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Abstract

Increasing indoleamine 2,3-dioxygenase (IDO) produced by dendritic cells in cancer
patients results in immune response inhibition, leading to a spread of cancer cells. This study
aimed to address the effect of IDO on phenotype of dendritic cells (DCs). Human monocyte-
derived DCs obtained from 6 normal blood donors were cultured in vitro. The cultured DCs
were tested for intracellular IDO expression by flow cytometry. In immature DCs, intracellular
IDO was detected at minimal level but the level was increased when stimulated with
lipopolysaccharide (LPS). After co-culture of monocyte-derived DCs with MCF-7 breast cancer
cell line, the IDO was increased while the co-stimulatory molecules: HLA-DR and CD83 were
decreased. Interestingly, the restoration of co-stimulatory molecules was detected after inhibition
of IDO activity with 1-methyl-tryptophan (1-MT) and their ability to increase T cell cytotoxic
activity against MCF-7 cells was demonstrated (p < 0.05, paired t-test). The study suggested that
regulation of dendritic cells via IDO production could possibly induce the immune response for

effective cytolysis of cancer cells.

Keywords: Dendritic cell, Indoleamine 2, 3-dioxygenase, Co-stimulatory molecule, T lymphocyte,
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Introduction

Dendritic cells (DCs) are classified as
professional antigen presenting cells (APCs).
DCs play a crucial role in the immune response
by regulating T and B lymphocyte functions.
In the initiation of immune response, DCs are
able to induce tolerogenic or anti-inflammatory
outcomes through various mechanisms. These
definitely depend on the signals DCs receive
from microbes and their cellular
microenvironment ‘. The up regulation of the
intracellular enzyme indoleamine 2, 3-dioxy-
genase (IDO) is a signaling event that leads to
long-term tolerance by DCs* ?. IDO is not
constitutively expressed, but can be induced by
avariety of stimuli. IDO are expressed in APCs,
epithelial cells, fibroblasts and cancer cells.
Increasing production of IDO from DCs in
cancer patients results in immune inhibition,
leading to a spread of cancer cells”. IDO
mainly catabolizes the essential amino acid
tryptophan into the stable metabolite, kynurenine.
Its activity has been found to greatly impact on
peripheral tolerance and immune regulation.
IDO serves as the immunosuppressive enzyme
both inside the IDO-expressing cells and from

. . 5
the mlcroenvuonment( )

. The immunosuppressive
activity of IDO is to deplete tryptophan
in the microenvironment, thus “starving”
T lymphocytes and other effector cells of the
immune system. The action of IDO by direct
suppression of T lymphocyte activity and

concurrent expansion of regulatory T cells,

highlights its pleiotropic functions in immune

suppression(6’ D The in vitro IDO-inducing
experiments in human DCs with IFN-y, TNF-a
and IL-1 have shown strong increases of IDO

@9 Although this is more contro-

expression
versial, purified lipopolysaccharide (LPS) and
polyriboinosinic-polyribocytidilic acid (poly
I:C) also induce IDO expression in APCs® 10,

The major mechanisms underlying
IDO-mediated tumor cell evasion are still
largely unknown. In the current study, using
flow cytometric analysis, the expression of
intracellular IDO protein in human monocyte-
derived DCs was explored after co-cultured
with the MCF-7 breast cancer cell line. The
level of IDO was increased after incubation
of DCs with cancer cells, while those of
co-stimulatory molecules: HLA-DR and CD83
were decreased. The expression of DCs
co-stimulatory molecules and the activation
of T cell cytotoxicity were restored when
inhibition of IDO activity with 1-methyl-
tryptophan (1-MT) was applied. The results
suggested that regulation of DCs via IDO
production could possibly activate the immune
response leading to effective killing of cancer

cells.

Materials and Methods
Cells and culture

MCF-7, a human breast cancer cell
line, was obtained from the American Type
Culture Collection (ATCC, Manassas, VA,
USA). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Thermo
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Fisher Scientific, Carlsbad, CA, USA) supple-
mented with 10% heat-inactivated fetal bovine
serum (FBS; Grand Island Biological Com-
pany, Grand Island, NY, USA), 100 units/mL
penicillin and 100 pg/mL streptomycin (Invi-
trogen, CA, USA) at 37°C in a humidified 5%

CO2 incubator.

Generation of monocyte-derived DCs
Leukocyte-enriched buffy coats from
healthy adult donors from Thai Red Cross were
obtained as sources of human peripheral blood
mononuclear cells (PBMCs) with no data of
donor for personal identification. PBMCs
were isolated by using density-gradient
centrifugation with Ficoll-Hypaque (IsoPrepTM;
Robbins Scientific, Sunny-vale, CA, USA)
and washed twice with phosphate-buffered
saline (PBS) (Welgene, USA). Positive
selection for CD14" cells was performed by
using anti-CD14-MicroBeads, MS+/RS+
columns, and Mini MACS separator (Miltenyi
Biotec GmbH, Bergisch Gladbach, Germany).
DCs were generated from CD14" cells and
plated in 6-well plates with RPMI 1640
complete medium (10% FBS, 100 U/mL
penicillin, 100 pg/mL streptomycin and 4
mmol/L L-glutamine). The cytokine cocktail
of granulocyte-macrophage colony-stimulating
factor (GM-CSF; Miltenyi Biotech, Bergisch
Gladbach, Germany) and interleukin-4 (IL-4;
Miltenyi Biotech, Bergisch Gladbach,
Germany) was added to a final concentration

of 1,000 and 500 U/mL, respectively, on day

Supaporn Suparak et al

0,2 and 4 in 500 pL of fresh medium/well. On
day 6 of culture, the nonadherent immature

DCs (iDCs) were collected by gentle aspiration.

Ex vivo stimulation of iDCs

For stimulation and maturation of DCs,
iDCs were transferred to new plates and half
of the medium was replaced with fresh medium
containing LPS 1 pg/mL (Escherichia coli,
serotype 0127: BS; Sigma-Aldrich, St. Louis,
MO, USA) for 1-2 days to get mature DCs.
Differentiation of human monocytes to DCs
was assessed by staining of DCs surface
markers (anti-CD14-FITC, anti-CD83-PE,
anti-HLA-DR-PE monoclonal antibody;
Thermo Fisher Scientific, Carlsbad, CA, USA).
The intracellular staining with anti-IDO
antibody was done following the fixation and
permeabilization of DCs with 4% formaldehyde
and saponin buffer, respectively. DCs were
stained with anti-IDO antibody (2.5 pg/mL)
for 20 min, followed by FITC-labeled F(ab')2
goat anti-mouse antibody (Jackson Immuno
Research Laboratories, West Grove, PA). The
stained cells were flow cytometrically analyzed
by FACS Calibur instrument (BD Biosciences,
San Jose, CA, USA).

In vitro inhibition of IDO activity

The IDO inhibitor, 1-methyl trypto-
phan (1-MT) (Sigma-Aldrich, St. Louis, MO,
USA) was added at 500 uM onto mature DCs
cultures. Cell viability was tested to assure that

1-MT had no effect on DCs maturation. Intra-
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cellular IDO, surface HLA-DR and CD83

markers were assessed as described above.

T lymphocyte Isolation and culture

The human T cell (CD3") isolation kit,
EasySep™ Human CD3 Positive Selection Kit
(STEM CELL technologies, Vancouver,
Canada), was used according to the manufac-
turer instruction. PBMC suspensions at a
density of 1x 10 cells/mL were centrifuged at
300 x g for 10 min at 4°C and resuspended in
1 mL of recommended medium in a 5-mL
polystyrene tube. A total of 50 uL EasySep T
cell isolation cocktail was added, and cells were
incubated at room temperature (15-25°C) for
10 min. Subsequently, 100 pL EasySep Strep-
tavidin rapidspheres was added and cells were
incubated at room temperature (15-25°C) for
5 min. Cell suspensions were brought up to a
total volume of 2.5 mL by adding the recom-
mended medium. The cell suspensions were
then placed into the EasySep magnet for 5 min
at room temperature (15-25°C). The EasySep
magnet was removed and the desired fraction
was poured off into a 15-mL tube three times
following 5 min separations in the magnet. The
isolated cells were considered as T cells. The
number of T cells were determined by staining
with anti-CD3-FITC monoclonal antibody
(Thermo Fisher Scientific, Carlsbad, CA, USA)
and measured on a FACSCalibur flow cytometer

(BD Biosciences, San Jose, CA, USA).

Co-culture of DCs and MCF-7 cell line

DCs were co-cultured with MCF-7 cell
line in RPMI 1640 complete medium at ratio
10:1 in 96 U-bottom well plates at 37°C in a
humidified 5% CO2 incubator for 24-48 h. The
DC markers consisting of IDO, HLA-DR and
CDS83 were measured by flow cytometry as

described above.

T cell cytotoxicity assay

For T cell cytotoxicity assay, the
isolated T lymhocytes were co-cultured with
DCs/MCF-7 cells in RPMI 1640 complete
medium in 96 U-bottom well plates at 37°C in
a humidified 5% CO2 incubator for 24-48 h.
The cytotoxicity of T cells against MCF-7 cells
was measured by a flow cytometry-based
cytotoxicity assay using carboxyfluorescein
diacetate succinimidyl ester (CFSE) (Thermo
Fisher Scientific, Carlsbad, CA, USA). Briefly,
MCF-7 cells were labelled with 0.5 pM CFSE
for 10 min at 37°C. Cells were then washed
twice using complete medium. CFSE-labelled
MCF-7 cells were placed in a 96-well round
bottom plate in triplicate and then mixed with
T lymphocytes and DCs as co-cultured cells.
The plates were centrifuged at 1,500 rpm for
3 min and then incubated for 24-48 h at 37°C
in a 5% CO2 incubator. Before acquisition,
1 pL of 1 mg/mL propidium iodide (PI)
(Sigma Aldrich, St. Louis, MO, USA) was

added to each well. The cells were acquired on
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a Guava® easyCyte flow Cytometer and
analyzed using Guava software (Millipore Corp,
Hayward, CA, USA). Percentages of dead
MCEF-7 target cells showing CFSE-positive and
PI-positive were calculated after subtracting
the percentage of spontaneous death of target

cells.

Statistical analysis

Paired t-test analysis was performed
using SPSS 26.0 statistical software package
(SPSS, Inc., Chicago, IL, USA). The p values
< 0.05 was considered as statistically signifi-

cance. Results were expressed as mean £ SEM.

A Immature DCs (iDCs)

SSC-Height
Counts

0 200 400 600 800 1000
FSC-Height

B Mature DCs -LPS treated (mDCs)
=
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Results
Stimulation of DC with LPS leads to intracel-
lular IDO protein expression
Monocyte-derived immature DCs
(iDCs) were induced to mature on day 6 of
differentiation by the addition of LPS for 24 h.
Mature DCs (mDCs) were collected and
analyzed by flow cytometry. Maturation was
determined by the high expression of HLA-DR
and CD83 and low CDI14 (data not shown).
The intracellular IDO protein in human
monocyte-derived iDCs and mDCs were also
determined as shown in Fig. 1. iDCs did not

express IDO protein. In contrast, following DCs

)

Isotype control

2(

SSC-Height
Counts

Counts

Fig. 1 Activation of DCs maturation by lipopolysaccharides (LPS) resulted in changes of intracellular

IDO and co-stimulatory molecule expression as determined by flow cytometry. (A) The intracellular

IDO was detected at minimal level in immature dendritic cells. (B) The mature DCs exhibited

increased intracellular IDO protein expression and the co-stimulatory molecules HLA-DR and

CD83 were detected minimally
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maturation by adding of LPS, the mDCs
expressed intracellular IDO and the co-stimu-
latory molecules, HLA-DR and CD83 at

minimal level. The mean value of HLA-DR
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and CD&3 expression was calculated from six

healthy donors independent experiments

(Table 1).

Table 1 The percentages of intracellular IDO, HLA-DR and CD83 expression in monocyte-derived

DCs
DCs culture conditions %IDO %HLA-DR %CD83
Immature DCs 1.05 + 0.50 0.61 + 0.24 0.46 + 0.13
Immature DCs 46.33 + 8.89 2.16 = 1.69 3.16 = 1.47
co-cultured with MCF-7 cells
Mature DCs- LPS treated 4716 + 5.41 21.16 + 2.31 20.16 + 2.78
Mature DCs- LPS treated 49.33 + 417 4.83 = 1.94 516 + 2.13
co-cultured with MCF-7 cells
Mature DCs + 1-MT 111 £ 0.24 | 49.33 + 2.16* 50.50 4.50*
co-cultured with MCF-7 cells

Co-culture of DCs with MCF-7 breast cancer
cell line induced DCs intracellular IDO protein
and alter co-stimulatory molecule expression

To determine the effect of cancer cells
on IDO and co-stimulatory protein expression
in vitro, the DCs were examined for intracellular
IDO, HLA-DR and CD83 surface co-stimulatory
molecules by flow cytometry following
co-cultured with MCF-7 breast cancer cell line.
The results showed that both iDCs (Fig. 2A)
and mDC (Fig. 2B) exhibited increased
expression of intracellular IDO protein.
The decrease of co-stimulatory molecules
(HLA-DR and CD83) expression was observed
in mature DCs co-cultured with MCF-7 breast
cancer cell line. The results, mean values

calculated from six donors independent

experiments, demonstrated significant difference
compared to the non-co-cultured cells (Table
1, P < 0.005, paired t-test).

Inhibition of IDO activity restores the expres-
sion of co-stimulatory molecules

To determine the effect of IDO activity
on expression of co-stimulatory molecules, the
inhibition of IDO activity was addressed in
DCs co-cultured with MCF-7 breast cancer cell
line. Blocking IDO activity with 1-methyl-
tryptophan (1-MT) can restore expression of
HLA-DR and CD83 co-stimulatory molecules
on DCs (Fig. 2C). The mean value of IDO,
HLA-DR and CD83 expression from six donors
independent experiments are shown in Table 1.

The data demonstrated the significant
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A iDCs/ co-cultured with MCF-7 cells
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Fig. 2 The phenotypes of DCs after co-cultured with cancer cells. The intracellular IDO protein was
increased in both (A) immature DC, iDCs and (B) mature DCs, mDC, after co-cultured with
MCF-7 breast cancer cell line, and the decrease of co-stimulatory molecules, HLA-DR and CD83
was shown. (C) Inhibition of IDO activity by 1-MT led to restoration of DC co-stimulatory molecules

HLA-DR and CD83

A DC-MCF-7 cells control B DC-MCF7 + T cells C DC-MCF7 + T cells + 1-MT
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Fig. 3 Inhibition of IDO activity can increase T cell cytotoxicity. Co-culturing of T cells with IDO-
inhibited DCs enhanced cytotoxicity of T cells toward MCF-7 breast cancer cell line. The IDO-
inhibited DCs increasingly stimulated T cell cytotoxicity (C, 65.68%) compared to the non-inhibited
DCs (B, 23.51%). Control DCs co-cultured with MCF-7 breast cancer cell line showed low

cytotoxicity background (A, 13.28%)



Effect of Indoleamine 2,3-dioxygenase on Dendritic Cell Co-stimulatory Molecules and

7455

Cytotoxic T Lymphocyte-mediated Cytolysis of Cancer Cells

increase of co-stimulatory molecules after
inhibition of IDO activity, compared to the
non-inhibited DCs (p < 0.005, paired t-test),
suggesting that IDO activity, at least in part,
decreased the expression of DC co-stimulatory

molecules, HLA-DR and CD83.

Inhibition of IDO activity enhances T cell
cytotoxicity

To assess the effect of IDO activity on
T cell cytotoxicity, the IDO-inhibited DCs were
incubated with purified T cells (CD3") and
tested for their ability to induce cytotoxicity of
T cells against MCF-7 breast cancer cell line.
Co-culture of IDO-inhibited DCs and T cells
significantly increased T cell cytotoxicity
against MCF-7 cells (Fig. 3C, 65.58%)
compared to co-culture with non-inhibited DCs
(Fig. 3A, 23.51%). The mean value of T cell
cytotoxicity calculated from six healthy donors

independent experiments are shown in Table 2,

demonstrating that the inhibition of IDO
activity significantly increased T cell cytotoxicity
against MCF-7 cells (p < 0.005, paired t-test).
The results suggested that modulation of IDO
activity can reduce the cytotoxicity of T cells

that may lead to a spread of cancer cells.

Discussion

Amongst a variety of mediators
contributing towards the escape of cancer cells
from host immune response, the indoleamine
2, 3-dioxygenase (IDO) has attracted attention
for several years. The indoleamine 2,3-dioxy-
genase serves as the immunosuppressive
enzyme degrading the essential amino acid
tryptophan into the stable metabolite,

1D The pro-cancer activity of this

kynurenine
enzyme has been recognized(lz). As DCs have
a number of molecules expressed on their cell
surface that may determine their regulatory

or stimulatory capacity, this study was under-

Table 2 The percentages of T cell cytotoxicity against MCF-7 breast cancer cell line in monocyte-

derived DCs

DCs culture conditions

% T cell cytotoxicity

+ T lymphocyte cells + 1-MT

DCs co-cultured with MCF-7 cells (control) 13.50 = 1.87
DCs co-cultured with MCF-7cells 23.16 + 2.31
+ T lymphocyte cells

DCs co-cultured with MCF-7cells 57.66 = 6.02*

Results are expressed as mean + SEM from the 6 donors of independent experiments determined

by flow cytometry. *, P < 0.005, pair t-test (DCs vs DCs + 1-MT)
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taken to determine IDO expression and its
ability to induce T cell cytotoxicity after
co-cultured with breast cancer cell line. IDO-
induced tryptophan depletion from the tumor
microenvironment could be the result of either
elevated levels of the enzyme or augmented
tryptophan consumption by both tumor cells
and antigen presenting cells of the host leading
to the suppression of anti-tumor immune
response(lz).

In this study, the activated DCs
co-cultured with cancer cells were found to
express IDO protein. These DCs with IDO
expression exhibited higher expression of
surface markers including HLA-DR and CD83
compared with the non-co-cultured DCs. It was
also demonstrated that the inactivation of
IDO-expressing DCs in co-culture with breast
cancer cells could induce cytotoxicity of T
lymphocytes. DCs act as a link between innate
and adaptive immune system, process and present
antigen to T lymphocytes through major
histocompatibility complex (MHC) class I and
class II'"?. This leads to activation and clonal
expansion of CD4" helper T lymphocytes and
CDS8" cytotoxic T lymphocytes. The high
expression of MHC and co-stimulatory
molecules such as CD80, CD83 and CD86
stabilize the interaction between DCs and naive
T lymphocytes for induction of antitumor

9 The release of pro-

immune response
inflammatory cytokines such as interferon
(IFN)-y and interleukin (IL)-12 catalyzes

the activation of cytotoxic T lymphocytes

Supaporn Suparak et al

(CTL)(IS) that directly attack the tumor cells by
induction of apoptosis and via release of
perforin and granzymes(16). Additionally, DCs
possess the ability to induce natural killer
(NK) cells and B cells. The increased IDO and
accumulating IDO metabolites modulate the
immune function by inhibiting NK cell

a7 18, preventing the activation of

function
effector T cells and stimulating the activation
of regulatory T cells (Treg)(19’ 29 IDO
degradation converts tolerogenic DCs into
immunogenic cells®" and promotes the
expansion and activation of myeloid-derived
suppressor cells®?.

The mechanism of IDO-elicited
immunosuppression is not fully understood.
IDO expression in cancer cells has implicated
as a key mediator of the tumor immune escape.
The IDO-associated immunosuppressive
mechanism to promote cancer cells spread
and survival was reported(l9). IDO1 is
overexpressed in more than 50% of tumors*”
and evidence emerges indicating that IDO

. . 24-26
promotes tumor 1Immune escape n breast( ),

(28, 29)’ prostate(30’ 30,

(35)
cancers.

thyroid (27), pancreatic

(32.33) 1°* and ovarian

lung cervica
In cervical cancer, IDO showed a significantly
higher mRNA transcription and protein
expression level than in normal cervix, and also
in comparison to other cancers®?. IDO
positivity is strongly associated with multidrug
resistance of tumors and inversely correlates
with patient survival¥. Therefore, timely

diagnosis and therapeutic correction of IDO on
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both DCs and cancers are of crucial importance

to prevent clinical manifestation.

Conclusion

The inhibition of IDO activity by 1-MT
showed both DC co-stimulatory molecules
and cytotoxicity of T cells were increased.
Therefore, inhibition of IDO would lead to
development and increased efficiency of DCs
to present cancer cell antigen which would
effectively increase cytotoxicity of T lympho-
cytes. The findings might be significant for the
design of DCs as therapeutic tools in vitro.
The agents that modulate DC phenotype may
redirect the immune system to activate the

beneficial immune response against cancers.
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Using Osmotic Fragility Test in Combination with
Red Blood Cell Indices for Screening of Severe

Thalassemia Traits

Somkhid Thichak* and Jarurin Waneesorn

Regional Medical Sciences Center 1 Chiang Mai, Department of Medical Sciences, Chiang Mai Province, Thailand

Abstract

Screening of severe thalassemia trait aims to reduce workload and cost of confirmation.
Screening by using osmotic fragility test (OF) or red blood cell indices (mean corpuscular
volume (MCV)/mean corpuscular hemoglobin (MCH)) is generally a strategy of choice.
However, several laboratories use OF test in combination with MCV/MCH as an alternative
strategy to increase efficiency of screening of B-thalassemia traits and a-thalassemia 1 traits.
The objective of this research was to evaluate the results of screening strategy by using both OF
test and MCV/MCH in comparison with those using either OF test or MCV/MCH. Retrospective
data of OF test and MCV/MCH along with hemoglobin typing and relative quantitative PCR
results of pregnant women and husbands from 8 hospitals in Chiang Mai, Nan and Lamphun
from 2016 to 2018, were analyzed. The results showed that, out of 1,126 cases, 31.98% were
positive by OF but had normal MCV/MCH. Results of hemoglobin typing and relative quantitative
PCR of all cases revealed that 24.24% were diagnosed with B-thalassemia traits and/or
o-thalassemia 1 traits. However, only 0.27% (3 cases) were positive by OF but had normal MCV/
MCH. By using only MCV/MCH, the number of assessed at-risk couples was 61, one couple less
than those screened by using both OF test and MCV/MCH. This couple, the pregnant woman
showed normal MCV/MCH and AzA Hb typing with borderline Hb A2 level (3.6%), the
characteristic of which has never been reported in severe thalassemia traits. The study suggested
that OF test, which showed high false positive rate, in combination with MCV/MCH is of little
use for screening of severe thalassemia trait. On the contrary, the use of this strategy is likely to

increase workload and cost not only for screening but also for confirmation.

Keywords: Severe thalassemia, Screening, Osmotic fragility test, Red blood cell indices
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Table 1 Strategy for screening of severe thalassemia traits used by 8 laboratories in Health Area 1

Pregnant woman Husband Refer to RMSC 1 CM*** for
OF*/MCV/MCH** DCIP* OF/MCV/MCH DCIP confirmation by Hb typing

+ve +ve or -ve +ve +Vve or -ve Yes

+ve +ve or -ve -ve +ve Yes

+ve +ve or -ve -ve -ve No

-ve +ve +ve +ve or -ve Yes

-ve -ve +ve +ve or -ve No

-ve +ve or -ve -ve +ve or -ve No

*OF and DCIP; +ve = Positive, -ve = Negative

*MCV/MCH; +ve = Abnormal (MCV<80 fl and/or MCH<27 pg), -ve = Normal (MCV >80 fl and MCH >27 pg)
**RMSC 1 CM; Regional Medical Sciences Center 1 Chiang Mai
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Table 2 Referred samples screened by using OF combined with MCV/MCH for severe thalassemia

traits by year and province

Total number Number and percentage of samples screened by using
Year BE of referred OF combined with MCV/MCH
samples Chiang Mai Nan Lamphun Total
2559 1,708 230 (13.47) 132 (7.73) 42 (2.45) 404 (23.69)
2560 1,246 222 (17.82) 146 (11.72) 58 (4.65) 426 (34.19)
2561 857 160 (18.67) 82 (9.57) 54 (6.30) 296 (34.54)
Total 3,811 612 (16.06) 360 (9.45) 154 (4.04) 1,126 (29.55)
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Table 3 B- and a- thalassemia traits among samples screened by using OF combined with MCV/MCH

OF +ve +ve -ve -ve Total
MCV/MCH +ve -ve +ve -ve
No. of samples 630 (55.95)|360 (31.98)| 97 (8.61) | 39 (3.46) | 1,126 (100.00)
B-thalassemia traits 134 (11.90)| 1 (0.09) 6 (0.53) | 0 (0.00) 141 (12.52)
o-thalassemia 1 traits 128 (11.37)| 2(0.18) | 2(0.17) | 0(0.00) | 132 (11.72)
Sum of B- and a-thalassemia 1 traits |262 (23.27)| 3 (0.27) 8 (0.71) | 0 (0.00) 273 (24.24)

*OF and DCIP; +ve = Positive, -ve = Negative

** MCV/MCH; +ve = Abnormal (MCV<80 fl and/or MCH<27 pg), -ve = Normal (MCV >80 fl and MCH >27 pg)

WNaATIVOUTUNI 1,126 6819 wuiilu
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WMz dasiguazmnvzueavhmdadile 1
Soway 12.52 way 11.72 suady udula
Sawaz 24.24 lusnutidludieghaniing MCV/
MCH #aisn@ usna OF tluay 8 ¢neea
Gewazr 0.71) wazdleglanina MCV/MCH
Usn@ uswa OF (uwin 3 dreea Gowaz 0.27)
(Table 3) MNANIITHINANITIIADILUINIIMS
A579AANTIMNHN Table 4 WawJsutneuiuna
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AN 1 ¢ (61 §91n 62 ¢) (Table 5) Fagildhe
narhnAssAia MCV 88.5 wuladas (f1) waz
MCH 27.1 #lansu (pg) fviagulnaduiduy
A A uazdffina Hb A fifiins (Fevaz 3.6)
(Table 6)

Table 4 Comparison of the results by using different screening strategy models

Screening strategy models OF combined with MCV/MCH | OF | MCV/MCH
No. of samples with positive screening result 1,087 990 727
B-thalassemia traits 141 135 140
a-thalassemia 1 traits 132 130 130
Sum of B- and a-thalassemia 1 traits 273 265 270
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Table 5 Number of assessed at-risk couples among referred samples screened by using different

screening strategy models

Assessed at-risk couples OF combined with MCV/MCH | OF | MCV/MCH
Homozygous B-thalassemia 16 13 16
-thalassemia/HbE 29 29 28
Hemoglobin Bart’s hydrops fetalis 17 17 17

Total 62 59 61

Table 6 Characteristics of the couple missed from at-risk couple assessment if screened with MCV/

MCH
Samples OF MCV MCH DCIP | Hb typing | Hb A2/E
Pregnant woman +ve -ve -ve -ve AzA 3.6%
(88.5 ) (27.1 pg)
Husband -ve -ve -ve +ve EA 34.1%
(88.4 1) | (27.8 pg)

* OF and DCIP; +ve = Positive, -ve = Negative

** MCV/MCH; +ve = Abnormal (MCV < 80 fl and/or

MCH > 27 pg)
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The Quality Assessment of Artificial Urine and Urine
Sediment Slide for Chemical and Microscopic
Examinations in Urinalysis

Nusara Kaewdee', Pilaiwan Siripurkpong2 and Pramote Sriwanitchrak”

'Graduate Program in Medical Technology, Faculty of Allied Health Sciences,
Thammasat University, Rangsit Campus, Pathum Thani Province, Thailand
2Department of Medical Technology, Faculty of Allied Health Sciences, Thammasat University,
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Abstract

Quality control of urinalysis consists of chemical and microscopic examinations.
External quality assessment (EQA) programs in Thailand employs a variety of different methods.
The aim of this study was to develop and evaluate the artificial urine control materials for
chemical examination, including pH, specific gravity, blood, ketone, glucose, protein, nitrite and
leukocyte esterase, and the urine sediment slide for microscopic examination, including white
blood cells, white blood cells with clumping, red blood cells, squamous epithelial cells, calcium
oxalate crystal and bacteria. Two levels of artificial urine samples, normal and abnormal samples,
and urine sediment slides were prepared. Artificial urine samples were tested by automated urine
analyzer from 3 companies to set the target value and tested by the urine strips from 6 companies.
In addition, artificial urine samples were evaluated for homogeneity and stability for 6 months.
Moreover, the performance and stability of urine sediment slides were also evaluated for
6 months. The artificial urine samples and urine sediment slides were evaluated by 62 medical
technology laboratories. The results from the automated analyzers for all parameters revealed
consistency. The results from urine strips were also found to be mostly consistent. When testing
for homogeneity and stability, all test results were stable. The urine sediment slides were
correctly identified after 6 months of storage. Evaluation from medical technology laboratories
showed that the results of normal and abnormal artificial urine samples were reported within
target value, more than 98.4% and more than 92%, respectively, except for ketone and leukocyte
esterase. In addition, identifying of urine sediment slides was found to be 98.4% correct.
In conclusion, the evaluation of the quality of urinalysis using artificial urine samples and urine
sediment slides demonstrate that they are appropriate to be used as a quality control material.

Keywords: Artificial urine, Control material, Urine sediment slide, Urinalysis
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Atrtificial urine control material

Preparation

Measurement

Evaluation

" Sodium nitrite
" Albumin

®  D-glucose

Atrtificial urine controls were tested by
the automated urine analyzers from

3 companies to set the target value.

Sixty-two hospitals

® Homogeneity test

" stability test

®  Acetone

" White blood cell
"  Red blood cell

Artificial urine controls were tested by

the urine strips from 6 companies

®  Yellow food coloring

" 0.85% sodium chloride

Fig. 1 Diagram showing the conceptual framework of artificial urine control material in this study
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Fig. 2 The characteristics of the urine sediments obtained from permanent slides that have been
kept for more than 6 months are as follows: red blood cell (A), white blood cell with
clumping (B), bladder epithelial cell (C), renal epithelial cell (D), squamous epithelial cell
(E), uric acid crystals (F), calcium oxalate crystals (G), mucous threads (H), amorphous
(), yeast cell with pseudohyphae (J) with magnification 400X, Granular cast (K) and white
blood cell cast (L) with magnification 100X.
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Table 3 The results of chemical examination of urine control materials from 62 medical technology

laboratories
Urine control materials

Parameters Target value | Results within | Target value Results within

level 1 target value (%) level 2 target value (%)
pH 50-7.0 100 50-7.0 100
Specific gravity 1.005 - 1.020 93.5 1.010 - 1.025 92.0
Blood Neg 98.4 2+ - 4+ 95.2
Ketone Neg 100 1+ - 3+ 32.3
Glucose Neg 100 2+ - 4+ 98.4
Protein Neg 100 1+ - 3+ 98.4
Nitrite Neg 100 Pos 98.4
Leukocyte esterase Neg 100 2+ - 4+ 75.7

Neg = negative, Pos = positive
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Prevalence of Carbapenemase Genes in Carbapenem
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Abstract

Increasing of carbapenem resistance in Klebsiella pneumoniae affects the drug selection
and is a major problem in treating infectious diseases. This study aimed to determine the
prevalence of carbapenemase encoding genes in 160 carbapenem non-susceptible K. pneumoniae
isolated from clinical specimens in Buddhachinaraj Phitsanulok Hospital during August 2018
, bla__, bla and

NDM VIM IMP
blaOXA—48—like were detected by multiplex PCR method. Of 160 isolates, only three resistant
. 80.62 % (129/160),

OXA-48-like

genes were found, the prevalences of which were as follow: bla
bla 52.50% (84/160) and bla_ _ 3.13% (5/160). The bla__, and bla genes were not
NDM IMP KPC VIM

to July 2019. Five carbapenemase genes including the blaKPc, bla

detected. This study revealed a unique prevalence and spread of carbapenemase genes in
carbapenemase-producing K.pneumoniae of Buddhachinaraj Phitsanulok Hospital, for guidance

in surveillance and prevention of drug resistance.
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Table 1 Primers used for carbapenemase genes
a b Product size
Gene Primer Sequence (5-3") bp) Reference
p
b/alMP IMP-F GGAATAGAGTGGCTTAAYTCTC 188 (14)
IMP-R CCAAACYACTASGTTATCT
b/avuvl VIM2004A-F GTTTGGTCGCATATCGCAAC 382 (14)
VIM2004B-R AATGCGCAGCACCAGGATAG
bla OXA48- ke OXA-F GCGTGGTTAAGGATGAACAC 438 (14)
OXA-R CATCAAGTTCAACCCAACCG
b/aNDM NDM-F GGTTTGGCGATCTGG C 621 (14)
NDM-R CGGAATGGCTCATCACGATC
bla, . KPC-F CGTCTAGTTCTGCTGTCTTG 798 (14)
KPC-R CTTGTCATCCTTGTTAGGCG

Note: a) F, sense primer; R, antisense primer, b) Y = C or T

Mol 40 esrsatFeauIu 60 I
. ~ a = =
extension NN 72 sarntaLFednu 3 19
Vv
U 32 50U wazduadu final elongation step
d‘ a IS =
Ngauwnil 72 esrniralded U 5 N
ATIvERUNAANANTe1S (PCR product)
Aldlasnszuiumsuenaduedisnszudlnih
vusaezmlsaanuiiniuiosas 2 (2% agarose
gel electrophoresis) 1u 0.5X TBE buffer
Tagl¥nszualndhianusadnd 100 Tad wu
35 W uazld 100 base pairs DNA ladder 1iu
DNA marker 1hval@oumeedinenlusiud
(ethidium bromide) ANNWNTY 1 Tulasniude
a aa i) % go’ n‘l I
Hagans wu 10 N ward1hndunu 5 n
nnnhlldesgmelduasganshleaauazas
< v =) I s S @ ti' v
mwnvly WSsuinsudnvazuauaduenla

% a 4“1’ g A
AUUAVALDULDVDILTBAIUAN TngFauuansy

MUANNAYINAD K. pneumoniae ATCC BAA-
1705 (blaKPC), K. pneumoniae (Lab strain;
bla waz bla ) uaz Pseudomonas

NDM OXA-48
uazi¥euuATieAIuANNAaLRAe K. pneumoniae
ATCC BAA-1706

aeruginosa (Lab strain; bla Iaz bla
VIM M

NAN15IY
namsnagouanuhves¥esdesiu
08833 disk diffusion WuT1 150 K. pneu-
moniae 31 160 'lolsianiihunado
nn“laTmaw??a@iam ertapenem (gilaﬂa;‘:IOO)
Aodoen meropenem 144 lolwian (Sowaz 90)
LazAora8 imipenem 121 'lolwian (Jowaz
75.62) @y wazil 11 lelsianiilinams
naaeuliresr meropenem (2/160; Sovaz 1.25)
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Table 2 Carbapenem susceptibility testing by disk diffusion in 160 K. pneumoniae isolates

Susceptibility
Antibiotics
S (%) 1 (%) R (%)
Ertapenem - - 160 (100)
Meropenem 2 (1.25) 14 (8.75) 144 (90)
Imipenem 9 (5.62) 30 (18.75) 121 (75.62)
Note: S = susceptible, | = intermediate, R = resistant

1oz imipenem (9/160; Souaz 5.62) (Table 2)
Falusnnuid 2 lelsannlinamsnadeusde
14 meropenem WAY imipenem LAZLAIBATIVM
IS 4 ] é’ . d‘ H
guminiuaud lwde K. pneumoniae 1l
hdeelunguainiiiuy nudumainnnud
anua 3 Bu Ao bla bla uaz

OXA-48-like’ NDM
a4 A ) A
bla . Taggunnumnngane bla

OXA-48-like
Sovaz 44.38 (71/160), 8u bla FIUAY
NDM

la  3pwaz34.38 (55/160), 8u bla
OXA-48-like NDM
Sowaz 18.12 (29/160), u bla,, SIUAY

bla _ 3pwaz 1.88 (3/160) wazdu bla
OXA-48-like IMP

Sowaz 1.25 (2/160) muamey (Table 3) lay
Tdwudy bla,_ uaz bla_ lw¥e K. pneu-
KPC o M
moniae Nnlelsian Mallansaasianudu
bla _, bla___ uaz bla__ Sowaz 2.5
OXA-48-like NDM IMP
(4/160), 1.25 (2/160) waz 0.62 (1/160) <
sou e K. pneumoniae flanuhaeun
imipenem WestiaAed (7 Tolsian) wazwudu

bla,, 59 bla 1y ¥edn 2 lelsan

s ., OXA-48-like
a4 1 o . .
ﬂuﬂ’nlﬂ’)ﬂa Y19 1mipenem HAZ meropenem

2 lolsian)

Table 3 Prevalence of carbapenemase genes in 160 carbapenems non-susceptible K. pneumoniae

Carbapenemase genes

Number of Isolates (%)

KPC 0 (0)
NDM 29 (18.12)
VIM 0 (0)
IMP 2 (1.25)
OXA-48-like 71 (44.38)
IMP and OXA-48-like 3 (1.88)
NDM and OXA-48-like 55 (34.38)

Total

160 (100)
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Development of HIV-1 Dried Tube Specimen Prototype as
Quality Control Samples for HIV Viral Load Testing

Supaporn Suparak*, Kanokwan Ngueanchanthong, Busarawan Sriwanthana and

Ballung Upapong

Department of Medical Sciences, Ministry of Public Health, Nonthaburi Province, Thailand

Abstract

HIV viral load is an important parameter in monitoring effectiveness of antiretroviral
therapy for HIV-infected individuals. Quality control (QC) for HIV viral load testing is essential
to achieve accuracy and precision of the assay. Currently, QC sample is in a form of liquid prepa-
ration (plasma) from HIV infected specimen that requires cold-chain condition for storage and
transportation. To circumvent the usage of a cold-chain dependent system, a QC sample using dried
tube sample (DTS) that can be shipped and stored at ambient temperature was developed and
evaluated. A laboratory strain of HIV-1 NP1525 was propagated co-cultured with peripheral blood
mononuclear cells (PBMCs), measured for HIV RNA, aliquoted and air-dried at room temperature
for 18 - 24 hours. No significant difference of HIV viral load was observed between DTS and
culture fluid specimen at the same concentration (P > 0.05, t test). The stability of DTS was tested
and found stable at -70°C, 4°C, and 45°C for at least 8 weeks. The study suggested that DTS
quality control sample could be used as a routine quality control for HIV viral load testing and
for external quality assessment program, thus supporting the 95-95-95 target to end the AIDS
epidemic by the year 2030.

Keywords: HIV viral load, Dried tube sample, Quality control sample, Proficiency testing
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level 3, BSL 3)

WiFe HIV-1 deviug NP1525 (NIH
AIDS Reagent Program, Germantown,
Maryland) u1Lw1zL§m€fm’3§ co-cultivation
technique $rufuidiadeaunsiiainasaine
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ﬁwmm%a@ququﬁqa (heat inactivation) A9y
NATOUINIIZABINITI ABIANNAIFNTNVDIES
Wugnssu RNA

2.3 msisudeaaeuisueluamnuia

vuriasa (DTS)

4
[

ihdsaehiaesled-1 (HIV-1)
fanudududiaqg mnde 2.2 J3as 20
Tulasaasianasly Sarstedt SC Micro Tube
(Fisher Scientific, Pittsburgh, PA) au1a
20 findans Udeeliudalagdarhviaondalily
é:%]ﬁiﬁﬂ (biological safety cabinet) ‘ﬁ'qmﬁﬂ“ﬁ
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Levels of Lipoprotein Phospholipase A2 (Lp—PLAZ) and
High Sensitivity C-Reactive Protein (hs-CRP) for
the Treatment Evaluation in Ischemic Stroke
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Abstract

Ischemic stroke is most commonly found in the elderly with high mortality rates.
The inflammation of the blood vessels in the brain increases the risk of ischemic stroke. High-
sensitivity C-reactive protein (hs-CRP), a protein produced by the liver, is used as a non-
specific inflammation biomarker. The level of lipoprotein-associated phospholipase A2
(Lp—PLAz),released from vulnerable atherosclerotic plaques in the inflamed vascular walls, also
increases in the ischemic stroke. The objectives of this study were to analyze the levels of
Lp—PLA2 activity and hs-CRP in ischemic stroke before and after treatment (at 2, 4 and 6 weeks)
in 55 patients, age 35-85 years. The levels of Lp—PLA2 activity, hs-CRP, and other parameters
were determined by AU680 BECKMAN automated analyzer. The results showed that the levels
of Lp-PLA2 activity and hs-CRP were significantly reduced after 2-6 weeks of stroke treatment
comparing to the levels before the treatment (admission baseline) at p < 0.05, with higher
percentage reduction in hs-CRP level than in Lp—PLA2 activity. The hs-CRP also had positive
correlation with Lp—PLA2 activity (r = 0.474; p < 0.001). However, being a specific
inflammatory marker for blood vessels, Lp—PLA2 should be more useful in the evaluation of

ischemic stroke treatment.

Keywords: Ischemic stroke, Lipoprotein-associated phospholipase A2 (Lp—PLAz), High-
sensitivity C-reactive protein (hs-CRP), Inflammation markers, Atherosclerosis
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(T substrate tou sl Lp-PLA, HDYATIVILINU
carbon enunuen 2 ldwandamindd Ae 4-
nitrophenol ﬁlﬂﬂ'imi@'ﬂﬂﬁuum (absorbance; A)
NANUYIAAU 405 WTULAT V9 4- nitrophenol
nasuwdasdennan 1 A (AA/min) waz
Anumd1 Lp-PLA activity ludedlag
tigufiy Lp-PLA  callibration curve

a t4 aa aa a
MIATSHMIANA: TDALTFINTIONU

ianeluzlfesas asluanasa g luiden
iauelugdarads + Avesdiuoauu
masgIu aulsegiu Ansizianuduiusves
FEAU Lp-PLA  activity azszdy hs-CRP nu
! A J 1 Y aa .
MWINAULADIAT 9 1FadfA Pearson Correlation

mAnnzilSsuiisuszdues Lp-PLA activity

qnaing Nta uasAne

320U hs-CRP wazwiniweiaaq lugihelsn
vaoalAenaNorTinaNeINAEen Gaud 3]
91M3V0415AYADALDDAFNBILAZAINAINMITALN
Tudaniii 2,4 uaz 6 #10a87 Wilcoxon Signed
Ranks Test

A1sAAMINHINA NI UsO VN
AMLAYNITTUNIIBFTINMTITLTUAY WINendy
533:PNaA3 (sralaTams 006/2562) uazas
BUNIINATITFITNANMTIVEIUAY T3amenna
uasllgn (39dlasans 002/2019)

NaM3AnNE
1. doyaiilivesgiholsanaeaidenduos
namsnusIndeyanihelsaviaeniden
’cmaaﬁL%’ﬁumﬁﬂmﬁm@ﬂwmqiﬂisuama
Tsanenwnauasigusiuau 55 1o wudluwene
28 519 (5ewaz 51) wwenad 27 19 (Gevaz 49)
mqm?;ﬂ 63.29 +11.99 1 Tﬂmwmﬂumqmﬁﬂ
INFY 63.58 +11.99 1 LLazquaﬁlmww@q
63.00 = 11.99 1 iiloduuniihelsanaoaidion
dupseantilu 6 AGUAMNTIN0Y A1930-40,41 - 50,
51 - 60, 61 - 70, 71 - 80 wuazengxnnil 80 1
wuhiisiouuaziesazveaihedulsanaesa
LenaNaILNY 1(1.8), 6(10.9), 13(23.7),
19 (34.6), 12 (21.8) waz 4 (7.3) muday uun
Wumeasesiuiuvwaziesazivindy 1(3.6),
3(10.7),8(28.6),6(21.4),7 (25.0) uaz 3 (10.7)
MUARY  waziwAraIuIuLaziesaz iy
0(0),3(11.1),5(18.5),13(48.2),5(18.5) wuaz
1(3.7) mucdy fthedianzanudularingasom
menuLazIesar 43 (78.2) Wumeamnesiuiu
wazdevar 21(75.0) wazdlumandauuua
Sovar 22(81.5) fimaguiriitiudisinnuuas
Sowaz 12 (21.8) WhunwanesnuuazIesas 11
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(39.3) wazifumemgasnnuuazievaz 1 (3.7)
wazillsaunvnusiiad 2 $audresuunas
$awaz 21 (38.2) WhunwamnesnuuazIesas 10
35.7) wazifhuwangasiuiunaziesaz 11
(40.7) (Table 1) fiszdrhaaiaas (fasting
plasma glucose) ifiu 133.3 + 71.5 daaniu

foLaTsans, 52Au LDL-cholesterol WAsIIAY
105.0 * 45.4 Naan3uasLA%ans, seAu HDL-
cholesterol MABINAL 46.8 + 11.7 fiadndude
LAFANT LazIzAU triglyceride WwaghAY 131.9
+79.1 NaanfudoLA®ans (Table 4)

Table 1 Demographic data and history of ischemic stroke patients

Data description
Variables Male Female Total
and classification
Sex Number (%) 28 (51) 27 (49) 55 (100)
Age (years) Mean + SD 63.58 +11.99 63.00 + 11.99 63.29 + 11.99
Number (%)
30 - 40year 1(3.6) 0(0.0) 1(1.8)
41 - 50 year 3(10.7) 3(11.1) 6(10.9)
51 - 60 year 8(28.6) 5(18.5) 13(23.7)
61 - 70 year 6(21.4) 13(48.2) 19(34.6)
71 - 80 year 7(25.0) 5(18.5) 12(21.8)
> 81 year 3(10.7) 1(3.7) 4(7.3)
BMI (kg./M?) Mean + SD 2432 + 3.72 25.84 + 3.64 25.0 + 3.57
Blood Pressure Normal (< 130/85) 7(25.0) 5(18.5) 12(21.8)
(mm.Hg) Number (%)
High (> 130/85) 21(75.0) 22 (81.5) 43(78.2)
Number (%)
Smoking Number (%) 11(39.3) 1(3.7) 12(21.8)
Type 2 Diabetes Number (%) 10(35.7) 11(40.7) 21(38.2)
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2. wansIaer waztlSeutiisuseay
Lp-PLA activity, hs-CRP waznnines
AN q

NaMTIATIEHIEF U AT ad At
winfiaedena g fifeedudihelsanasaiion
aued daudizuiloimsveslsavasaidenduos

(admission baseline) wazasrvaamuludlent

«7‘1'2, 4 1az 6 MINAIMITNFIWLN 320U glucose,

total cholesterol, LDL-cholesterol imsanaq

agnaFatauiiioioufuszezGuiionamsluvas
fi52#1u99 HDL-cholesterol fiffinduidntion
wazlinumsasuulasueaszdu creatinine

YenIINEMU DM MssnduanaImend

msiny lagsedu Lp-PLA  activity Heanag

pddFataulasudnadumiisogiu (95% CI) i

admission baseline wazdo¥ii 2,4 waz 6

MYINAINMIINEIMNAY 185.74 (183.21 -207.08),

154.35 (158.64 - 179.14), 132.45 (136.49 -

154.47) waz 125.67 (123.3 - 139.0) mlulua

AoINNADNARANT MNAAY FULALINUTZO VDI

qnaing Nta uasAne

hs-CRP ﬁaﬂaﬂﬂmtamtﬂumﬁﬁﬂgm (95% CI)
AU 3.39 (6.47 - 22.15), 3.11 (4.67 - 17.32),
2.94 (3.82 - 14.36) uaz 2.87 (3.37 - 11.69)
HaanSuseans mua1ay (Table 2)

diodnnsiuliouiiunadeveeszdu
Lp—PLA2 activity (Fig. 1A), hs-CRP (Fig. 1B),
glucose, (taz LDL-cholesterol “lui{ﬂwkwaam
WoATNBIFNATNDIVIAREA AOULAZAINAY A
Fumsine fedda Wilcoxon Signed Ranks
test WUNAANUUANAIIAUBEINNTE AN
4a@ (p < 0.05) tileufeuiouszninamusniy
W13ne (admission) AuAmAsmssnni 2,4
waz 6 U wuReIAUTZAY total cholesterol
WUNABULATMENAIMITAMINANNUANAIBE
MlaAgmaana (p <0.05) ua ldwuanuuana
athailtiddnuiionSouiousznedlanid 4
(az 6 ¥aIMITne d1uszay HDL-cholesterol
AanuuanaedltisdAymedda (p < 0.05)
sevhamusniuhinmAummdamssnmndaud
o 4 Fuduly (Table 2)

Table 2 Comparison of Lp-PLA2 activity, hs-CRP and other parameters in ischemic stroke patients

at admission (baseline), and 2, 4, 6 weeks after treatment

Admission 2 Weeks after 4 Weeks after 6 Weeks after
. (baseline) treatment treatment treatment
Variables . R . .
Median Median Median Median
(95 % CI) (95 % Cl) (95 % CI) (95 % CI)
Glucose (mg/dL) 109.00 103.00 102.00 99.00
(114.4 - 152.1) (110.1 - 140.4) (105.6 - 127.7) (102.9 - 119.6)
*b, *d *c, e, *f
Creatinine (mg/dL) 0.85 0.86 0.84 0.84
(0.88 - 1.16.) (0.87 - 1.12) (0.85 - 1.08) (0.84 - 1.07)
*d e
eGFR 85.00 86.00 88.00 88.00
(ml/min/1 .7m2) (70.4 - 84.3) (71.4 - 84.7) (73.5 - 86.2) (74.3 - 86.2)
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Table 2 Comparison of Lp-PLA2 activity, hs-CRP and other parameters in ischemic stroke patients

at admission (baseline), and 2, 4, 6 weeks after treatment (con.)

Admission 2 Weeks after 4 Weeks after 6 Weeks after
. (baseline) treatment treatment treatment
Variables . . . .
Median Median Median Median
(95 % CI) (95 % CI) (95 % CI) (95 % CI)
Total cholesterol 175.00 167.00 159.00 154.00
(mg/dL) (162.9 - 191.0) (156.2 - 173.1) (152.5 - 166.8) (150.2 - 164.0)
*a *b,*d *c, e
Triglyceride 98.00 106.00 115.00 123.00
(mg/dL) (111.0 - 152.8) (113.1 - 140.1) (117.1 - 140.3) (118.2 - 138.1)
HDL-cholesterol 47.00 48.00 50.00 50.00
(mg/dL) (43.7 - 49.8) (45.8 - 49.9) (47.4 - 50.9) (48.7 - 51.8)
*b, *d *e, *f
LDL-cholesterol 101.00 95.00 85.20 79.20
(mg/dL) (92.8 - 116.8) (83.9 - 99.1) (78.6 - 91.0) (75.4 - 86.9)
*a *b, *d *c, e, *f
Lp—PLAZaCtivity 185.74 154.35 132.45 125.67
(nmol /min/mL) (183.21 - 207.08) | (158.64 - 179.14) | (136.49 - 154.47) | (123.3 - 139.0)
*a *o,*d *c, e, f
hs-CRP (mg/L) 3.39 3.11 2.94 2.87
(6.47 - 22.15) (4.67 - 17.32) (8.82 - 14.36) (8.37 - 11.69)
*a *b, *d *c, e, f

Note : eGFR = estimated glomerular filtration rate

: *Significant differences at P < 0.05 using Wilcoxon Signed Ranks test, a = comparison
between admission and 2 weeks after treatment, b = comparison between admission and 4 weeks
after treatment, ¢ = comparison between admission and 6 weeks after treatment, d = comparison
between 2 weeks and 4 weeks after treatment, e = comparison between 2 weeks and 6 weeks

after treatment, f = Comparison between 4 weeks and 6 weeks after treatment
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Comparison of Lp—F’LA2 activity (A) and hs-CRP (B) in ischemic stroke patients before

(admission), and at 2, 4, 6 weeks after treatment using Wilcoxon Signed Ranks test. Data

are represented as the median (95%Cl)

: *Significant differences at P < 0.05 using Wilcoxon Signed Ranks test, a =

comparison

between admission and 2 weeks after treatment, b = comparison between admission and 4 weeks

after treatment, ¢ = comparison between admission and 6 weeks after treatment, d = comparison

between 2 weeks and 4 weeks after treatment, e = comparison between 2 weeks and 6 weeks

after treatment, f = Comparison between 4 weeks and 6 weeks after treatment
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3. ANUANNUS 52119580 D Lp-PLA
activity waza1 hs-CRP fumwisdines
AN

HAN1IANEIANNENTUSTZNnI1952AY
Lp-PLA  activity azA1 hs-CRP Auen

MNAADIAg 9 Tnel¥edia Pearson Correlation

WuRszdY Lp-PLA ) activity Hanuduiiug

FIUINAVIEAL hs-CRP (r= 0.474, P <0.001),
glucose (r = 0.255, P < 0.001), total choles-
terol (r =0.149, P =0.027) waz LDL-choles-

3a-F0150 lulszdumsinyilsavaoaiden 7515

terol (r=0.193, P =0.004) Favaneanuiiie
320U hs-CRP, glucose total cholesterol oz
LDL-cholesterol awuﬁ]u‘wm @y Lp- PLA2
activity “luclsiummumm%unu UoNINUTINY
528U hs-CRP fianuduiusiFauinfuszéu
glucose (r = 0.306, P < 0.001) A1915uUAUuUAdl
ANuFuRUSFaufiua eGFR (r = -0.158,
P =0.019) WneAMINEieszduMsnIevedla
anad (A1 eGFR 1'71'@%1) AEWUITEAVVDIAT hs-CRP
‘lu%%mﬁluqa%u (Table 3)

Table 3 Correlation of Lp-PLA2 activity and hs-CRP with other parameters

Serum Lp-PLA2 Serum hs-CRP
Characteristics (hmol /min /mL) (mg/L)

r P value r P value
Sex 0.088 0.193 0.212 0.712
Age (years) -0.63 0.353 0.026 0.700
hs-CRP (mg/L) 0.474 <0.001* - -
Glucose (mg/dL) 0.255 <0.001* 0.306 <0.001**
Creatinine (mg/dL) -0.002 0.981 0.021 0.759
eGFR (ml/min/1.7) -0.69 0.307 -0.158 0.019*
Total Cholesterol (mg/dL) 0.149 0.027* -0.08 0.901
Triglyceride (mg/dL) 0.059 0.383 0.024 0.719
HDL-Cholesterol (mg/dL) -0.153 0.23 -0.114 0.093
LDL-Cholesterol (mg/dL) 0.193 0.004** 0.09 0.890

Note: Using Pearson Correlation, *significant differences at P < 0.05

4. 520U Lp-PLA  activity uaz hs-CRP Tums
A3IVAAMUMITNEILIAYIAOALADATNDIBUA
AN93INALADA
P = ~ P
wamsanedSeuineumsasunlas
VDITEAL Lp-PLA_ activity, hs-CRP uaz

mMdieeiimeq Asuuazndamsinmlaglie
(9@® (mean) VYoINAMINAdOUABUIAL (admis-
sion; baseline) Hannusesaz 100 waza3I9
Aemumsilasuwadludleid 2, 4 waz 6
Mondamssne wud hs-CRP fimsu/asuuilag
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7516 qnaing Nta uasAne

~ P A v - ~ .. ~ =
anasnigalaeirmasiesaziiloSoudioy  cholesterol, uaz creatinine Amsiasuuilaq

fusmsnadeunaumssnm (1 76.80, 62.89,  asasnninnlitiessesasmnmuaidu luvashn
52.55 mud1dy 5999978 Lp-PLA_ activity ~ HDL-cholesterol uaz eGFR iimsifaguu/as
Faienassesazimiy 86.55,74.55 uar 67.20  invuveImdsSevazilalIsuiisuiuams

guaAay d3u LDL-cholesterol, glucose, total ~ nadaunaumsiny (Table 4 waz Fig 2)

Table 4 Comparison of biological parameters before and after treatment of ischemic stroke, mean

of admission baseline values was set as 100 percent

Admission 2 Weeks after | 4 Weeks after | 6 Weeks after
Variables (baseline) Treatment Treatment Treatment
(%) (%) (%) (%)
(Mean = SD) (Mean = SD) (Mean = SD) (Mean = SD)
Glucose (mg/dL) 100 93.93 87.48 83.48
(133.3 £ 71.5) | (1256.2 +57.3) | (116.6 £ 41.9) | (111.3 + 31.5)
Creatinine 100 97.84 94.80 93.92
(mg/dL) (1.02 £ 0.53) | (0.99 + 0.47) | (0.96 + 0.45) | (0.95 + 0.43)
eGFR 100 101.03 103.24 103.77
(ml/min/1.7m?) (71.3 £ 26.3) (78.1 £ 25.5) (79.8 = 24.1) (80.3 = 22.6)
Total cholesterol (mg/dL) 100 93.07 90.24 88.79
(176.9 = 53.2) | (164.7 + 31.9) | (159.7 = 27.0) | (157.1 + 25.9)
Triglyceride 100 96.01 97.57 97.15
(mg/dL) (131.9 + 79.1) | (126.61 + 51.0)| (128.6 + 43.9) | (128.1 + 37.6)
HDL-cholesterol (mg/dL) 100 102.29 105.13 109.30
(46.8 + 11.7 (47.8 + 7.8) (49.1 + 6.6) (60.3 + 7.1)
LDL-cholesterol (mg/dL) 100 87.32 80.87 77.46
(105.0 + 45.5) (91.5 + 28.7) (84.8 + 23.3) (81.2 + 21.8)
hs-CRP 100 76.80 62.89 52.55
(mg/L) (14.3 = 29.7) (11.0 = 23.9) (9.1 £ 19.9) (7.5 £ 29.7)
Lp-PLA activity 100 86.55 74.55 67.20
(nmol /min /mL) (195.1 + 45.2) | (168.9 + 38.8) | (145.5 + 34.0) | (131.1 + 15.7)
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% Creatinine
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=+ Triglyceride

- HDL-Cholesterol
4 LDL-Cholesterol
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40 T

- ¥ Lp-PLA2

Before (0) and after treatment (2, 4, 6 weeks)

Fig. 2 Comparison of biological parameters in Ischemic stroke patients before and after treatment

(2, 4, 6 weeks) by setting mean of admission baseline values as 100 percent. (miﬁmﬁ’]ﬁu

AryaneniLazMasLNanALdUNNANNAIALIANN HDL-cho, eGFR, TG, creatinine, cho, glucose,
LDL-cho, Lp-PLA, uaz CRP lrisanadesiuasuraudunsm tiiaanuazaonlunisiaisnn

° v vV lg
LASNIAINH Lﬂ.l'ﬂ'ﬁvl,ﬂ\‘ﬂ £171)

a 4

P13
= Y Xao ¢ A a ¢
msAnmaTIlInglszasAinedanzy
wazfIouiiiousziy Lp-PLA activity, hs-CRP,
glucose, creatinine i estimated glomerular
filtration rate (eGFR) waz lipid profile 1u rﬁﬂ’m
15A%AALADATNDITHATNDIVIALADA HIUALTN
21MstazaNIRamuMendImssneludlarin
a e s s 4 1 s
2.4 uaz 6 LaIATITHANNENAUSTENINTZAY
Lp-PLA  activity waz@1l hs-CRP Aud

a g Y=L K2

mndineidg lagladnulunihelsavasa
leAdNeFHAdNEINALALA 55 18 $I901Y

3214 35-85 1 AAaagvesegwinny 63.29 i
q

\Huneine 28 9o (Fevaz 50.91) (AN 27
19 (Gowar 49.01) FadeandedlndiAeafuau
Wenrhumnved 15351 Jouy MnuradgoIgVes
16

o

dthelsarasatdenaueamniy 63.91

Y

A
LLASLND

L4

Ienznulsouiiiouszduaaasves Lp—PLA,

)

activity, hs-CRP uazszdvmnineiaag lu
fithelsAnaeaidenduosvindueanaidondaud
Guileimsvedlsauazasafamuluduenii 2, 4
UaY 6 MIVAINMIINEINUNTZAVYD Lp-PLA,
activity (ag hs-CRP AnaIMEMAIMIIAAaL
o 2-6 pg el o AyN1Nann uAszA
Lp-PLA | activity ilesuiiermsveslsavasa
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13 1
1 E

A . =~ A W

aenaned (baseline) lumsAneidanaguiny
195.14 wluluadewiineNadans Fasnim

4 . a4 a
anudeaveamsoniauluviasntaeanalsial
>225 nluluadewnaediaaans (Adult Treatment
Panel III (ATP III) Guidelines) %41%lums
Ansandaduladenuuimamsineuazileadiu
a A t% )

mstnalianaeatasaiilalalsuni (coronary
heart disease; CHD) uazlsnviaoatdenanadn
Fadunguiiianuidsatunans (moderate risk)
A Lp-PLA_ activity >225 wluluadeini
AoNadans INMTAANNFIRaM AR CHD

U718 ag1elsfiauauddeil

oz

uas stroke LWNUU
< P a ¢ ~ 4'

Wumgamawneisuneumsasunilas
M Lp-PLA  activity Tushedraidenriihurion
uazndamsine FaudAsuduues Lp-PLA

« e Y A ] a
activity Tufithelsavasaaeaaussazhiganu
225 nluluadenfineladans wANUINAMAY
nasnnlasumsinwiedraledideynieana
(p < 0.05) waadliruniheiinnzmssniy
voaviaeataananadtilaneufiuneumssneiuas
WansanLTeuNeuNamavedseay hs-CRP

A [ A o o as aa

wuhimanasegelivddnmadna (p < 0.05)
FULAEIAY Lp-PLA activity Fauaaaiihe
Inmmsalidniauvesnameanasmenddlasums
SnuFedennasInuNUIdeved Mitchell S.V.
et al., Wil w.a. 255217 Flddnuszdu
hs-CRP, Lp—PLA2 mass oz Lp—PLA2 activity
Aouuaznaamsinalsnviasntdendusd wazlsa

Y X o A .
adelameannmsna@esn (myocardial
infarction) WATWUNITAVUDI Lp-PLA, 14 mass
waz activity Nszdvanasediiiodrfiymadaa
uATZALUYDQ hs-CRP §ansgavn uazlumsdnmn
w84 Elkind MS e al., 1) w.a. 2549 wuh
320U hs-CRP azdansgelunszuaidonduszes

qnaing Nta uasAne

A s U I A
na 1 weuvdsnnithodulianasadenduas
FaiauannmMsdnauusae Jzdiueuves
319118 AUHBIN1TOUUNIATOUTINAIYLFY
doauin 1ileean hs-CRP sl i uansya¥n
Tz AUMISAEUUS D UVaenLAeALN 8819
=) == 3 é’?/@tv A s ] Al
e wazlumsnmaiaiiideaendedadihe
d‘ | ) a A 4’ IS
nfulsavasnldendueisindussnatdondall
ANMANNMIAVUALVBIVIADALABATNDANANY

1 ) 4 a z #‘ A
nduaey Taghiinnzmsfatyeauriesins
£ a ‘Q‘ 1 Y o VY
unsndeuuinaeuInme milviihoaeudues
AamMsinEa N IANUIZAUUEY hs-CRP anag
& = ! v X

FAGEInnMIAnE AUt

NANAMTANFIANNFURUSTZNNeIZH
Lp-PLA, activity fluAszAy hs-CRP 3¢au
hmaluden (glucose) szAUM creatinine M
eGFR uazszavluiiuluiden (lipid profile) wu
N 32U Lp-PLA, TanuduiusiFannduszeu
hs-CRP, glucose, cholesterol way LDL-
cholesterol ag1alitdAeyneada (p < 0.05)
FalumsAnmanuduiusszniig Lp-PLA,
activity fis LDL cholesterol Wunianudusiug
luBawin (r=0.149) deandsenunuITenmILIN
Tugfihelsanasaideniialaganudr Lp-PLA,
activity fiu LDL- cholesterol fianudusiusly
@auan Taedieanuduius r=0.45%" wazms
Anwuee Noto H.er.al., Wil w.e. 2549 lueen

v da .

a1iAINiN1IY metabolic syndrome wazlin
il r=0.27" ugashingusodis
| W ~ o 4 o o & '
nuanaafustainalidinnuduius (f1 1)
S 1 s Y v 1 I~ 1
danuuanaefulatie edrelsaaunuii
LDL~cholesterol uaz Lp-PLA Tanuduiug
Wuganamiloudu wsz Lp-PLA  gnahs
Tagiiinaenunvia macrophage way oxidized

Vv 1] 1}
LDL éafuilasz@uvea LDL-cholesterol i
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muﬁmwm SBIEEN Lp PLA meuwuﬂu
Luaamn“lueuuﬂaumssnmiﬁﬂwaaﬂLaam
Y 1 Vo a -~ Y
tmm@,ﬂamz"lmuma:mﬂamaaﬂ gIAIUMT
I Y3 - Y < - s 1
wledvadiaen snundatdeaiungy uazenan
lvilwidenndy statin FaiinaannNudewea
msiialsariasntasnaneauazileanmsmsiialsa
waamﬁaﬂauaaqﬂﬁwﬁw Mslasuendanalnen
danalfinnznsdniduvedriaentasnandiad
doAAdpanuUMIANYINHIUINYDY Albert MA
et.al., Wil w.e1. 2548 uaz O’Donoghue M et.al.
Tl et 254029 Fawudszdy Lp-PLA,
4‘ Y Vo a v 1 .
anaa iedthelaiumsinmaieengu statin
A o o A A a '
wioanszavulvivluden enlSeueunana
UBITEAY glucose, total cholesterol az
LDL-cholesterol fauuazrnddlasumssnuniy
s e 1 g ] A o o o
52821381 6 dlmd wuhimanasegealiivdfey
NE0A (p < 0.05) WFUAU MIAAAIVDITZAY
total cholesterol waz LDL-cholesterol MegHag
s [ a Y Vasr s 1
msinen eziianngihelasveanluiungu
. = o qu o ¢ o
statin F9MI¥MsdaAzH cholesterol ludy
foyaq wazdimsi LDL-cholesterol ({1gdu
MNUU (increased LDL uptake) 39danaliiszéiu
total cholesterol waz LDL-cholesterol lunszua
idenanas wazlunsainfihedidsziadulse
wimnunzlaivenaivauszduihmadiiesy
L 3 eqv W
1 metformin TN IAIZAY glucose lunszud
LRoAANAINENAIIATUMITIAYT MTanadvog
1 U g A YV &
Amarsivartlunszuaiaeaudadliifiunisney
s d’d a a Y 1
aueamsinmnidszanimwludihelsanasa
A ~ =
enaned waznamsisumeumsasuulas
VBITTAY Lp-PLA, activity, hs-CRP uag
mnieeiaeq Aeunazvdamsinvlael
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Abstract

Finger-stick blood glucose meters have an increasing role in glycemic control for
the prevention of diabetic complications. Blood glucose meters’ performance, especially the
precision, is crucial in the quality control process. Currently, commercial control materials with
the same matrices as the finger-stick blood sample are not commercially available. Therefore,
the aim of this study was to develop control materials containing red blood cells and evaluate
them for the application in the quality control process of finger-stick blood glucose meters.
The control materials containing glutaraldehyde-fixed red blood cells were prepared, and
examined for homogeneity, stability and precision. The results showed that the control materials
containing 2% glutaraldehyde-fixed red blood cells were suitable for determination of glucose
at three concentration levels (low, medium and high) by using finger-stick blood glucose
meter. The homogeneity of the control materials was acceptable (SS < 0.36pt). In addition,

the stability at all three concentration levels lasted for at least 8 weeks at 4 C

(0, -y,l = 0.30'pt+2\/u2 (v,) + u? (77,)). Moreover, when the control materials were periodically
measured for 8 weeks by five finger-stick blood glucose meters with either GDH or GOD
principles, the coefficients of variation were acceptable for all three levels; 5.99, 2.06, 4.57, 4.78
and 5.07% for the low level; 5.36, 2.88, 5.12, 6.39 and 5.14% for the medium level and 6.01,
2.48, 5.09, 6.59 and 3.48% for the high level. Remarkably, the accuracy result shows that two

finger-stick blood glucose meters with the GDH principle reached the minimum acceptable
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ISO15197:2013 of > 95% of the measured glucose values fall within criteria (less than * 15 %,
Table 4). In conclusion, the control material developed could be applied for the quality control
process of glucose meters. However, further study is needed for the development of control

materials for performance assessment of finger-stick blood glucose meters with various principles.

Keywords: Finger-stick blood glucose meter, Glucose control material, Glutaraldehyde-fixed red

blood cells, Glucose dehydrogenase, Glucose oxidase
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1) msnadevanuiuiliomerniu Iay
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2) mMInadeuANNAGl Inemsseu
Y I Cod 4
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1 1 d' P 1
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o . o I I'd
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ANOVA
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v % - 2 “
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o A P
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(A)
e=3 1.0 % Glutaraldehyde
-y e 1.5 % Glutaraldehyde
\g 3 20 % Glutaraldehyde
- am 25 % Glutaraldehyde
S 3.0 % Glutaraldehyde
-
3
=
(&)
Levels of glucose
(B)
400+
NS EE 1.0 % Glutaraldehyde
) & 1.5 % Glutaraldehyde
.24 3m_ -
- E3 2.0 % Glutaraldehyde
e D 2.5 % Glutaraldehyde
§ 200+ 3.0 % Glutaraldehyde
@
w
8
S04 ———
o
0_ E - E=q [n]
1
Low Medium High
Levels of glucose
(©
400+
NS =3 1.0 % Glutaraldehyde
g &3 1.5 % Glutaraldehyde
\E’ 3004 = £ 2.0 % Glutaraldehyde
S g am 2.5 % Glutaraldehyde
g 200+ H z2a 3.0 % Glutaraldehyde
- NS
w
o
S 1004

Low Medium High

Levels of glucose

Fig. 1 The effects of glutaraldehyde concentrations on glucose determination (A) determined by
finger-stick blood glucose meter with GDH; (B) determined by finger-stick blood glucose
meter with GOD; and (C) determined by automatic chemistry analyzer. (N = 3), NS
represents non-significant (o > 0.05) using 1-way ANOVA
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42+
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36—

—r r 11 1111 1 T T 1T T1T°7
1 3 5 8 10 13 15 18 20 22 24 27 29 31 34 36 38 41 43 45 48 50 55 60

Days

Fig. 2 The effect of glutaraldehyde (2%) on hematocrit (% packed red blood cells) during 1-60

days, ...... Trend line
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Fig. 3 Means of glucose in control materials were analyzed by glucose meter with glucose
dehydrogenase at 1, 3, 5, 7 and 8 weeks. (A) Low level; (B) Medium level; and (C) High
level. (N = 10), NS represents non-significant (o > 0.05) using 1-way ANOVA.
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Fig. 4 The variation of glucose in control materials was measured using 5 glucometers and an

automatic chemistry analyzer during 1-60 days. (A) low level; (B) medium level; (C) high level
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Fig. 5 Means of glucose in three levels of control materials determined by 5 glucose meters
andautomatic chemistry analyzer during 1-60 days (8 weeks). NS represents non-significant
(o > 0.05)

*0 < 0.0 compared with automatic chemistry analyzer using 1-way ANOVA
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Table 4 Accuracy of five glucose meters compared with automatic chemistry analyzer according

to the standard 1S015197: 2013

ISO 15197:2013 criteria

Glucose meters

Glucose concentration

<100 mg/dL =100 mg/dL
+15 mg/dL +15%
GDH 1 100% (24/24) 95.8% (45/48)*
GDH 2 100% (24/24)* 100% (48/48)*
GDH 3 91.7% (22/24) 0
GOD 1 0 50.0% (24/48)
GOD 2 0 0

*The determination was accepted
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Point-of-care Glucose Testing:
Thirteen-year Experience of Quality Improvement at
the 2,000 Bed Medical School Hospital

Pusadee Luenee, Nittaya Napatsornweerawong, Panutsaya Tientadakul,

Preechaya Wongkrajang, Sudcharee Kiartivich and Nisarat Opartkiattikul*

Department of Clinical Pathology, Faculty of Medicine, Siriraj Hospital, Mahidol University,
Bangkok

Abstract

To evaluate the effectiveness of the management system for point-of-care (POC) glucose
testing at the 2,000 bed medical school hospital, the results of Internal Quality Control (IQC)
and External Quality Assessment (EQA) were analyzed, as well as satisfaction surveys of doctors,
nurses/operators and patients during the years 2007 to 2019. This study was a retrospective study
to analyze IQC and EQA results of sites performing POC glucose testing, including inpatient
wards and outpatient department (OPD), as well as results of satisfaction surveys of doctors,
nurses/operators and patients were analyzed. These data were categorized into three phases of
quality development: Phase 1 (2007) prior to implementation of ISO 22870, and which utilized
a single system for POC Glucose with IT connectivity, Phase 2 (2008 - 2014) after implementation
of ISO 22870 : 2006, and finally Phase 3 (2015 - 2019); with new technologies that resulted in
the change to a new POC Glucose meter; and subsequent implementation of ISO 22870 : 2016.
Management review records of each year were reviewed to confirm the outcome of quality
management in each phase. The findings revealed that the number of sites performing POC
Glucose testing varied in number from 141 to 168 during 2007 to 2019. IQC data of Phase 1
was unavailable. IQC results of Phase 2 were evidenced that 45.4 - 99.5% of sites had a
coefficient variation (CV) of IQC results < 10%. In Phase 3 during 2015 - 2016, 99.9 - 100%
of sites had a CV < 10%. During 2017 - 2019, the desirable level of precision was changed to
CV < 6.7 %, and 98.3 - 99.2% of sites achieved this goal. Regarding EQA, Phase 1 evidenced
no EQA participation, in Phase 2 during 2008 - 2009, an Internal Quality Assessment was used
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instead of EQA. After joining EQA of College of American Pathologists (CAP) during the years
of 2010 - 2014, 75.9 - 100% of sites had EQA results within acceptable ranges. In Phase
3 during 2015-2016, 92.3 - 100% of sites had EQA results within acceptable ranges, and during
2017- 2019, 97.2 - 100% of sites had a Quality Cross Check (QCC) by CAP within acceptable
ranges. The overall satisfaction of all groups steadily improved year by year until the years
2017 - 2019, with the overall satisfaction rate being more than 92%. Thus, it is concluded that
the implementation of ISO 22870 leads to improvement of precision and accuracy of the POC
glucose testing as well as satisfaction of doctor, nurse/operator and patient. This reflects the
achievement of the POC system management implemented in a large tertiary care hospital of a

medical school.

Keywords: ISO 22870, POC Glucose, POC quality improvement, Point-of-care glucose, Point-
of-care system management
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—a—CVs67% 983 | ¢8.7 | 93.2
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~
€
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Jan Feb Mar Apr May Jun Jul Avg Sep oct Nov Dec
——CV$6.7%2017| 78 | 978 | 981 | 988 | 981 | 937 | 978 | 984 | 994 | o811 | e84 | 953
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Fig. 1 Percentage of wards and sites that achieved internal quality control (IQC) targets in accordance
with the established criteria during 2008 - 2019 (1a) and the monthly CV (%) for Phase 3 during

the years 2017-2019 (1b)
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Phase 1 Phase 2 Phase 3
50
2‘; ::. cap coc:; cap O::; cap ;:l: cap m‘::"; cap mc:‘: cap mc:: cap ;:"; cap ;:; cap mcf: cap ;‘;’; cap O:\:
am | am resuit ared jresuit] ared resuit) ared resuit ared result ared resuit ared resuit ared result ared resuit i,!ﬂresu?l ared resuit ared
2008{2009| 2000 | 2011 | 2012 | 2013 | 2084 | 2085 | 2016 | 2007 | 2018 | 2019 | 2020
—— EQA / QCC1st survey 950| 100 | 100 | 100 | 200 | 100 | 100 | 100 | 950(935| 100 | 100 | 929(932| 972|974 | 100 | 100 (983 |99.1 | 983 | 100
~—8-— EQA / QCC2nd survey 00| 869|100 | 100 | 200 | 100 | 100 | 100 | 850|759 923|971 | 100 (992 (978|990 983 |99.1 (983 (98.1| 100|992
—+—ECA/ OEC3rd survey 100 | 965|100 | 100 | 100|993 | 200 | 200| 850 200 | 873|870 100 | 100

Fig. 2 Percentage and number of wards and sites with the external quality assessment (EQA) and

quality cross check (QCC) results. It is in the acceptance criteria of CAP (CAP Acceptable)

during the years 2010-2019
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Operators
e PatiENtS 90.0 | 860 | 78.0 | 900 | 89.0 | 96.6 | 95.2 | 915 | 96.0 | 95.2 | 92.6

Fig. 3 Percentage of overall satisfaction of doctors, nurses / operators and patients during the years

2006-2019
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Fig. 6 Percentage of patient satisfaction in the second phase during 2008 - 2014 (6a) and the third

phase during 2015 - 2019 (6b)
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