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Abstract

Lead and cadmium are commonly found in electronic waste or e-waste. High blood lead
levels (BLLs) and blood cadmium levels (BCLs) are associated with children’s abnormal physical
and mental development. This study aimed to determine BLLs and BCLs and examine the
physiological effects of lead and cadmium exposure in children in Sue Yai Utit, Bangkok’s
largest e-waste recycling area. Additional factors that could influence children’s BLLs and BCLs
were also evaluated. Fingerstick blood samples were collected from 22 children aged 6 months
to 6 years from the Sue Yai Utit e-waste recycling area (exposed group). Age and sex matched
control fingerstick blood samples were collected from 22 children who lived outside Chatuchak
areas in Bangkok from the Queen Sirikit National Institute of Child Health outpatient clinics
(reference group). BLLs and BCLs from both exposed and reference groups were determined
using inductively coupled plasma—mass spectrometry (ICP-MS). BLLs and BCLs were compared
using Mann—Whitney U test with a significance level at p < 0.05. The mean BLLs and BCLs in
the exposed group were 8.60 * 1.58 pg/dL and 2.01 + 0.20 pg/L, respectively, which were
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significantly higher than the mean BLLS and BCLS of the reference group (3.07 + 0.27 ng/dL
and 0.58 * 0.12 pg/L, respectively) with p = 1.3 x 10 and p =04 x 107, respectively.
However, children living in the Sue Yai Utit area developed normally according to the Thai child
developmental standards and did not show any sign of anemia. Factors influencing children’s
BLLs or BCLs in the exposed group included staying in a house that dismantled and stored
e-waste and the parents’ hygiene such as clothes changing and hand washing after work. To help
protect Thai children living in the e-waste recycling area from heavy metals poisoning, the
disposal of e-waste and other related activities should be regulated both at the community and

national levels.

Keywords: E-waste, Cadmium, Lead, Blood cadmium levels (BCLs), Blood lead levels (BLLs)
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Introduction

Electronic waste or e-waste has
rapidly been increasing worldwide in several
countries, including USA, Canada, Europe,
Australia, Africa, and Asia such as China,
India, Japan, Vietnam and Thailand. Several
countries now have the e-waste legislation to
regulate e-waste management and disposal but
e-waste has remained unregulated in several
countries.”” The legislative enforcement to
control and regulate e-waste is still pending
parliament and government approval in
Thailand. As a result, the e-waste recycling
business has spread through several provinces
in the Northeastern region of the country,

@ and Kalasin.® Tt is well

including Buriram
known that e-wastes often contain heavy-
metals, such as lead (Pb), cadmium (Cd),
mercury (Hg) and arsenic (As), that can
contaminate the environment and cause heavy
metal poisoning in humans. Lead and cadmium
are heavy metals commonly found in e-waste
and can induce multiorgan toxicity. Lead and
cadmium enter the human body via skin
absorption, inhalation and ingestion. Because
of hand-to-mouth behavior or poor personal
hygiene found in young children, such as not
washing hands before eating or playing in
e-waste dump areas, both inhalation and
ingestion are important routes for lead and
cadmium to enter a child’s body. Lead is more
harmful in children than in adults, especially
in children under six years of age. In children

under 6-year-old, lead can damage the brain
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and nervous system leading to lower 1.Q.,
impact learning and behavior problems.(4)
Blood lead levels (BLLs) were found signifi-
cantly associated with mild and severe anemia
in children.”’ Furthermore, the high BLLs
negatively affected certain essential elements,
i.e., zinc, magnesium, and iron.®

Several studies found that children who
lived in e-waste dismantling community had a
higher level of lead and cadmium in blood than
children in non-e-waste area. Studies in China
and Taiwan showed that lead and cadmium from
e-waste recycling activities affected children’s
health status, including a negative correlation
between blood lead level and slowed growth,
developmental delays, physical development
and increasing of bone resorption.(7_9) Chronic
exposure to lead is also associated with
children’s attention and executive function and
academic performance.(lo) Blood lead level is

associated with a hearing loss""

and olfactory
memory impairment in children.""” The high
blood lead level was associated with elevated
interleukin (IL)-6 level, high systolic blood
pressure, and several other cardiovascular risk
factors.'” Additionally, both lead and
cadmium can affect the number and percentage
of innate immune cells"* and interfere with
immune homeostasis, promoting inflammation
by increasing associated inflammatory
cytokines in children.""” Cadmium is classified
by the International Agency for Research on

Cancer (IARC) as carcinogenic to humans

(Group 1). After ingested, cadmium is absorbed
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in stomach and intestines and enter the blood-
stream while cadmium from inhalation is
absorbed in the lung. Cadmium mainly affects
kidney and bone resulting in renal tubular
dysfunction, painful bone fractures, osteoma-
lacia and osteoporosis which are characteristics
of Itai-Itai disease.”'”

Damrongsiri, et al (2016)(17) found a
high level of contaminating heavy metals in
the surface soil samples at the dismantling site
of Sue Yai Utit, an e-waste dismantling
community in Bangkok. The levels of
contaminated heavy metals, i.e., copper (Cu),
lead (Pb), zinc (Zn) and nickel (Ni) were
higher than the Thai and Dutch standards. In
contrast, levels of cadmium (Cd) and selenium
(Se) were not different from those found in
non-dismantling area in the same community.
Both lead and cadmium are the most health
hazard and exert long-term health effects,
especially in children. To our knowledge, no
studies have compared age and sex-matched
control preschool children’s BLLs and BCLs
in e-waste community and non-e-waste
community and investigated the effect of
associated risks of e-waste dismantling
activity on children’s BLLs and BCLs in
e-waste recycling area in Bangkok.

Thus, this study was aimed to evaluate
the effect of e-waste dismantling activity on
lead and cadmium exposures in preschool
children by comparing BLLs and BCLs in
children who lived in e-waste dismantling

community and non-e-waste community using
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age and sex-matched control. In addition, the
physiological effects of lead and cadmium
exposure in 6 months to 6 years old children
in Sue Yai Utit community, the largest e-waste
recycling area in Bangkok were examined.
Furthermore, factors that might influence
BLLs and BCLs in children whose parents were
e-waste dismantling workers were also inves-

tigated.

Materials and Methods
Chemicals and reagents

Nitric acid (Trace Metal™ Grade) was
from Fisher Chemical and Triton® X-100 from
PRS Panreac®. Water was generated from a
Millipore pure water system (Millipore
Co., Ltd., USA). Cadmium standard solution
(1 mg/Lin2% HNO3) and Rh internal standard
solution (1 mg/L in 2% HNO3) were from
SPEX CertiPrep®, lead standard solution
(100 pg/dL) from AccuStandard® and certified
reference material human blood (lead and
cadmium) BCR® - 634 and BCR® - 635 from
European Commission, Joint Research Centre
(JRO).

Participants

Forty-four children aged six months
to six years were enrolled in this study and
equally divided into two age and sex-matched
groups. The exposed group, consisted of
children who lived in Sue Yai Utit, e-waste
dismantling community, Chatuchak District,

Bangkok, was further divided into direct- and
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indirect-exposed groups. The direct exposed
children were defined as children whose parents
work as e-waste dismantling workers. While
the indirect exposed children were defined as
children whose parents lived in Sue Yai Utit
community and worked in other types of
businesses other than e-waste dismantling
workers. Age and sex-matched children who
did not live in Chatuchak District were defined
as reference group. For reference group,
children with anemia, renal diseases, hepatitis
B/C infection, or receiving blood transfusions
within three months were excluded. For exposed
group, children with renal diseases, hepatitis
B/C infection, or receiving blood transfusions
within three months were also excluded from
the study. All parents of children participating
in this study provided written informed consent
before enrolling in the study. Children’s
physiological parameters such as height, weight,
and head circumferences were measured by
registered nurses. Additionally, information
on children whose parents were e-waste
dismantling workers and factors that might
influence children’s BLLs and BCLs, including
place for e-waste dismantling, place of e-waste
storage, place for child stay while parents
dismantle e-waste, clothes changing and hands
washing behavior after work, were also

collected by using questionnaires.

Blood specimen collection
Blood samples used for BLLs and

BCLs evaluations were collected by finger-

7867

pricking. Blood specimens from children in the
exposed and referene groups were collected in
0.5 mL EDTA collection tubes at the Founda-
tion for Slum Child Care, Bann Sue-Yai
(Under the Patronage of Her Royal Highness
Princess Galyani Vadhana Krom Luang
Naradhiwas Rajanagarindra) and Queen Sirikit
National Institute of Child Health (QSNICH),
respectively. Blood hematocrit was determined
to screen for anemia that might occur in children
chronically exposed to lead. The study protocol
was approved by The Research Ethics Review
Committee for Research Involving Human
Research Participants, Group 1, Chulalongkorn
University (reference number COA No.
168/2558) and Office of Research Ethics, Queen
Sirikit National Institute of Child Health
(QSNICH), Thailand (reference number
EC.166/2557 and EC.121/2558).

Sample preparation for ICP-MS analysis
Samples were prepared as described

1% Wwith slight modifica-

in a previous study
tions. Briefly, lead and cadmium were
extracted from EDTA blood using acid diges-
tion protocol with the ratio of EDTA blood:
158 M HNO3: water at 1: 2: 7. The reaction
was incubated at room temperature for 30
minutes. Finally, 400 pL of supernatant was
removed and diluted with 1,600 pL of diluent
solution containing 0.5% (v/v) HNO3, 20 pg/L
Rh (internal standard) and 0.005% (v/v)
Triton® X-100.
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Blood lead levels (BLLs) and blood cadmium
levels (BCLs) determination

BLLs and BCLs were quantified using
matrix-matched calibration curve. Seven points
calibration curves of lead and cadmium were
prepared daily in duplicates over the ranges of
0 -27.3 pg/dL for lead and O - 15.7 pg/L for
cadmium. Lead and cadmium levels in samples,
CRM Human Blood (lead and cadmium)
BCR® - 634 and BCR® - 635 were analyzed
in triplicates using inductively coupled
plasma-mass spectrometer (ICP-MS) (iCAP
Qc, Thermo Scientific) at Scientific and
Technological Research Equipment Centre,
Chulalongkorn University. Performances of
the method, including linearity, the lower
limit of detection (LLOD),% accuracy, interday

and intraday precisions, were evaluated.

Statistical analysis

The results were expressed as the mean
+ standard error. All statistical analyses with
p <0.05 were considered statistically significant
and performed using SPSS software version
22. All variables were tested for normal distri-
bution using Shapiro-Wilk test. Comparison
between the mean of BLLs and BCLs from two
groups were performed using Mann-Whitney
U test. The factors that might affect children’s
BLLs and BCLs were evaluated using a

generalized linear model."”
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Results
Sample preparation for ICP-MS analysis

The sample preparation was performed
as described in a previous study with slight
modifications"® before being analyzed by
ICP-MS. Fifty microliters of calibrators, CRMs,
and blood samples were used. Samples were
extracted in duplicates using acid digestion
protocol and were analyzed in triplicates by
ICP-MS. The matrix-matched calibration
curves of lead and cadmium with seven
concentration levels of standards were
constructed. Lead standard concentrations
ranged from 0, 2.3, 4.8, 7.3, 12.3, 17.3, 27.3
pg/dL, whereas cadmium standard ranged
from 0,0.7, 1.7,2.7,5.7,10.7, 15.7 pg/L. The
linearity of lead and cadmium calibration curves
had the coefficient of determination (Rz) value
0f 0.999. The lower limit of detection or LLOD
of lead and cadmium detected by ICP-MS were
0.011 pg/dL and 0.135 pg/L, respectively.
The CRM BCR® - 634 (low level) and BCR®
- 635 (high level) were used to assess %
accuracy and interday and intraday precisions.
The % accuracy (mean * % S.D.) of lead
determination for low and high levels were
98.88 * 6.87 and 90.05 * 2.55, respectively.
While the % accuracy of cadmium determina-
tion for low and high levels were 97.56 £ 7.19
and 94.31 * 4.00, respectively. The interday
and intraday precisions of BLLs determined
from BCR® - 634 were 6.95% and 7.64% and
in BCR® - 635 were 2.83% and 2.92%,

respectively. The interday and intraday precisions
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of BCLs determinations in BCR®-634 were
7.35% and 9.46%, and in BCR®-635 were
4.25% and 4.81%, respectively. All samples
were analyzed using inductively coupled
plasma-mass spectrometer (ICP-MS) (iCAP
Qc, Thermo Scientific) at Scientific and
Technological Research Equipment Centre,
Chulalongkorn University. The results showed
that this modified method’s performance was
acceptable and verified for quantification of

BLLs and BCLs in children.

Blood lead levels (BLLs) and blood cadmium
levels (BCLs) determination and relevant
factors

A total of 44 preschool children were
investigated and equally divided into two age
and sex- matched groups: exposed group and
reference group. Characteristics of the study
population regarding sex, age, blood lead
levels (BLLs), blood cadmium levels (BCLs),
and % hematocrit are shown in Table 1. There
were significant differences for lead and
cadmium among reference and exposed groups
with p=1.3 x 10 and p=0.4x 10~ as shown
in Fig. 1 and 2, respectively. The highest BLLs
found in the direct exposed group was 29.17
png/dL, while the highest BLLs found in the
reference group was only 5.61 pg/dL. The
lowest BLLs detected in the reference group
was also significantly lower than that in
the exposed group (Table 1). There was
statistically significant difference in BLLs

between reference and exposed groups with

7869

p =13 x 10._4, 36.36% of children in the
reference group had BLLs higher than the CDC
normal reference value of 3.5 ug/dL.(ZO) In
comparison, 81.82% of children in the exposed
group had BLLs higher than the CDC reference
value. The highest BCLs found in the exposed
group was 4.08 pg/L, while the highest BCLs
in the reference group BLCs was only 1.94
pg/L. The lowest BCLs found in reference
group was lower than LLOD of this method.
BCLs between the reference and the exposed
groups were significantly and statistically
different with p =0.4 x 10.” All of the children
in the e-waste dismantling community had
BCLs higher than the CDC normal reference
value of 0.15 ug/L.m) In contrast, 77.27% of
the non-e-waste dismantling community had
BCLs higher than the CDC normal reference
value.

To further examine the effect of
e-waste dismantling activity in young children,
the exposed group was equally divided into the
direct and indirect exposed groups. There were
statistically significant differences in BLLs and
BCLs between direct exposed and age and
sex-matched reference groups with p = 1.9
x10™ and p =0.002, respectively. Also, BLLs
and BCLs between age and sex-matched
indirect exposed group and the reference group
were statistically significant different with
p=0.010 and p =0.004, respectively. Interest-
ingly, there were no statistically significant
differences in BLLs and BCLs between the

direct and indirect exposed groups.
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Table 1 Participant characteristics and comparison of BLLs and BCLs from exposed and reference

groups

Siriporn Sangsuthum et al.

Characteristics Exposed group (n=22) | Reference group (n=22) p-value
Age (average, months) 30 30 -
(Min, Max) 6, 53) (9, 60)
Sex
- Male 12 12 -

- Female 10 10 -
'BLLs (ug/dL) 8.60 + 1.58 3.07 + 0.27* 1.3 x 107
(Min, Max) (1.34, 29.17) (0.61, 5.61) -
<35 4 (18.18) 14 (63.67) -
> 3.5 18 (81.82) 8 (36.36) -

- Direct Exposed (n = 11) 12.99 + 2.52 3.23 + 0.34* 1.9 x 10™
- Indirect Exposed (n = 11) 421 + 0.47 3.13 + 0.46" 0.010

BCLs (ug/L) 2.01 = 0.20 0.58 + 0.12* 0.4 x 10°
(Min, Max) (0.67, 4.08) (ND, 1.94) -
<0.15 - 5 (22.79) -
>0.15 22 (100) 17 (77.27) -

- Direct Exposed (n = 11) 1.90 + 0.29 0.64 + 0.19* 0.002

- Indirect Exposed (n = 11) 212 + 0.28 0.79 = 0.30" 0.004

*Het (%) 34.8 + 0.9 34.9 + 0.6 -
(Min, Max) (28, 40) (29, 40) -
< 33 (0.5 -2 yrs) 4 (18.18) 3 (13.64) -
<34 (2-06yrs) 4 (18.18) 3 (13.64) -

Data expressed as Mean + SE or the number (percent). ND means not detectable with the value lower than LLOD or

0.135 pg/L.

* Significant difference compared between paired age, sex-matched reference and exposed groups using Mann-—

Whitney U test, p < 0.05.

' Cut off point for BLLs from CDC reference value (2021).(20)
2 Cut off point for BCLs from CDC reference value (2017).(2”

S cut off point for Het (%) from Clinical Practice Guideline of The Royal College of Pediatricians of Thailand & Pediatric

Society of Thailand.®?
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Fig. 1 Box plots of BLLs between exposed and reference groups. p < 0.05 was considered

statistically significant
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Fig. 2 Box plots of BCLs between exposed and reference groups. p < 0.05 was considered

statistically significant
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Factors that might influence BLLs
and BCLs in children were evaluated by
questionnaire. The questionnaire focused on
e-waste dismantling and storage sites, clothes-
changing and hands-washing after work, and
where the children were while parents worked
in the dismantling e-waste sites. Almost all
factors significantly influenced BLLs in
children except parents’ clothes-changing and
hands-washing behavior after work (Table 3).
Interestingly, all factors evaluated in the
questionnaire significantly affected children’s
BCLs (Table 4).

The physiological effects of lead and cadmium
exposure

The blood hematocrit (%Hct) was used
to screen for anemia condition in children
exposed to lead in this study. However, no
significant difference in %Hct was found
between exposed and reference groups
(Table 1). The number of children with Hct
(%) lower than the normal range was also
comparable between the two groups. To
evaluate children’s physical growth in the
e-waste dismantling community, the WHO
child growth standard (2006) was used.
Lower weight than WHO standard indicated
acute malnutrition, while the lower height
indicated chronic malnutrition in children.*”
Three children, or 18.18%, had lower weight
than the WHO standard in the exposed group,
whereas five children, or 22.73%, had lower
height than the WHO standard. All children in
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the study had normal head sizes (Table 2). No
significant correlation between BLLs and BCLs

and physical effects was found.

Discussion

To our best knowledge, this report was
the first study examining the effect of e-waste
dismantling activities on lead and cadmium
exposures in preschool children by BLLs and
BCLs in Sue Yai Utit e-waste recycling
community in Bangkok. BLLs and BCLs in
age and sex-matched children who lived in
Sue Yai Utit e-waste recycling community and
non-e-waste recycling communities were
compared. BLLs was accepted as the best way
to evaluate lead exposure in children. The
United States Centers for Disease Control and
Prevention (CDC) recommend two types of
BLLs sample collection methods for evaluation
of Pb exposure in children, including finger-
pricking (capillary) for screening and venous
blood draw for confirmation. The finger-prick
test may give a falsely high result from skin
contamination. Nonetheless, the finger-pricking
method takes only a small amount of blood
from a child’s finger and is more appropriate
for young children aged 6 months to 6 years.
Thus, finger-pricking collection method was
used to determine BLLs and BCLs in this study.
To minimize contamination from lead and
cadmium on the children’s fingers, participants’
hands were thoroughly washed with soap and
dried with a clean towel before finger-pricking
to collect blood samples in a 0.5 mL EDTA
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Table 2 Physiological parameters of children in the exposed group

Range of weight and height Total (22)
Weight for age (Kg)
Median = 1.5 SD 18 (81.82)
Less than Median - 1.5 SD" 4 (18.18)
Height for age (cm)
Median + 1.5 SD 17 (72.27)
Less than Median - 1.5 SD? 5 (22.73)

Head circumference (cm)

Typical head size®® 22 (100.00)

Data expressed as the number (percent).
O Lower weight than WHO child growth standard indicated the acute malnutrition.®®

@ Lower height than WHO child growth standard indicated the chronic malnutrition.®®
® WHO Child Growth Standards.®”

Table 3 Factors from parents’ e-waste dismantling activity influenced BLLs in children who lived in
Sue Yai Utit community

Risk factor from parents’ e-waste dismantling activity n (%) 95% ClI p-value
E-waste dismantling in house

- Yes 10 (90.9) | (0.96-29.33) 0.036

- No 19.1) -
E-waste storage in house

- Yes 8 (72.7) | (0.14-17.09) 0.046

- No 3 (27.3) -
Changing clothes and washing hands after work

- VYes 8 (72.7) -

- No 3 (27.3) | (-5.62-11.33) 0.509
Child stays with parents during daytime

- Yes 6 (54.5) | (6.60-21.76) 0.001

- No 5 (45.5) -

Data collection through questionnaire from 11 e-waste dismantling workers who lived in Sue Yai Utit community. Data

expressed as the number (percent). Associated risk factors were tested using generalized linear model.
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Table 4 Factors from parents’ e-waste dismantling activity influenced BCLs in children who lived in

Sue Yai Utit community

Risk factor from parents’ e-waste dismantling activity n (%) 95% CI p-value
E-waste dismantling in house

- Yes 10 (90.9) | (1.75-4.45) | 0.7x10®

- No 1(9.1) -
E-waste storage in house

- Yes 8 (72.7) | (1.16-2.78) | 0.2x10®

_No 3 (27.3 -
Changing clothes and washing hands after work

- Yes 8 (72.7) -

- No 3(27.3 (0.04-1.66) 0.039
Child stays with parents during daytime

- Yes 6 (54.5) (0.56-2.00) 0.001

- No 5 (45.5) -

Data collection through questionnaire from 11 e-waste dismantling workers who lived in Sue Yai Utit community. Data

expressed as the number. Associated risk factors were tested using generalized linear model.

tube. Additionally, the modified sample
preparation method used only 50 pL of the
blood sample to determine BLLs and BCLs by
ICP-MS. The sample collected by the finger-
pricking was sufficient to accurately determine
BLLs and BCLs by ICP-MS and a suitable
method for sample collection in young
preschool children instead of a more invasive
venopuncture method.

An increase in BLLs is directly
correlated with an increase in the severity of
lead toxicity symptoms. To reduce the child’s
future exposure to lead earlier, CDC has
recently reduced a blood lead reference value
in children from 5 pg/dL to 3.5 pg/dL. Lead

affects children more than adults, especially in

children under six years of age. Lead damages
the brain and nervous systems and can lower
1.Q., leading to learning retardation and other
behavior problems. In addition, high BLLs is
also associated with anemia in children.
A previous study found that the BLLs of 10-20
ng/dL was significantly associated with mild
and severe anemia with decreased blood iron
and ferritin levels ©. In this study, Hct (%) was
used to evaluate anemia in children, but no
association between BLLs and Hct (%) was
found.

The results showed that children who
lived in the e-waste dismantling community
had significantly higher BLLs and BCLs than

children from other non-e-waste communities,
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. . L . (9.13,25
similar to previous studies in China’ Jand

India."" The highest BLLs and BCLs of 29.17
pg/dL and 4.08 pg/L, respectively, were found
in a child who lived in the Sue Yai Utit e-waste
recycling community. This child had all risk
factors associated with lead and cadmium
exposure filled in the questionnaire, including
staying at home while parents dismantled
e-waste, e-waste storage on site, and the parents
did not change clothes or wash hands after
work. Interestingly, we found that all factors
in the questionnaire were significantly associated
with BCLs in children. Results from the
questionnaire suggested that the parents’
clothes-changing and hands-washing after work
were not significantly associated with BLLs
but associated with significantly lower BCLs
as compared to other contributing factors.
This could be due to the fact that children were
directly and constantly exposed to heavy
metals dust all the time when they lived at
home. Thus, e-waste storage or dismantling at
home could increase children’s risk for heavy
metals exposure due to heavy metals dust
attached to mattresses, clothes, and hand-to-
mouth behavior. In addition, children were still
at risk for heavy metal exposure from parents’
clothing contaminated with lead and cadmium
regardless of whether e-waste dismantling
activity was done at home or at a site away
from home.“” Lead and cadmium dust can
contaminate the air, water, and environment.
Interestingly, it was found that children of

non-e-waste workers who lived in the e-waste
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dismantling community had significantly
higher BLLs and BCLs than children in other
areas of Bangkok, suggesting that lead and
cadmium levels in the environment of the
e-waste dismantling site could be higher than
in the non-e-waste communities as described
in a previous study.m)

In this study, 36.33% and 77.27% of
the non-e-waste dismantling community
children had BLLs and BCLs higher than CDC
reference values. No safety standard limit was
set for blood lead and cadmium levels in Thai
children. In 2021, new CDC blood lead
reference value (3.5 pg/dL) was established
from the 97.5" percentile of the blood lead
values among U.S. children aged 1-5 years from
the 2015-2016 and 2017-2018 National Health
and Nutrition Examination Survey (NHANES)
cycles.ao) Additionally, the U.S. Food and Drug
Administration (FDA) has established the action
plan to reduce exposure to toxic elements
including lead and cadmium from foods eaten
by babies and young children to as low as
possible.m) According to FDA and CDC
guidelines, standard BLLs and BCLs limits
were much lower as compared to BLLs and
BCLs limits used in Thailand. Furthermore,
environmental lead and cadmium contamination
was strictly regulated in the US. Lead-based
paints, banned in the U.S since 1978, are still
widely available in Thailand. Lead was
detected in paints chips inside building of
nursery schools at a level higher than the

reference level. Moreover, lead and cadmium
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were also detected from toy paints at higher
than reference levels.”® Due to these environ-
mental factors children in Thailand are at a
higher risk of exposing to environmental lead
and cadmium and could contribute to high BLLs
and BCLs as compared to those found in US
children. Therefore, BLLs and BCLs in Thai
children should be surveyed and established to
help evaluate the risk of lead and cadmium
exposure in Thai children in the future.

The association between BLLs and
BCLs and other physiological parameters in
the exposed group was not found. Interest-
ingly, around 20% of children in the exposed
group were identified as malnourished with an
increased risk of lead toxicity, especially those
who receive inadequate dietary calcium.
Previous studies showed that calcium
competitively inhibits the active transport of
intestinal lead. Thus, dietary calcium could
reduce exposure to dietary lead in children.*””
Thus, supplemental dietary calcium should be
provided to these malnourished children in the
e-waste community to help reduce the risk of
lead toxicity.

Cadmium accumulates in the human
body with a half-life of around 10-30 years and
causes kidney dysfunction and bone fracture.
High BCLs in children increase the risk of
cadmium toxicity. Long-term cadmium
exposure had been shown to be associated with
kidney dysfunction in primary school children
in Mae Sot District, Tak Province, Thailand.(w

However, most of the e-waste dismantling

Siriporn Sangsuthum et al.

workers in the Sue Yai Utit community came
and stayed in Bangkok for only a short period
of time and would return to their hometown in
other provinces with their children when the
farming and growing season started. Thus, it
is likely that children were not exposed to high
levels of lead and cadmium from e-waste
dismantling activity at all times. This could be
the reason why we could not find any associa-
tion between high BLLs and BCLs and other
physiological effects in the exposed children

group as other previous studies.”> 1Y

Conclusion

This was the first study that demon-
strated that the e-waste dismantling activity
directly affects BLLs and BCLs in preschool
children who lived in Sue Yai Utit e-waste
dismantling community both directly and
indirectly. High BLLs in preschool children
could affect children learning abilities in the
future. Comparison of BLLs and BCLs in age
and sex-matched children who lived in e-waste
recycling community and non-e-waste
recycling community showed that both the
direct- and indirect exposed children had
significantly higher BLLs and BCLs than
children from other non-e-waste communities.
However, children living in the e-waste
recycling area did not show any sign of anemia
or physical development abnormality. Factors
influenced children’s BLLs or BCLs in the
exposed group, including staying at home that

dismantled and stored e-waste and the parents’
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hygiene such as clothes changing and hands
washing after work. Our study demonstrated a
direct association between e-waste dismantling
activities and increased BLLs and BCLs of
children living in the e-waste dismantling
community. Thus, children who lived in the
e-waste recycling community had elevated
blood lead and cadmium levels and were at a
higher risk of lead and cadmium poisoning,
suggesting the disposal of e-waste and other
related activities should be regulated both at

the community and national levels.
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Abstract

The health effects caused by the mining industry are mainly due to heavy metal
contamination caused by mining, smelting, surface drainage and waste leachate. These events
cause the distribution of chemicals and heavy metals in nearby areas and contaminating the food
chain. Based on these data, this research aimed to analyze inorganic arsenic, manganese, cyanide
contaminants, and determine inflammation and oxidative stress in children with learning
disabilities living near an inactive mining industry. The results showed that urinary inorganic
arsenic levels were higher than normal in 1 subject (3.6%), manganese serum levels were
higher than normal in 10 (35.7%) and cyanide levels were not above normal. In addition, the
level of 8-Hydroxy-2"-deoxyguanosine (8-OHdG) and C-reactive protein (CRP) were higher
than normal in 16 (57.14%) and 3 (10.71%) subjects, respectively. The study showed that children
with learning disabilities are contaminated with heavy metals and are at risk for oxidative stress
and inflammation. Therefore, monitoring of heavy metal contamination and health effects in
vulnerable children who live near the mining industry during the period of operating normally

or temporarily suspended will help prevent and mitigate health impacts that may occur.
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4. msaamarelfuanms
a g I'4 a a a o

4.1 MIanaNzAaEstinaiunid
MU LLUzIU89 The American Conference of
Governmental Industrial Hygienist (ACGIH),
Agency for Toxic Substances and Disease
Registry (ATSDR) uazlszmansznsiigadvngsy
Uszindlng Tdszyliasvansansisiinluilaais
Tugvesendtinetiunsd ldud erdwsdin (11D
915159l (V) uar methylated metabolites
Taun monomethylarsonic acid (MMA) uaz
dimethylarsinic acid (DMA) G4l%Hudtia¥ma

%

FImW (biomarkers) dvsumsdufaduitlouans
915iin MveAudIeglaazndiduueu
(first morning urine) NANGHAIDETINAS
20-50 adans waztiuinmdadansIangumal
2 - 8 parnusared Nntiudinsiadianzvimeluy

n'/ a g 14 a a o
24 $lu9 MIATIVIATIZHENTIIBTNUUNTE
1435 inductively coupled plasma mass
spectrometry (HPLC-ICP-MS)

a 4 =)

4.2 MIATIVILATISHUNINIUS L]
Tyg1lud arusuuzinvesdszmanszning
aadmnisn Yszmelne ldszylviasiaden Tag
[~ a 1 A 1 o 1 a aa
iufedadennnnguiegliingg 5 ladans
(trace element free tube: EDTA whole blood)

& o a A A ~
uaziivindadansIaNgamai 2 - 8 asriralvyd
Nntiudansradinnzvimely 24 $1lug Taeldis
inductively coupled plasma mass spectrometry

(HPLC-ICP-MS)

4.3 MIATIVIATILTHATINNUVDIAY
wazmshauvesla Iﬂmﬁuﬁmdmﬁaﬂmnﬂtju
fe19l3inas 5 ladaas (clotted blood) uaz
& o QI 1 d‘ a =
iuFnndadanniangamnil 2 - 8 sarmsaLsud
NnudanNdanzyimely 24 $ilue Tngliis

spectrophotometric method
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4.4 MIATIVIATNZHANZMISAFUAIY
N13A339 C-reactive protein (CRP) Tagifiy
Megadennnnguiledafiings 5 dadans
(clotted blood) uaztivinndsdinsivngumni
2 -8 aernaLBod Mntiudinsindinszinmely
24§l Tneli3s spectrophotometric method

a < . .

4.5 MINIINIAIILHINNIT oxidative
stress #28A15ATI19ILATIZH 8-Hydroxy-2"-
deoxyguanosine (8-OHAG) lagLAudiag1a
Yaamznnngudiednansinas 20 - 50 Haaans
(first morning urine) uaztAvindIdInIIR
- - ~ 2 = ¢
Ngaurinil 2 - 8 asrnusaLed NATUdINTINIATZN
molu 24 $lu9 Tagldis liquid chromatography/

tandem mass spectrometry (LC-MS/MS)

a L4 aa
5. M3ANTHVBIYaNNdDn
Tasanisidelsaaanssaulasnis
u‘hLauawamﬁ%’ﬂugﬂ%mmmsma 1914
y .4 . 4
Jowar A@ay £ dIlguVUINAIY uay
Jianzvanuduwuslng Pearson correlation

A o

Tagd p < 0.05 uaadeszaumMsNdeaifgyma

o

aaa

NAN15I09

nansIIRIedataEzveANUNNTBY
mamsseud nwuilszaverfwiinedunidgen
mund 1 au (Goevaz 3.6) wazszavulnd 27 au
(Gewaz 96.4) Aadudadiudszana 1:27
(Table 1) uaﬂﬁnﬂﬁwm:ﬁuLtmmﬁa“lmﬁaﬂqq
ANdnd 10 au Gewar 35.7) wazszduilnd
18 au (Gowar 64.3) anludadiudszana 1:2
(Table 2) drumansvlsenludnuiegluszéiy
n@ 28 au (Fewaz 100.0) (Table 3)
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Table 1 Analysis of inorganic arsenic in urine from 28 children with learning disabilities (LD)

Learning disability (LD) Missing data (n)

n (%)

Inorganic arsenic in urine (ug AS/L)*

> 35 n (%) < 35n (%)

28 (100.0)

1(3.6) 27 (96.4)

*Reference value of inorganic arsenic in urine = < 35 pg AS /L
(Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Agency for Toxic Substances

and Disease Registry)

Table 2 Analysis of manganese in the blood from 28 children with learning disabilities (LD)

Learning disability (LD) Missing data (n)

n (%)

Manganese in blood (ug/L)*

> 15 n (%) 5-15 n (%)

28 (100.0)

10 (35.7) 18 (64.3)

*Reference value of manganese in the blood = 5 - 15 ug/L

(Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Agency for Toxic Substances

and Disease Registry)

Table 3 Analysis of cyanide in the blood from 28 children with learning disabilities (LD)

Learning disability (LD) Missing data (n)

n (°/o)

Cyanide in blood (ug/mL)*

2 0.5 n (%) < 0.5 n (%)

28 (100.0)

0 (0.0) 28 (100.0)

*Reference value of cyanide in the blood = < 0.5 pg/mL

(Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Agency for Toxic Substances

and Disease Registry)

naaTIaMIMaNuvedlauazdiu wuseau
AsedtiuganiAnd 1 au (Gevaz 3.57) szdu
WsaAusnganhiddnd 2 au Gevaz 7.14) seéy
TnaydugeaniAnd 3 au (Gevaz 10.71) uaz
seAuDagiugIn 39w direct bilirubin gand
mind 1 au Gewar 3.57) BIUAWUNAATID
4 a wva g 1 a 1 & 1 4' 1
mavesliamsimganidadudiusiingand
4 aa 4 ] a a:;u
mundantiesuazbinvanunndndndatouma
Addin (Table 4) WoIAN=Himanduiuss=nig

ArHNaFINW (biomarkers) 6199 fia¥ms
Mmauvedlaazdy Auszdvasiwfinediunid
viounamild wamIdelinuanuduiuima
ﬁamumiﬁﬂym%’:dﬁ (Pearson correlation;
p >0.5)

NaANIANIE oxidative stress lABAS
7373 8-OHdG wuhﬁizﬁuﬁqaﬂﬁmﬂnﬁ 16 AU
(Gevaz 57.14) wazszaudnd 12 au (3ewas
42.86) Aafludadiuszana 1:1 (Table 5)
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Table 4 Analysis of renal function and liver function of 28 children with learning disabilities (LD)

Test Minimum Maximum Mean SD Reference intervals*  Units
Total Protein 7.0 8.2 7.5 0.35 6.0-8.0 g/dL
Albumin 4.1 4.8 4.3 0.15 3.8-54 g/dL
Globulin 2.7 3.8 3.1 0.33 1.2-3.5 g/dL
Total bilirubin 0.2 2.0 0.5 0.32 0.2-1.2 mg/dL
Direct bilirubin 0.1 0.7 0.2 0.11 0.0-0.5 mg/dL
ALP 131.0 431.0 250.1 74.45 0-500 u/L
AST_SGOT 15.0 33.0 23.1 4.63 5-34 u/L
ALT_SGPT 4.0 47.0 15.5 9.08 0-55 u/L
Creatinine 0.49 0.95 0.64 0.08 0.5-0.8 mg/dL
Blood Urea Nitrogen 0.18 14.20 9.23 2.93 7.0-16.8 mg/dL

*Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Chemistry-Pediatric Reference
Ranges, Roche Diagnostics GmbH

Table 5 Analysis of C-reactive protein (CRP) and 8-Hydroxy-2-deoxyguanosine (8-OHJG) of 28 children
with learning disabilities (LD)

Test Minimum Maximum Mean SD Reference Units
intervals*
C-reactive protein (CRP) 0.07 6.68 1.65 2.03 0.00-5.00* mg/dL
8-Hydroxy-2-deoxy- 1.69 4.65 2.87 0.80 < 2.59** nmol/mmol
guanosine (8-OHdG) creatinine

*Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Leibniz-Institute for Prevention
Research and Epidemiology (BIPS), University of Bremen, Germany

**Referenced by Department of Medical Sciences, Ministry of Public Health, Thailand and Neonatal Unit, Liverpool
Women’s Hospital, Department of Child Health, University of Liverpool, England

Wodtansmanduiusszning 8-OHdG v NansIINNzMIonEUlneMInTIa CRP
s I'4 a a a J A = 1 5] s 1 1 a %
F2AVUDISLBUNOUUNTYS viTounNImUd TN nuliszAuganan@ 3 au (Sewas 10.71) uaz

o 1

ANNFNRUSMIadalumsAnyasall (Pearson  52dvdnd 25 au Gesaz 89.29) Aalludadiu

4

correlation; p > 0.5) sz3nay 1:8 (Table 5) Wodanzimanduiug
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521319 CRP Auszduosilnafiunid vde
waamila madglinuanuduiusmaadalums

Vv %4
fAnenasail (Pearson correlation; p > 0.5)

a d
Y130
v - 1 ¥V
ndsangaavnssuniieauslivga
muiunudinniduszezonm 3 ¥ (w.a. 2559-
2561) namideasrvaamumstudleulanzwiin
TudnuanseamamaGeu wunhilszaveriisiin
atiunsdluifaazganiidrilnafesaz 3.6
g = A 1 1 ay
wennninuwmidluidenaganiisnaievas
35.7 druwansalsoludwuieglusziulng
% s U G dy s
nndeyadenanuanshimsluileulanzuiin
TudnunuseamamsGoy) Tavamamstuilou
2IUAANAANYFDIMA (¥U MIdUNT MIganm
warmsuilaa ae1alsian Tasamideiilila
a r'd 3 % Z: a
asarzinsduiteulavizniinie 3 ¥la
Wwdanedon By AU urasIINA Ml
amsuazihvsing 3aliannsaszyundaninues
msdulouls dnudeanimsdnninu@nlu
211AA
& o ' & a
Msnuaarumsaiganailudannig
o o P ¢ A a aeX o
Whszda wsemstuileuosstinedunsdisesa
I 1 1 d’
waztduaiviudanasnonistdasuulasg
X A a v Aa Z a Ay oA '
Wealwermila dinufayeddurieyadiann
£4
Tnggadamaziiatumeluszeziim 6 ey
v ]
293 Y ndanniuaziinaiidhitemely 1 U uaz
ilduzGaimite mslasululSinaliesudidu
sreznannuasmvszvulszamdiudaegn
° o =g = '
mare dszammiuanuidniasuudas twu
- L% Y=L = S A o
Meanuiouazin uazidnmilouilluvseninudh
drunamsanenaiadl ldwuemsmandlinganan
Tudnnnau
1’4 a a a & &l 1
nsosriineliundannsatuileugau

fiSa YuIne uaspase

sumsdnia magaan wazmsuslng waziddey
=< A g s
INTDFUAIULYBYINLBDAVDITN (placenta) TV
vaeALaen (vascular system) LAZLTAGAUTZNI
ANpIuazIzuuLana (blood brain barrier) fatiu
Jsmmnsaasanumsazanlalueiorzareg
39MeY 1B 1BY LEURY ATl nszan la Ay
Uoa uazaues lnsamzdenldausaduauosdiu

9 Fnfiamsfinyde

NaTIINUMITzaNIINNgA
a aa 1 < d‘ |d‘ ¥
MeszINaIngIAaianu Wnfinaeannuinle
o X 2 ¢ < A v '
fumstuieussninadanssauaziinnson Ivej
Ay Yo X X o a '
nlasumsduitdeulsefeaziinnuunnio e
= v a (14 -15)
NITUIUMIGEUTUATMIAILANNGANTTH
a a I'4 a a a da
nalamsiiaisvessisinetiunidn
AUNAINAINAIL oxidative stress BINMIAN
ﬁﬁmp,luaaﬁiz (reactive oxygen species: ROS)
Q. g J a 4{ Y o d a a 2
tingavundnaielasversiwilinetiunsd
= o A Vo 1 Aa 4 a A
WUULRBUWAY ¥iIemslasulitAuanfvie
J a s 4 a 1 @ I
ganhnddntlesAndeduiduszezziiannu
k4
zdanaliinnIy oxidative stress WUULTDIA
k4
wazimsaiaaseyyaddszAndeiuizeds lay
ayyadasziiinvuanIailjnsefuluiana
a9 Tusame wu lwiu (Tag@me low density
lipoprotein: LDL) TYsAu wazanswiugnasu
@vute) Tasdfnsoniavuiulifsegnls
a g = 1 < J IS}
invumyuOsy aglsfimunameiinalnlums
Fouusuluanamaq Nlafunansznuainnig
oxidative stress Lta:qummaﬂmaqaﬁgﬂ
3 a I
maelageyyadaszazuldsamwiumsiuiana
VNAaNuazazgnmineanaIngame
N S o o 1
wamiadusanianudifydens
Wmauvessamemziussdlsznovusa
eulsidedmumssyyaddss unamilasiglums
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nauIziianEaesrUVdsTam anvdues
4 SV S a4
teannaneaueivizinhdsunimilannnga
nalamsiiluisiiarmunszuIums autoxidation
. ¥ Y a a
of dopamine ﬂﬁﬂﬁ:@;uimnﬂmiaggaaas:
tingavuvedlulaneuais wazmsaamsiau
U89 antioxidant enzymes lusadanes naln
mstiafudananzilisadansagninaie
Tﬂﬂﬁﬁﬂguﬂﬁﬁﬁizmﬂm): oxidative stress ¥
anuAalnfvesasdelszan n1sIdedaq
WU dueddIU striatum, globus pallidus way
substantia nigra (HudunléFumansznumnniga
Feguesdriudananininndide Ao NszUIUMS
ya . . - 44 .
3AA (cognitive function) AINITUNLAYINY
¢ v=g A v ¥ om Ayy
p1snalnNNian uazmsaaeulnl daiudnnla
ar dy 5! 1 1 a
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MImMuANNgAnIIH lsnthAndhuazlsaunnied
mamsGeui’'®
s A& 4 X
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N A S ¢ o o q ¥
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| = A X = . .
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oV o a o Y a
WaviatedeatduerinlviAAnNIZUIUNS
hydroxylation (UffAsenmsiduny -OH iy
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° 1 d' v A a
munian 8 vauwamiulumendue luane
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o y A a X you, <
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(carcinogenesis)(ls)
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< @ 1 g d' d' a a dy 1
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Tobacco Use, Attitude and Learning about Tobacco
Control in Medical Technology Students

Pisit Namjuntlral , Wanika Manoromana” and Kanjana Surlyaproml

IFaculty of Medical Technology, Rangsit University, Pathum Thani Province, Thailand
The Medical Technology Profession Against Tobacco

Abstract

The survey about tobacco use, attitude and learning about tobacco control was done in
third-year medical technology students of 14 medical technology schools in Thailand during
January to April 2021. The questionnaire was modified from the world health organization
questionnaire. There were 887 (80.1%) respondents from 1,108 students. The survey results
indicated that the rates of commercial, roll-your-own and e-cigarette, as well as other tobacco
products use were 0.6%, 0.3%, 2.6%, and 0.2% of respondents, respectively. The rate of
secondhand smoking was 18.4% of respondents. The students who had heard about smoke-free
university and seen no-smoking banners outside and inside the buildings were 91.7%, 87.7%,
and 87.4% of respondents, respectively. The rates of learning about tobacco toxicity, smoking
cessation, drugs and other products that help smoking cessation, and marketing strategies of
tobacco industries were 70.1%, 26.2%, 33.3%, and 17.8% of respondents, respectively. Most of
the students recognized that e-cigarette is addictive and harmful to health. Moreover, e-cigarette
cannot be used for smoking cessation. Forty-nine percent of respondents believed that e-cigarette
is a fashioned product for teenagers. This survey showed that the rate of tobacco consumption
in medical technology students was low. However, the schools should provide knowledge and
skill in tobacco control so that the students can give advice to the people and actively participate

in tobacco control after graduation.

Keywords: Tobacco, Attitude, Tobacco control, Students, Medical technology
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Table 1 Current tobacco use
2011 2021
p-value1
n % (95% CI) n % (95% ClI)
Any tobacco products Male 186 3.6 (2.3-5.5) 151 5.3 (2.0-9.5) 0.369
Female 637 3(2.6-40 736 23(1.3-3.5 0.107
Total 773 4(2.9-43) 887 28(1.7-3.9 0.228
Cigarette Male 136 9 (1.0-3.5) 151 0.7 (0-2.4) 0.386
Female 637 4(1.0-1.9) 736 0.5(0.1-1.2) 0.118
Total 773 4(1.1-1.9) 887 0.6 (0.1-1.1) 0.074
Roll your own Male 136 0.0 151.0 0.7 (0-0.2) 0.572
Female 637 0.6 (0.4-1.00 736 0.3 (0-0.7) 0.348
Total 773 0.5(0.3-0.8) 887 0.3 (0-0.7) 0.502
e-cigarette’ Male - - 151 4.6 (1.3-8.3) -
Female - - 736 2.2 (1.2-3.4) -
Total - - 887 2.6 (1.6-3.7) -
Other tobacco products2 Male - - 151 0.0 -
(Baraku, Pipe, Cigar etc.) Female i i 736 0.3(0-0.7) i
Total - - 887 0.2 (0-0.6) -

" Fisher's exact test

2 No data in 2011 survey

Anp1 d1udu 163 au Aaluiewar 18.4
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Table 2 Exposure to secondhand smoke

WAYg WU uaznae

n % (95% ClI)
Male 151 22.5 (16.5-30.0)
Female 736 17.5 (14.8-20.5)
Total 887 18.4 (15.8-21.1)
Table 3 Tobacco cessation
n' % (95% ClI)
Want to quit smoking 11 63.6 (36.4-90.9)
Ever tried to quit smoking 20 50.0 (25.0-70.0)
Ever received advice or help in tobacco cessation 44 25.0 (13.6-36.4)

Tnumber of tobacco users who responded to each topic

(778/887) wnewinthemuguyvismouaneians
A o Y v
wetuunamuweanynhunenedosaz 90.1
(136/151) wanaaSosaz 87.2 (642/736)
nquénegeduau 775 au Aadufevar 87.4
(775/887) netinthemnuguyrinieglueinis
A o o o
et uunmumanundunweneiovaz 88.1
(133/151) meWﬁmﬁﬁ'aaa: 87.2 (642/736)
(Table 4)

4 4 . o 4
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fuiyAgvendadumiengy e uunamu
memudunene¥esas 68.2 (103/151) e
neievar 70.5 (519/736) welssuieuiy

msdsaludl w.e. 2554 wunisananaiadna

Nilechdymadda (p < 0.05) (Table 5) ngu
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FuunamwanuIndumeanoyevaz 26.5
40/151) mandedova 26.1 (192/736) dahi
uanssageltodidgmeddnnnmsdisralul
W.A. 2554 (p > 0.05) NGNAIBEIITIUIU 295 AU
Anudevaz 33.3 (295/887) ngldsumsdou
WafueuaznanfusiilFlumadnyni e
Fruunmunwanuinduinanedosas 33.8
(51/151) amajeievaz 33.2 (244/736) ngu
fed1931uIu 158 au amdulevaz 17.8
(158/887) Lﬂﬂ‘lﬁ%ﬂmiﬁamﬁmﬁmaqwﬁ(mami
ANAVBIQATINATIN 81U ilesuunmuine
wundumanedosaz 18.5 (28/151) (WA
Sowaz 17.7 (130/736)
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Table 4 Tobacco-free university policy
n % (95% CI)
Realized tobacco-free university policy Male 151 90.1 (85.6-94.5)
Female 736 92.0 (89.9-93.5)
Total 887 91.7 (90.0-93.5)
Ever seen no-smoking banner outside the building Male 151 90.1 (85.6-94.4)
Female 736 87.2 (84.9-89.6)
Total 887 87.7 (85.3-89.9)
Ever seen no-smoking banner inside the building Male 151 88.1 (83.0-92.4)
Female 736 87.2 (84.6-89.5)
Total 887 87.4 (85.1-89.5)
Table 5 Formal training in tobacco control
2011 2021
Topic p-value1
n % (95% CI) n % (95% CI)
Tobacco toxicity Male 136 85.8 (80.0-93.1) 151 68.2 (59.7-74.9) 0.001
Female 637 90.9 (88.3-93.3) 736 70.5(67.3-73.9) 0.000
Total 773 90.1 (87.8-92.4) 887 70.1 (67.2-73.1) 0.000
Tobacco cessation techniqgue  Male 136 28.8 (18.1-37.5) 151 26.5 (20.5-33.8) 0.423
Female 637 28.3 (24.6-32.5) 736 26.1(22.9-29.2) 0.186
Total 773 28.1(24.3-31.1) 887 26.2 (23.3-29.1) 0.219
Drugs and nicotine Male - - 151 33.8 (27.6-43.3) -
replacement products’ Female - - 736 33.2 (29.7-33.6) -
Total - - 887 33.3 (30.2-36.4) -
Marketing strategies of Male - - 151 18.5 (12.7-25.1) -
tobacco industry” Female - - 736 17.7 (14.8-20.5) -
Total - - 887 17.8 (15.3-20.2) -

! Fisher's exact test

2 No data in 2011 survey
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Table 6 Attitude about e-cigarette

WAYg WU uaznae

o =2 a 4 s A o

finAnemaliamsunndnn 14 daandiu 16an
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yviarediesar 0.6 yvanIuediesas 0.3 uaz
a s r'd d‘ % s

nandegulsziandu g Jevaz 0.2 Tagda
MIgUUMITRdLazyrIInUeliuanInms
dsraludl wea. 2554 lumsanmadaillanins
douanNANIInMIasIlull w.e. 2554 Tag

4 . 4 o
deumutfgdIiuMIguynI IWih wuhdasims
quyns lihludad@nymaiiamsunndaadu
Jawaz 2.6 Fududanndisulssumsuiuanu
Jdywe3 Kochsiripong & Pitirattanaworranat
(W.e. 2564) panwdadaeluaInemans
gumn wvInedsurianisludsznalnewuh
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% 1 d‘ Y a I
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@D ms

Ndanguyvs ihdngafieSesas 10.2
9 3 l&l t!' (X = s a s 1
disluadaililouSeuisuivnuidedandn

e du (o A5 4
nuhiganmgquyws Mihndind e1aieann

Topic Average score* Interpretation
E-cigarette is safer than conventional cigarette 1.9 disagreed
E-cigarette is a fashioned product for teenagers 2.6 partially agreed
E-cigarette vaping is not illegal 2.2 disagreed
E-cigarette vaping causes no addiction 1.5 disagreed
E-cigarette helps reduce health problems 1.6 disagreed
E-cigarette can be used for cigarette quitting 1.9 disagreed
E-cigarette vaping represents modernized new generation 1.9 disagreed
Modernized image of e-cigarette stimulates users to try 2.4 disagreed
E-cigarette vaping makes it easy to get along with friends 1.6 disagreed

*Scoring: 1 = strongly disagreed, 2 = disagreed, 3 = partially agreed, 4 = agreed, 5 = strongly agreed
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Evaluation of Specimen Pooling for SARS-CoV-2
Testing by Real Time RT-PCR in Khon Kaen Province

Nuttiya Srisurat, Sasiprapa Wattanavises and Pannicha Wongsaichua

Department of Medical Technology, Khon Kaen Hospital, Khon Kaen Province, Thailand

Abstract

The objective of this study was to determine the optimal pool size and evaluate the
SARS-CoV-2 (Corona virus 2019) testing by a real time RT-PCR with pooled samples compared
to a single individual sample. The results showed that the pool of 5 samples could be used to
detect the SARS-CoV-2 with real time RT-PCR. A total number of 310 nasopharyngeal swab
and throat swab samples (17 positives and 293 negatives) were tested in 62 pooled samples
compared to 310 single samples. The detection and non-detection rate of the pooled samples
were 100% comparing to a single sample. With Cohen’s Kappa analysis results indicated the
perfect agreement of these two methods (K = 1). The cycle threshold (Ct) of pooled sample
testing was greater than that of a single sample from 0.78 to 3.55 and 1.01 to 3.05 for ORF-1ab
and N gene, respectively. The Bland-Altman plots showed that the Ct differences of 17 positive
samples between the two methods were inside the limit of agreement, and their mean Ct
differences were 2.06 and 2.28 for ORF-1ab and N genes, respectively. This study showed that
a range of pool sizes from 2 to 5 samples per pool can be used to detect the presence of SARS-
CoV-2 by a real time RT-PCR. As for the COVID-19 pandemic, the pooled sample testing can
increase the test capacity of the laboratory, reducing the turnaround time of the result and save
the reagent, which was limited and expensive. Lastly, it can relieve the workload of the
laboratory. Nevertheless, the limitation of pooled sample testing is that samples with low viral

load or the Ct = 38 could appear as a false-negative result.
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Table 1

Interpretation of the SARS-CoV-2 testing by real time RT-PCR

7913

Sample

Cycle threshold (Ct)

ORF-1ab (FAM)

N gene (ROX)

Internal control (Cy5)

Interpretation

Positive control <35 <35 <35 Pass
Negative control No Ct or >40 No Ct or >40 No Ct or >40 Pass
Unknown 1 No Ct or >40 No Ct or >40 <40 Undetectable
Unknown 2 <40 <40 < 40 or No Ct Detectable
Unknown 3 Only one of two targets is positive < 40 or No Ct Inconclusive
Unknown 4 No Ct or >40 No Ct or >40 No Ct or >40 Indeterminate

(positive control) Lﬁ@ﬂ1ﬂ%u1mt§@ﬁﬁ@ﬂﬁ§ﬂ
figemansansanyld Taeld SARS-CoV-2
positive control (PC) anyanadey 13991904
a¥aaz 10 uh (ten-fold dilution) Fehnaulilg
5 anududu Iy 1:10, 1:100, 1:1,000,
1:10,000 waz 1:100,000 MNATArhuAazAIY
Watulsnas 200 ulasaas lUasiam SARS-
CoV-2 genome mundudugathoiinuse (final
dilution PC) Aeiuufinaugetioviigaiiis
ATIIND

22 Fnmvnaveadietenuiimnzay
Taothanndudugaisiinuigevssiania
AumunawInlldnmdeuvusindleda lag
Bonadinnndu Wdanudutuanaaiy
1, 3, 5, 8, 10, 15 waz 20 inilSeuiney
ﬁuﬁaad1aﬂ1nv§ﬂmﬁmmwnﬁ§a SARS-CoV-2
S 6 718 Fahmsuduiunidieda
I udIe9AeMIy UTM (d13u pooled
specimens) Wi ldanudaduanaadu 1, 3,5, 8,
10, 15, 20, 25, 30, 40 WAz 50 Wh NATUATID
MiFeluudazf1961981638 real time RT-PCR

4’ < v '
WBMUNATIHINZaNVDIfIBg 19T INAD 11

3. msiszdindsz@nsmnmslealregiesiu
fmnzadisuiumsasnadsienaienly
M35A3291MtH8 SARS-CoV-2 ¢33 real time
RT-PCR"* 'V

fmedanniihe 310 Med1a (HawIn
SARS-CoV-2 17 @pgauaznaal 293 @1ae1)
hnsudludhedesunguas 5 dedianuugu
IEsnnuianun 62 ndudiedis nduietaas
250 lalasans Tas 17 Fregranasowuide 14
nagevuvudulviedlundudiedisaz 1 18 14
Hunguiiedadiiinavinsueddie 17 ndu
fedafitlszneudiededanatin 1 Mofy
fMedanaay 4 Ny udaznguiediallane
wisenaziliouisunansnageuninngu
fmedhaninuluyadefuiudisgauiniay)
[ive1sEAN3MWANIATI9MLYE SARS-CoV-2
Tneldati@sosaz Cohen’s Kappa, Bland-Altman
plot wazehdunlsyansanuduiugszning cycle
threshold (Ct)
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wuie fif cycle threshold (Ct) 1y 37.14
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AN (Table 2) uaziiieh final dilution PC
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Upfen Mgy uaspae
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Table 2 Limit of detection of SARS-CoV-2 virus genome results in 10-fold dilution of positive control

Target gene (Ct)

Positive control Result
ORF-1ab N gene IC

1:10 28.92 28.3 31.37 Detectable
1:100 32.67 31.97 34.65 Detectable
1:1000 37.14 35.26 37.85 Detectable
1:10000 No Ct 38.71 No Ct Undetectable
1:100000 No Ct No Ct No Ct Undetectable
Positive control 25.17 25.01 28.15 PASS
Negative control No Ct No Ct No Ct PASS

Detectable: Ct of 2 target gene < 40, Ct: Cycle threshold, IC: internal control

namsdsziiiudszansmmvesmsnageu
Y s ] d‘ 4 o 1
Memagaunlannmsun 5 medie lums
ATIIMANINUFATINVBUFD IndIe81ae
U 310 @981 (WaVIN 17 AIBYIY LazHa
Ay 293 f1een9) wyailu 62 fedesin ey
fiv 310 dredriaAer wuhdanyhuwazany
o 4 gy o ] o
JuWIzIovar 100 wazrdAm1IMUIgANNUNUGT

Wauln (positive predictive value; PPV) ag

AMMNANNUNUGNAAY (negative predictive
value; NPV) Sowaz 100 (Table 4) Tagdaansn
X e - .
ATIINULFOVIIVINA 17 AdUAIDE193I1 BN 45 NQu
§198195IUATIVNULTD  FATINITATIVNULYD
UATATIV BN NAFBEINNSUA VI
= | v 4 s 1 3
wWweniludosaz 100 namInadeUAIefIBE1aNg
IS 4 13 Y d‘d
doauuuianudennasanuluszaunamn ua
Cohen’s Kappa (K) wifiu 1 (Table 4) Tag 17
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Table 3 Comparison of the SARS-CoV-2 genome detection in pool between final positive control
(1:1000) and pool of 6 positive samples

No. of Final positive control (Ct) Pool of 6 positive samples (Ct)

sample

in pool ORF-1ab N gene IC Result ORF-1ab N gene IC Result
1 37.14 35.26 37.85 Detectable 31.58 30.30 29.59  Detectable
3 39.01 38.94 No Ct Detectable 33.59 31.90 25.82 Detectable
5 38.85 39.91 No Ct Detectable 34.50 33.13 26.28 Detectable
8 40.69 43.29 No Ct Undetectable 35.16 33.40 25.7 Detectable
10 37.59 No Ct  No Ct Inconclusive 35.17 33.58 25.85 Detectable
15 38.69 No Ct  No Ct Inconclusive 35.15 33.72 25,55  Detectable
20 No Ct No Ct  No Ct Undetectable 35.50 33.47 25 Detectable
25 ND ND ND ND 35.52 35.34 2548  Detectable
40 ND ND ND ND 38.15 36.35 25.75  Detectable
50 ND ND ND ND 38.01 36.77  25.39  Detectable
PC 251 245  28.07 PASS 24.82 23.96 26.29 PASS
NC No Ct No Gt No Ct PASS No Ct No Ct No Ct PASS

Ct: Cycle threshold, Detectable: Ct of 2 target gene < 40, PC: Positive control, NC: Negative control, ND: Not done

Table 4 Performance of pooled test (5 samples per pool) compared with individual sample

Individual test

Sensitivity Specificity PPV NPV Kappa (K)
Detectable Undetectable

Pool test
Detectable 17 0 100% 100% 100% 100% 1
Undetectable 0 293

PPV: positive predictive value, NPV: negative predictive value

H 4 1 5%
fMoY1NTINNATIINULTE A Ct U993 ORF-1ab  TiA1 Ct LANAUIINAITATIVAILAI0E191A 87
gene uaz N gene 8¢35:1319 18.62-39.21 uaz 531319 0.78-3.55 uaz 1.01-3.05 d@ w3y ORF-
18.31-37.27 emuaidy MIATIILULUAIVGNTIN  lab gene tay N gene aud1dy (Table 5 uay
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Table 5 Comparison the SARS-CoV-2 genome results between 17 individual positive samples and

pools of 5 samples in the same positive set.

Pool Cycles threshold of target gene (Ct)
Sample ORF-1ab N gene RNase P gene (IC)
Name  |ndividual Pool of 5 CtDiff Individual Poolof 5 CtDiff Individual Pool of 5  Ct Diff
COoV1 28.57 31.61 3.04 27.71 30.74 3.03 26.48 26.54 0.06
Cov2 30.11 32.34 2.23 28.84 30.79 1.95 25.94 25.48 -0.46
COv3 31.06 32.87 1.81 29.49 31.78 2.29 27.34 24.98 -2.36
COVv4 32.90 33.68 0.78 30.43 32.12 1.69 27.83 24.82 -3.01
Cov1i4 33.33 35.62 2.29 32.44 34.48 2.04 26.67 25.09 -1.58
Cova4 31.53 34.50 2.97 30.30 33.13 2.83 29.59 26.23 -3.36
COvV25 17.68 18.62 0.94 17.3 18.31 1.01 26.26 22.88 -3.38
Covazs 21.18 24.73 3.55 21.00 23.64 2.64 26.4 23.07 -3.33
COV30 37.34 39.21 1.87 34.76 37.27 2.51 27.14 23.30 -3.84
COV35 33.06 34.50 1.44 31.48 33.01 1.53 26.65 22.88 -3.77
Cov42 21.21 23.19 1.98 19.33 22.86 3.53 23.53 23.01 -0.52
COv45 25.6 28.03 2.43 25.02 27.57 2.55 23.62 23.62 0
COov48 21.05 24.03 2.98 20.32 23.36 3.04 24.02 23.43 -0.59
COV50 35.69 36.63 0.94 34.77 36.32 1.55 24.78 23.17 -1.61
COv54 33.84 34.4 0.56 31.74 33.12 1.38 26.17 22.86 -3.31
COV59 25.88 28.37 2.49 25.42 27.92 2.5 25.06 23.07 -1.99
COVe0 22.04 24.69 2.65 21.04 23.75 2.71 25.8 23.97 -1.83
Mean 28.36 30.41 2.06 27.14 20.42 2.28 26.08 24.02 -2.05
SD 1.46 1.38 0.21 1.36 1.31 0.17 0.38 0.30 1.37

RNase P gene as the internal control, Detectable: Ct of 2 target gene < 40, Ct: cycle threshold, IC: internal control, SD: standard deviation

Fig. 1) iplanzianuuandiavesm Ct a9
s ] ‘i‘ .&I I o o ] 4

17 $9g19IUNATIINULFDINBUAVAIDEILAYD

¢y Bland Altman plot WUANNUANAIIVDY
\ ¢ v Y ' A o

Ct aglutnaumneenivla a ¥raanuesiu

$owuaz 95 Tauda1 mean difference Ay 2.06

wazdl limit of agreement (LoA) ¥y 0.32-3.79

dm3u ORF-lab d» N gene #f1 mean

difference tMAY 2.28 war LoA (y1Ay
0.94-3.63 (Fig. 2) a1 Ct ¥99619813370LaL
s 1 = IS s s A a = s
faegratAgINANNFNAUS lunamataeInuly
52AUE 1 correlation coefficient (r) Whriy
0.9898 uaz 0.9928 5y ORF-1ab gene uaz
N gene muaay (Fig. 3)
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Fig. 2 The Bland-Altman plot demonstrate the Ct difference of ORF-1ab and N gene compared

between positive original and pooled samples by real time RT-PCR
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SARS-CoV-2 Infection Rates in Two Phases of
the COVID-19 Outbreak and the Correlation of the Cycle
Threshold of the Two Genes Used in the Diagnosis and

Pneumonia in Charoenkrung Pracharak Hospital

Kitchaporn Kotipan
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Medical Service Department, Bangkok Metropolitan Administration, Thailand

Abstract

According to the information from the Coronavirus Disease 2019 (COVID-19) Office
of the Permanent Secretary, Ministry of Public Health, the outbreak of COVID-19 in Thailand
has occurred in two waves. The first wave was a large group of infected people (cluster) from a
fresh market in Samut Sakhon province from December 2020 to March 2021. The second wave,
a large group of infections was found involving entertainment venues in Bangkok since April
2021. The epidemic continues up to the present. Severe acute respiratory syndrome—corona
virus-2 (SARS-CoV-2) was tested using real-time RT-PCR (rRT-PCR) technique by Molecular
Biology Laboratory, Charoenkrung Pracharak Hospital. The objective of this study was to find
the rate of infection and the distribution of the age of the infected in each outbreak. In addition,
the correlation of pneumonia with the test results was also determined. From the total number
of 23,037 cases from December 2020 to May 2021, the rate of COVID-19 infection was 5.85%,
with the first wave of 8,128 cases being 0.29% and the second wave of 14,909 cases, 8.89%. The
infection rates in those aged < 60 years during the first and second waves were 0.34% and 9.17%,
respectively (statistically different, p value < 0.05) whereas in the elderly >60 years the infection
rates were 0.17% and 7.66%, respectively (p value <0.05). It was found that the female to male
ratio was 1.2:1 and most cases of COVID-19 were found in the age range 21-30 years. The first
outbreak was reported among the 7-78 years age group, of which about two-thirds were of
working age group, 21-50 years, while the second outbreak spread over a wider age range from

less than a year to age 96 and about half was of working age as well.
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The diagnosis of COVID-19 infection with the viral genome detection, ORF-1ab and
N genes were assayed using rRT-PCR technique and analyzed the estimate of viral load (cycle
threshold, Ct) of these two genes. No significant difference was observed between the two
outbreaks. The mean Ct of ORF-1ab gene between two waves 26.34 and 25.42, respectively
(p value = 0.38) and the mean N-gene Ct was 23.46 and 21.74, respectively (p value = 0.13). In
addition, the chest X-ray examination results were compared with the corresponding Ct values.
The results showed that the mean Ct values of ORF-1ab in 38 patients with normal lung and 158
who were prone or have lung conditions with pneumonia were 24.83 and 25.80, respectively
(p value = 0.39), and the mean N-gene Ct was 21.67 and 22.27, respectively (p value = 0.58).
It was concluded that Ct results which resemble approximately viral load were not associated

with pneumonia.

Keywords: COVID-19, Outbreak, Infection rate, Pneumonia, Cycle threshold (Ct), Chest X-ray,
rRT-PCR
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Table 1 Demographic data of COVID-19 patients during 2 outbreaks at Charoenkrung Pracharak

Hospital
Two outbreaks of COVID-19
Information data First outbreak Second outbreak
P-value*
(Dec 2020-Mar 2021) | (Apr-May 2021)
Rate of COVID-19 infection 0.29% 8.89% 0.001
< 60 years (n=17,887) 0.34% (n=5,798) 9.17% (n=12,089) 0.001
A% | 160 years (n=5,150) 0.17% (n=2,330) 7.66% (n=2,820) | 0.001
groups
Over all 2 outbreaks (n=23,037) 0.29% (n=8,128) 8.89% (n=14,909) 0.001
Gender | female: male 1.2 :1 1.2 1

*P-value of infection rate between first and second outbreaks (chi-square)

> 60 T wuiidannsAageiiogiadeandy  wuhmssznaszaenusnwumanaigegsludu
liuandalumssznaszaeni@eddu udlinnu  ngueny e 21-30, 41-50 uaz 31-40 Y (ewaz
uandseguiisdidaionwToudousznie 38, 21 waz 16 mudidy) Tuvaziimsszna
szaon uwazan Fig. 1 wud $1901gfiwums  szaendeswumsnszatedilunndisen
Anigeanniigaludeamaszing fe 21-30 1 T

= First outbreak (before Apr 2021) = Second outbreak (after Apr 2021)
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Fig. 1 Age distribution of COVID-19 patients during 2 outbreaks
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Table 2 The correlation of RT-PCR (cycle threshold, Ct) of 2 genes test results with pneumonia and

statistic data

Two outbreaks of COVID-19

Gene of RT-PCR

First outbreak
(Dec 2020-Mar 2021)

Second outbreak
(Apr-May 2021)

P-value*

mean (range) Ct ORF-1ab gene*

26.34 (13.44-35.86)

25.42 (13.20-39.85) 0.38

mean (range) Ct N-gene*

23.46 (11.13-33.16)

21.74 (10.24-38.21) 0.13

Abnormal chest X- ray ND ** 25.80 (15.43-38.41)

Ct ORF-1ab gene 0.39
Normal chest X-ray ND 24.83 (13.44-38.04)
Abnormal chest X- ray ND 22.27 (12.92-34.66)

Ct N-gene 0.58
Normal chest X-ray ND 21.67 (11.13-34.05)

*P-value of 2 genes between first and second outbreaks (independent sample T-test)

**ND = not done
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Comparison of the QuantiFERON-TB Gold Plus and
Standard F TB-Feron FIA (IFN-gamma),

Interferon-gamma Release Assays
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Clinical Immunology Laboratory, Department of Pathology, Faculty of Medicine-Ramathibodhi Hospital,
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Abstract

Detection of latent tuberculosis infection (LTBI) is an important step for the reduction
of tuberculosis (TB) spreading. Currently, the most popular method of LTBI detection is
interferon-gamma (IFN-7) release assay (IGRA) by QuantiFERON-TB Gold Plus (QFT-Plus),
however, it requires multiple steps of enzyme-linked immunosorbent assay (ELISA). In 2019, a
novel technique for IFN-y detection, the Standard F TB-Feron FIA (IFN-gamma), has been
developed. The test used the automated analyzer to decrease workload and turnaround time. This
study aimed to compare the performance and examine the correlation between IFN-y quantified
by QFT-Plus and Standard F TB-Feron FIA. One hundred specimens were analyzed using the
QFT-Plus and Standard F TB-Feron FIA. The results showed 74% (20/27) agreement between
the positive IFN-y by QFT-Plus and Standard F TB-Feron FIA, 92% (58/63) agreement between
the negative samples, and 90% (9/10) agreement between the indeterminate results. The total
agreement of both methods was 87% with Cohen’s kappa values of 0.734 and 13 discordant
results. In summary, the Standard F TB-Feron FIA showed a correlation with QFT-Plus in the
IFN-v assay. Pearson’s correlation coefficient of either TB1 or TB2 antigen of the QFT-Plus
and the Standard F TB-Feron FIA was 0.82. Therefore, to reduce workload, Standard F
TB-Feron FIA could be applied as an alternative test for the detection of LTBI.

Keywords: Latent tuberculosis infection, Interferon-gamma release assay, QuantiFERON-TB

Gold Plus, Standard F TB-Feron FIA
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FIN3UA NInendeniiaa (ID 1805)

M3asziima IFN-Y g TB-Feron FIA
(IFN-gamma), SD Biosensor
fieg1aaenvInviasnatsentalsu
wisldvasn Standard F TB-Feron FIA 3 il
fo 1 fmoed1e lagldiaeavasnas 1 Nadans
isznoudis 1) viaea Nil: negative control
(@) 2) viaem TB antigen (TB Ag) (funq)
war 3) viadn mitogen: positive control (1i29)
auddy natiumannasanauliinluun 180
0afn 10 a¥e wdnhlluy @t 37 ssrnisaidoa
hunm 16-24 $9Tus idlensunanihvasaianue
nthuusanmsnianuisey 2,200-2,300 g
Wuanr 15 it mnduwiianaian 100
ilasanslunanivaeuginaliifuilodeaiu
AeuasngenaULAdLNAdeULiiDIAM IFN-y Tag
1A3padalulid Standard F 2400 $revdnms
Buihlungeosaisud wazurlanamamadoudail
1. wamsnadgaunnvasa Nil Jamla
< 8.0 IU/mL @eaninsansiuium TB Ag-Nil
uazA1 mitogen-Nil Ivza@mnsaudananis
nagevld msnenunadidiuaiiu 3 nsdide
1.1 #a1n TB Ag-Nil > 0.35 IU/
mL wazeiisald > Yewaz 25 vevasn Nil

7937

uwanaldaiun Tnglidesinisanar mitogen-
Nil nsdiilaninsansnunamsnaageuifiuin
wanshiihefinsdaie M. Tuberculosis
1.2 ehn TB Ag-Nil < 0.35 U/
mL v¥e > 035 IU/mL udsiiald < Yovaz
25 apeviaen Nil uazaA191nrasn mitogen-Nil
> 0.5 TU/mL nsiiiannsansnuransnadon
ey uanailivuide M. Tuberculosis
1.3 #1n TB Ag-Nil < 0.35 IU/
mL w38 > 0.35 IU/mL uamiviald < Yovas
25 veaviaea Nil warf19InNviaaa mitogen-Nil
<0.5 TU/mL nsdiibisunsauanamsmagenly
2. wamsnagauainviaen Nil Jamla
>8.0TU/mL n3diivzhisnsauanamsnadoy
@9 uA (Table 1)

M33Anziima IFN-Y @29 QuantiFERON-TB
Gold Plus (QFT-Plus), Qiagen
faeg1aaenvInviaesnatsentalsu
wiidldviaam QFT-Plus 4 wiiade 1 fad1e lay
ldaeavasnaz 1 dadans Uszneudie 1) vasa
Nil: negative control (?lwn) 2) vinan TBI
antigen (TB1 Ag) (§137) 3) viasa TB 2-
antigen (TB2 Ag) (dded) uaz 4) viasn
mitogen: positive control (d119) amud1dy
wisnntuwannasandulinluwn 180 saem
e 10 a%a udnhmasaliiam 37 ssmnaiea
fhinm 16-24 $9hus dleasunanimasanaviua
nffuuennananianuisen 2,000-3,000 g
Huna 15 it dierhlmageulagds ELISA
%umauuinﬁa tAn working conjugate 50
lulnsdasadlunnviguuedtwan 96 qu N
AN NIINAIPU waz FAvganadey vauaz 50
lasans wanlfdhAulaegldiaioaer (micro-
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Table 1 Interpretation of Standard F TB-Feron FIA results
Nil (IU/mL) | TB Ag-Nil (IU/mL) Mitogen-Nil (IU/mL) Standard F TB-Feron FIA results Report/ Interpretation
>0.35 and | M. tuberculosis
Any Positive
>225% of Nil value infection likely
<0.35 or
M. tuberculosis
>0.35 and 0.5 Negative
>8.0 infection NOT likely
<25% of Nil value
<0.35 or
Results are
S .
>0.35 and <0.5 Indeterminate indeterminate for T8
<25% of Nil value . .
Antigen responsiveness
>8.0 Any Any Indeterminate

" Where M. tuberculosis infection is not suspected, initially positive results can be confirmed by retesting the original plasma
samples in duplicate in the Standard F TB-Feron FIA. If repeat testing of one or both replicates is positive, the individual should be

considered test positive.

plate shaker) 1hltualuniiadunm 120 wi
& o Yy v
Weasunadinnanlldrsdrearsazarvies
fas 400 lulasans wudvainsnveaioulesi
100 lulasans ihlddalundiadaasaiunm
30 i udndnasazaedimiungadgnse
50 Tulasdas JasmsganauudananueInay
450 WTUINATUAZSIIAAUDIIDIN 620 B3
690 ey gamehdeyaliianzvinade
QuantiFERON-TB Gold Plus Analysis
Software @nsaudanamsnadoudail

1. wamsnadauanvasn Nil Jaald
< 8.0 IU/mL az@esniarsansiuiuar TB1
Ag-Nil, TB2 Ag-Nil wazf1 mitogen-Nil 4
dunsaudanamsnadeuld msnsnuradiuil

] I A
wdailu 4 nsdipe
1.1 f9nTB1 Ag-Nil >0.351U/
mL waziniald > Fovaz 25 wesvasa Nil
vzutanaldviun lddesnasandr TB2 Ag-Nil
4

waz mitogen-Nil ATAINENITATIPNUNANTS

< 4! Yo IS a Z
nadeuduuin Fudasnfiheiinsiaie

M. Tuberculosis

1.2 #1910 TB2 Ag-Nil >0.351U/
mL waziield > Yevaz 25 veanaen Nil
dzudanalafiun Taglidesnarsandr TBI
Ag-Nil uag mitogen-Nil Asdiiaansaneny
namsnageuiuuin @quam'jwﬁjﬂwﬁﬂﬁameﬁa
M. Tuberculosis
1.3 snnfaTBI Ag-Nil waz TB2
Ag-Nil < 0.35 TU/mL 30 > 0.35 [U/mL ud
miseld < Yowaz 25 veanaen Nil wazmain
viaed mitogen-Nil > 0.5 TU/ml nsdliianansa
swnunamnageuiiuay Fauanailinuie
M. Tuberculosis
1.4 fnnfaTBI Ag-Nil waz TB2
Ag-Nil < 0.35 IU/mL 39 > 0.35 IU/mL ua
misald < Yowaz 25 veanaen Nil wazmin
naea mitogen-Nil < 0.5 IU/mL Asdliihianansa
uwlanamsnadeuld
2. wamsnadeunnviasn Nil Jamla
>8.0TU/mL nsdiiiazhisnnsaulanamsnadey
1@7iud (Table 2)
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Table 2 Interpretation of QFT-Plus results
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Nil (IU/mL) TB1-Nil (IU/mL) TB2-Nil (IU/mL) Mitogen-Nil (lU/mL) | QFT-Plus Result Report/ Interpretation
<8.0 >0.35 and Any Any Positivet M. tuberculosis
>25% of Nil value infection likely
Any >0.35 and
>25% of Nil value
<0.35 or <0.35 or >0.5 Negative M. tuberculosis
>0.35 and >0.35 and infection NOT likely
<25% of Nil value | <25% of Nil value
<0.35 or <0.35 or <0.5 Indeterminatet Likelihood of M.
>0.35 and >0.35 and tuberculosis infection
<25% of Nil value | < 25% of Nil value cannot be determinate

>8.0§ Any

: Responses to the Mitogen positive control (and occasionally TB Antigens) can be outside the range of the microplate reader. This has no

impact on test results. Values >10 ml are reported by the QFT-Plus software as >10 IU/ml.

TWhere M. tuberculosis infection is not suspected, initially positive results can be confirmed by retesting the original plasma samples in duplicate

in the QFT-Plus ELISA. If repeat testing of one or both replicates is positive, the individual should be considered test positive.

¥ Refer to the “Troubleshooting” section for possible causes.""”

§1n clinical studies, less than 0.25% of subjects had IFN-y levels of >8.0 IU/ml for the Nil value."

a A aa

M3IATISHveyaAMIdnA
Wisugunamnaasued Standard
F TB-Feron FIA waz QFT-Plus 1%1sunsu
Statistics Package for the Social Sciences
(SPSS)v 18.0 nadeumsnsznedvevealay
¥aaa Kolmogorov-Smirnov 1% Cohen’s
kappa coefficient (HuaaanldlumsilFouiiou

% ad 1 N
ANNADAAADIVBITBIIT A1 Cohen’s kappa
coefficient fa <0.00, 0.00-0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, 0.81-1.00 La¥5=AUANN
oV s k4 v
doanaed LilAnudenndes ANNdoARADY
< k4 k4 2 k4

W@ntles ANudenndsanels audenndod
1hunale ANudenndned wazANNdoAnADd
amnn muady 151Usunsu Grapher 15 lums
Vv . Y aaa 4
8519035 correlation plots ST GIERIGERFA

PV N S , .
dviaunUsIWyIau (Pearson’s correlation

coefficient) lumsdanzianuduiusszdu
IFN-y 49935 Standard F TB-Feron FIA uagz
QFT-Plus é1v3UMINA@OUANNUANAINTZAL
IFN-y luusia £351%e0ia Wilcoxon matched pairs
. a <Y o
signed rank test lumsiinzviveya lngmnua

AMFetiunszduidifn p < 0.05

a v
NaN13IdVY
anNHUZNYNAIBEN
e a4

AgudIvge 100 18 HAwdevetay
Ao 42 1 (1-86 1) Hwwamne 49 519 AN
51 918 Wiefn¥uAaEIN0IgNUT NgNAIREN
= P o A PR '
nunnddansradinuinngane Kihesieny
40-60 1 3ewar 27) 5990910 $2301g3AATN
60 1 (Fewaz 25) diugrenyliesni 18 Y uaz
18-40 1 #iduinufe Seeaz 24 (Table 3)
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Table 3 The sex and age groups of study population

Age (years) Male Female Total (%)
<18 16 8 24 (24)
18-40 12 12 24 (24)
40-60 10 17 27 (27)
>60 11 14 25 (25)

Total (%) 49 (49) 51 (51) 100 (100)

Table 4 Qualitative comparison of Standard F TB-Feron FIA and QFT-Plus

QFT-Plus
Standard F No. of Positive
TB-Feron FIA | subjects | poth TB1-Nil | TB1-Nil | TB2-Nil | Indeterminate | Negative
and TB2-Nil only only
Negative 63 2 2 2 3 58
Positive 27 20 17 19 0 7
Indeterminate 10 1 1 0 9 0
Total 100 23 20 21 12 65

WSsuiisunanisnaaeeseyig Standard F
TB-Feron FIA a2 QFT-Plus

lunguéiedis 100 NewuwauInd
ANNdoAAandsouaz 74 (20/27) Haaadaliina
AsaiU 20 119 WaaUAANNdIAAdE3RYAY 92
(58/63) WWinan3aiu 58 519 dIuma indetermi-
nate dmanudenndsiesas 90 (9/10) Wina
As9iU 9 719 (Table 4) WAANNADAAADIVDI
ﬁzqaaﬁﬁiﬂﬂ“l% Cohen’s kappa coefficient agjﬁ
$ovaz 87 e Kappa = 0.734 dwmiuwannu
doananiviaen TB Ag ¥8935 Standard F
TB-Feron FIA uwazviasn TB1 Ag w0935
QFT-Plus Winadeandosievas 74 da1 Kappa
=0.641 waszravaon TB Ag ¥9935 Standard

F TB-Feron FIA uazviaen TB2 Ag v833b
QFT-Plus Tinadenndosiovas 78 dA1 Kappa
= 0.727 wennnild 13 oildnalinsedu
senede’s ansaudaldiiu 4 ngu Tavngu
wsnil 7 11e# Standard F TB-Feron FIA Ifia
Wuwanue QFT-Plus Wiwafluay annwnaed
mmﬂawamimaauﬁs:q‘luLaﬂmsﬁy’aﬁaam
A579 nasnRsana1 Nil <8.01U/mL dunsa
wanafhuunnldiiionasn TB Ag-Nil fiszéy
IFN-y #i30ld > 0.35 IU/mL Fanatia 7 510 1
@1 IFN-y o8l 0.59-1.48 TU/mL Fautlanald
Hluuin dauviaen TB1 Ag uaz TB2 Ag lim
IEN-y #ln&ideeiufie semihe 0-0.18 TU/mL
Jatlaraldiluay ﬂq':ﬁ'iﬁaaﬁ 2 519 # Standard
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F TB-Feron FIA Winaifluauud QFT-Plus
Winaifhinn nduilaudl 1 516 Standard F
TB-Feron FIA Wina indeterminate lag TB
Ag-Nil Jamld 0 IU/mL us mitogen Jasla
0.14 IU/mL 39vhlw hieninsoudanaldua ludiu
1 7163 QFT-Plus ndvlfinafhinnn tnasii
wnsanutanadly indeterminate feviaen TB
Ag-Nil fis2#u IFN-y #i30§ < 0.35 IU/mL uas
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mitogen-Nil Jaszdiy IEN-y 18 < 0.5 TU/mL
waznduaamedl 3 1197 Standard F TB-Feron
FIA Wnadluauud QFT-Plus 1#ina indetermi-
nate lAgNANINATOUNADA mitogen-Nil Va3
QFT-Plus Jaa11d 0.22 TU/mL 39yl lighansa
wanald dvzunaitlinseusia 13 neliaansa
muwnadoyamaadalfiilosnnifunduiiods
viaLan (Table 5)

Table 5 Discordant results of Standard F TB-Feron FIA versus QFT-Plus

Subject | Age Standard F TB-Feron FIA QFT-Plus
No. Sex
No. (yr.) TB Ag-Nil | Mitogen-Nil Results | TB1 Ag-Nil | TB2 Ag-Nil | Mitogen-Nil Results

1 | W51613 | 60 | Female 0.62 10 Positive 0.13 0.02 10 Negative

2 | W51620 | 32 | Female 1.48 10 Positive 0 0 10 Negative

3 | W51675 | 38 | Male 117 10 Positive 0.01 0 10 Negative

4 | W51694 | 59 | Female 0.65 10 Positive 0.016 0.025 10 Negative

5 | Ws1702 | 46 | Male 0.59 10 Positive 0.01 0.01 10 Negative

6 [ W51704 | 71 | Male 0.92 10 Positive 0 0.01 10 Negative

7 | W51717 | 44 | Female 0.59 9.19 Positive 0.13 0.18 10 Negative

8 | W51628 | 84 | Male 0.09 7.33 Negative 0.84 1.44 10 Positive

9 | W51632 | 60 | Female 0 10 Negative 0.61 0.83 10 Positive

10 | W51643 | 39 | Male 0 0.145 Indeterminate 0.44 0.17 1.8 Positive

11 | W51605 | 51 | Female 0 0.52 Negative 0.02 0.01 0.13 Indeterminate
12 | W51622 6 | Male 0 4.15 Negative 0 0 0.22 Indeterminate
13 | Wo1712 | 78 | Female 0 2.75 Negative 0 0 0.19 Indeterminate

* Criteria for interpretation of Standard F TB-Feron FIA and QFT-Plus (The Nil value < 8.0 IU/ml).
1. If TB Ag-Nil of Standard F TB-Feron FIA and QFT-Plus in both (TB1 and TB2) or either TB tube > 0.35 IU/ml, irrespective of the Mitogen-Nil, the result was

considered positive

2. If TB Ag-Nil of Standard F TB-Feron FIA and QFT-Plus (TB1 and TB2) <0.35 IU/ml, when the Mitogen-Nil > 0.5 IU/ml, the result was considered negative
3. If TB Ag-Nil of Standard F TB-Feron FIA and QFT-Plus (TB1 and TB2) <0.35 IU/ml, when the Mitogen-Nil <0.5 IU/ml, the results was considered indeterminate.

msufSouiisuszay IFN-y 524919 Standard
F TB-Feron FIA ttag QFT-Plus

nguAIBg1e 100 M8uandszay IFN-y
funndnafiu TngAnasvesasn TB Ag A 1.25
IU/mL viaoa TB1 Ag Av 0.74 TU/mL uazvaan

TB2 Ag f8 0.73 IU/mL Misdaamsnadouiisi
voeszay IFN-y fialduifiufe 0-15 TU/mL
v v v & = o
NndeyadneAuaziuimmasvedszay IFN-y
9135 Standard F TB-Feron FIA ﬁmqaﬂﬁ
QFT-Plus ot Wave35zdy IFN-y 313
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viaen TB Ag fiuvasn TB1 Ag wavszniaviasa
TB Ag fiunaen TB2 Ag anInnzvivoyalagly
d0A Wilcoxon matched pairs signed rank test
wuhilanuuanmeiueddiiedife (p=0.003
waz p = 0.002 muady) waaddifiuivaen
TB Ag imanszdu T-cell 14w IFN-y ganh
vaen TB1 Ag uazviasa TB2 Ag aghaiuld
Fa dwvfumanadey QFT-Plus diohszay
IFN-y ananzvideyalaeldadd Wilcoxon
matched pairs signed rank test (FUfY WANT
Aaneiideyaszvianaen TB1 Ag uazviaen

16
14

12

QFT-Plus TB1 Anitgen Value (IU/mL) >

) 2 4 6 8 10 12 14 16
Standard F TB-Ferron FIA Value (IlU/mL)
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Fig. 1 Correlation of Standard F TB-Feron FIA and QFT-Plus quantitative IFN-y values. Graphs show
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Table 6 The summary of discordant results in each group

Group No. Standard F TB-Feron QFT-Plus No. of discordant
FIA
1 Positive Negative 7
2 Negative Positive 2
3 Indeterminate Positive 1
4 Negative Indeterminate 3
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Abstract

Candida is a clinically important pathogen, as attested by several reports of Candidal
infections. Some strains may cause severe diseases, high mortality rate and are drug resistant.
Rapid, specific, and accurate diagnostic methods are needed for effective treatment for infected
patients. The objective of this study was to compare identification methods for Candida spp.
which are suitable for routine work in various laboratory contexts. The identification methods
were CHROM agar, assimilation test, MALDI-TOF MS and DNA sequencing. Thirty-one
Candida isolates were cultured on Sabouraud dextrose agar. Species identification by colony
characterization, sugar utilization pattern and mass spectra were determined using CHROM agar,
assimilation test and MALDI-TOF MS, respectively. The Candida species were confirmed by
DNA sequencing of internal transcribed spacer regions as a reference method of this study. C.
tropicalis, C. albicans, and C. krusei (Pichia kudriavzevii) strains exhibited 100% consistent
test results. Two species of C. glabrata and C. parapsilosis complex showed 87.1% accuracy
of CHROM agar, while assimilation test and MALDI-TOF MS showed 100% accuracy compared
with the sequencing method. The turnaround time for MALDI-TOF MS was approximately
30 minutes, while the CHROM agar and assimilation test took about 48-72 hours and the
sequencing time was about 2-7 days. Fast and accurate method of Candida species identification
is important to the patient treatment process. Traditional and standard methods used may have

some limitations for species identification compared to newer techniques like MALDI-TOF MS.
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However, the new techniques also require operator experience and laboratory readiness.
Turnaround time, cost expense on machine maintenance and price of chemical reagents were
the important factors considered for selecting the most appropriate method for routine

laboratory testing.

Keywords: Assimilation test, Candida spp., CHROM agar, DNA sequencing, MALDI-TOF MS
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Table 1 Candida species identified by CHROM agar, assimilation test, MALDI-TOF MS and DNA

sequencing
MALDI-TOF MS BLAST alignment
Assimilation
Strain no. ~ CHROM agar Species Species Identity
Test score Accession
identified identified (%)

C. tropicalis
348-5 C. tropicalis C. tropicalis C. tropicalis 212 C. tropicalis 100 MW358908
450-3 C. tropicalis C. tropicalis C. tropicalis 2.27 C. tropicalis 98.7 MW358901
845-3 C. tropicalis C. tropicalis C. tropicalis 1.71 C. tropicalis 100 MW358906
1174-12 C. tropicalis C. tropicalis C. tropicalis 1.95 C. tropicalis 100 Mz255110
3839-2 C. tropicalis C. tropicalis C. tropicalis 1.48 C. tropicalis 100 Mz255111
4817-4 C. tropicalis C. tropicalis C. tropicalis 2.01 C. tropicalis 100 MW358905
4877-4 C. tropicalis C. tropicalis C. tropicalis 1.8 C. tropicalis 100 MZ255112
4945-4 C. tropicalis C. tropicalis C. tropicalis 2.06 C. tropicalis 100 MW358898
5483-4 C. tropicalis C. tropicalis C. tropicalis 2.09 C. tropicalis 100 MZ2551113
6732 C. tropicalis C. tropicalis C. tropicalis 2.18 C. tropicalis 100 MZ254930

C. glabrata
2283-2 C. glabrata C. glabrata C. glabrata 2.14 C. glabrata 99.87  MW358895
2913-7 C. glabrata C. glabrata C. glabrata 2.06 C. glabrata 99.26 Mz255114
3695-7 C. glabrata C. glabrata C. glabrata 2.22 C. glabrata 99.20 MZz255115
3853-7 C. glabrata C. glabrata C. glabrata 1.91 C. glabrata 99.88 MZ255116
3956-2 C. parapsilosis C. glabrata C. glabrata 1.86 C. glabrata 100 MW358896
4074-7 C. glabrata C. glabrata C. glabrata 2.02 C. glabrata 99.18 Mz255117
4145-4 C. glabrata C. glabrata C. glabrata 2.05 C. glabrata 99.77  MW358893
4651-4 C. glabrata C. glabrata C. glabrata 2.06 C. glabrata 97.63  MWwW358897

C. albicans
1941-12 C. albicans C. albicans C. albicans 1.96 C. albicans 100 MZ255118
1942-12 C. albicans C. albicans C. albicans 2.01 C. albicans 100 Mz255119
3101-12 C. albicans C. albicans C. albicans 2.0 C. albicans 99.08  MZ255120
4332-11 C. albicans C. albicans C. albicans 1.84 C. albicans 99.80  MZ255122
4530-12 C. albicans C. albicans C. albicans 1.88 C. albicans 100 MZ2551121
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Table 1 Candida species identified by CHROM agar, assimilation test, MALDI-TOF MS and DNA
sequencing (cont.)

MALDI-TOF MS BLAST alignment
. Assimilation
Strain no. CHROM agar Species Species Identity
Test o score Accession
identified identified (%)
C. parapsilosis complex
119-10 C. parapsilosis C. parapsilosis  C. parapsilosis 1.80 C. parapsilosis 100 MZz255123
437-10 C. glabrata C. parapsilosis  C. orthopsilosis 1.82 C. orthopsilosis 100 Mz255124
583-10 C. parapsilosis C. parapsilosis  C. orthopsilosis  1.88  C. orthopsilosis ~ 99.54 MZ255125
903-3 C. glabrata C. parapsilosis  C. orthopsilosis ~ 1.66  C. orthopsilosis 100 MW358891
1964-10  C. parapsilosis C. parapsilosis C. parapsilosis ~ 1.73  C. parapsilosis 100 MZ255126
4070-316  C. parapsilosis C. parapsilosis C. metapsilosis 1.92  C. metapsilosis ~ 99.81 MW358889
5478-3 C. glabrata C. parapsilosis C. parapsilosis ~ 1.79  C. metapsilosis ~ 99.44  MW358888
C. krusei
3457 C. krusei C. krusei Pichia 2.07 Pichia 100 MW358885

kudriavzevii kudriavzevii




7956

a v ¢ v

23eWUS INFN uazaAme

Table 2 Sensitivity, specificity and accuracy of CHROM agar, assimilation test and MALDI-TOF MS

used in Candida spp. identification comparing with DNA sequencing

Species/ Test Sensitivity (%)

Specificity (%) Accuracy (%)

C. tropicalis

CHROM agar 100 100 100
Assimilation test 100 100 100
MALDI-TOF MS 100 100 100
C. glabrata

CHROM agar 87.5 87 87.1
Assimilation test 100 100 100
MALDI-TOF MS 100 100 100
C. albicans

CHROM agar 100 100 100
Assimilation test 100 100 100
MALDI-TOF MS 100 100 100
C. parapsilosis complex

CHROM agar 57.1 95.83 87.1
Assimilation test 100 100 100
MALDI-TOF MS 100 100 100
C. krusei (Pichia kudriavzevii)

CHROM agar 100 100 100
Assimilation test 100 100 100
MALDI-TOF MS 100 100 100

#oeha Tudiuveaise C. glabrata Winaanu
T¥eeaz 87.5 anusumwziovas 87 uazAanu
gnaeslesar 87.1 AUI5 CHROM agar diu3s
assimilation test a2z MALDI-TOF MS ¥ina
anuh anudnzuazanugnaesiesas 100
a2 3% dmiuide C. parapsilosis complex
Wnaanuhiesaz 57.1 anusumsioevas 95.83
uazANugnAeiosas 87.1 i35 CHROM agar
@235 assimilation test waz MALDI-TOF MS
Winaanuh anudumzuazanugdes Sevaz
100 Tavine edeuRATshasemssmduwa
Tusnofidute vennniifanyii3s CHROM agar

waz assimilation test liaansouen C. parap-

silosis complex panvinfAuld luvaziiis
MALDI-TOF MS @unsaugndigiuguos
C. parapsilosis complex sannnnula laun
C. parapsilosis, C. metapsilosis waz C.
orthopsilosis Saiiamudenndeafuissradens
SudduE Hanuadauandly Table 2
nnunugidulivaannuduiuima
WugNITNaIUYD internal transcribed spacer
region U939 rRNA voaFonl¥anmlundaild1533
Neighbor-Joining 911 MEGA X lumsmuian
TngfnA1308a291n bootstrap test 91U 1,000
a¥q (Fig. 1) wuhde Candida dUFdineafiugn
¥aaglu node wedfulagerfeanunilouiuves
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. metapsiosis

SatiEm—— C. parapsilosis

complex

C. parapsilosis

C. tropicalis

C. albicans

Pichia kudriavzevii
(C. krusei)

C. glabrata

Fig. 1 Neighbor-joining phylogenetic tree of Candida spp. based on internal transcribed spacer (ITS)
regions (1 and 2) and the 5.8S gene of nuclear rDNA. Bootstrap values >50% are shown in the

tree.
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Comparative Study of HbAlc Levels in EDTA Blood
Versus Lithium-heparinized Blood Determined by

Boronate Affinity Chromatography Method
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Abstract

Diabetes is a major health problem worldwide including Thailand. In some cases,
additional HbA 1c testing was ordered that required blood collection again affecting satisfactions
of patient. Therefore, this study aimed to compare the level of HbAlc in EDTA blood and
lithium-heparinized blood measured by boronate affinity chromatography method using the
BioHermes AlcChek Pro analyzer. Ninety left-over lithium-heparinized blood samples which
had been taken simultaneously with routine EDTA blood for HbAlc determination of the same
patients with HbA1c level of 4-14% were used. Comparative analysis of HbA1c level showed no
difference between HbAlc level for EDTA blood and lithium-heparinized blood (p = 0.539,
Mann-Whitney U test; mean * SD of 7.23 *+ 1.95 and 7.35 * 1.92, respectively). For the Bland
Altman analysis using an allowable error limit of * 10%, it was found that differences of all 90
samples were within the acceptable range. The results of linear regression analysis showed that
HbAlc levels in both blood samples were significantly correlated (R = 0.962, p < 0.001;
Y = 0.365 + 0.966X). In conclusion, lithium-heparinized blood sample can be used instead of
EDTA blood for HbA1lc assay with BioHermes AlcChek Pro analyzer.
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MuAY ipIiaNzFimInIzaeivesdeyaniy
a0 Kolmogorov—Smirnov test WUIAI0814
:/’ a = s 1 [ a
Mdesstatmsnsznedlilsuvulad (p <
0.01) 39TeuNeUANNUANAIIVDITLAD
HbAlc ludedradeansdesriialaslyana
Mann-Whitney U test Wy széu HbAlc lu
o ] =) aAaa A a d a ]
fipg1ataendnnte waztasnatseutalsuls

UANANAU (p > 0.05) Adudaslu Table 1
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1
A

ednsidoyamuszdu HbAlc Ty
utadeyadiu 3 nduamnszdumInIuaNLInIY
(HbAlc < 3owaz 6.5, = 5a8az 6.5-6.9 ua
> Fovaz 7.0) nguaz 30 Moy WuNMINTZNY
dvesteyaluudazngulilsuuulnd (p <0.05)
sniulunguiaiuguduaandlediaaen
a A a 4! = s a

alvughsugeadimsnsznediuuulnd (p >
0.05) Aadeszdy HbAle Tudediadendante

A a a a 1 d‘ 2
uaziaendbenEiu YeInguNAIUANITNIIA
nn whdvdesas 5.55 waz 5.74 (Andeauu
WMasIueMAuiesas 0.48 waz 0.54 MuMAY)
1 d' % 1 d' [ R4
AGUAMILANIAINIIA WuA@AsIALIBEaT 6.74
e o o o

waz 6.84 muddy ANdeuuUNAIFIUIIAY
Fouaz 0.14 uaz 0.41 MuAAY uazngunAILAN
Tidnnn wuamasinuiesas 9.42 uaz 9.48

Table 1 HbA1c levels in EDTA blood and lithium-heparinized blood (n = 90)

HbA1c (%)
Tight controlled Good controlled | Poorly controlled
Parameters Total (n=90)
diabetes (n=30) diabetes (n=30) diabetes (n=30)
EDTA LH EDTA LH EDTA LH EDTA LH
Mean 7.23 7.35 5.55 5.74 6.74 6.84 9.42 9.48
SD 1.95 1.92 0.48 0.54 0.14 0.41 1.8 1.78
Min 4.1 4.4 4.1 4.4 6.5 6.1 7.3 7.2
Max 13.6 14.5 6.3 6.6 6.9 7.5 13.6 14
Kolmogorov-Smirnov
<0.001 | <0.001 0.043 0.047 0.004 0.162 0.026 0.028
test (p-value)
Mann-Whitney U test
0.539 0.099 0.304 0.62
(p-value)
paired t-test (p-value) - - 0.164 -

EDTA: ethylenediamine tetraacetic acid blood; LH:

lithium-heparinized blood
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u,a:ﬂ'wLﬁmmummgmtmﬁu%aﬂa: 1.8 waz
1.78 suddy m3nfseuisuanuuand1aves
32y HbAle ludedudennidesinves
Foghaita 3 ngu IngmInadeumaana (Mann-
Whitney U test) wu 19 3 nguilszdy HbAIc
Taiuanenaniu (p - value 1AV 0.099, 0.304 waz

Wasen fleaie uaz wndnval Fazwaga

0.620 Muady) dmiungunaIuandNnIAIN
@ 1 A a a a IS @ <
fhedraaenatbomathsy dnmsaszarednily
Unadal@dnszidioana paired t-test LANLAN
WuN s2au HbAle liuanseiu (p = 0.164)
WuLAgIu (Table 1)

Table 2 Percentage of HbA1c level difference between EDTA blood and lithium-heparinized blood

*Difference, %
Parameters Total Tight controlled | Good controlled | Poorly controlled
(n=90) diabetes (n=30) | diabetes (n=30) | diabetes (n=30)
Mean 1.91 3.45 1.54 0.76
SD 5.13 4.34 5.86 4.86
Min -9.52 -9.43 -8.82 -9.52
Max 9.64 8.93 9.09 9.64

*%Difference=[(%HbA1c of lithium-heparinized blood - %HbA1c of EDTA blood) / %HbA1c of EDTA blood]x100

M33LATIZNANNUANAINLNOAAIN
VY Y] o [ - aaa
donnanIvesszdu HbAlc ludedaaonannte
waziaenatdentathsy @1y Bland-Altman
analysis TnglHinasd 25D uazinamimssensy
(allowable error limit: AEL) w83 CLIA 2019
7 * Jevaz 10" wuh wnl¥inawi + 2SD
o ] o ' A Qv
Mg 1anarine 87 @led1e (Aatudevaz
96.67) fianuuandmafiueglugie +2SD mnly
v
iavea CLIA 2019 swuélegranavua
' v ' P o Y o
uandedueglutnannseniula deuaadlu
Table 2 waz Fig. 1
a s s a I'4 % aa
A15ILATIZAANNENNUS Inelsana
Spearman correlation coefficient W1 FzAU
HbAlc ludiedradendanite wazidonatsen
@1h3u veadaganaring 90 éleehe HANw
FuRusdumavinluszdud (r = 0.981,

y = 0.365 + 0.966X) tilo3innzAanuduiiug
TngutadoyamunguMInILANILNYIY 3 ngu
wuh ngudleddlungumvuidunanuaz
nguaranlidunaianuduiusmauinlu
32fUA (r=0.899 uaz 0.970 MuMAY) uazngu
fimauduneianudniusmannlussdudou
(r = 0.299) WamMsIATIZA linear regression
analysis ¥83d20619%s 3 nguldaunisio
Y =0.162 +1.005X,Y =0.761 + 0.902X uwaz
Y =0.452 + 0.980X muaau (Fig. 2)

a 4
Y13
X Ao
diheiwvmulsanermnalanganiiia
ATIIAAMNDINTUALILAVAITAILANILINAY
I~ v ] - g a A A adaa
annsiiuAIeganenadesiia Ao 1waAdANL

waztdenasontathsy dnsumsnsadangv
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Fig. 1 Bland-Altman plot of HbA1c differences between EDTA blood and lithium-heparinized blood

measured by BioHermes A1c Chek Pro.

A = Blood samples with the HbA1c level of 4.0 — 14.0% (n = 90)
B = Blood samples with the HbA1c level of 4.0 — 6.4% (n = 30)
C = Blood samples with the HbA1c level of 6.5 — 6.9% (n = 30)
D = Blood samples with the HbA1c level of 7.0 — 14.0% (n = 30)
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Fig.

2 Relationship between HbA1c level in EDTA blood and lithium-heparinized blood

A = Blood samples with the HbA1c level of 4.0 — 14.0% (n = 90)
B = Blood samples with the HbA1c level of 4.0 — 6.4% (n = 30)
C = Blood samples with the HbA1c level of 6.5 — 6.9% (n = 30)
D = Blood samples with the HbA1c level of 7.0 — 14.0% (n = 30)
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Table 3 Summary of previous studies
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995260 HbAlc luideanidane way atseu
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wihsu dunsdu@eauds veadithewvmnu
v

Tanennalangs daniaaszufn Hiunavue

90 ¢hotha Tnel¥ia3eq Bio Hermes Alc Chek

Study Analyzer | Principle Anti- Paired t-test Correlation coefficient (r)
coagulant (p-value)
Phensiri Hitachi TINIA - EDTA p = 0.064 r=0.994
Chusongsang | 717° - NaF
et al. (2005)"
Wanwisa Cobas TINIA - EDTA p = 1.000 - EDTA / LH (r = 0.998)
Bunlert et al. | c111° - LH - EDTA/ LH + GA (r = 0.999)
(2010)"® -LH + GA - EDTA / NaF (r = 0.997)
- NaF
Bio Rad HPLC - EDTA p = 0.429 - EDTA / LH (r = 0.997)
D-10° - LH - EDTA / LH + GA (r = 0.993)
-LH + GA - EDTA / NaF (r = 0.991)
- NaF
Allison Fl, Clover® Boronate - EDTA p = 0.9997 -
Stephen DU - LH
(2019)"® - EDTA p = 0.9779 -
- FO
- LH p = 0.9831 -
- FO

Boronate: Boronated affinity chromatography; EDTA: ethylenediamine tetraacetic acid; FO: Fluoride oxalate; HPLC: High-

pressure liquid chromatography; LH: lithium heparin; LH+GA: lithium heparin plus glyceraldhydes; NaF: Sodium fluoride;

TINIA: Turbidimetric inhibition immunoassay. The number in parentheses after the author’s name is the year of study.

@ Roche Hitachi 717 chemistry analyzer

P Cobas ¢ 111 clinical chemistry analyzer

¢ Bio-Rad D-10 Hemoglobin Testing System
4 Clover Alc Analyzer
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