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Abstract
The rise in automation across various laboratory processes has led to a substantially increased demand
for quality control materials for performance monitoring. This study was designed to assess the efficacy
of in-house prepared pooled sera with respect to the commercially acquired control serum, for internal
quality control at the Nkwen district hospital laboratory.
Serum samples were pooled from ten voluntary blood donors who tested negative for HIV, HCV and
HBsAg infections. Lyophilized commercial control sample was reconstituted and aliquots were prepared
from both the pooled serum and the reconstituted commercially acquired control samples. The aliquots
were stored at -20°C. Six biochemical parameters; creatinine, urea, aspartate aminotransferase, alanine
aminotransferase, potassium ions and sodium ions were analyzed for a period of three months.
There were statistically significant differences in the mean values, standard deviation and coefficient of
variation, between the pooled serum and the commercially acquired serum, all through the three months
study period. Less variation was reported in the pooled serum measurements, all through the study
period, suggesting higher precision.
In-house prepared pooled serum was found to be a superior alternative to the commercially acquired
control sample for the measured parameters at the Nkwen District Hospital laboratory.
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Résumé
I’automatisation croissante des différents processus de laboratoire a entrainé une augmentation
substantielle de la demande de matériel de contréle qualité pour le suivi des performances. Cette étude
visait a évaluer Pefficacité des sérums poolés préparés en interne par rapport au sérum témoin commercial,
pour le controle qualité interne au laboratoire de 'hopital du district de Nkwen.
Des échantillons de sérum ont été poolés aupres de dix donneurs de sang volontaires, négatifs aux tests
VIH, VHC et HBsAg. Un échantillon témoin commercial lyophilisé a été reconstitué et des aliquotes
ont été préparées a partir du sérum poolé et des échantillons témoins commerciaux reconstitués. Les
aliquotes ont été conservées a -20 °C. Six parametres biochimiques : créatinine, urée, aspartate
aminotransférase, alanine aminotransférase, ions potassium et ions sodium ont été analysés pendant
trois mois.
Des différences statistiquement significatives ont été observées dans les valeurs moyennes, ’écart type
et le coefficient de variation entre le sérum groupé et le sérum commercial, tout au long des trois mois
de I’étude. Une variation moindre a été signalée dans les mesures du sérum groupé, tout au long de la
période d’étude, ce qui suggere une plus grande précision.
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Le sérum groupé préparé en interne s’est avéré étre une alternative supérieure a I’échantillon témoin

acquis commercialement pour les parametres mesurés au laboratoire de ’hopital du district de Nkwen.
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Introduction

Evidence-based clinical guidelines indicate that
at least 80% of guidelines focused on establishing
a diagnosis or managing a disease necessitating
laboratory testing (Badrick, 2021). As clinical
laboratories automate more processes, the
demand for quality control (QC) material has risen
significantly for performance monitoring, QC is
vital in all clinical laboratories, ensuring high
standards, aiding accurate disease diagnosis and
patient care, ultimately enhancing the healthcare
system as a whole (Kanagasabapathy et al.,
1996). Following NABL (National Accreditation
Board for Testing and Calibration Laboratories)
guidelines, QC should be performed at least twice
daily (Dasgupta et al., 2013; Westgard et al,,
2016).

A study determined the efficacy of pooled serum
in comparison with commercially acquired control
for internal quality control. They reported that
using in-house quality control prepared from
combined serum (for the following parameters:
plasma glucose, blood urea, serum creatinine,
total cholesterol, triglycerides (TGL), high-
density lipoprotein, calcium, total protein,
albumin, total bilirubin, ASAT, ALAT, ALP,
amylase) proved superior to the commercial
internal QC (Kulkarni et al, 2020). Results of
some other findings equally reported that pooled
serum demonstrates stability in biochemical
parameters due to minimal matrix effects,
resulting in less variation within the in-house IQC
(Devi et al., 2023; Khatri et., 2013). Equal
number of analytical errors were however
observed for both commercially acquired and
pooled sera for ALP, urea, sodium, potassium,

and chloride but, there were significant
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differences between the mean values of bilirubin,
ASAT and ALAT, on the first and last day of
analysis (Devi et al., 2023). Daily runs were done
for a month and the mean levels of 12 biochemical
analytes of the pooled sera were found to be
within normal physiological range (Khatri et al.,
2013).

The mean, coefficient of variation (CV %), and
standard deviation for cholesterol, triglycerides,
glucose, ASAT, ALAT, calcium, alkaline
phosphatase, and amylase were found to be
significantly different between the two groups
(Jiskani et al., 2021). Less matrix effect was found
in pooled serum making it a better internal quality
control material than commercially acquired
serum (Jiskani et al., 2021). With respect to
duration of storage of the control materials,
lyophilized serum was found to be stable for
glucose, BUN, ALAT, total bilirubin and protein
after storage at 2-8°C for seven months and at -
20°C for nine months (Jamtsho, 2013). Likewise,
when pooled sera was utilized for up to 6 months
at -20°C storage, the concentration of most
parameters did not significantly change, except
for ALAT and bilirubin (Prasad et al., 2019).

To

imprecision, stable commercially acquired sera

effectively monitor inaccuracy and
from the same lot is required through the period
of envisioned use. However commercial materials
could have inconsistent concentrations between
vials and errors may arise during reconstitution
(Kanagasabapathy et al., 1996). The method
selected for pooling in this study was informed
by the preparation technique for unmodified or
minimally processed fresh frozen human sera.
Results from studies using this method showed

that the pooled sera exhibited significant stability
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for up to 18 routine biochemical parameters,
indicating that it acts as an effective and stable
alternative for internal quality control material (
Devi et al., 2023; Henriksen et al., 2004). Thus,
creating and utilizing in-house quality control
serum would significantly reduce costs related to
laboratory reagents. Moreover many countries
find it economically unfeasible to rely solely on
commercial control material due to either
unavailability or high costs (IKulkarni et al., 2020).
Therefore this study was designed to assess the
efficacy of in-house prepared pooled sera with
respect to the commercially acquired control
serum, for internal quality control at the Nkwen

district hospital laboratory.

Materials and Methods

The study lasted for three months, from June to
August 2022, and was conducted at the
laboratory of Nkwen District Hospital. 3 mL of
venous blood was obtained from ten apparently
healthy adult voluntary blood donors who tested
negative for HIV, HCV, and HBsAg infections.
“Apparently healthy” because they exhibited no
visible signs of illness or disease during the blood
collection. The plain red-top test tubes without
any additives were used for blood collection.
Blood was left to clot at room temperature for
30 to 60 minutes and centrifuged. The clotted
blood samples were visually examined and
confirmed to be free from hemolysis, lipemia, or
icterus, as indicated by the absence of red, pink,
yellow, or amber colors, as well as the lack of a
milky or cloudy appearance in the serum. 1000uL
of serum was collected from each donor, pooled
and thoroughly mixed in a sterile glass jar at low
temperatures using an ice bath. That is, the serum
from donors were added gently and gradually to
the sterile container to facilitate even mixing, A
sterile spatula was then employed to carefully mix
the pooled sera using a folding motion to avoid
the formation of bubbles and minimize shear

stress on the proteins. Sixty five aliquots of 150uL
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each of the thoroughly mixed pooled sera were
dispensed into polypropylene vials, and frozen at
-20°C without any additional processing. The
lyophilized commercial control samples were
reconstituted and sixty five aliquots of 150uL were
also prepared and frozen at -20°C. Alongside the
commercial control sample, an aliquot of pooled
serum was analyzed each day, for a 20 day period
in a month (June to August 2022).

The following parameters were measured: blood
urea, serum creatinine, aspartate aminotransferase
(AST), alanine aminotransferase (ALAT),
potassium and sodium ions. The first 20 values
for each parameter were used to calculate the mean,
standard deviation and coefficient of variation for
the pooled serum while those values were provided
for the commercially acquired control sample.
These values were used to establish the Levey-
Jennings (L-J) charts. The Levey—Jennings chart
was used to plot both QC values and the Westgard
multirules were applied. Protective and remedial
measures were taken for any outliers in the values.
Data were entered in Microsoft Excel sheet and
analyzed using Graphpad prism version 8.4.2.
Results were presented as mean = SD and CV%.
The unpaired t test with Welch’s correction was
used to determine the difference between
commercial IQC and pooled serum IQC. Statistical
significance was considered at a 5% level of

significance.

Results

The mean, standard deviation (SD) and percentage
coefficient of variation (CV %) were calculated
for each of the three months. When compared with
the commercially acquired control serum, there
were statistically significant differences with the
in-house prepared control serum for all the
biochemical parameters under study (Creatinine,
urea, ASAT, ALAT, K" and Na"), throughout the
three months study petiod.
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For creatinine, the standard deviation (SD) values
for the in-house quality control (QC) samples
were consistently significantly lower than those
of the commercial QC samples during the first
and second months, while they were equal in the
third month. The mean values of creatinine for
both control samples fell within the normal
ranges. However, the coefficient of variation
(CV) values for the in-house QC samples were
higher than those of the commercial QC samples

across the entire evaluation period.

In the case of urea, the SD values for the in-house
QC samples were significantly lower than those
of the commercial QC samples throughout the
three-month period. The mean values of urea for
both control samples were outside the normal
ranges. Similarly, the CV values for the in-house
QC samples were lower than those of the
commercial QC samples during the entire period.
(See table 1).

Table 1: Comparison of Commercial and In-house internal quality controls for Creatinine and

Urea.
Months Parameters Normal Mean * SD CV% p -Value
ranges
Month 1 Commercial In-house Commeraial | In-house
QC QC QC QC
Creatinine 06t 13 1.2 +0.14 077 £0.13 | 12 16 <0.0001=
(mg/dL)
Urea (mg/dL) 7 to 20 44 +438 22+18 11 85 <0.0001=
Month 2 Creatinine 06t013 121013 083012 |11 14 <0.0001=
(mg/dL)
Urea (mg/dL) 7 to 20 43 +43 22+15 10 7 <0.0001=
Month 3 Creatinine 06t013 12+013 077 £013 [ 10 16 <0.0001*
(mg/dL)
Urea (mg/dL) 7to 20 43 £ 4 22+18 92 85 <0.0001=
*P < 0.05.

For ASAT, the standard deviation (SD) values
for the in-house quality control (QC) samples
were lower than those for the commercial QC
samples throughout the entire three-month study
period. Additionally, the mean values for both
sample types remained within the normal range.
In terms of the coefficient of variation (CV), the
in-house QC samples consistently exhibited lower
CV values compared to the commercial QC

samples over the three-month period.

Regarding ALAT, the SD values for the in-house
QC samples were also lower than those for the
commercial QC samples for the entire study

period. While the mean values for the in-house
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QC samples consistently fell within the normal
range, the mean values for the commercial QC
samples remained outside of the normal range.
However, the CV values for the in-house QC
samples were consistently higher than those of

the commercial QC samples (see Table 2).

For K+, the standard deviation (SD) values for
the in-house quality control (QC) samples were
lower than those of the commercially acquired
samples during the first and second months, but
were higher in the third month. While the mean
values for the commercial QC samples remained
within the normal range, the mean value for the

in-house control samples fell within the normal
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Table 2: Comparison of Commercial and In-house internal quality controls for ASAT and ALAT.

Months | Parameters | Normal | Mean * SD CV% p -Value
ranges
Month 1 Commercial QC | In-house QC | Commercial In-house
QC QC
ASAT (U/L) |15t040 |31Z6 2+28 19 13 <0.0001=
ALAT (U/L) | 10to40 |51 %5 26 £46 9.9 18 <0.0001*
Month 2 | ASAT (U/L) [ 15t0 40 | 30 £5.7 22 1.7 19 79 <0.0001*
ATAT (U/L) 1 10t0 40 | 4915 26+35 10 13 <0.0001=
Month 3 | ASAT(U/L) [ 15t040 |30+4.3 22+28 14 13 <0.0001=
ALAT (U/L) | 10to 40 |49 £ 5.7 26+ 4.6 12 18 <0.0001*

*P < 0.05. Abbreviations: ASAT, Aspartate aminotransferase; ALAT, alanine aminotransferase.

range only during the second month. The
coefficient of variation (CV) values for the in-
house QC samples were lower than those of the
commercial QC samples only during the first and

second months.

For Na+, the SD values for the in-house QC

samples were consistently lower than those of

the commercial QC samples throughout the three-
month period. Meanwhile, the mean values for the
in-house QC samples were consistently outside
the normal range, while those for the commercial
QC samples remained within the normal range.
The CV wvalues for the in-house QC samples were
consistently lower than those of the commercial

QC samples (see Table 3).

Table 3: Comparison of Commercial and In-house internal quality controls for K* and Na*.

Months Parameters Normal Mean * SD CV% p -Value
ranges
Month 1 Commercial | In-house Commeraa | In-house
QC QC 1QC QcC
K" (mmol/L) 35t0 5.0 37 x£037 34+032 10 9.3 0.0010=
Nz" (mmol/L) | 135 to 145 141 =10 122 £ 49 72 B <0.0001=
Month 2 K* (mmol/L) 35t0 50 38034 35+028 91 8.2 0.0011=
Na* (mmol/L) | 135 to 145 142 + 9.1 120 + 3.2 64 2.6 <(0.0001=
Month 3 K*(mmol/L) 3510 5.0 38 030 34032 8 2.3 <0.0001=
Na* (mmol/L) | 135 to 145 139 + 7.7 122 + 4.9 55 4 <0.0001=

*P < 005 K, Potassium ions; Na”, Sodium ions.
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Discussion

This study was out to determine the efficacy of
pooled sera as an in house quality control sample
with respect to the commercially acquired control
sample. Both aliquot control samples were stored
at -20°C and analyzed for 20 days each month
over a period of 3 months. The results showed
significant differences in the mean, SD and CV
% values between the pooled sample and the
commercially acquired sample, throughout the 3
month period. The mean values for the in-house
prepared control sample were significantly lower
than the mean values for the commercially control
sample, throughout the three month period. For
the first and the third months mean values for
the in-house control sample were within the
normal ranges for three (Creatinine, ASAT and
ALAT), out of the six biochemical parameters
measured. For the second month the mean values
for the in-house control sample were within range
for four (Creatinine, ASAT, ALAT and K*), out
of the six parameters measured. Despite being
out of the normal ranges, mean values for K*
and urea were close to the lower and the upper
limits respectively, all through the study period.
For the commercially acquired sample the mean
values of four (Creatinine, ASAT, K+, and Na+)
out of the six measured parameters remained
within the normal range all through the study
period. In contrast to the in-house control sample,
the out-of-normal-range mean values for urea and
ALAT were not near the upper limit of the normal
range. This indicates that the mean values for the
in-house control samples were generally closer to
the normal ranges compared to the commercially
acquired control sample. In line with findings
from other studies pooled serum demonstrates
more stability in these biochemical parameters
probably due to minimal matrix effects, resulting
in less variation within the mean values (DEVI
& NEGI, 2023; Jiskani et al., 2021; Khatri et al.,
2013; Prasad et al., 2019).
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The SD values for the in-house prepared control
samples were all less than that of the commercially
acquired serum all through the three months petiod
of analysis. Meanwhile the CV% wvalues for the
in-house QC samples were less than the values
for commercially acquired control samples for
urea, ASAT, K* and Na* for the first and second
months. But for the third month CV% control
values for the in-house prepared control sample
were less for, urea, ASAT, and Na*. CV% and SD
control values for biochemical parameters were
also found to be significantly different between
pooled and commercially acquired control samples
(Anggra WN, 2021 ; Jiskani et al., 2021) Although
both metrics assess data dispersion, the main
distinction is that coefficient of variation (CV)
presents the standard deviation as a percentage
of the mean, allowing for comparisons of datasets
with varying scales. In contrast, standard deviation
(SD) simply shows how much the data varies from
the mean in its original units ( Shechtman, 2013
). Because the current data sets are measured on
the same scale, the Standard Deviation (SD) values
appear to be a more reliable choice for analyzing
absolute variability, in contrast to the Coefficient
of Variation (CV). Therefore the consistently
lower standard deviation (SD) values for the in-
house prepared control sample indicates reduced
variability in its repeated measurements over the
three-month study period compared to, the
commercially acquired sample. Less variability in
repeated measurements of the in-house control
sample further indicates higher precision,

signifying effective quality control processes.

Conclusion:

Internal quality control was done using six
biochemical parameters; creatinine, urea, ASAT,
ALAT, K" and Na*. Pooled serum was used as
the in-house prepared control sample in
comparison with the commercially acquired
control sample. Mean values for the pooled

control sample were significantly lower than mean
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values for the commercially acquired control
sample. Less variation was mostly reported in the
pooled serum measurements all through the study
period, suggesting higher precision. Thus in-house
prepared pooled serum appeared to be a better
substitute for the commercially acquired control
sample for creatinine, urea, ASAT, ALAT, K" and
Na" at the Nkwen district hospital laboratory.
Further study is recommended for other

biochemical parameters in the same study area.
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