The prepared in-house quality control
material was stable for approximately five months without any significant change in the serum
glucose concentration (mg/dl) (p-value<0.05).

Conclusions: The study suggests that room-temperature, 2-8 °C, and —20 °C to —30 °C storage of
human serum samples for glucose analysis is a viable option, with stable glucose concentrations
for up to 30 days. Pooled serum is a cost-effective method for in-house quality control, especially
in resource-limited laboratories.

Validation

1. Introduction

Quality control is the process of detecting analytical errors during patient sample analysis to ensure the reliability and accuracy of
test results, thereby enhancing patient care. Quality control in medical laboratories is crucial for monitoring and evaluating the
analytical process that produces patient results [1,2]. To achieve quality in a medical laboratory, various tools are utilized, including
machine performance checks, error control during patient sample analysis, and careful sample collection procedures [3-7]. Medical
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laboratory tests rely on the correct performance of machines using quality control materials with known results to ensure quality [3,8].

Quality control materials are patient-like reference materials used in clinical laboratory analysis to verify the accuracy of analytical
procedures and are typically derived from human serum, urine, or spinal fluid [3-5,8,9]. Quality control materials can detect and
correct deficiencies in a laboratory’s internal analytical process before patient results are released, either as liquid or freeze-dried
materials. Control products should be tested similarly to patient samples before releasing patient results, as they typically contain
various analytes based on their nature [1,3,10-12].

Internal quality control (IQC) involves incorporating control materials, which represent the test materials in terms of matrix
composition, physical preparation, and analyte concentration range, into the analytical sequence [3,4,13-16]. IQC is a vital
component in medical laboratory science, ensuring accurate and reliable test results that directly impact patient care [17,18]. Accurate
and reliable laboratory results are crucial for informing clinical decisions, providing appropriate treatment for patients, building
confidence in the laboratory’s accuracy and reliability, and leading to better patient outcomes and provider satisfaction [17].

The performance of each laboratory machine can be significantly influenced by various factors, such as environmental, human,
reagent change, and operator-related factors [3,12,19-21]. Therefore, each laboratory should regularly assess the performance and
stability of each machine used for patient sample analysis using quality control materials. Regular laboratory use of control materials is
crucial for quality control, but developing countries face challenges in the cost and availability of commercial quality control materials.
Therefore, the current study aimed to prepare an in-house quality control for serum glucose.

2. Methods and materials
2.1. Study setting

A cohort study was conducted to prepare in-house quality control sera from pooled human serum, which was prepared by mixing
different human serum samples collected from six diabetic patients in the Debre Markos University laboratory from August 1, 2022, to
April 30, 2023.

2.2. Sampling and data collection procedure

A pooled serum was prepared by combining serum samples obtained from six voluntary diabetic patients. A total of 15 ml of serum
was collected from the participants, with each contributing 3 ml. The collected samples were then pooled into three separate vials,
each containing an equal amount of serum. These vials were stored at different temperature conditions: room temperature, 2-8 °C, and
—20 °C to —30 °C. The pooled serum in each vial was then subjected to lyophilization for 8 h. Once the pooled sera were obtained, the
material underwent a processing stage involving mixing and blending to ensure adequate homogeneity and stability for its intended
use.

2.3. Guideline for preparation of in-house quality control material

The in-house liquid human quality control serum was prepared based on the ISO-80 guidelines for quality control preparation, ISO-
33 guidelines for quality control material calibration, method validation and verification, and control chart preparation; ISO-35
guidelines for characterization and certification of quality control materials; and ISO-15189 standard guidelines for quality control
preparation protocol for medical laboratory science [1,3,22-26].

2.4. Laboratory sample collection and analysis

The whole blood sample was stored at room temperature for 10-20 min until it was coagulated and centrifuged at 3000 rpm for 5
min to separate the serum from the red cells. After centrifugation, the serum samples were immediately separated from the red blood
cells and transferred into labeled-capped tubes (Nunc tubes). Each aliquot was then divided into three equal volumes and stored at
room temperature, in a refrigerator at 2-8 °C, and in a deep freezer (—20 to —30 °C).

The prepared liquid quality control human serum and the commercially lyophilized control sera were analyzed on a fully auto-
mated Cobas clinical chemistry machine (Cobas 6000 ¢501) for comparison of the serum glucose results (mg/dl). All the aliquots were
stored at room temperature in a deep freezer (—20 to —30 °C), and 2-8 °C was analyzed for consecutive 30 days and then once every
month for consecutive 8 months. The mean, standard deviation, and variance were calculated using the measurement results from the
first 30 days, while monthly results for eight months were used to check for variability between findings. For the first 30 days, three
quality control serum samples were analyzed for serum glucose (one aliquot from room temperature, one aliquot from 2 to 8 °C, and
one aliquot from —20 to —30 °C), and for those analyzed every month, two quality control serum samples (one aliquot from 2 to 8 °C
and one aliquot from —20 to —30 °C) were analyzed. The initial 90 results were obtained over 30 days and the mean, SD, and co-
efficients of variation were calculated. The analysis was done by using one new run per day (not returned to the store after a run) and
one in-out run per day (returned to the store after a run), with consideration of the three storage conditions (room temperature, 2-8 °C,
and -20-30 °C).



H. Tewabe et al. Practical Laboratory Medicine 39 (2024) e00377
2.5. Operational definition

¢ Diabetic participants: have a serum glucose level >140 mg/dL.

¢ Fasting blood sample: a blood sample collected after 8 h of fasting

e In-out run/day: The aliquot was prepared and stored for multiple runs, and the remaining aliquot was returned to the refrigerator
the next day after being brought to room temperature.

e New run/day: An aliquot was prepared and stored for a single run, and the remaining aliquot was not returned to the refrigerator
once it was brought to room temp for analysis.

e Pooled serum: refers to a serum sample created by combining serum samples collected from six diabetic individuals.

2.6. Stability and Homogeneity Assessment

Stability Assessment: The ability of the pooled serum to maintain its properties, specifically the glucose concentration, was
evaluated by subjecting it to three storage conditions (room temperature, 2-8 °C, and —20 °C to —30 °C) and measuring the glucose
concentration at regular intervals. Acceptable stability was determined when the mean glucose concentration remained within a
specified range over the defined stability period (within the 95% confidence interval, as shown in charts 1-3, following CLSI
recommendations).

Homogeneity Assessment: The uniform distribution of glucose within the pooled serum, ensuring consistent glucose concentration
throughout the material, was assessed by analyzing multiple aliquots of the pooled serum and measuring their glucose concentrations.
Consistency across the measured glucose concentrations indicates good homogeneity.

2.7. Data quality assurance

Data and sample collection procedures were conducted using standardized guidelines and operating procedures, with equipment
calibrated monthly using a type-auto-calibrator before the test analysis. In addition, two levels (normal and pathological) of com-
mercial IQC samples were run along with the aliquot and interpreted using the Westgard multirule algorithm.

2.8. Data analysis and interpretation

Data were cleared, edited, manually checked for completeness, entered into Epi data, and then analyzed using SPSS (version 20.0,
USA). After organizing and cleaning the data, the mean, SD, and coefficient of variation were calculated.

2.9. Ethical considerations

The study received ethical approval based on the Helsinki Declaration from Debre Markos University College of Health Science
(Reference No. HSC/R/C/Ser/co/316/11/21), obtained written informed consent, and ensured confidentiality using codes for data
collection. Participants were informed of the risks and benefits of the study, their right to withdraw at any time, how confidentiality
was maintained using codes, and their right to obtain their results for free. Written informed consent was obtained from the patient for
publication of this case report. A copy of the written consent is available for review by the Editor-in-Chief of this journal on request.

3. Result

The study aimed to develop an internal quality control system for measuring human serum glucose levels. It compared two different

Table 1
Mean, standard deviation (SD), and coefficient of variation (coefficient of variation) of routinely analyzed runs for the first 30 consecutive days at the
three storage conditions (room temperature, 2-8 °C, and —20-(-30) °C) to prepare in-house quality control.

Routinely analyzed run-finding Statistics Run type In-house control results at the three storage  P-
statistics conditions value
at2-8°C  at-20to-30°C  atroom temp

Mean PC-01 (in-out run/ 170.2 160.6 175.8 0.002
day)
PC-02 (new run/day) 172.7 168.8 176.9

SD PC-01 (in-out run/ 9.6 8.2 15.4
day)
PC-02 (new run/day) 7.9 6.8 14.6

% coefficient of PC-01 (in-out run/ 5.6 5.1 8.8

variation day)
PC-02 (new run/day) 4.6 4.0 8.3

NB: %coefficient of variation-percent of coefficient of variance, SD—standard deviation, New run/day-control sample discarded after one run or
not returned to a storage site, PC- Pathological control, In-out run/day-control sample not discarded after one run or returned to a storage site, 01,
02- random test order for each run.
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methods: using the control once per day (referred to as the “new run per day”) versus using it multiple times throughout the day
(referred to as the “in-out run per day”).

The results showed that when the control was used once per day, it had a significantly lower coefficient of variation compared to
using it multiple times throughout the day. The coefficient of variation is a measure of the variability in the measurements. For the
control stored at room temperature, the coefficient of variation was 8.3% for the new run per day and 8.88% for the in-out run per day.
For the control stored at 2 °C-8 °C, the coefficients of variation were 4.6% and 5.6% for the new run per day and in-out run per day,
respectively. Similarly, for the control stored at —20 °C to —30 °C, the coefficients of variation were 4.0% and 5.1% for the new run per
day and in-out run per day, respectively. These differences in variation were found to be statistically significant (p < 0.05), indicating
that the new run-per-day method resulted in more consistent and reliable measurements.

Overall, the study concluded that the internal quality control stored at —20 °C to —30 °C exhibited significantly good stability. This
was supported by the lower variability observed among the measurements. Storing the control at colder temperatures helped maintain
its stability and accuracy, making it an effective method for quality control in measuring human serum glucose levels (Table 1).

Both in-house QC materials (refrigerator and frozen) displayed similar overall ranges of glucose concentration throughout the eight
months. Over eight months, in-house QC material stored at both refrigerator (2-8 °C) and frozen (—20 °C to —30 °C) temperatures
maintained relatively stable glucose concentrations, exhibiting ranges similar to commercially available control serum. While slight
variations existed, no consistent trends indicated major degradation, suggesting both storage options as viable for in-house QC with
comparable performance. The in-house glucose quality control material stored at 2-8 °C showed significantly higher variability
compared to frozen storage (—20 to —30 °C). The refrigerator-stored aliquot’s glucose concentration fluctuated between 159 and 177
mg/dL (range 28 mg/dL), while the frozen aliquot only varied between 160 and 170 mg/dL (range 10 mg/dL). This suggests frozen
storage offers greater stability and consistency for in-house glucose QC material (Table 2).

Overall, storing in-house QC material for human serum glucose at —20 °C to —30 °C resulted in significantly lower variability and
higher stability compared to 2-8 °C storage, regardless of the analysis method (in-out run or new run). Both “in-out run” and “new run”
methods displayed lower average mean glucose levels with frozen storage (—20 °C to —30 °C) compared to refrigerator storage
(2-8 °C).

Frozen storage led to substantially lower standard deviations (SD) and, consequently, lower coefficients of variation (CV) for both
run types, indicating significantly reduced variability in glucose measurements. The improvement in CV was more pronounced for
“new run” aliquots, suggesting frozen storage is particularly beneficial for mitigating degradation associated with repeated freeze-thaw
cycles (p > 0.05) (Table 3).

A control chart, specifically a Levey-Jennings (LJ) chart, was utilized to assess the stability of a test over time by plotting the
findings of each run. This chart compares the results of a control sample to predefined control limits, which are set at a certain number
of standard deviations from the mean. In this study, the LJ chart was employed to monitor the stability of glucose concentration in a
pooled serum sample stored at room temperature for 30 days. The LJ chart plotted the concentration of glucose in a pooled serum
sample stored at room temperature for 30 days, showing the stability of the glucose concentration within the control limits over time,
indicating that room-temperature storage is a viable option for the quality control material. The data points consistently fell within the
control limits, indicating that the concentration of glucose in the prepared pooled serum sample quality control material remained
consistent and did not exhibit significant fluctuations (Chart 1).

Chart 2 shows the changes in glucose levels analyzed for 30 consecutive days from a pooled serum sample stored at 2-8 degrees C to
prepare an internal quality control for serum glucose. The glucose concentration remained stable at 2-8 degrees C for 30 days, with no
significant fluctuations outside the control limits. The mean concentration was 172.7 mg/dL (172.7+ 7 mg/dL), indicating suitable
storage conditions for glucose stability (Chart 2).

Chart 3 shows the results of a study that measured the concentration of glucose in a pooled serum sample stored at —20 °C to —30 °C
for 30 days. In this case, the concentration of glucose in the sample remained within the control limits for the entire 30-day study. This

Table 2
The concentration of glucose analyzed from in-house control material aliquot for the consecutive eight months.

Month  Commercial control sera which is storage ~ Glucose concentration findings were analyzed from inhouse control sera stored at two different storage

at 2-8 °C (mg/dl) condition
Storage conditions Max (mg/dl) Min (mg/dl) Range Mode
2-8°C  —20-(-30)°C
(mg/dl)
Aug 175 166 167 177 for R and 159 for R and 28forRand10 160 for R and
Sep 174 167 165 170 for F 160 for F for F 165 for F
Oct 170 160 160
Nov 171 173 170
Dec 176 159 165
Jan 173 177 166
Feb 175 173 165
Mar 175 160 164

NB: F-freezing (aliquot stored at —20 —(-30)°C), R-refrigerator (aliquot stored at 2-8 °C), All the months mentioned in this table are the consecutive
months in which a glucose test was done. The glucose level in the stored aliquot was taken on the fourth day of the month for eight consecutive
months.
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Table 3
The average mean, SD, and coefficient of variation of runs were analyzed for consecutively eight months at the two storage conditions (2-8 °C and
—20 - (—30)°C) to prepare in-house quality control for human serum glucose.

Average statistics for consecutive eight-month runs for each storage condition of the glucose level findings

Average Monthly statistics or  Statistics Each run Storage conditions
finding Inhouse control results at 2-8°C  Inhouse control results at -20 to
(mg/dl) -30°C (mg/dl)
Mean PC-01 (in-out run/ 170.2 166.9
day)
PC-02 (new run/ 168.1 165.4
day)
SD PC-01 (in-outrun/ 8.0 4.2
day)
PC-02 (new run/ 6.9 3
day)
% coefficient of PC-01 (in-outrun/ 4.7 2.5
variation day)
PC-02 (new run/ 4.1 1.8
day)

The mean, standard deviation, and percent of coefficient of variance given in this table are calculated for all eight-month run findings.

LJ chart finding of serum sera stored at Room temprature
250

A/ [/ \ A [\ A
— NV \J \\// \u/ \ZAAVAN

150
100
50
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
e RT e \l€an s M@ 2N SD e \lean +SD
e \lean +2SD e \/ean +3SD e |\/ean - SD @ \lean - 2SD @ \lean - 3SD

Chart 1. Levey-Jennings (LJ) chart finding for glucose analyzed for 30 consecutive days from a human serum sample stored at room temperature to
prepare quality control for serum glucose.
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Chart 2. Levey-Jennings (LJ) chart findings for glucose were analyzed for 30 consecutive days from a human serum sample stored at 2°C to 8°C to
prepare quality control for serum glucose.

suggests that the sample was stable at —20 °C to —30 °C for at least 30 days (Chart 3).

4. Discussion

Hospital laboratories in developing countries, despite facing challenges like equipment breakdown and standard reagent shortages,
receive daily samples and strive to ensure daily accuracy and reliability. Quality control sera, available in various formats and either
assayed or unassayed versions, are used to monitor the precision of chemistry assays and instruments at two or three concentrations
[4].

The study examined how different storage conditions affected the linearity of daily new (not returned to the store after a run) and
in-out runs (returned to the store after a run). The results showed that the coefficient of variation for the new run per day and the in-out
run per day varied depending on the storage conditions. For sera stored at room temperature, the coefficient of variation for the new
run per day was 8.3, and for the in-out run per day, it was 8.88. For sera stored at 2-8 °C, the coefficient of variation for the new run per
day was 4.6, and for the in-out run per day, it was 5.6. Finally, for sera stored at —20 to —30 °C, the coefficient of variation for the new
run per day was 4.0, and for the in-out run per day, it was 5.1. These differences in coefficient of variation were found to be statistically
significant (p < 0.05).

The findings suggest that the in-out run, which involves multiple testing cycles within a day, exhibited more variability compared
to the daily new run, which involves testing a fresh sample each day. This implies that performing daily new runs is more effective in
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Chart 3. Levey-Jennings (LJ) chart finding for glucose analyzed for 30 consecutive days from a human serum sample stored at —20°C to —30°C to
prepare quality control for serum glucose.

controlling the performance of the testing machine, ensuring consistent and reliable results. Overall, the study found that the storage
conditions of sera influenced the linearity of daily new runs and in-out runs, with the in-out run showing more variability. Performing
daily new runs was identified as a more effective approach for monitoring and maintaining the performance of the testing machine.
This study demonstrated significant stability in in-house quality control material stored at —20 °C to —30 °C over eight months,
evidenced by consistently lower variability in glucose measurements compared to other storage temperatures. These findings align
with previously published data by Sweta et al. [27], Eliezer et al. [28], Andrea et al. [29], and Berhanu et al. [30], solidifying the
potential of frozen storage for maintaining QC material integrity. The use of in-house pooled serum, prepared separately, has been
identified as a viable alternative to conventional control materials in developing countries. By utilizing in-house quality control
materials, laboratory services in developing countries can maintain the quality and accuracy of their testing processes.
Furthermore, daily analysis of the samples revealed a higher rate of variability among sera stored at room temperature and 2-8 °C
compared to those stored at —20 to —30 °C. This suggests that utilizing in-house quality control materials is preferable for effectively
monitoring and controlling the performance of testing machines. By implementing in-house control materials, laboratories can
mitigate the variations introduced by different storage conditions and ensure the accuracy and reliability of their testing procedures.
The study analyzed valves and found that all valves were within the 95% confidence interval, indicating no significant variation
between individual measurements. The Levey-Jennings (LJ) chart indicated that sara stored at both 2-8 °C and —20 to —30 °C
exhibited a narrower coefficient of variation. So can be used as glucose control material for up to 8 months without significant changes
in glucose concentration. This narrower variation enhances the detection of errors, particularly within pathological ranges. These
findings suggest that storing pooled serum samples for glucose analysis at room temperature for up to 30 days is a viable option. The
evidence of stability over this time frame supports the use of room-temperature storage as a convenient and reliable method for
maintaining the quality of pooled serum samples designated for glucose analysis. Consequently, in-house quality control using human
serum can be considered a suitable substitute for commercially prepared serum in laboratory settings. The use of in-house quality
control sera can enhance error detection and serve as a suitable substitute for commercially prepared serum in laboratory settings.
These findings demonstrate the potential of in-house human serum as a cost-effective and reliable alternative to commercially
prepared control sera for glucose measurements. Its stability at room temperature and superior error detection capabilities suggest its
potential application in various laboratory settings. Further research investigating cost-effectiveness and implementation strategies in
diverse settings could solidify its role as a valuable tool for improving laboratory efficiency and accuracy in resource-limited
environments.

4.1. Limitations of the study

The study’s findings offer a promising solution for resource-limited settings, but there are several important limitations to consider.
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These include the limited generalizability to other healthcare settings, the need for longer-term stability assessment, the necessity for
detailed cost analysis, the exploration of implementation challenges, and the evaluation of the in-house quality control material’s
effectiveness across different glucose ranges. Addressing these limitations in future research will strengthen the foundation for
implementing cost-effective, in-house quality control in resource-limited settings for hyperglycemic glucose monitoring.

5. Conclusion

The findings of this study support the use of cost-effective in-house human serum as a viable option for hyperglycemic glucose
quality control in resource-limited settings. We have successfully demonstrated the feasibility and potential benefits of this approach,
drawing the following key conclusions.

@ Financial Sustainability: Our method utilizes readily available resources like human serum, significantly reducing dependence on
expensive commercially prepared QC materials. This can translate to substantial cost savings, particularly in regions with limited
financial resources for healthcare.

@ Performance and Reliability: The in-house QC material exhibited comparable performance to commercially available options,
demonstrating stability and accuracy in hyperglycemic glucose measurements. This ensures reliable monitoring of instrument and
assay performance, even in challenging environments.

® Enhanced Error Detection: Compared to commercially available controls, our in-house QC material yielded a narrower coeffi-
cient of variation, indicating its superior sensitivity for detecting errors within clinically relevant ranges. This can contribute to
improved patient care by ensuring the accuracy of hyperglycemia diagnoses and treatment decisions.

@ Practical Implementation: The straightforward preparation and storage procedures associated with our method are well-suited
for resource-limited settings. Additionally, the use of locally sourced human serum reduces reliance on complex import and supply
chains, enhancing accessibility and sustainability.

The study demonstrates the potential of in-house human serum as a cost-effective, reliable, and sustainable alternative for glucose
QC in resource-limited settings.

5.1. Recommendation

Based on the findings of this study, the implementation of cost-effective in-house human serum for glucose quality control in
resource-limited settings is recommended. This recommendation is supported by several factors.

@ Firstly, in-house human serum offers a cost-effective alternative to commercially prepared control materials. By utilizing locally
available resources and simple production methods, laboratories can significantly reduce expenses associated with quality control
practices. This cost-effectiveness is particularly beneficial for resource-limited settings where financial constraints may limit access
to commercial control materials.

@ Secondly, the study found that in-house human serum provides consistent and accurate glucose measurements, ensuring accurate
diagnosis and monitoring of hyperglycemia, compared to commercially prepared control materials.

@ Additionally, the narrower coefficient of variation observed in the in-house human serum enhances error detection. This increased
sensitivity enables laboratories to identify and correct potential errors, leading to improved accuracy and precision in glucose
measurements. By using in-house human serum, laboratories can improve the reliability of their testing procedures.

@ Furthermore, implementing in-house quality control promotes local production and self-sustainability in resource-limited settings.
By utilizing locally available resources and expertise, laboratories can reduce dependence on external suppliers and ensure a
continuous supply of control materials. This not only enhances the laboratory’s autonomy but also contributes to the development
of local scientific capacity and expertise.

@ Despite these recommendations, the study highlights the need for further research, external validation, and long-term stability
assessments to ensure the effectiveness and reliability of in-house quality control human serum.
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