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Abstract

Nowadays, several point of care hemoglobinometers exist in the market. These devices
have significant advantages such as an ability to take rapid non-invasive measurements and the
ease of use. The Hb 201 DM Analyzer and the Hemo Control Manager are amongst such
devices that come equipped with data management functions and provide convenience through
a quality control system, barcode reader for patient identification, and ability to transfer patient
results to a hospital’s information system. The aim of this work was to compare their performance.
A precision study was conducted according to a standard clinical and laboratory guideline. The
linearity of each device was assessed by measuring five concentrations of hemoglobin in blood
samples. To ensure accuracy of the study, forty leftover venous blood samples were measured
by the two point of care hemoglobinometers. The average result of each sample was compared
against our routine analyzer, the Sysmex XN-3000. Both the Hb 201 DM Analyzer and the Hemo
Control Manager had a CV of less than 2% and the measuring ranges were 0.8 - 21.4 g/dL and
1.0 to 22.2 g/dL, respectively. Bland-Altman plots of the Hb 201 DM Analyzer and the Hemo
Control Manager compared against the Sysmex XN-3000 showed almost no difference. Moreover,
the intraclass correlation coefficients displayed an almost perfect agreement (1.000 for the Hb
201 DM Analyzer and 0.999 for the Hemo Control Manager). Both the Hb 201 DM Analyzer
and the Hemo Control Manager devices have good precision, acceptable measuring range, and

reliable correlation with automated hematology analyzers.
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Introduction

The implementation of point of care
testing in hematology has been growing
continuously for decades. The measurement
of hemoglobin concentration is performed
as a routine test for assessment of anemia
when screening blood donors or determining
the amount of hemoglobin required to
trigger a blood transfusion during surgical
intervention."" ~?

Point of care testing provides signifi-
cant benefits, including ease of use, short
turnaround times, and small sample volume
requirement. Moreover, it can be performed
near a patient’s bed which makes it possible to
rapidly diagnose and provide proper manage-
ment."" * ¥ Various studies have shown the
importance of point of care testing for hemo-
globin. For example, some key uses include
screening for anemia in blood donors,(ﬁ)
management of patients in the emergency

7% and reduction of latrogenic

(9, 10)

department,
anemia and blood transfusion in neonates.
Currently, several point of care (POC) hemo-
globinometers are available in the market. While
some are designed only to screen for anemia
in primary healthcare settings or blood donors,
others provide more accurate and reliable
measurements. Both the Hemocue® Hb 201
DM Analyzer (HemoCue AB, Angelholm,
Sweden) and the Hemo Control Manager
(EKF-diagnostic GmbH, Barleben, Germany)
are portable hemoglobinometers capable of

analyzing venous, arterial, and capillary blood
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samples using the azide methemoglobin
reaction. In addition, both devices have data
management functions such as automatic result
transfer to a laboratory information system,
quality control system, and built-in barcode
scanning function to identify the patient and
the operator. However, only the Hemo Control
Manager can report both hemoglobin and
hematocrit levels.' ="

The aim of this study was to assess
the performance of two hemoglobinometers
— Hb 201 DM Analyzer and Hemo Control
Manager — by evaluating precision, linearity,

and accuracy.

Materials and methods
Sample

The study was carried out at the central
laboratory of the Department of Clinical
Pathology, Faculty of Medicine, Siriraj
Hospital, Mahidol University between August
2018 and January 2019. For the precision
study, two commercial quality control
materials were used; HemoTrol® (Eurotrol
B.V., The Netherlands) with target values of
8.0 g/dL, 12.0 g/dL, and 16.1 g/dL for the Hb
201 DM Analyzer and Hb-con (EKF-diagnos-
tic GmbH, Barleben, Germany) with target
values of 8.1 g/dL, 12.1 g/dL, and 16.1 g/dL
for the Hemo Control Manager. For accuracy,
40 leftover dipotassium ethylenediaminetet-
raacetic acid (KZEDTA) blood samples from
outpatients and inpatients were included. All

leftover samples contained at least 2 mL of
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blood and were analyzed with the Hb 201
DM Analyzer and the Hemo Control Manager
within 4 hours of arrival at the laboratory.
The samples with hemoglobin concentration
at <10 g/dL, 10 - 16 g/dL, and >16 g/dL were
selected to cover all possible ranges of a
patient’s hemoglobin concentration in routine
practice. For the linearity study, 20 mL of
KZEDTA blood was collected from one healthy
volunteer, either a male or non-pregnant and
non-breastfeeding female aged 18 - 60 years
old with no underlying disease or history of
chronic intake of drugs. The protocol for this
study was approved by the Siriraj Institutional
Review Board (SIRB) [266/2561 (EC4)].

Hemoglobin analyzers
Hb 201 DM Analyzer

Hb 201 DM Analyzer is a point of
care device that measures hemoglobin
concentration by using the azide methemoglobin
reaction principle and turbidity compensation
with dual wavelengths (570 nm and 880 nm).
The analyzer must be used with Hb 201
Microcuvettes (HemoCue AB, Angelholm,
Sweden). Blood samples for testing were
taken either from the capillaries, venous or
arteries. The volume needed per test was
approximately 10 pL."" The Hb 201 DM
Analyzer has built-in quality control features
and is factory calibrated for the hemiglobin-
cyanide (HiCN) method, an international

reference protocol that determines the hemo-
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globin concentration in human blood. Thus,
there was no need for further calibration.'¥
Hemo Control Manager

The Hemo Control Manager is a point
of care device which measures both hemoglo-
bin and hematocrit levels. It must be used with
Hemo Control n.x.t Generation microcuvettes
(EKF-diagnostic GmbH, Barleben, Germany).
The hemoglobin measurement method used by
this device is also the azidemethemoglobin
reaction principle with dual wavelengths for
compensation of turbidity. The hematocrit
value is calculated by multiplying the hemo-
globin result by 2.94. Capillary, venous, and
arterial blood are all accepted by the device.
The sample volume required for analysis is
approximately 8 pL. The Hemo Control
Manager also has an auto self-test feature
and is factory calibrated for the reference
method."* '
Sysmex XN-3000

The Sysmex XN-3000 by Sysmex
Corp Kobe, Japan is an automated analyzer
capable of evaluating multiple parameters in
blood cells. It determines hemoglobin concen-
tration by using the cyanide-free sodium lauryl
sulphate (SLS) detection method. Erythrocytes
are lysed to release hemoglobin, which then
reacts with SLS forming a colored SLS-HGB
complex. Subsequently, absorbance at a
wavelength of 555 nm is measured and

converted into the hemoglobin concentration."”
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Performance evaluation
Precision study

A precision study was carried out
according to the approved Clinical and
Laboratory Standards Institute’s (CLSI) User
Verification of Precision and Estimation of
Bias; Approved Guideline — Third Edition
(CLSI EP15-A3)."? Low, normal, and high
quality control materials were analyzed in five
replicates every day for five days in both point
of care hemoglobin analyzers.
Linearity study

Linearity is the ability to provide
results that are directly proportional to the
concentration of analyte in the test sample.(”)
Twenty mL of KZEDTA blood from a healthy
volunteer was centrifuged at 1,148 g for 10
minutes to separate the plasma and red blood
cells. These two components were then mixed
at different volumes to produce sample level
1 (low concentration; L) and sample level
5 (high concentration; H) with hemoglobin
concentrations around 1 g/dL and 23 g/dL,
respectively. Afterwards, sample level 5 was
diluted with sample level 1 to make sample
level 2, 3, and 4 (1: L, 2: 0.75L + 0.25H, 3:
0.5L + 0.5H, 4: 0.25L + 0.75H, 5:H). Each
sample was measured in triplicates by both the
Hb 201 DM Analyzer and the Hemo Control
Manager. The assigned values were determined
by the Sysmex XN-3000, which had good
precision and accuracy according to daily
internal quality control and external quality

assessment results.
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Accuracy study

According to working instructions,
the samples were analyzed by the Sysmex
XN-3000 within 1.5 hours of arriving at the
laboratory. Subsequently, the residual samples
were adequately mixed and poured onto slides.
The blood samples were filled into two
different manufacturers’ microcuvettes by
one continuous process without air bubble
interference. Excess blood on the outside of the
microcuvettes was gently wiped off by a gauze
before it was inserted into the Hb 201 DM
system and the Hemo Control Manager
hemoglobin analyzers. Samples were analyzed
in duplicates. The average hemoglobin
concentration determined by the Hb 201 DM
Analyzer and the Hemo Control Manager were
compared with the Sysmex XN-3000.
Statistical analysis

Data was presented as mean * SD or
percentage when appropriate and was analyzed
using the PASW Statistics for Windows, version
18.0 (SPSS, Inc., Chicago, IL, USA), EP
Evaluator® Release 12.0 (Data Innovations
LLC., South Burlington, VT USA) and
Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA)

The repeatability and laboratory
imprecision of this study was calculated by
Microsoft Excel and demonstrated as a
coefficient of variation (CV). The linearity of
both point of care hemoglobin devices were
evaluated by the “Linearity and Calibration

Verification” module of EP Evaluator®
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Release 12.0. An accuracy performance
evaluation was performed using hemoglobin
results from the three machines and evaluated
in pairs (HemoCue Hb 201 DM Analyzer
with Sysmex XN-3000 and Hemo Control
Manager with Sysmex XN-3000). A linear
regression graph and correlation coefficient (r)
was determined to show the linear relationship
between the devices. After this point, error
indices were evaluated according to SMILE

U8 with a

Hematology Accuracy Guidelines
total allowable error of 7% as stated by the
criteria of the Clinical Laboratory Improvement
Amendments (CLIA) 1988.1 Ninety five
percent of all error indices were between (-1)
to (+1) indicating a “PASS” accuracy experi-

ment. We also observed agreement between
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the analyzers using the intraclass correlation
coefficient (ICC) with a 95% confidence
interval (95% CI) and Bland-Altman plot.
The ICCs and their 95% CI was calculated
using PASW Statistics, based on two-way
mixed models and absolute agreement types.
The strength of agreement was interpreted
as follows: <0: poor, 0.00 - 0.20: slight,
0.21 - 0.40: fair, 0.41 - 0.60: moderate, 0.61 -

0.80: substantial, 0.81 - 1.00: almost perfect.(zo)

Results
Precision study

The repeatability and laboratory
imprecision of both the Hb 201 DM Analyzer
and the Hemo Control Manager are shown in
Table 1.

Table 1 Repeatability and within-laboratory imprecision of Hb 201 DM Analyzer and Hemo Control

Manager
Level 1 Level 2 Level 3
Analyzer Mean %CV_ %CV, ~ Mean %CV_ %CV, Mean %CV_ %CV,
(g/dL) (g/dL) (g/dL)
Hb 201 DM Analyzer 8.03 1.06 153 1198 050 053 1598 0.51 0.64
Hemo Control Manager 8.04 0.73 082 12.08 0.71 0.85 16.06 0.60 0.62

Abbr. : CVR, repeatability in coefficient of variation; vavu within-laboratory imprecision in coefficient of variation

Linearity study

The linearity of hemoglobin was
analyzed on the Hb 201 DM Analyzer and the
Hemo Control Manager over a range of 0.8 g/dL.
to21.4 g/dL and 1.0 g/dL to 22.2 g/dL, respec-
tively. The slope and intercept of both devices

are shown in Fig. 1.

Accuracy evaluation

The mean Hb value obtained by the
Hb 201 DM Analyzer was slightly less than
the mean venous Hb value obtained by both
the Hemo Control Manager and the Sysmex
XN-3000 (11.8 = 3.6 g/dL, 11.9 * 3.6 g/dL,
and 11.9 * 3.6 g/dL). The range of measure-
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ments by the Hb 201 DM Analyzer and the
Sysmex XN-3000 was 4.8 - 20.4 g/dL. while
4.9 - 20.5 g/dL was measured by the Hemo
Control Manager.

Both the Hb 201 DM Analyzer and
the Hemo Control Manager showed good

correlation with the Sysmex XN-3000 (Fig. 2).
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All the samples from both devices had an error
index within (-1) to (+1). Table 2 demonstrates
data of intraclass correlation and mean of
difference. Bland-Altman plots are shown in
Fig. 3. There was only a slight difference
between the two points of care hemoglobin

analyzers and the Sysmex XN-3000.

A) Scatter Plot B) Scatter Plot
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Fig. 2 Correlation of hemoglobin concentration by (A) Sysmex XN-3000 and Hb 201 DM Analyzer;
(B) Sysmex XN-3000 and Hemo Control Manager
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Table 2 Intraclass correlation and mean of difference between Hb 201 DM Analyzer, Hemo Control

Manager and Sysmex XN-3000

Point of care device against Intraclass  correlation 95%  Mean of difference + SD
Sysmex XN-3000 ICC Cl (9/dL)
Hb 201 DM Analyzer 1.000 1.000 - 1.000 0.01 + 0.08
Hemo Control Manager 0.999 0.997 - 1.000 -0.08 + 0.09

Abbr. :
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Fig. 3 Bland-Altman plot for hemoglobin concentration by (A) Sysmex XN-3000 and Hb 201 DM

Analyzer; (B) Sysmex XN-3000 and Hemo Control Manager

Discussion

To our knowledge, this is the first
validation study of POC hemoglobinometers
with a data management system to show if the
devices are appropriate for routine use when
compared to a laboratory analyzer. This study
evaluated the precision, linearity, and accuracy
of the instruments.

Although POC hemoglobinometers
are mostly used with capillary samples,
pre-analytical errors such as puncture technique
might obscure the performance of analyzers.

Hence, this study used commercial quality

control for precise evaluation and venous blood
samples for accuracy and linearity assessment
to minimize pre-analytical errors.

For the precision study, the Hb 201
DM Analyzer had a slightly wider CV range
than the Hemo Control Manager as shown in
Table 1. However, results from both devices
were less than in previous studies by Gomez-
Simon et al., and Singh A et al., in which CV
was 2.28% for the HemoCue (model
not specified) and 2.51% for the Hemo
Control.*" *? According to routine internal

quality control of our Sysmex XN-3000
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analyzer in October 2018, the CV was 1.00%,
1.05%, and 0.71% with mean values of
5.90 g/dL, 11.69 g/dL, and 16.64 g/dL,
respectively. As such, the precision of these
two POC hemoglobinometers was as good
as the fully automated hematology analyzer.
The linearity of hemoglobin concen-
tration from the Hb 201 DM Analyzer had a
narrower measuring range than the Hemo
Control Manager in Fig 1. Due to limited
number of blood samples, we could not verify
the full range (0 - 25.6 g/dL) as claimed by
manufacturers. ' 2 N evertheless, the verified
measuring range in this study should be
adequate for most patients in routine practice.
The mean of difference or bias of
measurements by the Hb 201 DM Analyzer
was closer to zero than in the Hemo Control
Manager when comparing with the Sysmex
XN-3000 (Table 2). The limit of agreement of
the Hb 201 DM Analyzer was also slightly
narrower for measurements of hemoglobin
(Fig. 3). However, according to the opinion
of a clinician, those differences were not
clinically significant. The ICCs of both POC
devices also showed almost perfect agreement
with the Sysmex XN-3000 as per the Landis
and Koch criteria.*” Thus, hemoglobin levels
measured by the Hb 201 DM Analyzer and
the Hemo Control Manager were reliable and
correlate with the automated hematology
analyzer. Nonetheless, Karakochuk CD, et al.
demonstrated that the HemoCue Hb 201 can

overestimate hemoglobin concentrations with
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a mean difference 0.26 g/dL. when compared
with the automated hematology analyzer.m)
Meanwhile, a study by Singh A, et al. showed
a mean difference of -0.22 g/dL between the
Hemo Control Manager and the automated
hematology analyzer. They noted an ICC of
0.77, which was viewed as in substantial
agreement.m) The differences between these
two studies and our results might be explained
by the different sources of samples. In their
studies, samples for the POC hemoglobino-
meter and automated analyzer was capillary
blood and EDTA venous blood, respectively.
(22.23) However, our study used EDTA venous
blood samples for all devices. Many previous
studies, which evaluated the accuracy of the
HemoCue compared against the automated
hematology analyzer demonstrated higher
absolute bias of measurement (0.31 - 0.84 g/
dL).(24 2D Besides the source of sample factor,
the models of HemoCue seemed to play an
important role as well. Three of five previous
studies analyzed the HemoCue Hb 301, while
the rest did not state the model of HemoCue
used.®* "?” Manufacturer claimed that the Hb
301 model was optimized for anemia screening
in primary care and blood donation settings,(zg)
so its accuracy might not be comparable with
the Hb 201 DM Analyzer and the Hemo
Control Manager, which were more reliable in
clinical management.

The limitation of this study was that
we only used venous samples for the accuracy

study. The reason for this was that the capillary
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sampling was associated with pre-analytical
errors which could have been influenced by
the operator. So, the results may have obscured
the actual performance and reliability of the
instruments.

A further investigation is needed to
evaluate the reliability of capillary samples in
routine practice. However, to ensure accuracy
of the capillary sample method, training and
assessing staff competency should be required
to guarantee proper sample collection, accurate
use of the device, and quality control manage-

ment.

Conclusion

Both the Hb 201 DM Analyzer and
the Hemo Control Manager had high repro-
ducibility, wide-ranging measurements, and
provided excellent correlation with automated

hematology analyzers.
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The Study of Nucleotide Sequences of Mitochondrial
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Abstract

Strongyloides stercoralis (S. stercoralis) is an intestinal roundworm with an estimated
100 - 370 million people infected globally. The infection in immunocompromised patients is
more severe due to septicemia caused by tissue and organ invasion by parasites. Mitochondrial
cytochrome c oxidase subunit 1 (COX1) gene has a low degree difference in nucleotide
sequences in the same species but high across different species. This phenomenon can be used
to identify and classify living organisms. This study aimed to assess nucleotide sequences of
COX1 gene of S. stercoralis in patients from Vajira Hospital, Faculty of Medicine, Navamin-
dradhiraj University. Clustering of S. stercoralis by phylogenetic tree of COX1 gene were
analyzed in 25 samples of S. stercoralis positive stools in accordance with clinical data and
laboratory results to obtain preliminary correlations of clusters, domicile, clinical symptoms and
white blood cell count. The nucleotide sequences of COX1 gene were divided into 20 clusters.
The genetic pairwise distance of S. stercoralis in some clusters were 0.000. Cluster 8 was found
in HIV patient with disseminated strongyloidiasis. Cluster 8 and 14 were found in both genders.
Eleven cases (44%), 6 cases (24%), 2 cases (8%) and 6 cases (24%) were found in Bangkok,
Ratchaburi, Kanchanaburi and other provinces, respectively. The patients were 56% male and
44% female. The < 60 years and > 60 years age groups were 52% and 48%, respectively.
Leukocytosis and eosinophilia were 36% and 52%, respectively. The patients in less than 60

years age group were frequent anemic, dehydrated and alcoholic. Gastrointestinal symptoms and
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immunocompromised patients were found in the > 60 years age group. Leukocytosis and
eosinophilia were consistent with bacterial infections and S. stercoralis infection. In conclusion,
S. stercoralis isolates were divided into 20 clusters by phylogenetic tree of COX1 gene
sequences. The preliminary data of clusters of S. stercoralis, sources of the parasites, medical

records and clinical manifestation have been reported.

Keywords: Strongyloides stercoralis, COX1 gene, Phylogenetic tree, DNA sequencing
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Fig. 1 Agarose gel electrophoresis of polymerase chain reaction (PCR) products based on COX7 gene
from Strongyloides stercoralis. Lane M is 100 bp DNA ladder. Lane 1, 2, 3, 4 are S. stercoralis
DNA. Lane 5 and lane 6 are positive control and negative control, respectively.
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MW990013 (S4) S.

MZ265797 (35) S. stercoralis Samutprakan
MW990014 (S8) S. stercoralis Bangkok

stercoralis Bangkok TATTTT TCT TAGITCTATTTTAGGTG T TTACGTTCTAGTTCTGTTTCTCTTAATAATATGAGT TTATTTATTTGGACT.

MW950015 (S11) S. stercoralis Bangkok
[MW990016 (S18) S. stercoralis Ratchaburi
Mz265798 (321) S. stercoralis Prachinburi
MZ265799 (S23) S. stercoralis Bangkok
MZ265800 (S24) S. stercoralis Bangkok
(s31) s. lis i
MW990017 (334) S. stercoralis Ratchaburi
336) S. is i
M#990018 (338) S. stercoralis Kanchanaburi
M#990015 (340) S. stercoralis Ratchaburi
M#990020 (341) S.stercoralis Bangkok
M#990021 (346) S. stercoralis Bangkok
MW990022 (S47) S. stercoralis Bangkok
990023 (S50) S. stercoralis Ratchaburi
M2265803 (S51) S. stercoralis Bangkok
[Mz265804 (S53) S. stercoralis Ranchanaburi
Mz265805 (355) S. stercoralis Buriram
(85€) s. lis
MZ265807 (359) S. stercoralis Bangkok
MZ265808 (360) S. stercoralis Bangkok
[MW990024 (361) S.stercoralis Roi Et
(362) s. lis
1088280 Necator spp. Uganda

Fig. 2

Multiple sequences alignment results of S. stercoralis COX1 gene by Bioedit program (http://www. mbio.ncsu/
edu/bioedit/.html). Conserved nucleotides sequences are shown as a dot. Genbank accession number of
S. stercoralis isolates are MW990013(S4) S. stercoralis (Bangkok), MZ265797(S5) S. stercoralis (Samut Prakan),
MW990014(S8) S. stercoralis (Bangkok), MW990015 (S11) S. stercoralis (Bangkok), MW990016 (S18) S. sterco-
ralis (Ratchaburi), MZ265798 (S21) S. stercoralis (Prachinburi), MZ265799 (S23) S. stercoralis (Bangkok),
MZ265800 (S24) S. stercoralis (Bangkok), MZ265801 (S31) S. stercoralis (Ratchaburi), S. stercoralis (Ratchaburi),
MW990017 (S34) S. stercoralis (Ratchaburi), MZ265802 (S36) S. stercoralis (Nonthaburi), MW990018 (S38) S.
stercoralis (Kanchanaburi), MW990019 (S40) S. stercoralis (Ratchaburi), MW990020 (S41) S. stercoralis (Bang-
kok), MW990021 (S46) S. stercoralis (Bangkok), MW990022 (S47) S. stercoralis (Bangkok), MW990023 (S50)
S. stercoralis (Ratchaburi), MZ265803 (S51) S. stercoralis (Bangkok), MZ265804 (S53) S. stercoralis (Kanchana-
buri), MZ265805 (S55) S. stercoralis (Buriram), MZ265806 (S56) S. stercoralis (Ratchaburi), MZ265807 (S59)
S. stercoralis (Bangkok), MZ265808 (S60) S. stercoralis (Bangkok), MW990024 (S61) S. stercoralis (Roi Et) and
MZ265809 (S62) S. stercoralis (Khonkaen). Necator spp. is used as an outgroup (LC088280).
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MW930016{S18} S. stercoralis Ratchabun Cluster 3
l— MW990024(S61) S.stercoralis Roi Et Cluster 4
MZ265809(S62) S. stercoralis Khonkaen Cluster 6
MZ265799(S23) S. stercoralis Bangkok Cluster 6
- _J— MZ265805(S55) S. stercoralis Buriram Cluster 7
3% l—E MZ265806(S56) S. stercoralis Ratchaburi
Cluster 8
93% MZ265807(S59) S. stercoralis Bangkok
MW990023(S80) S. stercoralis Ratchabun Cluster 9
MW990013(S4) S. stercoralis Bangk ok Cluster 10
MZ265803(S51) S. stercoralis Bangkok Cluster 11
MW990022(S47) S. stercoralis Bangkok Cluster 12

MW9300718(S38) S. stercoralis Kanchanaburi Cluster 13

98B%
939 I_[ MZ265797(S5) S. stercoralis Samutprakan
3%

Cluster 14
9 MW990017(S34) S. stercoralis Ratchabun
MZ265802(S36) S. stercoralis Nonthaburi Cluster 15
MW 74(S8) S. st /i K Ok
— MW990074(S8) S. stercoralis Bangk ok CRister16
93% L mwegoors(S7 1) S. stercoralis Bangkok
MZ265804(S53) S. stercoralis Kanchanabun Cluster 17
— MZ265800(S24) S. stercoralis Bangkok
L i Cluster 18
93% MZ265801(S31) S. stercoralis Ratchaburi
MZ265798(S21) S. stercoralis Prachinbuxi Cluster 19
MW990021(S46) S. stercoralis Bangkok Cluster 20
LC088280 Necsator spp. Uganda Outgroup

Fig. 3 Phylogenetic tree of COX7 gene sequences of S. stercoralis constructed by using neighbor-
joining method (Tamura 3-parameter model) (MEGA software version 6.0). Genbank accession
number of S. stercoralis isolates are MW990013 (S4) S. stercoralis (Bangkok), MZ265797 (S5)
S. stercoralis (Samut Prakan), MW990014 (S8) S. stercoralis (Bangkok), MW990015 (S11)
S. stercoralis (Bangkok), MW990016 (S18) S. stercoralis (Ratchaburi), MZ265798 (S21) S. ster-
coralis (Prachinburi), MZ265799 (S23) S. stercoralis (Bangkok), MZ265800 (S24) S. stercoralis
(Bangkok), MZ265801 (S31) S. stercoralis (Ratchaburi), MW990017 (S34) S. stercoralis
(Ratchaburi), MZ265802 (S36) S. stercoralis (Nonthaburi), MW990018 (S38) S. stercoralis
(Kanchanaburi), MW990019 (S40) S. stercoralis (Ratchaburi), MW990020 (S41) S. stercoralis
(Bangkok), MW990021 (S46) S. stercoralis (Bangkok), MW990022 (S47) S. stercoralis (Bangkok),
MW990023 (S50) S. stercoralis (Ratchaburi), MZ265803 (S51) S. stercoralis (Bangkok), MZ265804
(S53) S. stercoralis (Kanchanaburi), MZ265805 (S55) S. stercoralis (Buriram), MZ265806 (S56)
S. stercoralis (Ratchaburi), MZ265807 (S59) S. stercoralis (Bangkok), MZ265808 (S60) S. ster-
coralis (Bangkok), MW990024 (S61) S. stercoralis (Roi Et) and MZ265809 (S62) S. stercoralis
(Khonkaen). Necator spp. is used as an outgroup (LC088280).
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Table 2 Clusters, Genbank accession numbers of Strongyloides stercoralis COX1 sequences and

domicile of Strongyloides stercoralis in this study.

Isolates number Clusters GenBank accession number Domicile (Province)
S4 10 MW990013 Bangkok
S5 14 Mz265797 Samut Prakan
S8 16 MW990014 Bangkok

S11 16 MW990015 Bangkok
S18 3 MW990016 Ratchaburi
S21 19 Mz265798 Prachinburi
S23 6 MZ265799 Bangkok
S24 18 MZ265800 Bangkok
S31 18 MZ265801 Ratchaburi
S34 14 MW990017 Ratchaburi
S36 15 MZ265802 Nonthaburi
S38 13 MW990018 Kanchanaburi
S40 2 MW990019 Ratchaburi
S41 1 MW990020 Bangkok
S46 20 MW990021 Bangkok
S47 12 MW990022 Bangkok
S50 9 MW990023 Ratchaburi
S51 11 MZz265803 Bangkok
S53 17 MZz265804 Kanchanaburi
S55 7 MZ265805 Buriram
S56 8 MZ265806 Ratchaburi
S59 8 MZ265807 Bangkok
S60 1 MZ265808 Bangkok
S61 4 MW990024 Roi Et
S62 5 MZ265809 Khonkaen
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Fig. 4 Phylogenetic tree of COX7 gene sequences of S. stercoralis in this study (Genbank accession number of

S. stercoralis isolates are MW990013 (S4) S. stercoralis (Bangkok), MZ265797 (S5) S. stercoralis (Samut Prakan),
MW990014 (S8) S. stercoralis (Bangkok), MW990015 (S11) S. stercoralis (Bangkok), MW990016 (S18) S. ster-
coralis (Ratchaburi), MZ265798 (S21) S. stercoralis (Prachinburi), MZ265799 (S23) S. stercoralis (Bangkok),
MZ265800 (S24) S. stercoralis (Bangkok), MZ265801 (S31) S. stercoralis (Ratchaburi), MW990017 (S34) S.
stercoralis (Ratchaburi), MZ265802 (S36) S. stercoralis (Nonthaburi), MW990018 (S38) S. stercoralis (Kanchana-
buri), MW990019 (S40) S. stercoralis (Ratchaburi), MW990020 (S41) S. stercoralis (Bangkok), MW990021 (S46)
S. stercoralis (Bangkok), MW990022 (S47) S. stercoralis (Bangkok), MW990023 (S50) S. stercoralis (Ratchaburi),
MZ265808 (S51) S. stercoralis (Bangkok), MZ265804 (S53) S. stercoralis (Kanchanaburi), MZ265805 (S55)
S. stercoralis (Buriram), MZ265806 (S56) S. stercoralis (Ratchaburi), MZ265807 (S59) S. stercoralis (Bangkok),
MZz265808 (S60) S. stercoralis (Bangkok), MW990024 (S61) S. stercoralis (Roi Et) and MZ265809 (S62)
S. stercoralis (Khonkaen), respectively and S. stercoralis (GenBank accession number KY081225.1, KY081226.1,
KY081227.1, KY081228.1, KY081229.1, KY081230.1, KY081231.1, KY081232.1, KY081234.1, KY081235.1,
KY081236.1, KY081237.1, KY081238.1. KY081239.1, KY081240.1, KY081241.1 and KY081242.1) and
S. fuelleborni sequences (GenBank accession number MT479214.1, MT479191.1, KY081233.1, LC317043.1,
KT381719.1, LC085513.1, LC085509.1, AB677957.1, AB526292.1, AB526290.1 and AB526283.1) in the
GenBank database constructed by using neighbor-joining method (Tamura 3-parameter) analysis (MEGA software
version 6.0). Necator spp. is used as an outgroup (LC088280).
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MZ265800 (S24) fiu MZ265801 (S31) uaz
MZ265806 (S56) iy MZ265807 (S59) "'{fﬂﬂgJ:
lunddinesiAediu doandaeIluNITIENUUDY
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1

Wugnssuves Strongyloides dllFdenaq Tagldy
8u 18S rDNA szydduilinalelndiaiiu
IndiAsaluinaaeiug Taeiie pairwise genetic

distance 1y 0.000 Bufu® (Table 3)

Table 3 Pairwise genetic distance estimated from COX7 sequences under the p-distance model.
2. MW990013 (S4) S. stercoralis (Bangkok) 3. MZ265797 (S5) S. stercoralis (Samut Prakan
4. MW990014 (S8) S. stercoralis (Bangkok) 5. MW990015 (S11) S. stercoralis (Bangkok
6. MW990016 (S18) S. stercoralis (Ratchaburi) 7. MZ265798 (S21) S. stercoralis (Prachinburi

)
)
)
8. MZ265799 (S23) S. stercoralis (Bangkok) 9. MZ265800 (S24) S. stercoralis (Bangkok)
10. MZ265801(S31) S. stercoralis (Ratchaburi) 11. MW990017(S34) S. stercoralis (Ratchaburi)

)

12. MZ265802 (S36) S. stercoralis (Nonthaburi) 13. MW990018 (S38) S. stercoralis (Kanchanaburi
14. MW990019 (S40) S. stercoralis (Ratchaburi) 15. MW990020 (S41) S. stercoralis (Bangkok)
16. MW990021 (S46) S. stercoralis (Bangkok) 17. MW990022 (S47) S. stercoralis (Bangkok) 18.
MW990023 (S50) S. stercoralis (Ratchaburi) 19. MZ265803 (S51) S. stercoralis (Bangkok) 20. MZ265804
(S53) S. stercoralis (Kanchanaburi) 21. MZ265805 (S55) S. stercoralis (Buriram) 22. MZ265806 (S56)
S. stercoralis (Ratchaburi) 23. MZ265807 (S59) S. stercoralis (Bangkok) 24. MZ265808 (S60) S. sterco-
ralis (Bangkok) 25. MW990024 (S61) S. stercoralis Roi Et 26. MZ265809 (S62) S. stercoralis (Khonkaen).

1 BB 2268797

04| NZ285805 | MZ265806 | MZ265807 [ MZ285808 M

2 [MWog0013(34) $ stercorals Bangkok

3 Mz265797(35) S stercorals Samutprakan

0.025

4 \Nog0014(38) S stercomlisBanghok | 0,025

5 WWoa00t5(311) 8. stecorals Banghok | (065

6 Mos0016(318)S. stercoralis Ratchaburi | () (11

T |Mz285798(321) S. stercoralis Prachinbur

0032 0.043

8 Mz285799(323) 8. stecorals Banghok | (.14 0.004 | 0.047

9 Mz25800(S2¢)S. stercorals Bangkok | (029 0.040 | 0.011 0.043

10 Mz285001(S3:) 8. stecorals Ratchaburi | () 029 0.040 | 0.011 | 0.043 | 0.000

1 VN9g0017(S34) 8. stercoralls Ratchaburi | () 025 0.036 | 0.043 | 0.040 | 0.040 | 0.040

2 M2265802(836) 8. stercorals Northabur | (022 0.032 | 0.011 0.036 | 0.007 | 0.007 | 0.032

3 ViNo0018(S38) 8. stercorals Kanchanaby{ 09 0.032 | 0.040 | 0.036 | 0.036 | 0.036 | 0.004

0029

4 1Mos0019(540] 8. sercorals Ratchaburi | (014 0.000 | 0.043 | 0.004 | 0.040 | 0.040 | 0.036

0,032

0.032

\
[

VWG90020(841) S stercoralis Bangkok | (014 0.004 | 0.047 | 0.007 | 0.043 | 0.043 | 0.040

0.036

0.036 | 0.004

0.032 0.043 | 0.000 | 0.047 | 0.011] 0.011] 0.043

0.011

0.040 | 0.043 | 0.047

5
6 VWog0021(346)S. stercoralis Bangkok
1

MINGa0022(847)S. stercorls Banghok | (025 0.036 | 0.043 | 0.040 | 0.032 | 0.032 | 0.022

0032

0.018 | 0,036 | 0.040 | 0.043

8 {MNos0023(850) 3. stercorls Ratchaburi | (014 0.004 | 0.040 | 0.007 | 0.036 | 0.036 | 0.032

0.029

0.029 | 0.004 | 0.007 | 0.040 | 0.032

1
1
1
1
1
1
1
1
1

9 Mz265803(851) S stercorls Bangkok | (,022 0,032 | 0.032 | 0.029 | 0.036 | 0.036 | 0.032

0.029

0.029 | 0.032 | 0.036 | 0.032 | 0.032 | 0.029

20 Mz25804(853) 8. stercorals Kanchanabu (095 0.036 | 0.007 | 0.040 | 0.004 | 0.004 | 0.036

0.004

0.032 | 0.036 | 0.040 | 0.007 | 0.036 | 0.032 | 0.032

21 |Mz265805(55) S. stercorals Buiram | 014 0.004 | 0.047 | 0.000 | 0.043 | 0.043 | 0.040

0.036

0.036 | 0.004 | 0.007 | 0.047 | 0.040 | 0.007 | 0.029 | 0.040

22 |M22658061556) S stercoals Ratchabur | (014 0.004 | 0.047 | 0.000 | 0.043 | 0.043 | 0.040

0.036

0,036 | 0.004 | 0.007 | 0.047 | 0.040 | 0.007 | 0.029 | 0.040 | 0.000

23 Mz265807859) . stercorals Banghk | 0,014 0.004 | 0.047 | 0.000 | 0.043 | 0.043 | 0.040

0.03

0.036 | 0.004 | 0.007 | 0.047 | 0.040 | 0.007 | 0.029 | 0.040 | 0.000 | 0.000

24 M2265808/850) . strcorals Banglok 0.000 | 0.043 | 0.004 | 0.040 | 0.040 | 0.036

0,032

0,032 | 0.000 | 0.004 | 0.043 | 0.036 | 0.004 | 0.032 | 0.036 | 0.004 | 0.004 | 0.004

25 |MW9a0024(S61) S stercorals Roi Et 0.011 0.000 | 0.043 | 0.004 | 0.040 | 0.040 | 0.036

0.032

0.032 | 0.000 | 0.004 | 0.043 | 0.036 | 0.004 | 0.032 | 0.036 | 0.004 | 0.004 | 0.004 | 0.000

1
1
0.011
1
1

26 Mz2658091862) . tercorals Khonkaen | 011 0.000 | 0.043 | 0.004 | 0.040 | 0.040 | 0.036
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Fig. 6 Strongyloides stercoralis infection in patients classified by age
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Fig. 7 Diseases or symptoms found in Strongyloides stercoralis infected patients
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Table 4 Classification of Strongyloides stercoralis infection by gender

Total
Patients infected with S. stercoralis (gender) | number Clusters
(person)
Male 12 1,2,4,5,7,9, 11, 15,17, 18
Female 9 3, 6, 10, 12, 13, 16, 19, 20
Both 4 8, 14
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Table 5 Classification of Strongyloides stercoralis infection by age

Total
Patients infected with S. stercoralis (age) number Clusters
(person)
<60 years old 9 2,3,5,10, 11, 12, 13, 15,19
>60 years old 8 4,6,7,9, 17,18, 20
Both 8 1,8, 14, 16

Table 6 Classification of Strongyloides stercoralis infection by domicile (clusters)

Patients infected with S. stercoralis Clusters
(domicile)
Bangkok 1, 6, 8, 10, 11, 12, 16, 18, 20
Ratchaburi 2,3,8,9 14,18
Kanchanaburi 13, 17
Samut Prakan 14
Buriram 7
Roi Et 4
Prachinburi 19
Khonkaen 5
Nonthaburi 15

Table 7 Classification of Strongyloides stercoralis infection by domicile (isolates number)

Patients infected with S. stercoralis

Isolates number

(domicile)
Bangkok 4, 8, 11, 28, 24, 41, 46, 47, 51, 59, 60
Ratchaburi 18, 31, 34, 40, 50, 56
Kanchanaburi 38, 53
Samut Prakan 5
Buriram 55
Roi Et 61
Prachinburi 21
Khonkaen 62
Nonthaburi 36
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Fig. 8 Classification of Strongyloides stercoralis infection in patients by domicile
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Fig. 9 Classification of Strongyloides stercoralis infection in patients by white blood cell count
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Fig. 10 Classification of Strongyloides stercoralis infection in patients by absolute eosinophil count
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External Quality Assessment and Continuous Quality
Improvement Process of HIV Viral Load Testing

Laboratories in Thailand
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Abstract

Department of Medical Sciences, National Institute of Health, has established and
performed the external quality assessment scheme for HIV viral load testing since the fiscal year
2004 to improve quality of HIV viral load testing laboratories in Thailand. The program has been
certified in proficiency testing by ISO/IEC 17043 : 2010 and the panel of HIV samples was
designed and characterized according to ISO 13528 : 2015. The sample panels consisting of six
samples per each panel were distributed to participating laboratories twice a year to assess their
performance. The performance evaluation of participating laboratories from fiscal years 2016 to
2020 showed an 88% accuracy (| z-score | < 2.00) and 88% precision (within and between
laboratory | z-score | < 2.00). The performance evaluation also indicated that participants
had employed the information received from the program to enhance reliability, accuracy and
precision of HIV viral load testing. The quality improvement of HIV viral load testing would
eventually benefit overall HIV/AIDS patients undergoing treatment to get optimal monitoring
and care. The outcome of this program would support the national strategic policy towards the
ending of HIV/AIDS in the year 2030.

Keywords: HIV viral load, Proficiency testing, Accuracy, Precision, ISO 13528 : 2015
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Table 1 HIV-1 Viral load (log 10 number of copies/mL), homogeneity and stability of PT panel during

2016 - 2020.
Homogeneity test Stability test
P oydle Cochran test One way ANOVA 15013528 Bias
Y A 030, Condusion

Mean  Cop Coigossy Condusion F-test F-arit Concusion  Ss O, 030, Conclusion A !
A-2016 316 0403 0602  Accepted 1.257 3020 Pass 0014 0100 0030 Adequately homogeneous 316 315 0.01 003  Adequately stable
B-2016 374 0295 0602  Accepted 1646 3.020 Pass 0023 0100 0030 Adequately homogeneous 370 370 000 003  Adequately stable
A-2017 380 029 0602  Accepted 1101 3020 Pass 0015 0090 0027 Adequately homogeneous 380 390 0.10 020 Adequately stable
B-2017 460 0211 0602  Accepted 0306 3020 Pass 0000 0040 0012 Adequately homogeneous 460 466 0.05 013 Adequately stable
A-2018 316 0434 0602  Accepted 0783 3020 Pass 0000 0180 0054 Adequately homogeneous 316 316 0.00 005  Adequately stable
B-2018 395 0310 0602  Accepted 0762 3.020 Pass 0012 0140 0042 Adequatelyhomogeneous 395 390 0.05 032 Adequately stable
A-2019 377 0266 0602  Accepted 1391 3020 Pass 0013 0130 0039 Adequately homogeneous 377 372 0.05 026  Adequately stable
B-2019 492 0400 0602  Accepted 0664 3.020 Pass 0000 0130 0039 Adequatelyhomogeneous 492 493 001 004  Adequately stable
A2020 432 0467 0602 Accepted 1487 3020  Pass 0019 0120 003 Adequatelyhomogeneous 43 434 02 004 Adequatelystable
B2020 469 0312 0602 Accepted 058 3020  Pass 0000 0130 0039 Adequatelyhomogeneous 469 481 012 022 Adequatelystable

PT cycle, A: first round, B: second round in each year
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Fig. 1 Number of participants enrolled during ten PT cycles between 2016 and 2020. The number of
participants reporting results and the percentage of those participants with an acceptable score

for accuracy and precision at each PT cycle were depicted.
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Iitamal¥gaanamnanteiesledlunszua
wwen Fwunilu 5 yaasie Tdud gaase
COBAS AmpliPrep / COBAS TagMan HIV-1
Test, version 2.0 (Roche Diagnostics, India-
napolis, IN), Abbott RealTime HIV-1 Ampli-
fication Reagent Kit (Abbott Molecular, Des
Plaines, IL), NucliSENS EasyQ HIV-1 v 2.0
(bioMérieux, France), artus® HI Virus-1
QS-RGQKit (QTAGEN GmbH, Germany) Loz
Cobas HIV-1 (Cobas 6800 system, Roche
Diagnostics, Indianapolis, IN) (Fig. 2) 4aa3539
fiflsnnmalégagado COBAS AmpliPrep /
COBAS TagMan HIV-1 Test, version 2.0 a2
599091178 Abbott Real Time HIV-1 Amplifica-

B-2020

A-2020

B-2019

A-2019

B-2018

PT cycle

A-2018

B-2017

A-2017

B-2016

A-2016

0 5 10 15 20

Number of participants

[ Cobas HIV-1

M Artus HIV Virus-1 QS-RGQ Kit

1 BioMerieux NuClisens Easy Q HIV-1

Il Abbott Real Time HIV-1

I Cobas TagMan HIV-1 Test

30 35 40

Fig. 2 Number of different viral load assays used by participants for the ten PT cycles between 2016
and 2020. Participants reported using the Cobas TagMan HIV-1 Test, Abbott RealTime HIV-1,
BioMerieux NuClisens Easy Q HIV-1, Artus HIV Virus-1 QS-RGQ Kit and Cobas HIV-1 were

shown in bar graphs.

PT cycle, A: first round, B: second round in each year
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tion Reagent Kit ¥AA333NINUA (YNLIULANTID
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NucliSENS EasyQ HIV-1 v 2.0) {huhenvila
4 £ $% ad . .
wioul¥u @21875 reverse transcription-poly-
merase chain reaction (RT-PCR) wilylums
WinSinauazananSina RNA veawse HIV-
1 Tagadacnsiiugnssn iiuLTIansiugnIsy
wazavdeulnedalutia Mgmala real time
PCR

4. MMAUAGIVEINATIVANNTIUIYNS
asamifSinayetesledlunszuaiaen
e . . 4
MivuAYAdIegy New x* (F1ady
1517e#, robust mean) AMUIUINANBIAINTA

td' ¥V N [ Adld ¥ 1 A
Tli‘]f“]gﬂﬂi')"i]LﬂfJ'Jﬂu'I/m"llﬂN“aNa'ﬂﬂﬁ’t’)'ﬂll'lﬂﬂ'ﬂ'ﬂii’)

amws gy uasame

WAY 12 wanagey iananadeoy HIV viral
load (log ﬁﬁmuﬁaﬂ%’lﬂlau%a@iaﬁaaﬁm)
e 1ngldada algorithm A muaaszIu
ISO 13528 : 2015 wamiumMMUUATAATID
COBAS AmpliPrep / COBAS TagMan HIV-1
Test, version 2.0, ua LYANTID Abbott RealTime
HIV-1 Amplification Reagent Kit @1du
Lﬁlmmummgm New s* (mdamﬁmmummgm
151/, robust standard deviation) wazfANH
Tiudueunamsnadou u(Xpt) uaaglu Table 2
Tagmanuliniueurnamnageufosda < 0.3
New s* 3aeninsnihmmmvuayadioda New x*
WA robust z-score LipsziiLANY

fansavesrielfiamsaely

Table 2 HIV-1 Viral load (Iog10 number of copies/mL) New x*, New s*, u(Xpt) of PT panel during

2016 - 2020.

COBAS TagqMan HIV-1

Abbott RealTime HIV-1

PT cycle New x* News* u( xpt) New x* News* u(Xpt)
N Log1o (copies/ml) Log1o (copies/ml)
A-2016 30 3.4 0.10 0.02 10 3.29 0.10 0.04
B-2016 31 4.01 0.10 0.02 9 301 0.10 0.02
A-2017 33 414 0.10 0.02 11 3.99 0.50 0.30
B-2017 33 4.77 0.12 0.03 11 4.68 0.04 0.02
A-2018 37 3.56 0.12 0.02 12 3.24 0.18 0.06
B-2018 38 4.00 0.09 0.02 11 3.96 0.14 0.05
A-2019 3] 51E 0.09 0.02 14 S5 0.13 0.04
B-2019 3 4.83 0.13 0.03 14 5.03 0.12 0.04
A-2020 30 5.74 0.04 0.04 13 5.54 0.12 0.04
B-2020 31 4.56 0.13 0.03 12 4.68 0.14 0.05

PT cycle, A: first round, B: second round in each year

N, number of participants
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Abbott RealTime HIV-1 Sa8az 80 - 100.

¥7n32981 9 1¥uA BioMerieux NuCli-
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A. Accuracy performance
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B. Precision performance
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Fig. 3 Evaluation of the (A) accuracy and (B) precision performance during 2018 - 2020 for all EQA
participants.
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Table 3 Overall performance evaluation for PT panel during 2016 - 2020 for all EQA participants.

COBAS TagMan HIV-1 Abbott RealTime HIV-1 NudliSENS EasyQ HIV-1 artus® HI Virus-1 QS-RGQ Kit Cobas HIV-1
;e Sanlwl:?le Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision
N A% N A% N A% N A% N A% N A% N A% N A% N A% N A%

A-2016 01 30 29 (97) 30 27 (90) 10 10 (100) 10 8 (80) 4 NA 4 NA

02 30 30 (100) 10 10 (100) 4 NA

03 30 30 (100) 10 10 (100) 4 NA

04 30 30 (100) 10 10 (100) 4 NA

05 30 29 97) 10 9 (90 4 NA

06 30 28 (93 30 27 () 10 9 (90 10 8 (8O) 4 NA 4 NA
B-2016 01 31 31 (100) 9 889

02 31 31 (100) 9 9 (100)

03 31 31 (100) 31 29(4) 9 9 (1000 9 8 (89

04 31 30097 31 29(4) 9 9 (100) 9 8 (89

05 31 31 (100) 9 9 (100)

06 31 31 (100) 9 9 (100)
A-2017 01 33 32 (97) 11 11 (100) 4 NA

02 33 33 (100) 11 11 (100) 4 NA

03 33 33 (100) 11 11 (100) 4 NA

04 33 33 (100) 33 33 (100) 11 11 (100) 11 9 (82) 4 NA 4 NA

05 33 32 (97) 33 33 (100) 11 11 (100) 11 9 (82) 4 NA 4 NA

06 33 33 (100) 11 11 (100) 4 NA
B-2017 01 33 33 (100) 11 11 (100) 5 NA

02 33 33 (1000 33 32 (97) 11 11 (100) 11 10 (91) 5 NA

03 33 33 (100) 11 11 (100) 5 NA

04 33 33 (100) 33 32 (97) 11 10 (91) 11 10 (91) 5 NA 5 NA

05 33 33 (100) 11 11 (100) 5 NA 5 NA

06 33 32 (97) 11 11 (100) 5 NA
A-2018 01 37 37 (100) 37 35 (95 12 12 (100) 12 11 (92) 4 NA 4 NA

02 37 36 (97) 37 35(95) 12 11 (%) 12 11 (92) 4 NA 4 NA

03 37 36 (97) 12 11 (92) 4 NA

04 37 37 (100) 12 12 (100) 4 NA

05 37 37 (100) 12 12 (100) 4 NA

06 37 37 (100) 12 12 (100) 4 NA
B-2018 01 38 35 (92) 11 11 (100)

02 38 38 (100) 11 11 (100)

03 38 38 (100) 1 10 91)

04 38 38 (100) 38 37 (97) 11 10 (91) 11 10 (91)

05 38 38 (100) 38 37 (97) 11 11 (100) 11 10 (91)

06 38 37 (97) 1 10 91)
A-2019 01 37 36 (97) 14 14 (100) 1 NA

02 37 37 (100) 14 14 (100) 1 NA

03 37 37 (100) 37 33 (89) 14 13 (93) 14 13 (93) 1 NA 1 NA

04 37 36 (97) 14 14 (100) 1 NA

05 37 37 (100) 37 33 (89) 14 14 (100) 14 13 (93) 1 NA 1 NA

06 37 36 (97) 14 14 (100) 1 NA
B-2019 01 37 37 (100) 14 14 (100) 1 NA 1 NA

02 37 37 (100) 14 14 (100) 1 NA 1 NA

03 37 37 (100) 37 36 (97) 14 12 (86) 14 13 (93) 1 NA 1 NA 1 NA 1 NA

04 37 37 (100) 14 14 (100) 1 NA 1 NA

05 37 37 (100) 14 14 (100) 1 NA 1 NA

06 37 36 (97) 37 36 97) 14 13 (93) 14 13 (93) 1 NA 1 NA 1 NA 1 NA
A-2020 01 30 30 (100) 13 13 (100) 1 NA B NA

02 30 30 (100) 13 13 (100) 1 NA 3) NA

03 30 30 (100) 13 12 (92) 1 NA B NA

04 30 30 (100) 13 13 (100) 1 NA 3) NA

05 NA NA NA NA 13 13 (100) 13 13 (100) 1 NA 1 NA B NA 3 NA

06 NA NA NA NA 13 13 (100) 13 13 (100) 1 NA 1 NA 3 NA 3 NA
B-2020 01 31 31 (100) 31 29 (94) 12 12 (100) 12 10 (83) 1 NA 1 NA 3 NA 3 NA

02 31 31 (100) 12 12 (100) 1 NA 3 NA

03 31 31 (100) 12 12 (100) 1 NA 3 NA

04 31 31 (1000 31 29 (94) 12 12 (100) 12 10 (83) 1 NA 1 NA 3 NA 3 NA

05 31 31 (100) 12 12 (100) 1 NA 3 NA

06 31 31 (100) 12 12 (100) 1 NA 3 NA

PT cycle, A: first round, B: second round in each year
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Abstract

Cardiometabolic syndrome (CMS) comprises a cluster of metabolic disorders in the body
and the associated risks of cardiovascular disease. Currently, the incidence of CMS is
increasing, especially in the normal body mass index (BMI) group. High visceral fat (VF) level
is also known to be associated with the cardiometabolic disorder. This study aimed to examine
the levels of VF in cardiometabolic syndrome and the association of VF with the parameters
related to the cardiometabolic disorder. A case-control study was conducted in the Royal Thai
Navy with 200 CMS and 200 non-CMS groups. All participants aged between 35 and 60 years
had normal BMI range of 18.5 to 24.9 kg/m2 by cardiometabolic disease staging system (CMDS)
criteria. The level of VF increased significantly in participants with cardiometabolic group
(p-value < 0.001) and was positively associated with fasting glucose, cholesterol, triglycerides,
LDL-cholesterol, systolic blood pressure and diastolic blood pressure (r = 0.310, r = 0.300,
r=0.429,r=0.394, r = 0.550 and r = 0.643; p < 0.05). Multivariate regression analysis found
a high level of visceral fat (1.3; 95%CI 1.096 - 1.453) and hypertriglyceridemia (1.7; 95%
CI 1.052 - 2.203) were significantly correlated with the cardiometabolic syndrome while HDL-
cholesterol was a protective factor (0.96; 95%CI 0.941 - 0.998). In conclusion, high visceral fat
levels reflect increases in high blood lipid and blood pressure and VF is considered a suitable

biomarker for risk evaluation of cardiometabolic syndrome.
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Table 1 Characteristics of study populations

Cardiometabolic | Non - cardiometabolic
Variables unit syndrome syndrome p-value
(n = 200) (n = 200)

Male/Female % 69.5/30.5 76.5/23.5 0.003*
Age Years 48.46 + 6.96 45.24 + 6.14 0.000*
BMI kg/m2 22.86 + 1.72 21.71 + 1.68 0.671
Waist circumstance (WC) cm 81.995 + 6.29 80.79 + 6.84 0.368
Waist to hip ratio (WHR) 0.94 + 0.067 0.90 + 0.064 0.626
Systolic blood pressure mmHg 128.22 + 14.66 120.56 + 11.73 0.000*
Diastolic blood pressure mmHg 82.22 + 9.78 73.88 + 9.67 0.000*
Visceral fat (VF) cm? 109.8 + 22.4 86.4 + 24.2 0.000*
%body fat % 24.12 + 6.76 22.69 + 6.86 0.000*
Fasting glucose mg/dL 102.06 + 10.31 93.14 + 8.67 0.000*
Cholesterol mg/dL 238.48 + 29.99 200.15 + 30.48 0.000*
Triglyceride mg/dL 152.02 + 87.33 90.6 + 28.74 0.000*
HDL-Cholesterol mg/dL 59.45 +16.26 56.34 + 10.34 0.070
LDL-Cholesterol mg/dL 148.76 + 30.10 125.6 + 29.22 0.000*

Values are mean or median + SD or proportions, P-value was tested with independent sample T test and

* P-value was tested with Mann Whitney U test. P-value < 0.05 was considered statistically significant different.
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Fig. 1 Comparison of visceral fat level between cardiometabolic syndrome and non-cardiometabolic

group (p-value < 0.001)
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Table 2 Correlation of visceral fat with body mass index, % body fat, fasting plasma glucose, lipid

profiles and blood pressure

Parameters Correlation coefficient (r) P
BMI (kg/m?) 0.049 <0.001*
%Body fat -0.347 0.074
Fasting glucose (mg/dL) 0.310 0.376
Cholesterol (mg/dL) 0.300 0.018*
Triglyceride (mg/dL) 0.429 <0.001*
HDL- Cholesterol (mg/dL) -0.286 0.407
LDL- Cholesterol (mg/dL) 0.394 0.203
Systolic blood pressure (mmHg) 0.550 0.000*
Diastolic blood pressure (mmHg) 0.643 0.000*
Waist to hip ratio 0.134 <0.001*
Waist circumference (cm) 0.210 0.120

Spearman’s rank correlation coefficients, *P < 0.05 was considered significant.
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Table 3 Univariate and multivariate analyses of risk factors for cardiometabolic disease
Variables Cardiometabolic Control Odd ratio Crude OR P
(95%Cl)
BMI (kg/m?) 22.86 + 1.72 22.71 + 1.68 1.003 | 0.857 - 1.184 | 0.105
%Body fat 24.33 + 6.09 22.69 + 6.851 1.007 0.965 - 1.051 0.542
Triglyceride (mg/dL) 1562.02 + 87.33 91.9 = 32.79 1.677* 1.062 - 2.203 | <0.001
HDL-Cholesterol (mg/dL) 55.45 + 16.26 58.62 + 12.05 0.960* 0.941 - 0.998 0.004
LDL-Cholesterol (mg/dL) 148.76 + 30.10 127.2 + 32.11 1.219* 1.047 - 1.293 | <0.001
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(mmHg)
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(mmHg)
Visceral fat (Cm2) 9.06 + 2.96 8.91 £ 2.96 1.342* 1.096 - 1.453 | <0.001

OR = odds ratio, Cl = confidence interval, HDL = high-density lipoprotein, LDL = low density lipoprotein. Data were

adjusted for sex, age, waist circumference, fasting blood glucose, and other variables in the model. *P<0.05
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Levels of C-reactive Protein, Soluble P-selectin and
Cardiac Troponin I in Chronic Kidney Disease Patients

without Renal Replacement Therapy
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Abstract

Chronic kidney disease (CKD) is a global public health problem and acute coronary
syndrome (ACS) is the major complication that leads to mortality. Mechanisms underlining the
complication is atherosclerosis, involving inflammation and platelet activation. The aims of this
research were to determine the levels of inflammation, C-reactive protein (CRP); platelet
activation, soluble P-selectin (sP-sel) and myocardial injury, cardiac troponin I (¢Tnl) in CKD
patients without renal replacement therapy. Blood samples were collected from 171 CKD patients
and the plasma stored at -70°C prior to testing. Analysis of high-sensitivity CRP (hs-CRP) was
carried out by using the immunoturbidimetric assay, high-sensitivity c¢Tnl (hs-cTnl) by the
chemiluminescence microparticle immunoassay (CMIA) and sP-sel by the enzyme-linked
immunosorbent assay (ELISA). The resultants CKD subjects were classified by their eGFR into
3 groups; CKD stage 3a (n = 41), stage 3b (n = 65) and stage 4 (n = 65). It was found that CKD
stage 3a, 3b and 4 groups had medians (interquartile range, IQR) of hs-CRP at 1.17 (0.54 - 1.62),
1.84 (0.73 - 5.15) and 2.47 (0.82 - 12.44) mg/L, respectively; sP-sel at 56.73 (49.02 - 65.21),
51.02 (40.15 - 63.4) and 47.97 (32.79 - 66.05) ng/mL and hs-cTnl at 6.3 (3.6 - 9.9), 11.7 (5.6
- 67.39) and 18.9 (8.4 - 45.6) ng/L, respectively. Statistic tests showed that levels of hs-CRP and
hs-cTnl were higher in advanced CKD stages (p = 0.002, and < 0.001, respectively), while sP-sel
was lower in CKD stage 4 than in CKD stage 3a (p = 0.016) and 3b (p = 0.183). In addition,
CKD stages were positively correlated with hs-CRP and hs-cTnl levels (r = 0.165, p = 0.016,
and r = 0.318, p < 0.001, respectively), but negatively correlated with sP-sel significantly
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(r = -0.188, p = 0.006). In conclusion, the present study revealed the increasing correlations
of hs-CRP and hs-cTnl with CKD patients with no renal replacement therapy, reflecting
inflammation and myocardial injury in CKD. Further study is needed for application of hs-CRP

and hs-cTnl analysis in clinical practice to assess ACS risks.

Keywords: Chronic kidney disease, Acute coronary syndrome, C-reactive protein, Troponin I,

Soluble P-selectin
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2. MINUAIBLENABA LAZMITATIDILATIEH
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Gh (blood urea nitrogen; BUN) wazAILEATIY

Wvdamsmaoulyd wazfmminamdanmsnieg

v99la (estimated glomerular filtration rate;

eGFR) ¢ogns CKD-EPI Tagldinsesianzi

9@ luaiA Alinity ci-series system (Abbott Diag-

nostics, USA) mMi3ta7z¥ hs-CRP 1¥madin

. .« qe . a &Y A'

immunoturbidimetric assay IATIENAIYLATOY

Alinity c series (Abbott Diagnostics, USA) M3

A=A sP-selectin 1¥inadia enzyme-linked

immunosorbent assay (ELISA) wuy sandwich

v
ELISA Taglinhendiiagl (R&D Systems, USA)

MINATLH hs-Tnl 1¥nadia chemilumines-
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cence microparticle immunoassay (CMIA) wuy
Ly % @ ad

sandwich immunoassay $a1T1I5MINAaRULLY

2 9umdyu (2 - step chemiluminescence

microparticle immunoassay; CMIA) Tag3asizi

A191A599 Alinity i (Abbott Diagnostics, USA)

a C4 aa

3. MINATZAMIEDR
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Joyai ldanmsfnmszdveGolulasiou
lwden ASEANY wazmMMUIMIATINITNTOI

o & = oA
vodla ihausiduaiady (mean) wazandoaiu
AU (standard deviation; SD) Tagldns
NAFOUMIADAUDUMITUNASA 1dun ANOVA
test drumanagoumsifSouisumdseguves
Yoya dwiuszdy hs-CRP, hs-cTnl uaz sP-sel
o I 1w . 1A aw
dauatiumisegiu (median) wazd1nde
52n3139m91na (interquartile range, IQR) lag
Fmsnadeumeddauuuueumsuuasn laud
Kruskal Wallis test msf3ouiguanaagves
Yo3aszAv hs-CRP, hs-cTnl uaz sP-sel Auszoe
val5alal5839 waz Mann-Whitney test 1$m3
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mamanuduiusvesdeyaiuszezveslsala
%4
(3059uaza1 eGFR 1% Spearman’s rho correla-
tion MINNsANHaMINAdeUvdhAymMeddals
sEAUANNITEIUNI oAz 95 Nen p-value < 0.05
msfnnilFl)sunsudriazy SPSS version 26

lumsnadeumadan
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udaznduilorgiade 633 + 154, 68.2 + 13.8,
uaz 66.7 + 15.5 U sud1dy dadiuszvinane
Mouaziwargaluudaznguliianuuandadiu
pgldedhAgMeddda (p = 0.060) MInszAY
Guaqmq‘luu@ia:ﬂfjuﬁﬁnmwuh ﬂfjuTﬁﬂ"lm‘%’a%'a
3v82 3a ﬁmqa:m’n 30-39,40-49,50 - 59,
60 - 69 wazannni 70 1 Aaludesas 12.2,
9.8, 14.6, 24.4 uaz 39.0 muadu ngulsala

qa1@ A uaz Sawa undus

3059330z 3b dlorgazniia 30 - 39, 40 - 49,
50 - 59, 60 - 69 wazannnn 70 U Aadudesaz
4.6,7.7,12.3,23.1 uaz 52.3 Mud 1Ay uazngu
TsalnSedaszos 4 1919321719 30 - 39, 40 - 49,
50 - 59, 60 - 69 wazanani1 70 U Aailuleeaz
7.7, 9.2, 10.8, 26.2 uaz 46.2 A1NA1AU
(Table 1)

Table 1 Characteristics of the studied groups, classified by CKD stages.

Number (percent)

Characteristics

Total = 171 CKD 3a (n=41) CKD 3b (n =65) CKD 4 (n = 65)
Sex
Male 96 (56.1) 26 (63.4) 30 (46.2) 40 (61.5)
Female 75 (43.9 15 (36.6) 35 (53.8 25 (38.5
Age (years)
30 - 39 13 (7.6) 5 (12.2) 3 (4.6) 5 (7.7)
40 - 49 15 (8.8) 4 (9.8) 5 (7.7) 6 (9.2)
50 - 59 21 (12.3) 6 (14.6) 8 (12.3) 7 (10.8)
60 - 69 42 (24.6) 0 (24.4) 15 (23.1) 17 (26.2)
> 70 80 (46.7) 6 (39.0) 34 (52.3) 30 (46.2)
Comorbidity
HT only 22 (12.9) 4 (9.8) 10 (15.4) 8 (12.3)
DM only 24 (14.0) 7 (17.1) 6 (9.2) 11 (16.9)
HLP only 2(1.2 1 (2.4) 0 (0) 1 (1.5
HT + DM 38 (22.2) 5 (12.2) 12 (18.5) 21 (32.3)
HT + HLP 16 (9.4) 4 (9.8) 2 (3.1) 10 (15.4)
DM + HLP 3 (5.3 1 (2.4 2 (3.1) 0 (0)
DM + HT + HLP 15 (8.8) 3 (7.3 4 (6.2) 8 (12.9)

*HT, hypertension; DM, diabetic mellitus; HLP, hyperlipidemia
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TsaAnIusINAY (comorbidity) Wy
Tungundine Taud Tsauwnrmu lsnanuduladia
g9 waznzszdavluivludengs Sanwudadiuau
A ' o o a
nulsanvmuiiniulsaanudulafingann
Nga utinuszeslsalaGesiszesi 3a, 3b uaz
4 dafludewaz 12.2, 18.5 uaz 32.2 mMuméy
LLa:ﬁﬂdaukﬂmmﬁuTaﬁmqaazhaLﬁmua:tﬂu
swfulsaunvnuaailudesas 22.0, 33.9 uaz
44.6 ey drunguinidulsawnnnuedia

= I 1 v v = a I
werkazidusndvlsannudulaniagefaiuy

Sovaz 29.3,27.7 uaz 49.2 muaay (Table 1)
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mamInagaumnanuedla (Table 2)
flo szAu BUN astedtiu uazd eGFR lungu
3a, 3b uaz 4 wuNim BUN AsINAY 23.46
+ 8.44, 31.45 * 1542 uway 52.37 £ 22.24
HadnSuraaTans muaay AMmaIeAlY Ay
1.5 £0.32,2.03 £0.52 waz 4.29 + 1.55 #aan5u
Aolagans Mumay wazia eGFR whfiu 51.65
+4.54, 38 + 430 uaz 22 * 4.18 Nadaaseo
NFe 1.73 MIUNAT MUMGY WamInadoy
Maddanyd 529U BUN A3teAlY wazm eGFR
lungu 3a, 3b waz 4 HAANNUANAIIDEII

a

HedhAymaadan p < 0.001

o

Table 2 Laboratory results in chronic kidney disease patients, classified by CKD stages.

Variables CKD 3a(n=41) CKD 3b (n=65) CKD 4 (n = 65) P-value

BUN? 23.46 + 8.44 31.45 + 15.42 52.37 + 22.24 <0.001*

(mg/dL)

Creatinine® 1.5 +£0.32 2.03 + 0.52 4.29 + 1.55 <0.001*

(mg/dL)

eGFR? 51.65 + 4.54 38 + 4.30 22 +4.18 <0.001*

(mL/min/

1.73 m?

hs-CRP® 1.17 (0.54 - 1.62) 1.84 (0.73 - 5.15)  2.47 (0.82 - 21.05) 0.002*

(mg/L) (CKD3a vs CKD3b, p = 0.011)#
(CKD3a vs CKD4, p = 0.001)#
(CKD3b vs CKD4, p = 0.164) #

hs-cTnl® 6.3 (3.6 - 9.9) 11.7 (5.6 - 67.39)  18.95 (8.4 - 45.6) <0.001*

(ng/L) (CKD3a vs CKD3b, p = 0.002)#
(CKD3a vs CKD4, p < 0.001)#
(CKD3b vs CKD4, p = 0.086) #

sP- 56.73 (49.02 - 65.21) 51.02 (40.15 - 63.4) 44.09 (30.23 - 65.65) 0.037*

selectin® (CKD3a vs CKD3b, p = 0.096)#

(ng/mL) (CKD3a vs CKD4, p = 0.016)#

(CKD3b vs CKD4, p = 0.183) #

% Data are presented as mean = sd; b: Data are presented as median (IQR); *,#: significant level at p-value < 0.05
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Fig. 1 Concentration of hs-CRP (A), sP-selectin (B) and hs-cTnl (C) in CKD stage 3a, 3b and 4. Data

are presented as median (IQR). *: p-value < 0.05; **: p-value < 0.001.
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4 wyhidiadsegiu (Afdesznineanalng)
WAy 1.17 (0.54 - 1.62), 1.84 (0.73 - 5.15)
az 2.47 (0.82 - 12.44) Hadniudadns euadu
[ionadeumaana Wuh 526U hs-CRP fianu
uanenaflunguszes 3a, 3b uaz 4 ed1ailiy
dAymaadd (p = 0.002) lagszdy hs-CRP
qq%mﬁai:amaﬂiﬂ"lmL“%Ia%uﬁwﬁu

HaM3ANYTZFUFIT ¥ M IThauYea
indatden sP-sel (Fig. 1 uaz Table 2) lungu
3a, 3b wuaz 4 wuhdmdsegu (ARdosznig
A19Ind) iy 56.73 (49.02 - 65.21), 51.02
(40.15 - 63.4) uaz 47.97 (32.79 - 66.05)
wnlunfudeiiaaans muddy dienadeumaada
WUNIZAY sP-selectin Tungu 3a, 3b waz 4
danuuaneeegelitisddeymadaa (p=0.037)
Taszéy sP-selectin uidonanaatiiaszyzvea
Tsalaitesaiaa

HAMIANINTE AU MImevadiad
Afnifeile hs-Tnl (Fig. 1 uaz Table 2)
Tungu 3a, 3b uaz 4 wuhimisegu (Mndy
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szriemelngd) iy 6.3 (3.6-9.9), 11.7 (5.6
- 67.39) waz 18.9 (8.4 - 45.6) MNUNSUADANT
suddy mamsnageumaaanylsalaiesa
fiszey 3a, 3b way 4 danuuandafuegaiite
tAgymMana (p <0.001) wazWuNIZAY hs-Tnl
ﬁﬁwgﬁulﬁaizﬂ:maﬂiﬂ%éa%@Lﬁm‘gu

nan1snadouANNdNRUTTzNINa
hs-CRP, hs-Tnl uag sP-sel (Table 3) Wua
hs-CRP &1 sP-sel flamnuduiiusluszdus
(r = 0.228) agndtivadeymadda (p = 0.003)
srozvealsalaiiedafianuduiugiFasanfuem
hs-CRP way hs-Tnl luszdusethaiiioddey
naEnd (r = 0.165, p =0.016 uaz r=0.318,
p < 0.001 auadiy) usiszozvaalsnlaiiasad
ANUFNUSIBauium sP-sel agadived ey
Mea0a (r = -0.188, p = 0.006) wenmniiiile
Annanuduiusveam eGFR fua hs-CRP,
hs-Tnl uaz sP-selectin WuNe eGFR dsius
fiuA1 hs-CRP, hs-Tnl (p < 0.001) uaz
sP-selectin (p = 0.014) ag19didod1AenI
add luszduilndifdvafuszezuealinlatess
(Table 4)

Table 3 Correlations among hs-CRP, hs-cTnl and sP-selection in CKD stage 3a, 3b and 4

Correlation coefficient (p-value)

Test results

hs-CRP sP-selectin hs-cTnl
hs-CRP 1
sP-selectin 0.228 (0.003%) 1
hs-cTnl 0.033 (0.675) 0.050 (0.522) 1

* Spearman’s rho correlation; significant level at p-value < 0.05
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Table 4 Correlations of eGFR and CKD stage with hs-CRP, hs-cTnl and sP-selectin.

eGFR CKD stage

Test results Correlation Correlation
p-value p-value

coefficient coefficient
hs-CRP -0.284 <0.001* 0.165 0.016*
sP-selectin 0.190 0.014* -0.188 0.006*
hs-cTnl -0.350 <0.001* 0.318 <0.001*

*Spearman’s rho correlation; significant level at p-value < 0.05
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Proficiency Testing of Pregnancy, Urinary Protein
and Glucose Testing in Primary Care Units in

Northern Thailand
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Kongphop Thilaongam and Punnarai Veeraseatakul

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

Abstract

Regional Medical Sciences Center 1 Chiang Mai has operated a laboratory proficiency
testing scheme for primary care units to support the quality development of medical and public
health laboratories since 2017. The objective of this research was to evaluate the quality of
laboratory testing among primary care units in Health Region 1, 2, and 3. From 2017 to 2019,
5 rounds-proficiency testing scheme was conducted. Eighteen proficiency test items (PT items)
were developed and prepared in our department and used in this scheme. The urine pregnancy
testing results by using simple tests (n = 9,885) and urine protein and glucose testing results by
using strips (n = 9,861 each) were studied. The results showed that using standard points, 94.41,
81.33 and 80.42% of participants had good quality in urine pregnancy test, protein, and glucose,
respectively. Some participants (3.73, 12.62, and 12.89%) had fair quality while the rest (1.86,
6.05, and 6.69%) needed improvement. Among those needed improving, the most possible cause
of errors was switching records between protein and glucose test results (53.75%) followed by
switching PT items when testing (53.12%). The study indicated that most participants had good
quality testing. However, additional training is needed to provide more knowledge and skill in
laboratory testing processes. The information obtained from this work would be useful for the

relevant organization in developing good quality laboratory testing of primary care units.

Keywords: Proficiency testing, Primary care unit
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2560 - 2562 (Table 1) lagta3suInNdI0E19
faanzveserandsinsi lnajiemnegumnudauns
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Table 1 Target values of pregnancy test, protein

aufa 5905 wazAae

1 k4 1
933 48 - 50 T Haahweyaunidludiedian 121
=) IS z Y s a

parFased WU 30 N Tuneilesdumsiaiay
Avlnvesgaunidiremstdn 1X Anitbiotic-
Antimycotic (Caisson Labs Inc., USA)
. X v v Y ¢
Jagnadeuimmnsalsnaaevidiannizaassi
TWsauuazngladludedinfeddu nsaidied
o o > P PR,

dwmsumsanannzasasinniamihving (target
value) (WuwInLLAn human chorionic
gonadotropin (hCG) (ProSpec-Tany Techno-
Gene Ltd, Israel) Ansdadu 500 dadgiiaaina
1 Aa aa 1 o 1 9 o ) d’d
foNaaans drumegedIniumasIllsauna
mithvaneluuinazi@n bovine serum albumin
fraction V (Capricorn scientific, Germany) 100
HadnSureadans (2+) 1o 300 Naaniude
ABaAs (3+) wazdmedadimiumsasangladhn
fimithvmneduuinazidn D-glucose anhydrous
(VWR BDH Prolabo Chemicals, Belgium)
500 HadniuAatATans (2+) ¥i3e 1,000 Haanu
aatagans (3+) Mulvinduinuy 30 wnfeuih

and glucose in PT items

- Urine pregnancy test Urine protein Urine glucose
g 5
g é - | N » | < n| o - | N ™| < | ©o - | N ® | < 0| ©o
EIE|E|IE|E|E|IE|IE| E|IE|E|E|E|IE|E|E| E|E
[J] [J] [J] [] [J] [] [} [J] [J] [J] [] [J] [J] [] [4] [} [} [J]
2lE 2L | 2 ELEE | 2L 2L LE=L| L L] L L
2017 1 -+ + |- - -8+ - |3+ - - |3+ - - -3+ - |3+
1 + - - 24+ | 2+ | - 2+ | 2+ | -
2018
2 + | + -3+ - - - | 3+
N/A N/A N/A
1 + - - 24 | 2+ | - 24+ | 2+ | -
2019
2 -+ |+ -2+ | - - - |2+

= negative, + = positive, 2+ = positive level 2 (corelate with 100 mg/dL albumin or 500 mg/dL glucose),

3+ = positive level 3 (corelate with 300 mg/dL albumin or 1,000 mg/dL glucose), N/A = not applicable
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Table 2 Possible causes of errors based on results patterns of participants which needed quality

improvement

Results patterns of participants within each round

Possible causes of errors

items

All results correspond to assigned value of previous round PT

Test on previous round PT items

Report switching results compare to PT items assigned value

Switching PT items when testing

value

Report positive or + in any PT items with negative assigned

Cross contamination

All results show a trend

Deviate from standard procedures

All results contrast with assigned value

Lack of principle understanding

Report switching results between protein and glucose

Switching records between protein

and glucose results

Table 3 Number of participants by test item, round and health region

Urine pregnancy test Urine protein and glucose
Year Round
HR 1 HR 2 HR 3 Total HR 1 HR 2 HR 3 Total
2017 1 343 245 78 666 344 253 80 677
1 108 62 197 362 104 62 195 361
2018
2 104 59 208 371 102 59 207 368
1 126 253 267 646 125 254 266 645
2019
2 115 217 252 584 113 216 250 579
Total 791 836 1,002 | 2,629 788 844 998 2,630

HR = health region

ntjuﬁm%ﬂﬁﬁﬂmmwmimaamgj“l,u
i:ﬁumaﬂ%uﬂga‘lumﬁmaﬁmn:c%qmiﬁ MINTI
TWsAuuaznglag 1511491 49, 160 uaz 176 uvia
MUAAL 39U 385 unia (Table 8) “l,uiﬁmuﬁtﬂu
Tsangnnadatedngumwenua gudguamnansy
AMiIoNNURANNIZNYTA 60 NITHNRUNTIFH
uaz?;uq UIU 373, 9, 3 waz 6 WHIuAAU
c?awuaﬁflul,wqmmwﬁ 1, 2 uaz 3 9UIU
81, 135 uaz 169 uviamuaay

wamﬁmﬁ:ﬁmmmmmmﬁﬂwmﬂ
d' I k% s a d’d
vl ldmudayaznamsnageuve BN
AumumInadevedluszdualslivlse wuh
amannvludanyniiganemstiufinnagduiu
sznhsllsAunaznglaa (Fesaz 53.75) 509030
AemMIGesaduingnadey (Jesar 53.12) uaz

= ad A Y o

madeatwuldanisuiasgiuniededivua
(30waz 53.06) (Table 8)
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Table 4 Results of participants, percentage of consensus and assigned value of urine pregnancy test

Number of Results (%)
Consensus
Year | Round | PT item results (%) Assigned value
(n = 9,885) Negative | Positive °
ltem 1 666 99.10 0.90 99.10 Negative
ltem 2 666 5.41 94.59 94.59 Positive
ltem 3 666 1.95 98.05 98.05 Positive
2017 1
ltem 4 666 98.80 1.20 98.80 Negative
ltem 5 666 98.95 1.05 98.95 Negative
ltem 6 666 97.90 210 97.90 Negative
ltem 1 362 0.55 99.45 99.45 Positive
1 ltem 2 362 98.90 1.10 98.90 Negative
ltem 3 362 99.72 0.28 99.72 Negative
2018
ltem 1 371 98.11 1.89 98.11 Negative
2 ltem 2 371 2.70 97.30 97.30 Positive
Item 3 371 4.31 95.69 95.69 Positive
[tem 1 646 1.24 98.76 98.76 Positive
1 [tem 2 646 98.45 1.55 98.45 Negative
ltem 3 646 98.76 1.24 98.76 Negative
2019
ltem 1 584 96.92 3.08 96.92 Negative
2 [tem 2 584 9.59 90.41 90.41 Positive
[tem 3 584 9.08 90.42 90.42 Positive
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Table 5 Results of participants, percentage of consensus and assigned value of urine protein

Number Results (%)

PT of Consensus | Assigned

1+ 2+ 3+ 4+ (%) value

Year | Round | |
item | results | Neg.

(n = 9,861)

I+

[tem 1 677 5.02 | 2.81 | 7.98 | 36.78 | 32.64 | 14.77 | 84.19 | 2+ - 4+

[tem 2 677 |96.16| 2.22 | 0.30 | 0.44 | 0.58 | 0.30 | 96.16 Neg.

ltem 3| 677 6.79 | 1.62 | 7.83 | 28.51 | 41.36 |13.89 | 83.76 | 2+ - 4+

2017 1
[tem 4 677 19321162 | 1.33 | 1.18 | 1.18 | 1.48 | 93.21 Neg.

ltem 5 677 |97.64| 1.33 | 0.30 | 0.30 | 0.43 | 0.00 | 97.64 Neg.

[tem 6 677 2.07 | 1.92 | 8.86 |22.90|44.90 |19.35| 87.15 | 2+ - 4+

[tem 1 361 0.83 | 4.16 | 24.38 | 53.46 | 156.51 | 1.66 | 93.35 | 1+ - 3+

1 [tem 2 | 361 1.38 | 6.65 | 24.65|48.48 | 15.79 | 3.05 | 88.92 | 1+ - 3+

[tem 3 361 9750 | 1.38 | 0.28 | 0.28 | 0.28 | 0.28 | 97.50 Neg.

2018 [tem 1 368 [99.18| 0.82 | 0.00 | 0.00 | 0.00 | 0.00 | 99.18 Neg.
2 tem?2| 368 |10.33| 2.45 | 5.43 |40.49|36.68| 4.62 | 82.60 | 1+ - 3+

tem 3| 368 |85.60|2.99 | 1.09 | 4.89 | 4.62 | 0.81 85.60 Neg.
[tem 1 645 2.33 | 4.03 | 26.05|45.89 |18.45| 3.26 | 90.39 | 1+ - 3+
1 [tem 2 645 217 | 4.96 | 34.73|40.15|15.97 | 2.02 | 90.85 | 1+ - 3+

2019 tem 3| 645 |97.83|0.62 | 0.78 | 0.15 | 0.15 | 0.47 | 97.83 Neg.

[tem 1 579 |97.24| 0.86 | 0.52 | 0.69 | 0.52 | 0.17 | 97.24 Neg.

2 ltem 2 579 11.67 | 6.87 | 27.63 | 39.73 | 14.16 | 1.04 | 81.52 | 1+ - 3+

[tem 3 579 |86.18| 3.28 | 1.90 | 3.28 | 432 | 1.04 | 86.18 Neg.
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Table 6 Results of participants, percentage of consensus and assigned value of urine glucose

Number Results (%)

PT of Consensus | Assigned

1+ 2+ 3+ 4+ (%) value

Year | Round

I+

item results | Neg.
(n=9,861)

ltem 1 677 |93.35| 222 | 1.33 | 0.74 | 1.33 | 1.03 | 93.35 Neg.

tem?2 | 677 |97.93| 0.89 | 0.59 | 0.00 | 0.59 | 0.00 | 97.93 Neg.

tem3 | 677 |91.58| 251 | 1.33 | 0.89 | 295 | 0.74 | 91.58 Neg.

2017 1
ltem 4 677 8.12 | 4.58 | 8.42 |20.83 |22.16|35.89 | 87.30 | 1+ -4+

temb5| 677 [97.19| 1.33 | 0.88 | 0.30 | 0.15 | 0.156 | 97.19 Neg.

ltem 6| 677 428 | 576 |10.93 |18.32|29.84 | 30.87 | 89.96 | 1+ - 4+

[tem 1 361 111 | 443 | 9.97 |46.81 |26.61 |11.08 | 84.50 | 2+ - 4+

1 ltem 2 | 361 2.77 | 1.94 116.90 [ 40.17 [ 28.26 | 9.97 | 85.30 | 1+ -3+

ltem 3 | 361 98.07 | 0.55 | 0.55 | 0.55 | 0.28 | 0.00 | 98.07 Neg.

2018 ltem 1 368 [99.46 | 0.00 | 0.27 | 0.00 | 0.27 | 0.00 | 99.46 Neg.
2 ltem?2 | 368 |86.68| 1.09 | 1.63 | 4.89 | 5.71 | 0.00 | 86.68 Neg.

ltem3 | 368 |11.41| 2.72 | 543 |30.98 |31.53 |17.93 | 80.44 | 2+ - 4+

[tem 1 645 2.48 | 3.41 [13.3344.81 ([28.06 | 7.90 | 86.20 | 1+ - 3+

1 tem 2 | 645 279 | 2.64 |14.26 | 43.72 | 28.37 | 822 | 86.35 | 1+ -3+
2019 tem3 | 645 |97.83| 0.62 | 0.78 | 0.16 | 0.16 | 0.45 | 97.83 Neg.

[tem 1 579 198.62| 0.00 | 0.356 | 0.35 | 0.52 | 0.16 | 98.62 Neg.

2 [tem 2 579 |85.49| 294 | 3.80 | 466 | 2.94 | 0.17 | 85.49 Neg.

tem 3| 579 |[1260| 2.76 | 9.33 |43.35|24.53 | 7.43 | 84.64 | 1+ - 4+
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Table 7 Percentage of participants by testing quality level

Urine pregnancy test Urine protein Urine glucose
Year | Round Need Need Need
Good | Fair | Good | Fair | Good | Fair |
improvement improvement improvement

2017 1 98.35 | 1.20 0.45 84.34 | 13.44 2.22 88.33 | 10.04 1.63

1 98.07 | 1.93 0.00 83.93 | 12.19 3.88 73.13 | 22.16 4.71

2018
2 93.26 | 5.12 1.62 77.72111.96 10.32 7717 112.23 10.60

1 96.59 | 2.79 0.62 84.96 | 9.15 5.89 78.29 | 14.27 7.44

2019

2 85.96 | 7.88 6.16 74.44 1 16.23 9.33 80.14 | 9.33 10.53

Average 94.41 | 3.73 1.86 81.33 | 12.62 6.05 80.42 | 12.89 6.69

Table 8 Percentage of possible causes of errors among participants which needed quality improvement

. Urine pregnancy test | Urine protein | Urine glucose
Possible causes of errors
(n = 49) (n = 160) (n =176)

Pre-analytical phase
- Test on previous round PT items 22.45 0.62 2.85
- Switching PT items when testing 20.41 53.12 47.73
- Cross contamination 6.12 1.25 2.27
Analytical phase
- Deviate from standard procedures 53.06 29.38 29.54
- Lack of principle understanding 24.49 0.00 0.00
Post-analytical phase
- Switching records between protein N/A 53.75 46.03

and glucose results

N/A = not available
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Performance Evaluations of Four Basic Laboratory Tests
Operated at Sub-District Health Promoting Hospitals in
Northern Region of Thailand Through Proficiency
Testing Scheme by Following ISO/IEC 17043
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Phatsadeeporn Piankarn’, Sophida Thosaeng3 and Kunchit Kongrosl’ 2
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Phitsanulok Province, Thailand
2Reference Material and Medical Laboratory Innovation Research Unit, Faculty of Allied Health Sciences,
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Abstract

This study evaluated the performances of four basic laboratory tests conducted at
sub-district Health Promoting Hospitals (HPHs) in two health regions of the Northern Thailand.
The tests consisted of blood glucose (BG) by blood glucose meter, hematocrit (Hct) by hematocrit
centrifuge, urine biochemistry by urine test strip and pregnancy test by urine pregnancy test
strip through the proficiency testing (PT) scheme according to ISO/IEC 17043 : 2010 guides for
2 rounds. Twelve processed blood and commercial quality control materials were used for
performance evaluations. Homogeneity and stability of 4 parameters in 12 PT items were tested
before sending the items to HPHs and at the end of PT schemes. Quantitative performances were
statistically assessed according to ISO 13528 : 2015 using a z score, 1zl < 2.0, while qualitative
performances using the mode group * 1 level or = 1 from the assay values in commercial
package inserts as the satisfied performance. The results showed that the four parameters in most
PT materials were homogenenous and stable, except for 8.3% hematocrit material (1/12) was
not homogenous and 9.1% blood glucose material (1/11) was not stable. Satisfied performances
of the four tests were 90% and ranged from 81.3% to 96.3%. However, over all poor perfor-
mances were 10.0% and blood glucose by glucose meters represented an unsatisfied performance
of 18.7%. A survey by questionnaire revealed inadequate quality control and assurance on

hematocrit testing, no training in qualitative urine strip tests for HPH’s staff and the problems

*Corresponding author E-mail address: kunchitk@nu.ac.th
Received: 2 June 2021 Revised: 3 August 2021 Accepted: 29 September 2021
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most frequently found were in blood glucose testing by glucose meters. In conclusion the four
basic laboratory tests performed at HPHs in two health regions of the Northern Thailand were
considered satisfactory by using acceptable homogeneity and stability materials through the
proficiency testing scheme. However, there was still a need to improve the quality control system

for the 10% of HPHs with poor performance.

Keywords: Laboratory tests, Point-of-care testing, Reference material, Semi-quantitative method
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789N 3A329 1Y PT items
& X a o
nsnadevaNMutilaerfiuvea
9: - (2 I ) s ]
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. d' a 4 @ Y aa
PT items (H83tAT1z¥inansIviadl8anaau
Lﬂm“ﬁ"llﬂd ISO 13528 : 2015 Wy PT items
dmsuanaiathmaludeamenisinsiainyiia

. g X A ooy
WANN W']uﬂ']ﬁ‘ﬂﬂﬁﬂﬂﬂ')']llLﬂuLuaLﬂﬂ’Jﬂuiﬂﬂaz

100 (4/4) Tagruuuy sufficiently 2 @210619
(owaz 50) wark LUy adequately 2 §19819
(Gowaz 50)

Jagdmiumsaaialfinaudaiden
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(Table 1)

Table 1 Homogeneity of glucose and hematocrit in PT items

PT item Mean SD %CV S, o, 0.30'pt e Interpretation
Glucose

1-BG-001* 86.4 1.9 2.2 1.5 5.0 1.5 2.4 Sufficiently
1-BG-002* 124.4 3.2 2.6 1.6 9.0 2.2 - Adequately
2-BG-003** 124.5 2.9 2.3 1.7 8.3 2.5 - Adequately
2-BG-004** 162.7 4.3 2.7 3.1 9.3 2.8 5.0 Sufficiently
Hematocrit

1-Hct-001* 38.8 0.4 1.2 0.0 2.0 0.6 - Adequately
1-Hct-002* 48.9 0.6 1.3 0.5 2.7 0.8 - Adequately
2-Hct-003* 32.1 2.3 7.1 2.3 1.7 0.5 0.6 Not accepted
2-Hct-004** 49.7 0.6 1.3 0.6 2.3 0.7 - Adequately

Note; S_ < 0.30 : adequately, S_ <Vc: sufficiently, S,> 030 and S >/t not accepted, *: PT round 1, **: PT round 2

g X A o
Waﬂ'lﬁﬂﬂﬁauﬂj'lllLﬂuLuaLﬂﬂ’Jﬂquaq

4

e TsAuriindayiiv uazgedluu hCG lu
4

PTitems Wy PT item dhv¥umsasiaiathana

TWsAurtiadayiiv uazgesluu hCG wWiums

g, X A o ~ v
nageuaNiuiieiasiiulasiinnuaennaos
Aufovaz 100 (Table 2)
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Table 2 Homogeneity of glucose, protein and hCG in PT item by testing with qualitative strip tests

Agreement (%)

PT item Interpretation
Glucose Protein hCG
1-UA-001* Negative (100) Negative (100) Negative (100) Sufficiently
1-UA-002* 2+ (100) 2+ (100) Positive (100) Sufficiently
2-UA-003** Negative (100) Negative (100) Negative (100) Sufficiently
2-UA-004** 2+ (100) 2+ (100) Positive (100) Sufficiently

Note; *: PT round 1, **: PT round 2

2. HAMSNATIUANNAIAIVIINITIN LB 11
PT item

aANNAFIveinmaludeauazlsine

< A o ' . A a ¢

Wintaeauaadauduly PT item (Had@ssving

mMInsIviameddamuInamiuea ISO 13528 :

v
2015 wyihmalu@ealy PT item 311 4

0819 1HBATIIAMELATEIATIDIATTANNIN

AuMINaAgeuANNAIISesas 75 (3/4) Tngru
wuy adequately 3ovaz 50 (2/4) Wiuuuy
sufficiently ¥awaz 25 (1/4) wagbimuinum
Sovaz 25(1/4) dudaadimivmasiaiadiinm
I A 13 1 k% 4; y ai 1 1
WinlaeauaIdauluaIsAInatfumigs Wyl
MINAFOUANNAIIILUD adequately 3080z 100
(3/3) (Table 3)

Table 3 Stability of glucose and hematocrit in PT items

PT item v, Mean 3, vyl 036 030 +21[u? (7, )+u’(y,) Stability
1-BG-001* 864  87.6 1.2 5.0 - Adequately
1-BG-002* 1244 1247 0.3 7.2 - Adequately
2-BG-003** 135.2 124.5 10.8 2.4 5.8 Not accepted
2-BG-004*  167.3 1627 4.6 3.1 5.1 Sufficiently
1-Hot-001*  38.0  38.8 0.3 0.6 - Adequately
1-Hot-002*  48.9 489 0.0 0.8 - Adequately
2-Hct-003*  NA NA NA NA NA NA
2-Hct-004™  49.0  49.7 0.7 0.7 - Adequately

ARy . Iy 1/ 2 20 - -
Note; |y1 - y2|s O.Scspt : adequately, |y1 - y2| < O.Scspt +24/u (yw) +u (yz) . sufficiently,
NA: not applicable (according to PT item 2-Hct-003 was not homogenized), *: PT round 1, **: PT round 2
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a

ANuAIUahea Tsaurtindautiu

Y

uazaailuu hCG lu PT item tilansiada
Fenamwimsuaunadeuiadinz wudnhma

TsAuriiadayiiu uazgeiluu hCG lu PT item
MuUMINAdaUANNAIInsNANNTeARdDIAY
VYoIHansI3508a2 100 (Table 4)

Table 4 Stability of glucose, protein and hCG in PT items when tested by qualitative strip tests and

calculated agreement (%)

Glucose Protein hCG
PT item Interpretation
(%) (%) (%)
1-UA-001* 100 100 100 Sufficiently
1-UA-002* 100 100 100 Sufficiently
2-UA-003** 100 100 100 Sufficiently
2-UA-004** 100 100 100 Sufficiently

Note; agreement (%) were calculated by comparing to +1 of the manufacturer certify of analysis, *: PT round 1, **: PT

round 2

3. @aussauzmInslaiamavesluanis
4 swmiﬁugm

mydanansdaia 4 MV SN.AA.
adurlidddunsdssiiuanssouz i
Tlsunsunageuanusrnaluudazsey Wy
il sw.an. dawamsaneielfnanhmaluidon
Hoisnmviasiannmaduanluseud 1 uas
soUT 2 Yovaz 87.6 (360/411) uaziovas 86.4
(376/435) auady wamsasaialsunaudia
[Boaunsdauiudoniesiiumivduseud 1 waz
seuit 2 imsdananduintevas 66.7 (274/411)
uaziowaz 64.1 (279/435) muMau wazWa
msasviathmauazlsanluifaaizdrouay
NATOY MIATIIANTMIAIATIA (303T0U hCG)
luffaanizdrsuaunageuinmisdananduunlu
soUR 1 uazsoui 2 Youas 88.32 (363/411) ua
Souaz 86.44 (376/435) MUy

daussauzmsanviadSuaniaalu
weameAIsnIartannm lumwsiuves
AR, WUNFIUMNAETRAET 2 seviesas
81.3 5ovaz 86.5 wazdowvas 76.0 lusoun 1 ua
2 muddy) Wedtanzvinalaguiiangudosny
malulad wazdvie/Juvsiniesnsrainiiinia
wilawaw Ty 7 ngu3sms (Table 5) wuhi
vangnguIsMInilanssauziumunaeitiosnd
$ovaz 80 (Fig. 1)

s I~ =)

dussauzmInniatSnauia@enuns
T
dautuAIsATostumlsslumwsinves sn.aa.

1] Vv

WuNEuMNINaRaYNe 2 seuiesar 90.5
(3ovaz 94 waz Sewaz 87 luseun 1 waz 2 mu
&1dy) (Fig. 2)



7822 UMNT 0ATINTNA UasAE

Table 5 Classification of glucose meters in performance evaluations through proficiency testing scheme

Round 1 Round 2

Method Principle brand
n n
1 Amperometry-GDH-FAD A 111 131
2 Amperometry-GDH-PQQ B 71 74
3 Amperometry-GDH-FAD C 69 68
4 Amperometry-GDH-PQQ D 58 57
5 Amperometry-GDH-FAD E 28 31
6 Photometry-GOD F 17 12
7 Other G, H, I, Jand K 6 3
Total 360 376
Note; A, B, C, D, E, F, G, H, I, J and K are brands of glucose meter available in Thailand
120
100 100 100 100
o 100 93 o1 o % o ¥ 2 g1 % % ¢
o 81 = - 3 85 n # 84
VI : 1 [ [
§n 8 69 ok ‘l: m R o8 o7 67
2 w0 50 50 f': o K
o ’ ! \5 N E
g 0 ; q » L § §
8 Nl
- o v © Nl 8w w oo N 8w w oo N 8 o s v oo ™
3 383 23 38 2|82 3838 %8 (/38888 832|838 8383387383
S 53 3 3 33 2|5 335353 2|33 53>5353 2|53 35353 3 =2
1-BG-001 1-BG-002 2-BG-003 2-BG-004
Round 1 Round 2

Fig. 1 Blood glucose testing by glucose meters with a satisfactory performance (%): Izl < 2.0.
Performances are evaluated through the proficiency testing for two rounds with PT items:
1-BG-001, 1-BG-002 for round 1 and 2-BG-003; 2-BG-004 for round 2.
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100 93 95
90 e 8 86
’;ﬁﬁ . b
o 80 A -
o ; T3
v 7 44
E . ..‘..’.
A

= 60 A i

2
2 5 .-'.{;H h::

b 3
% 40 rr?{ }::
£ s 194
= s -
n ; X3
® 2 S -
10 e -
- e i
0 ) S04
1-Hct-001 1-Hct-002 2-Hct-003 2-Hct-004

Round 1 Round 2

Fig. 2 Hematocrit by a centrifuge method with a satisfactory performance (%): Izl < 2.0. Performances

are evaluated through the proficiency testing for two rounds with PT items: 1-Hct-001,
1-Hct-002 for round 1 and 2-Hct-003, 2-Hct-004 for round 2.

HamIsziinanssauzmMInsaihag
wazllshuluifaanziouaunadeuidanmunn

1 1 I'd . dl
NUNFAIUMULNUN (good Wae satisfactory) LRy

i3 2 souSesaz 96.3 (Gevaz 96.7 uaz 3ewaz
95.9 Tuseun 1 waz 2 muady) (Table 6)

Table 6 Performances of glucose, protein and hCG in urine by qualitative strip tests through the

proficiency testing scheme

Percentage
Round Items n Good Satisfactory  Unsatisfactory Invalid
(=80%) (=60% - <80%) (<60%)
Glucose and Protein 338 84.9 11.8 3.0 0.30
1 hCG 411 77.9 6.1 - 16.0
Glucose and Protein 368 95.9 - 4.1 -
° hCG 365 93.5 5.7 0.8 -

NaMIUszuaNsIaULMIATINNIZMS

(33

s

$an339 (895 1U hCG) lutldanzMesuaunageu

BN NuNHINM (good wag satisfac-

tory) (@aeva 2 sevievay 91.6 (3ovar 84.0
waz Fewar 99.2 luseud 1 waz 2 mudey)
(Table 6)
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4. si’iagamsmafﬁﬂmaﬁmﬂﬁﬁﬁmiﬁugm
NUIU 4 519M3
vj«j’muLmuﬁaunmdm‘lﬁajmmﬁq 2 199
(Huwennadnsw e1gegluyie 41-50 U széiy
msfnlSyanas s1gmahaunandi 10 1
TR o sW.da. fflmmduinseumus Iy
Uszmnsluvinanaia (P2) FauRavortlsznns
Tuimuilszane 3,001-8,000 AU

UMW BATFINENA UasAnl:

MIAIVANAUMNMNIATIIM V0T TA
msvﬁuﬁm WU Iw.an. TUUaguUaIn A uazie
quan B ﬁmwﬁLﬁumiﬁu’qmsmuquﬂmmw
melunazmsmvauammulagesdniniguesn
uAnuNIMImMHiumMs IQC lumsanaiatFinu
Wiadenuaidauiugioiniestumisaeaia 2
wmﬁaam’wwmi%"uq azmInsINNMaLas
Tlsaustindayiiuluifaanzdrsuaunadey
ffaczves swaa. Tuwagumw B wuhims
adiumstesniluwaguamn A diumseniiv
M3 EQA %38 PT wud sw.aa. luvagunin B
umseniumstiesniluvagumn A (Table 7)

Table 7 Internal quality control (IQC) and external quality assurance (EQA) of four tests at sub-district

health promotion hospitals in health care zone A and B

Tests

IQC EQA
% (n) % (n)
A B Total A B Total

(n=108) (n=138) (n=246)

(n=108) (n=138) (n=246)

85.2 81.2 82.9 93.5 68.8 81.15
1 Blood glucose by glucose meters
(92) (112) (204) (101) (95) (98)
) ) 51.9 55.0 53.45 86.5 75.0 88.8
2 Hematocrit by a centrifuge method
(54) (44) (98) (90) (60) (150)
) ) ] 81.3 68.1 72.8 92.5 73.0 82.8
3 Urine glucose and protein by strip tests
(87) 92) (179) (99) (100) (199
79.8 70.1 75.0 91.7 72.3 82.0
4 Urine hCG by a strip test
(87) (96) (183) (100) (99) (199)
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Table 8 Problems occurring of four laboratory tests in health area A and B.
A B Total
laboratory tests (n=108)  (n=138)  (n=246)
% (n)
1. Blood glucose testing by glucose meters
e Glucose meter 13.8 (15) 25.4 (35) 19.6 (50)
e Glucose test strip 2.8 (13) 10.1 (14)  6.45 (27)
2. Hematocrit by a centrifuge method
e Broken capillary during centrifugation 18.3(19) 16.3(13) 17.3 (32)
e Measurement skills 11.5(12) 125 (10 12.0 (22
3. Urine glucose and protein by strip tests
e Difficulty in visual inspections of standard color on label 7.5 (8) 13.3 (18) 10.4 (26)
e Difficulty in visual inspections of standard color on label  15.0 (16) 3.7 (5) 9.35 (21)
4. Urine hCG by strip tests
e Not having any lines on a reading area 7.5 (8) 11.7 (16) 9.6 (24)
e Not having a control line on a reading area 15.0 (16) 1.5 (2 8.25 (18)

Note; the data in the table are from the HPHs that can optionally answer more than one problems

nadhsatfyminerfunmsnsiaiang 4
MMty IW.aa. 132 wagumw wuddamms
anviadsinanhmaludeadionsesnsaiasiia
wannanhifymanulusnemsouq (Fig. 8)
3 é’ Y =< %
MyamnIved sw.aa. Tanumsineusunud

¥
o/ o

famsasiaialSunaniealuasadlgniag

ATIATFUANAW I,Lﬁ:ﬂ”liﬂi'.]‘lﬁmﬁﬂﬂﬂllﬁﬂLaﬂmlﬂﬂ

o Vv A . < \ s
daudumIgATe I umiIos dr1un15asIaLda

4 1 9: = a
AUNTN Tlaun msasrvhmanazldsausiia

o a

dayiiuluifaan: UaN1INII9805 I hCG

4 13 S
Mmeuaunadauidaanzdaliinsineusunis

$uwazmsnsiaia (Table 9)

Table 9 Training on operating four laboratory tests for sub-district health promotion hospitals staff in

health area A and B.

A (n=108) B (n=138) Total (n=246)
laboratory tests
% (n)
1. Blood glucose by glucose meters 84.1 (90) 90.6 (125) 87.4 (215)
2. Hematocrit by a centrifuge method 74.0 (77) 63.7 (51) 68.9 (128)
3. Urine glucose and protein by strip test 0.0 (0) 0.0 (0) 0.0 (0)
4. Urine hCG by urine pregnancy strip test 0.0 (0) 0.0 (0) 0.0 (0)
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Efficiency Assessment of EE Score for Differentiation of
Homozygous HbE and ’-thalassemia/HbE

Rawiwan Puangpruk, Yupin Jopang*, Paripat Netnee and Tida-uma Aungkumprasert

Laboratory Medicine Section, Regional Health Promotion Center 9, Nakhon Ratchasima Province, Thailand

Abstract

Bo—thalassemia/HbE and homozygous HbE are inherited disorders caused by an abnor-
mal f-globin gene that impairs hemoglobin (Hb) synthesis in red blood cells. Diagnosis of both
B°-thalassemia/HbE and homozygous HbE, in which patients having HbA2/E levels of >75% and
HbF levels of 5.1% to 19.9%, must be confirmed by DNA analysis. However, it is noted that the
use of the EE score can predict and classify Bo-thalassemia/HbE. Therefore, this study aimed to
evaluate the efficiency of EE score in identifying homozygous HbE and lio-thalassemia/HbE
through a cross-sectional study. Blood samples of pregnant women and their husbands were
collected for thalassemia screening in community hospitals in Health Area 9 and confirmatory
tests including levels and types of HbAz, HbE, HbF, and hemoglobinopathies were determined
using capillary electrophoresis at Regional Health Promotion Center 9, Nakhon Ratchasima. A
dataset of 142 subjects who were not interpretable for homozygous HbE and [io—thalassemia/
HbE, was used in this study. The values of HbA2 and HbF were used to calculate EE score. It
was found that EE score < 60 indicated homozygous HbE in 129 subjects, and EE score > 60
indicated Bo—thalassemia/HbE in 13 subjects. The genotypes of thalassemia were examined using
real-time polymerase chain reaction (real-time PCR) as the standard method. The results showed
that the EE score < 60 group were 125 subjects with homozygous HbE and four subjects with
homozygous HbE with o’-thalassemia trait, while the EE score > 60 group consisted of four
subjects with homozygous HbE, one subject with homozygous HbE with o’-thalassemia trait,
six subjects with Bo-thalassemia/HbE, and two subjects with ﬁo-thalassemia/HbE with o’-
thalassemia trait. The EE score > 60 can be used to select samples for further DNA analysis with
statistical quality of sensitivity, specificity, positive predictive value, negative predictive value,

and accuracy of 100%, 96.3%, 61.5%, 100% and 96.5% respectively. The results indicated that

*Corresponding author E-mail address: jopang08@gmail.com
Received: 13 July 2021 Revised: 30 August 2021 Accepted: 2 September 2021
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the application of EE score showed high accuracy in predicting homozygous HbE and
Bo-thalassemia/HbE as well as exhibited a significant reduction of 90.8% in the number of
samples for DNA analysis. Therefore, the EE score could be helpful in diagnosis for thalassemia

prevention and control program.

Keywords: Homozygous HbE, Bo—thalassemia/HbE, o-thalassemia, EE score, Efficiency
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Fig. 1 Box plots of RBC, Hb, Hct, MCV, MCH, RDW, HbA2 and HbF in 4 groups of thalassemia
genotypes. Group 1: Homozygous HbE, Group 2: Homozygous HbE with o-thalassemia trait,
Group 3: Bo—thalassemia/HbE, and Group 4: Bo—thalassemia/HbE with a’-thalassemia trait. Box

plots were prepared using the STATA statistical program version 10.
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Table 3 Efficiency of EE score for identification of homozygous HbE and Bo-thalassemia/HbE compared

with the standard method

DNA analysis
Diagnosis 0 . Non p’-thalassemia/HbE Total
B -thalassemia/HbE
(homozygous HbE)
EE score > 60 8 5 13
EE score < 60 0 129 129
Total 8 134 142

Value above 60 indicates Bo—thalassemia/HbE whereas that of or less than 60 points to a homozygous HbE,
sensitivity = (8/8) x 100 = 100%, specificity = (129/134) x 100 = 96.3%, positive predictive value = (8/13) x 100 = 61.5%,
negative predictive value = (129/129) x 100 = 100%, and accuracy = (137/142) x 100 = 96.5%.

A5l¥A1 EE score (WaWyNIZ#iI1g
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J Y 4 = Y o L%
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Aduelang 129 nenniuimue 142 e
(Gevaz 90.8) wazanisnanalsirediniy
M3aANRusZduAuelane 154,800
11 TagmMma e UUM-das iy iy
1,200 v1naa@iodgld uansAnyIndaildadl
Y o a d‘ ) o ] - d'd
Y9317 A130991UIUGIDE19LARANHNAANTID Hb
typing ilu EE w0 EF #iiah EE score > 60 &
Snutey fstdumadiuvilafanngiansal
v B-thalassemia/HbE lunufitvagumwi 9
=<! o ‘1‘ = 4 4 v A A
FINNMIAIVUANNAVITULLM FUd - D1daF Y

S I a = 1 1 SN G a ]
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¥ 1 3
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