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and Relationship with Cytological Results,
among Women in Kalasin Province
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Abstract

This study investigated the prevalence of high-risk HPV infection and evaluated the
relationship between the HPV non 16, 18 infections, and cytological results among 45,019 women
who participated in the cervical cancer screening program in Kalasin Province during 2020-2023
using HPV DNA test covering all 14 genotypes. For those infected with HPV non-16, 18,
liquid-based cytology (LBC) was used for further investigation. The results showed that HPV
prevalence in this study was 5.27%. The top three prevalent HPV types were HPV 16 (1.04%),
HPV 52 (0.90%), and HPV 58 (0.63%), respectively. Most participants (83.46%) had single
infections and the others (16.54%) had multiple infections. The age group of 30-34 years had
the highest infection prevalence at 11.36% and the prevalence decreased when age increased.
From cellular cytology’s results in HPV non 16, 18 infections, cell abnormalities were found
higher in multiple infections (33.14%) than those in single infection (26.20%). The genotypes with
the highest abnormal cells were HPV 33 (35.56%), HPV 51 (34.52%), and HPV 56 (33.96%),
respectively. The age group with the highest abnormal cells was 45-49 years (32.34%).
HPV prevalence study and its relationship with cytological results in each region is crucial as
it can be used for cervical cancer screening and early treatment plan. Moreover, this data can be used

for appropriate vaccine usage and development in specific areas.
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Introduction

Cervical cancer is a major health
problem among women in Thailand. It is
the third most common cancer after breast
cancer and liver and biliary tract cancer.
The incidence is 11.1/100,000 women,
accounting for approximately 5,422 new cases.
Each year, around 2,300 women die from
cervical cancer.” Moreover, in 2020, the
Catalan Institute of Oncology (CIO) and
the International Agency for Research on
Cancer (IARC) reported that cervical cancer
is the fourth most common cancer in women
worldwide, following breast cancer, colon and
rectum cancer, and lung cancer, which has
an incidence of 15.6/100,000 women, with
a mortality rate of 8.8/100,000 women.”
The major etiology of cervical cancer is the
Human papillomavirus or HPV infection
in the cervical area. Risk factors for HPV
infection include having multiple sexual
partners, early sexual initiation, and teenage
pregnancy. Within 1-2 years after infection,
most people can naturally recover. However,
some people remain infected, which is an
important cause of cervical cancer.” HPV
is divided into two groups according to the
risk of causing cancer. The high-risk group,
including HPV 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 66, and 68,"” especially
HPV 16 and 18, are found up to 70% of

Suwit Wongchiangkhwang

cervical cancer patients.®” In squamous cell
carcinoma, HPV 16 (50-60%) is the most
prevalent followed by HPV 18 (15-20%). In
contrast, in adenocarcinoma, HPV 18 (50%)
is the most prevalent, followed by HPV 16
(35-40%).® The low-risk HPV group, which
has a low carcinogenic potential, causes
genital warts (condyloma) including HPV
6, 11, 42, 43, 44, 53, 55, 56, 62 and 70.
The most prevalent types are HPV 6 and
11.919 Currently, according to the cervical
cancer screening guidelines of the National
Health Security Office (NHSO) using HPV
DNA tests, it is recommended that the cases
detected HPV type 16 or 18 should be further
diagnosed by colposcopy. For cases detected
HPV non 16-18, cytological examination
should be the first investigation. If the results
are ASCUS level of abnormal, colposcopy
should be performed subsequently. In
the fiscal year 2024, there has been a
preventive campaign for HPV vaccination
in Thai women aged 11-20 years. The first
generation of vaccine was only for 2 high-risk
genotypes, HPV 16 and 18. Then, the low-risk
genotypes, HPV 6, 11, were added to
prevent genital warts. The latest vaccine
consists of 9 genotypes, adding 5 other
high-risk genotypes including, HPV 31, 33,
45, 52 and 58 to cover more infections.""

Studies have shown that there are various



Prevalence of High-risk Human Papillomavirus Infection and Relationship with Cytological Results,

among Women in Kalasin Province

HPV genotype distributions among different
areas around the world."*"” Therefore, this
work aimed to study the prevalence of
high-risk HPV infection and its relationship
between HPV non 16, 18 infection and
cytological results among women in Kalasin
province. The outcome of this study will be
used for cervical cancer screening and early
treatment plan. Moreover, this data can be
used for vaccine selection and development

to cover more specific genotypes.

Materials and Methods
1. Sample Selection

This is a retrospective study of
45,019 Thai women inhabited in Kalasin
province, who have been classified into age
groups including, < 30, 30-34, 35-39, 40-44,
45-49, 50-54, 55-59, > 60 years, and an
unidentified age group, and had a cervical
cancer screening using HPV DNA test at
Kalasin Hospital from October 1, 2020, to
September 30, 2023, under the National
Health Security Office (NHSO) project.
All women had never had a screening test
by HPV DNA before. They also provided
information on their age, marital status,
HPV vaccination, sexual history, pregnancy
history, and cervical cancer screening history
in the HPV Screening Program. This study

was approved by the Human Research Ethics
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Committee of Kalasin Hospital, Reference

number: Kalasin Hospital 039/2023.

2. Sample collection

There are 2 methods of collecting
cervical cell samples:

First, samples were collected by staff
and placed in a cell preservation solution
(PreservCyt® Solution ThinPrep Pap test,
USA) using a cell collection device with a
handle (Broom-type sampling device, Digene
corporation, USA). Second, samples were
self-collected from cervix and placed in a
cell preservation solution (EASYPREP® YD

Diagnostics, Korea).

3. HPV detection by Real-time PCR

The samples preserved in the solution
were extracted DNA using a Nucleic Acid
Extraction Kit (Magnetic Bead Method
(Zybio), Germany). The 14 high-risk HPV
DNA including HPV 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66 and 68 were
detected using a ready-to-use test kit (Seegene
AnyplexTM II HPV HR Detection, Korea)
with a CFX96 Real-time PCR system®,
Bio-Rad IVD, USA. The beta-globin gene
was used as an internal cellular control. The
results were evaluated using the Seegene
viewer for Real-time Instrument program,

Korea.
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4. Cytological testing

Participants’ samples detected HPV
non 16, 18 were further investigated using
liquid based cytology (LBC) at the Department
of Pathology, Faculty of Medicine, Khon
Kaen University, Khon Kaen Province,
Thailand. For all cases, the results were
reported according to the Bethesda system

and approved by a pathologist.

5. Data collection and statistical analysis

HPV DNA results were collected
from the Laboratory Information System
(LIS) program of Department of Medical
Technology and Clinical Pathology, Kalasin
Hospital.

The information could not be
analyzed differentially by sample collection
methods due to lack of identification in the
LIS program. Therefore, the prevalence of
HPV infection was analyzed from samples
with 2 collection methods using descriptive
statistics and the Seegene SG STATS program

and relationship analysis between HPV non
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16, 18 infections and cytological results was
analyzed using Chi-Square test. A p-value

of less than 0.05 was statistically significant.

Results
1. Prevalence of high-risk HPV infections
From a total of 45,019 samples
screened for high-risk HPV infection,
samples were collected from women age
group 50-54 years (n = 12,159, 27.00%),
55-59 years (n = 10,265, 22.80%), and
45-49 years (n = 9,272, 20.60%), respectively.
There were 2,371 (5.27%) infected HPV cases
divided into 468 cases (1.04%) of HPV 16,
154 cases (0.34%) of HPV 18, and 1,749
cases (3.53%) of non 16, 18. The top three
genotypes were HPV 16 (468 cases, 1.04%),
HPV 52 (404 cases, 0.90%) and HPV 58 (284
cases, 0.63%), respectively. The HPV 35 was
found the least (36 cases, 0.08%). The highest
HPYV infection was found in the age group of
30-34 years (247 cases, 11.36%), as shown
in Table 1.
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Table1 The prevalence of high-risk HPV infection among women in Kalasin Province (2020-2023).

Age range (year)

Not
HPV <30 30-34 35-39 40-44 45-49 50-54 55-59 >60 total
specified
infection

N (%) 85 2,174 3,529 5,382 9,272 12,159 10,265 409 1,744 45,019

(0.19) (4.83) (7.84) (11.96) (20.60) (27.00) (22.80) (0.91) (3.87) (100)
78 1,927 3,246 5,026 8,844 11,657 9,854 399 1,617 42,648

HPV negative

©1.76)  (88.64) (91.98)  (93.38)  (95.38)  (95.87)  (95.99)  (97.54)  (92.71) (94.73)
HPV positive 7 (8.24) 247 (11.36) 283 (8.02) 356 (6.62) 428 (4.62) 502 (4.13) 411 (4.01) 10 (2.46) 127 (7.29) 2,371 (5.27)
HPV16 0(0.00) 54 (248 65(1.84) 77(1.43) 82(0.88) 88(0.72) 67 (0.65) 1(0.24) 34 (1.95) 468 (1.04)
HPV18 0(0.00) 15(0.69 14(0.39) 33(0.61) 26(0.28) 26(0.21) 24(0.28) 2(0.49) 14(0.80) 154 (0.34)
Non 16,18  7(8.24) 178 (8.19) 204 (5.79) 246 (4.58) 320 (3.46) 388 (3.20) 320 (3.18) 7 (1.73) 79 (4.54) 1,749 (3.59)
HPV31 0(0.00) 19(087) 20(056) 15(027) 19(0.20) 21(017) 12(0.11) 0(0.00) 3(017) 109 (0.24)
HPV33  0(0.00) 5(023) 13(0.36) 20(0.37) 22(023) 17(0.14) 21(0.20) 1(024) 4(022) 103 (0.23)
HPV35  0(0.00) 3(013) 6(.17) 2(003) 11(011) 8(0.06 5(0.04 0(0.00 1(0.05  36(0.08
HPV39 1118 23(1.05) 87 (1.04) 31(0.57) 88(0.41) 41(0.33) 48(0.46) 0(0.00) 9(051) 228 (0.51)
HPV45  0(0.00) 8(0.36) 10(0.28) 11(0.20) 17(0.18) 19(0.15) 14(0.13) 0(0.00) 5(0.28) 84 (0.19)
HPV51 0(0.00) 19(087) 22(0.62) 30(0.56) 37(0.39) 57 (0.46) 44(042) 1(0.24) 9(051) 219 (0.49)
HPV52 1118  49(225 43(1.21) 55(1.02) 75(0.80) 90(0.74) 76(0.74) 0(0.00) 15(0.86) 404 (0.90)
HPVS6  0(0.00) 12(0.55) 16(0.45) 26(0.48) 22 (023) 85(0.28) 28(0.27) 3(0.78) 4(022) 146 (0.32)
HPVSS  2(2.35) 27 (1.24) 23 (0.65) 44 (0.81) 44 (0.47) 57 (0.46) 61(0.59) 3(0.73 23(1.31) 284 (0.63)
HPVS9  0(0.00) 21(0.96) 15(0.42) 15(0.27) 29(0.31) 22(0.18) 21(0.20) 0(0.00) 1(0.05) 124 (0.28)
HPVe6 1118 23(1.05) 31(0.87) 89(0.72) 48(0.51) 62 (0.51) 44(0.42) 3(0.78 14(0.80) 265 (0.59)

HPV6S 2235 21(096) 24(0.68 29(0.53) 49 (0.52) 44 (0.36) 40(0.39) 0(0.00) 15(0.86) 224 (0.50)

Single- 7 202 238 294 357 435 331 7 108 1,979
infection (100) (81.78) (84.09) (82.58) (83.41) (86.65) (80.53)  (70.00)  (85.03) (83.46)
Multiple- 0 45 45 62 71 67 80 3 19 392

infection (0.00) (18.22) (15.91)  (17.42) (16.59) (13.35) (19.47)  (30.00)  (14.97) (16.54)

Note: Values are presented as number (%).
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Due to multiple infection, a total
repeating 14 high-risk HPV genotypes in
2,371 HPV positive cases were 2,848. The
most common genotypes were HPV 16
(16.43%), HPV 52 (14.19%), and HPV 58
(9.97%), respectively. Single and multiple

HPV genotypes N = 2,848 (%)

W HPV16=468
2.95%

W HPVE2=404
\ 1.26%
3.62% W HPvEB=234

W HPVBE=265

3.83%

4.35%
[l HPv3g=228

W HPVBs=224
W HPVB1=218
W HPvis=154
W HPUEE=145
W HPVBS=124
W HPV31=108
W HPV33=103
HPV45=84

HPV35=38
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infections were 1,979 (83.46%) and 392
(16.54%) cases, respectively. In multiple
infection, 323 (13.62%), 56 (2.36%), 10
(0.43%), and 3 (0.13%) cases were infected
with two, three, four, and five genotypes,

respectively, as shown in Fig. 1.

Group infections

0.43%

2.36% 0.13%

[l Single=1878

W 2 Type=323

H 3 Type=56

W 4 Type=10

B & Type=3

Fig. 1 The distribution of single and multiple HPV genotypes among women in Kalasin Province

(2020-2023).
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2. Cytology results

From 1,049 samples performed LBC
in HPV non 16, 18 infections, the mean age
was 46.9 years. The youngest and oldest
ages were 23 and 59 years, respectively.
Participants were divided into age groups
including, < 30, 30-34, 35-39, 40-44, 45-49,
50-54, and 55-59 years. Samples in the age
group of 50-54 (270/1,049 cases; 25.74%),
55-59 (205/1,049 cases; 19.54%), and 45-49
(204/1,049 cases; 19.45%) years were further
investigated using LBC, respectively. There
were 874/1,049 (83.32%) cases of single
infection. The highest prevalent genotypes
were HPV 52 (168/874 cases, 19.22%),
HPV 39 (111/874 cases, 12.70%), and HPV
66 (107/874 cases, 12.24%), respectively.
While there were 175/1,049 (16.68%) cases
of multiple infections including, two (149/175
cases, 85.14%), three (22/175 cases, 12.57%),
and four or more (4/175 cases, 2.29%)
genotypes respectively. The cytological study
showed that there were 287/1,049 (27.36%)
abnormal cytological cases. The most
common abnormal cells were in ASC-US
(127/1,049 cases; 12.11%), LSIL (100/1,049
cases; 9.53%), HSIL (36/1,049 cases; 3.43%),
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ASC-H (18/1,049 cases; 1.72%), and AGC
(6/1,049 cases; 0.57%) respectively. The
abnormal cells were found highest in age
groups of 45-49 (66/204 cases; 32.34%),
30-34 (29/96 cases; 30.20%), and 40-44 (47/156
cases; 30.13%) years, respectively. There
was a significant relationship between age
groups and cytological results (p = 0.001).
The abnormal cytological results in the single
infection were found in 229/874 (26.20%)
cases. The most common genotypes with
abnormal cells were HPV 33 (16/45 cases;
35.56%), HPV 51 (29/84 cases; 34.52%),
HPV 56 (18/53 cases; 33.96%), HPV 52
(51/168 cases; 30.36%), and HPV 35 (3/10
cases; 30.00%), respectively. The relationship
between single infection and cytological
results was not statistically significant
(p = 0.116). Moreover, abnormal cytological
results were found in 58/175 (33.14%) cases
of multiple infections which were commonly
found in two-genotype infection (50/149
cases; 33.56%). The relationship between
multiple infection and cytological results was
not statistically significant (p = 0.994), as
shown in Table 2 and Figs. 2 and 3.
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Table 2 The relationship between high-risk HPV infection status and cytological grades (1,049 samples).

Cytological grading

Parameter Total Unsat NILM P
N (%) ASC-US  ASC-H LSIL HSIL AGC total
Age
<30 6 (0.57) 0(0.00 58333  0(0.00 0(.00 0(.00 0(0.00) 1(16.67) 1(16.67) 0.001
30-34 96 (9.15)  0(0.00) 67 (69.80) 11 (11.46) 5(5.21) 10(10.41) 3(3.13 0(0.00) 29 (30.20)
35-39 112 (10.68) 2 (1.79) 78(69.64) 13 (11.61) 1(0.89) 12(10.71) 5(4.46) 1(0.89) 32 (28.56)
40-44 156 (14.87)  0(0.00) 109 (69.87) 14 (8.98) 2(1.28) 21 (18.46) 10(6.41) 0 (0.00) 47 (30.13)
45-49 204 (19.45)  1(0.50) 137 (67.16) 25(12.25) 38 (1.47) 25(12.25) O (4.41) 4(1.96) 66 (32.34)
50-54 270 (25.74)  1(0.37) 204 (75.56) 35(13.96) 3 (1.11) 22(8.15) 5(1.85 0(0.00) 65 (24.07)
55-59 206 (19.54)  1(0.49) 157 (76.58) 29 (14.15) 4 (1.95) 10(4.88) 4(1.95) 0(0.00) 47 (22.99)
Single-infection 874 (83.32) 4 (0.46) 641 (73.34) 102 (11.67) 15(1.71) 76 (8.70) 30 (3.43) 6 (0.69) 229 (26.20) 0.116
HPV 31 35(4.00)  0(0.00) 25(71.43) 3(857) 1(2.86) 3(857) 3(857) 0(0.00) 10 (28.57)
HPV 33 45 (.15  1(222) 28(6222) 10(2222) 2(4.45) 3(667) 1(222) 0(0.00) 16 (35.56)
HPV 35 10(1.14)  0(0.00)  7(70.00) 2(20.00) 0(0.00) 0(0.00) 1 (10.00) 0(0.00) 3 (30.00)
HPV 39 111 (12700 0(0.00) 93(8378) 9(811) 0(0.00 7(631) 0(.00) 2(1.80) 18 (16.22)
HPV 45 31(355  1(323) 25(80.64) 2(6.45) 0(000) 1(323) 1(323 1(323 5(16.13)
HPV 51 84 (9.61) 0 (0.00) 55 (65.48) 10 (11.90) 1(1.19) 12 (14.29) 5 (5.95) 1(1.19) 29 (34.52)
HPV 52 168 (19.22)  1(0.60) 116 (69.04) 23 (18.69) 5(2.98 10 (5.95) 12(7.14) 1(0.6) 51 (30.36)
HPV 56 53 (6.06)  0(0.00) 35(66.04) 4 (7.55) 0(0.00) 14 (26.41) 0(0.00) 0(0.00) 18 (33.96)
HPV 58 102 (11.68)  0(0.00) 75(7353) 10(9.80) 5(4.90) 6(6.89) 5(4.90) 1(0.98) 27 (26.47)
HPV 59 42 (481)  0(0.00) 31(7381) 6(1429) 1(2.88 3(714) 1(238 0(0.00) 11 (26.19)
HPV 66 107 (12.24)  1(093) 81 (75.70) 14 (1809) 0(0.00) 11 (1028) 0(0.00) 0(0.00) 25 (23.37)
HPV 68 86(9.84)  0(0.00) 70(81.40) 9 (10.46) 0(0.00) 6(698) 1(1.16) 0(0.00) 16 (18.60)
Multiple-infections 175 (16.68) 1 (0.57) 116 (66.29) 25 (1429) 3 (1.71) 24 (13.71) 6(343 0(0.00) 58 (33.14) 0.994
2 Types infection 149 (85.14) 1 (0.67) 98 (65.77) 22 (14.77) 2(1.34) 20(13.42) 6(4.03) 0(0.00) 50 (33.56)
3 Types infection 22 (12.57) 0 (0.00) 15 (68.18)  2(9.09) 1 (455) 4(18.18) 0(0.00) 0(0.00) 7 (31.82)
4 Types infection 3 (1.72) 0(0.00) 2(66.67) 1(3333 0(0.00) 0(0.00 0000 0(.00 1(33.33
5 Types infection 1 (0.57) 0(0.00) 1(100.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00  0(0.00)
Total 1,049 (100.00) 5 (0.48) 757 (72.16) 127 (12.11) 18 (1.72) 100 (9.53) 36 (3.43) 6 (0.57) 287 (27.36)

Note: Unsat, Unsatisfactory for evaluation; NILM, Negative for intragpithelial lesion or malignancy; ASC-US,

Atypical squamous cell of undetermined significance; ASC-H, Atypical squamous cell cannot exclude

HSIL; LSIL, Low grade squamous intraepithelial lesion; HSIL, High grade squamous intraepithelial lesion;

AGC, Atypical glandular cells.
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Fig. 2 The distribution of cytological results in HPV non 16, 18 type (N = 1,049).

Note: NILM, Negative for intraepithelial lesion or malignancy; ASC-US, Atypical squamous cell of
undetermined significance; ASC-H, Atypical squamous cell cannot exclude HSIL; LSIL, Low grade squamous
intraepithelial lesion; HSIL, High grade squamous intragpithelial lesion; AGC, Atypical glandular cells;

Unsat, Unsatisfactory for evaluation
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Fig. 3 Comparison of cytological results of 1,049 single and multiple infection samples.
Note: NILM, Negative for intraepithelial lesion or malignancy. The evaluation was unsatisfactory for
HPV33, HPV45, HPV52, HPV6E6, and multiple infection, with rate 2.22, 3.23, 0.60, 0.93 and 0.57%,

respectively
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Discussions

The high-risk HPV prevalence among
45,019 women screened for cervical cancer
using HPV DNA test with 14 HPV genotype
detection kits at Kalasin Hospital since 2020
to 2023 was 5.27%, which is consistent with
Duriya Phongmoon et al."” who reported
6.00% of HPV prevalence at Lampang Cancer
Hospital. In addition, Sirinya Phetpichai(ls) et al.
also revealed 7.00% of HPV prevalence in
Thai women located at Phichit, Uthai Thani,
Chai Nat and Kamphaeng Phet provinces.
Swangvaree et al. (2010) and Chansaenroj ef al.
(2009), also indicated 6.20 and 7.60% of
HPV prevalence, respectively.(m’”) However,
the relatively high prevalence of HPV
infection was reported at 20.70% in a study
of Thumwadi Tangsiriwattana et al.'” This
may be due to (1) the number of genotypes
used in testing methods, (2) the number of
samples, and (3) the study areas. The top
three genotypes found in this study were HPV
16 (16.43%), HPV 52 (14.19%), and HPV
58 (9.97%), respectively, which are similar to
those reported by Thumwadi Tangsiriwattana
et al."V (HPV 16 (17.50%), HPV 66
(11.20%), and HPV 52 (10.00%)). However, it
is inconsistent with Duriya Fongmoon et al.""
and Sirinya Petchpichai et al."” who found
that their top three genotypes were HPV 52,
HPV 16 and HPV 58, respectively. It may be

due to the number of samples and different

Suwit Wongchiangkhwang

sample collection methods. In addition,
their study areas had different geographical,
economic, and social conditions. In this
study, the HPV prevalence was highest in
the younger age group of 30-34 years, and
the prevalence decreased when age increased,
which is consistent with the specific pattern
of infection in the Asian region.(lg) However,
there was only 4.83% of samples in this
age group. More sample collection from
this age group could probably increase the
chance of HPV infection detection. Of a total
1,749 cases of HPV non 16, 18, only 1,049
(60.00%) cases were further investigated for
the cell abnormalities. Since the self-sampling
specimens were mainly acquired for the
screening test, it was difficult to trace and
recollect samples from the participants for
the cytological testing, resulting in almost
40.00% of cases being dropped out from the
treatment. Higher abnormal cells were found
in the multiple infections (33.14%) than in
the single infection (26.20%); therefore, the
treatment plan for multiple infection cases
should be adjusted by performing colposcopy
without tracing and recollecting samples for
cytological testing. It may prevent dropouts
from treatment and escalate the speed of
treatment process. Moreover, it may reduce
costs for both patients and the hospital as

well.
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Conclusion

The prevalence of high-risk HPV
infections among Kalasin women in all
age groups were 2,371/45,019 (5.27%)
cases including, HPV 16 (468/45,019 cases,
1.04%), HPV 18 (154/45,019 cases, 0.34%),
and HPV non 16, 18 (1,749/45,019 cases,
3.88%), which were detected covering all
14 genotypes. Among Kalasin women, the
top three genotypes were HPV 16, 52,
and 58 which were 468/45,019 (1.04%),
404/45,019 (0.90%), and 284/45,019 (0.63%),
respectively. The age group with the
highest infection was 30-34 years (11.36%).
Compared with HPV non 16, 18 infection,
there was a statistically significant relationship
(p = 0.001) with Liquid Base Cytology
results. The highest abnormal cells were
found in the age group of 45-49 years (66/204
cases; 32.34%), 30-34 years (29/96 cases;
30.20%), and 40-44 years (47/156 cases;
30.13%), respectively.

The top three genotypes with the
highest number of abnormal cells were
HPV 33 (16/45 cases; 35.56%), HPV 51
(29/84 cases; 34.52%), and HPV 56 (18/53
cases; 33.96%). In addition, the results of
abnormal cells were higher in the multiple
infections group (58/175 cases; 33.14%) than
in the single infection group (229/874 cases;
26.20%). Therefore, studying HPV prevalence
and the relationship between HPV non 16,

9475

18 and the cytological results in each region
of the country is crucial for HPV screening
and early treatment plan. Moreover, this data
can be used for appropriate vaccine usage and

development in specific areas.
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Development of a Web Application for Use in the Quality
Control Process of POC Hematocrit Testing at Phukhieo
Chalermprakiat Hospital, Chaiyaphum Province
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Abstract

Hematocrit testing is a laboratory test used to assess anemia or polycythemia. It is simple,
convenient, and rapid. Therefore, it is used as a point-of-care test for patients which requires speed
and accuracy, especially patients in critical stages, where patient care must compete against time.
Point-of-care hematocrit testing without a good quality control management system can affect
patient care safety. To create convenient and efficient operation, a web application was developed
for use in the quality control process. The objectives were 1) to develop a web application for
use in the quality control process of point-of-care hematocrit testing and 2) to develop a quality
management system for point-of-care hematocrit testing. The study method was to create and
evaluate the performance of a web application used to control the quality of hematocrit testing,
which is divided into 3 phases: 1) before using web application; 2) after using the web application
version 1.0; and 3) after using the web application version 2.0. The study was assessed by using
quality control and test efficiency data as well as satisfaction questionnaires. Additionally, hospital
executives, nurses, medical technologists, and laboratory staff were interviewed. The results of
web application development showed that the satisfaction levels, regarding the quality control of
hematocrit measurement and the use of the web application, increased. Coefficient of variation
(%CYV) of hematocrit testing within the specified criteria (%CV Limit < 4%) and the period for
returning results tended to improve. Hospital executives and all QC personnel agreed that using

web applications could save time, reduce workload, decrease cost, and benefit the organization.

*Corresponding author E-mail address: sumana.dak@mahidol.ac.th
Received: 23 October 2024 Revised: 14 April 2025 Accepted: 29 April 2025
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In conclusion, the developed web application could be used as in-house information technology
in the quality control management system for point-of-care hematocrit testing at Phukhieo
Chalermprakiat Hospital, Chaiyaphum province, and ensure effectiveness, cost savings, and

satisfaction of the user needs.

Keywords: Web application, Point-of-care hematocrit testing, Quality control process
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Introduction

Point-of-care testing (POCT) is
laboratory testing conducted outside of
the traditional lab environment, providing
convenience to physicians and patients for
efficient medical care. The accuracy of these
tests depends on the technicians’ skills and
the precision of the equipment used.”"?
The microcentrifuge method for measuring
hematocrit (Hct) is a blood test parameter that
determines the proportion (%) of red blood
cells in the blood. It is the key parameter used
to identify anemia. This basic laboratory test
assists physicians in the preliminary diagnosis,
treatment progress monitoring, and assessment
of patient conditions in various settings,
including inpatient wards, emergency rooms,
and critical care units.””

At Phukhieo Chalermphrakiat hospital
in Chaiyaphum province, discrepancies
were found between the Hct results from
POCT at various wards and those from the
central laboratory. Additionally, the blood
volume collected for these tests was often
inadequate, leading to sample rejections and
the need for repeated blood draws. Hct was
done by non-laboratory technicians, such as
nurses and nurse assistants. Hct measurement
using the standard centrifugation method
is recommended to include internal quality
control (IQC), which is routinely performed
by laboratory staff. Additionally, centrifuge

performance is monitored through IQC blood

Somporn Thabua et al.

samples and periodic calibration twice per
year.(ﬁ) In contrast, Hct measurement by POCT
methods is based on distinct principles, such
as portable handheld devices enabling rapid
analysis without the need for centrifugation.”*
1QC of POCT using the centrifugation method
varies, depending on the non-laboratory staff
performing the procedure and the type of
microcentrifuge used."* This issue underscores
the need for a review and improvement of the
quality control (QC) processes for POCT.
To address the need. for quality control of
Hct testing, the researchers developed a
web application to facilitate the recording,
monitoring, and evaluation of quality control
measures. This application aimed to minimize
factors affecting test accuracy at the point-of-
care.

Blood is a fluid that circulates within
the blood vessels and constitutes about 7-8% of
anormal human’s body weight. There are three
types of blood cells: red blood cells (RBCs),
white blood cells (WBCs) and platelet (PLT). @10
Hct levels can be determined using three
main laboratory methods. 1) Microcentrifuge
method, 2) Automated hematocrit analysis, and
3) Portable handheld devices. """ The World
Health Organization (WHO) has established
criteria for POCT devices, summarized by the
acronym ASSURED: Affordable (low-cost),
Sensitive (low false-negative rate), Specific
(low false-positive rate), User-friendly (simple

procedures), Rapid & Robust (quick results
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at Phukhieo Chalermprakiat Hospital, Chaiyaphum Province

and no need for refrigeration), Equipment-free
(no complex equipment required), and Delivered
to end-users (results accessible to users).(m'm
The web-based platform, developed using
Python for database management, is proved for
the effective implementation in collecting QC
data, evaluating results, and visually presenting
QC graphs and parameters to users. In addition,
web applications are designed to facilitate data
collection and interpretation, ensuring ease of
use for non-laboratory staff. Consequently,
POCT operators can input IQC data directly
from their respective locations, enabling
real-time identification of abnormalities in
Hct measurements and facilitating timely
corrective actions. Furthermore, the centralized
aggregation of POCT IQC data allows the
laboratory’s QC manager to systematically
assess the accuracy and precision of POCT-
based Hct measurements across the hospital,
thereby enhancing overall quality assurance."?”
Therefore, this study aimed to develop a
web application for use in the quality control
process of point-of-care hematocrit testing and
to develop a quality management system for
point-of-care hematocrit testing in Phukhieo

Chalermprakiat Hospital, Chaiyaphum Province.

Materials and Methods
1. Scope of study

This study used research and
development (R&D) design across three

phases: (1) before using the web application,

(2) after using the web application version 1.0,
and (3) after using the web application
version 2.0. The scope of the study includes:
developing the web application using Python,
conducting two surveys to gather opinions and
satisfaction levels on the QC in Hct testing and
the performance of the web application among
16 laboratory staffs and 24 nurses, evaluating
the web application’s efficiency by calculating
the percentage coefficient of variation (%CV)
of-Hct values and turnaround time for returning
QC values to the laboratory, and interviewing
nurses, medical technologists (MTs), and five
hospital executives with subsequent analysis

of the interview scripts.

2. Tools and equipment

The tools and equipment used in this
study included centrifuge equipment (Boeco
H-240, Germany) for Hct testing, the QC
materials from Horiba Thailand are classified
into three levels: low, ranges from 16% to 19%;
normal, ranges from 38% to 42%; and high,
ranges from 47% to 53%, the developed web
application, survey questionnaires (Table 2 and
3) and interview guides, derived from the study
by Phumeechanya and Teamsriratchaneekorn,
2021,"” for collecting feedback from web
application users and hospital executives.
The questionnaire was then reviewed for
accuracy and appropriateness by three experts,
yielding an IOC (Index of item objective

congruence) value ranging from 0.83 to 1.00.
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3. Procedure

The study procedure involved
conducting a meeting to explain the study and
request coordination. The test materials were
distributed to each POCT site once per month.
The QC materials, consisting of three levels,
were tested once per sample, and the point-of-
care staff were responsible for conducting the
tests, performing Hct tests according to standard
procedures (microcentrifuge method),""”
recording results using the web application,
and analyzing the collected data.

Phase 1: Before using the web
application. Prior to system implementation,
laboratory processes were entirely manual.
Staff conducted all tests independently
and recorded data on paper worksheets.
The absence of digital tools resulted in
time-consuming operations, slow information
flow, and frequent inconveniences. (January
2021 - March 2023)

Phase 2: After using web application
version 1.0. During this phase, laboratory
staff and nurses conducted IQC testing by
using a web application to record test results

and perform data processing. The goal was

Somporn Thabua et al.

to improve operational efficiency and reduce
manual workload. Although the system
provided basic functions for data entry and
analysis, it lacked automated alert systems and
data security features. As a result, users had to
manually monitor QC and ensure data accuracy
without support from notification mechanisms
or protective features. (April 2023 - December
2023)

Phase 3: After using web application
version 2.0. In this phase, laboratory staff and
nurses utilized the upgraded web application
version 2.0 to support IQC processes. Testing
was conducted by staff at POCT sites to evaluate
the application’s real-time performance and
usability. The updated version introduced an
instant notification feature that alerts users
when values fall outside the acceptable range,
significantly enhancing responsiveness and
data accuracy. System security was also
improved with user authentication through
individual usernames and passwords, ensuring
access control to the system. (January 2024 -
April 2024)
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Table 1 Comparison of quality recording for POC hematocrit measurement; phasel - phase 3.

Phase 1
List Before using web

application

Phase 2
After using web

application version 1.0

Phase 3
After using web

application version 2.0

Responsibility laboratory staff

laboratory staff/nurse

laboratory staff/nurse

Record form work sheet

web application

web application

Process laboratory staff conduct  the staff at the patient the staff at the patient
all tests care point are care point are
the testers the testers
Notification none none instant notification when
values go outside
the range
Access to usage everyone everyone username & password
Duration long time low very low
Ease of use inconvenient convenient convenient
Data safety low with the risk of loss low high

Data storage paper

stored on the web host

own storage database

server

Cost none

If the data exceeds
100 MB, the server fee
will be 300 THB

The server service fee
and quality control

substances are free

per month. of charge.

4. Data collection

Data collection consisted of gathering
records of internal quality control for Hct testing
using a centrifuge at Phukhieo Chalermphrakiat
hospital in Chaiyaphum province from
2020-2024, obtaining IQC records of POCT
online. Interviews with hospital executives,

nurses, medical technologists, and laboratory

staff, and feedback collection through
user surveys were conducted after ethics
committee approval. In Phase 1, laboratory
staff and nurses evaluated the QC testing
process for Het. The questionnaire for opinions
and satisfaction assessment of quality control
of hematocrit testing (Table 2). In Phases 2

and 3, laboratory staff and nurses evaluated
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both the QC testing process for Hct and the  assessment was based on Quality Control

web application, while hospital executives  of Hematocrit Testing (Table 2) and Web

provided their opinions through interviews.  Application Usability (Table 3).

The questionnaire for opinions and satisfaction

Table 2 Questionnaire on opinions and satisfaction of service Users: Quality Control of Hematocrit
Testing.
No. Evaluation Topic Rating

1 Convenience of accessing test samples [ excellent [ Good [ Average O poor 1 Very Poor
2  Clear and simple sample packaging format [ Excellent [ Good [ Average O poor 1 Very Poor
3 User manual and test guidelines [ excellent [ Good [ Average U poor [ Very Poor
4 safety and security of quality control sample [ Excellent d Good [ Average O poor Very Poor
5  Testing guidance O Excellent [ Good [ Average O poor [ Very Poor
6  Sample transportation to test points O Excellent [ Good [ Average O poor [ Very Poor
7 Clarity in test result interpretation [ excellent [ Good [ Average O poor Very Poor

Table 3 Questionnaire on opinions and satisfaction of service users: web application usability.

No. Evaluation Topic Rating

1 Ease of using the system [ Excelient [ Good [ Average L poor [ Very Poor
2 System suitability and meeting user needs [ Excelient [ Good [ Average O poor [ Very Poor
3  Responsiveness of the system O Excellent [ Good [ Average O poor 1 Very Poor
4 System functionality and accuracy O Excellent L Good [ Average O poor Very Poor
5  System security [ Excellent ] Good [ Average L Poor [ Very Poor
6  Benefits of data storage within the system [ Excellent [ Good [ Average L poor L Very Poor
7 System design O Excellent [ Good [ Average O poor 1 Very Poor
8 Presence of user guides and instructions O Excellent [ Good [ Average O poor 1 Very Poor
9  System compatibility with all devices and [ Excellent [ Good [ Average O poor [ Very Poor

ability to display results accurately
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5. Development of a web-based quality control
application for point-of-care Hct testing

The web application developed for
QC in point-of-care Hct testing version 1.0
and 2.0 was structured following the
Model-View-Controller (MVC) architecture”

(Fig. 1). Development comprised two main

Notifies

Updates

Controller

components: client-side and server-side.
Web application version 1.0 was initially
implemented in 2023, followed by version
2.0, which has provided improved efficiency
from 2024 to the present. A comparison of

the efficiency between the two versions is

presented in Fig.1.

User
Action

Updates

Fig. 1 The MVC (Model-View-Controller) architecture.

5.1 Client-side Components

The client-side component facilitated
user interactions through a web browser
supplemented by necessary plugins. Key
functionalities developed included secure user
authentication through username and password

systems, a homepage dashboard designed to

present quality control metrics via a graphical
“Monthly Summary,” which displayed mean,
standard deviation (SD), and coefficient of
variation (%CV) values monthly, and an
integrated notification system utilizing “Line

Notify” (Fig. 2 and Fig. 3).
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Login

Hematocrit online

Fig. 2 Log in page for accessing the web application.

Dashboard
Monthly
wuutufinnsmuauauawaely
Summary 1) - Point-of-care testing F-LAB-001-003
iy )
e Section for data
Uredwudou
" —— > \ Doyt entry and result
Section on (S
Controt ot "
) ) recording (4)
inspection and Expirn dote
h | Contollow
usage methods,
| ControtNomat
various © commion
manuals. (2) A —
—  Section for
[ wasmes
— menu linking to
QR code to other pages (5)
Line 3 -

Table displaying
L the results of the

login points (6)

Fig. 3 Overview of the web-based IQC platform for POCT hematocrit monitoring. Key sections include:
(1) Dashboard & Monthly Summary, (2) Inspection & Usage Guide, (3) QR Code for Line Access,
(4) Data Entry & Results, (5) Navigation Menu, and (6) Results Table for QC performance tracking.
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5.2 Server-side Components

The server-side component
encompassed the web application itself,
programmed in Python using the PyCharm
Integrated Development Environment (IDE).
The XAMPP version 3.3.0 served as the
web server environment, while Ngrok was
employed to expose the local host to the public
internet. The server operations were executed
on hardware equipped with the Microsoft SQ1
operating system, featuring a 3.00 GHz ARM-
based processor, 8.00 GB of RAM, and a 64-bit

operating system.

6. Statistical analysis

The statistical methods used in this
study included: (1) Hct value analysis using
mean, standard deviation (SD), coefficient of
variation (%CV), %CV limits, and percentage
calculations; and (2) satisfaction evaluation
using a 5-level rating scale: 4.51-5.00
(very high), 3.51-4.50 (high), 2.51-3.50
(moderate), 1.51-2.50 (low), and 1.00-1.50

(very low).

Results
1. Users’ feedback and satisfaction regarding
the developed web application in quality
controlling of POC Hct testing
The evaluation was conducted across
three phases:
1.1 Before using web application
Before implementing the web

application, laboratory staff and nurses who

observed and monitored the process of POC
Hct control showed the highest satisfaction
with the convenience of result reporting,
with a mean score of 3.63. The lowest
satisfaction scores were for the safety of
sample materials and convenience of usage
instructions, with average scores of 3.19 and
3.20, respectively. Additionally, laboratory staff
and nurses expressed the need for quicker, more
user-friendly testing procedures to save time
and reduce redundant data entry.

1.2 After using web application
version 1.0

While laboratory staff reported the
highest satisfaction with the design of the
application (mean score of 3.50), nurses were
satisfied most with the easiness of system usage
(mean score of 3.50). Both groups reported the
lowest satisfaction with system security, with
an average score of 3.00 from laboratory staff
and 3.04 from nurses. Additional feedback
from both groups indicated that data processing
was inconvenient, as it required re-entering
data into Excel and lacked a notification system

1.3 After using web application
version 2.0

The web application version 1.0
revealed security issues, as data was not
secure, allowing everyone to input results
for one another. Additionally, the system
lacked notification features. Therefore, further
development was carried out, leading to the
phase of using web application version 2.0.

The highest satisfaction among laboratory
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staff was noted with system security, benefits
of data retention, and usability across devices,
all scoring as 4.69. Nurses rated the highest
satisfaction with usability across devices,
scoring as 4.75. Regarding the QC in Hct
testing, the laboratory staff reported the highest
satisfaction with the convenience of recording
test results, with an average score of 4.69.
Among nurses, the highest satisfaction was
with the process of sending samples to the
testing site, with an average score of 4.71. Most

items were rated at high to very high levels of

Somporn Thabua et al.

satisfaction.

For additional feedback, the users
indicated that the web application was well
developed, modern, and easy to use. The
application effectively incorporated technology
into the work process, with a clear and
well-designed format. Instructions were
also clearly explained. AN suggestion was
to display the application on the hospital’s
website for more convenient use (Fig. 4 and

Fig. 5)

Satisfaction regarding of web application

Web application version 1.0 (Lab)

B Web application version 1.0 (Nurse)
Satisfaction Level

6.0

B Web application version 2.0 (Lab)

Web application version 2.0 (Nurse)

5.0
40

3.0

Ease of use Suitability Accuracy

Benefits

System

Design Manuals and System

security procedure compatibility

Fig. 4 Satisfaction levels regarding of web application.
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Satisfaction regarding in quality controlling of point-of-care Hematocrit testing

Before using web application (Lab)

B Before using web application (Nurse)
Satisfaction Level

6.00

Bl Web application version 2.0 (Lab)

Web application version 2.0 (Nurse)

5.00

4.00

3.00

2.00

1.00

0.00

Convenience

Packaging

User manual

of access format availability

security

System Testing Sample Result submission

guidance transportation process

Fig. 5 Satisfaction levels regarding in quality controlling of point-of-care hematocrit testing.

2. Evaluation of effectiveness in quality
management of POC Hct Testing

Evaluation was based on the %CV
(with a 4% acceptance limit defined by CLIA
2019"" and the Thailand Medical Technology
Council(6>) and turnaround times across three
phases:

2.1 Before using web application

Medical technologists were responsible
for conducting QC for Hct testing in the patient
wards. The results showed that %CV values
of QC material at normal levels met the
standards, except for September 2020 (Fig.
6). The %CV values for low and high Hct
measurements were outside the acceptable
range, with %CVs of 5.6 and 4.1, respectively.
Turnaround time data was not available for

this phase.

2.2 After using web application
version 1.0

The nurses in the patient wards
conducted the QC tests for Hct and entered the
results through web application version 1.0.
The %CV values did not meet the standards
more frequently, with a non-compliance rate of
33.3%. Turnaround time exceeded expectations
by 12.5%.

2.3 After using web application
version 2.0

The nurses in the patient wards
conducted the QC tests for Hct and entered the
results through web application version 2.0. The
%CV values showed significant improvement
with a compliance rate of 91.7%. Turnaround
time exceeded expectations by 6.8%. Due to the

improvements in web application version 2.0,
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a notification system through Line application
was added. The official Line account was set
to send notifications for sample submissions
and expiration dates. The web application

allowed results to be entered by scanning QR

Somporn Thabua et al.

code and sent to the server. The information
was up-to-date and secure, making the process
more convinient. The system automatically
calculated the %CV and provided notifications

through Line notify. (Fig. 6)

%CV of Hematocrit measurement

e} —4— Level 1 Level2 g Level3
10.00 ! t
[ g
6.00 i : E
* i Py / “\"01
400 ‘/A\ p" . e o R N A
ARy Y N2 Zasr 4l oy L 280 +
2,00 > 4 l A
TEAR L - P |
0.00 K - i HH M ‘\‘j X i :
[ | | I ]
2021 2022 2023 2024

Fig. 6 Monthly %CV of hematocrit QC at three levels across 3 phases.

3. Analysis of management interviews

The hospital executive and all QC
personnel interviews, conducted with a group
of five executives including two doctors,
one medical technologist, one professional
nurse, and one computer scientist, revealed
key insights. The interviews focused on six
main questions: 1) The process of managing
development and QC, 2) The benefits of
developing the web application and the QC
process, 3) The reduction in turnaround time
before and after the development of the web
application, 4) The reduction in workload
before and after the development of the web

application, 5) The reduction in costs, and

6) Suggestions for improvement.

The results showed positive outcomes
in system development, continuous problem
solving, and operational recommendations.
The web application significantly improved
convenience for laboratory staff in testing
areas. Laboratory staff were not needed to go
to the wards for QC because results could be
easily entered and immediately accessed. The
speed of processing was enhanced, as results
can be entered online in real-time, ensuring that
data remained up-to-date. Moreover, the web
application reduced workload by eliminating
the needs for manual record keeping in

notebooks or Excel sheets.
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In terms of cost savings, the web
application was developed in-house; therefore,
it helped reduce expenses. Additionally, it
cuts costs by utilizing QC substances left over
from daily inspections. Despite the project
having a limited budget, the outcomes were
beneficial for the organization. This discovery
underscored the positive impact of the web
application on improving both efficiency and
QC in POCT, as reflected by user feedback and

insights from management.

Discussion

Web application version 2.0 was
developed using the MV C architecture, which
ensured a clear separation of responsibilities
and facilitates efficient system management
and maintenance. It featured an authentication
system, real-time responsiveness with alerts
when values are out of range, and automatic
monthly data processing. Additionally, the
application was available for free.""” These
tools were consistent with the educational
approaches by Panwisut, 201 9"” and Prasomsab
and Suwantheeraangkoon, 2020.°”

Many hospitals conduct IQC for
Hct testing by having laboratory personnel
performing the tests at the point-of-care.
However, some hospitals do not implement
any IQC procedures. These QC tests are
often performed by non-laboratory personnel,
such as nurses or nursing assistants, who
might have limited skills and knowledge in

laboratory analysis. Therefore, a strict QC

management system is essential to ensure
the accuracy of test results." " According to
POCT guidelines, ward staff are responsible
for performing the tests.”” Medical laboratory
standards recommended that the laboratory
shall provide IQC materials to the POC units
for testing.” Additionally, ISO 15189:2022
guidelines suggested that the laboratory should
oversee and support POCT conducted by
various departments within the organization.(m)
Previous studies have shown that the use of
web applications or related computer-based
technologies can enhance efficiency and
improve user satisfaction.”"”*"

Before using the web application,
satisfaction levels among laboratory staff and
nurses were moderate across all evaluation
criteria. However, these satisfactory levels
were significantly increased to the high and
highest levels during the web application
version 2.0 and subsequent improvements.
Examples of improvements made during this
phase included adding a notification for out-
of-range results, visualizing data in graph
format, analyzing data, and sending test result
notifications via the Line application. The
increase in satisfaction found in this study
aligns with the study by Naknarin, et al.®"
investigating the development of web
applications to enhance marketing potentials
of Tak beef cattle in Tak Province. They found

high levels of satisfaction regarding the design

of the web application and media.
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Prior to the implementation of the web
application, %CV values were low, ranging
from 1-3%, probably because the tests were
conducted by experienced laboratory staff.
During the web application version 1.0 phase,
the number of out-of-range significantly
increased to 33.3%. This could be due to
nurses, who were in charge of QC testing,
possibly lacking experience. However, after
web application version 2.0 was developed, and
the QC results showed positive improvement
and were within acceptable limits. This
improvement was attributed to enhancements
in the web application, including result
management controls, notifications for out-
of-range results, and the availability of a Line
official for problem inquiries and coordination.
The range of each level was the overall
average, and with the development of the web
application version 2.0 and systematic QC
training and follow-up, improvements were
observed, and %CV values were within the
specified criteria."” (Fig. 6)

In Phase 1, the delay in result returns
occurred because laboratory staff conducted
tests in patient wards, which consumed
significant time, required one staff member
solely for QC, and did not allow for assessing
the skills of POCT personnel. In Phase 2, web
application version 1.0 was introduced for
recording and tracking QC results; however,
it lacked a notification system for deadlines,

leading to testers being unaware of result

Somporn Thabua et al.

submission timelines. In phase 2, the delayed
return of results was 12.5%, due to the
absence of a notification system and unclear
documentation. In Phase 3, web application
version 2.0 was implemented, incorporating
deadline notifications via Line notify and Line
official, which informed staff about QC sample
submission schedules, increasing awareness
and improving on-time result submissions. In
phase 3, the results showed a positive trend in
which the delayed return of results improved
to 6.8%. This improvement was attributed
to notifications being sent through the Line
official to the responsible personnels and the
availability of clear documentation guidelines.
(Table 1)

Analysis of interviews with hospital
executives revealed that all six aspects were
positively aligned. These included having
a good format, appropriateness, continuous
development, convenience, efficiency,
reduction in workflow steps, reduced time,
reduced workload, and reduced costs.

This study demonstrates that the
application of self-developed information
technology in the management system of
POC Hematocrit testing control at Phukhieo
Chalermphrakiat hospital, Chaiyaphum
province, was proved to be effective and
satisfy user needs. This encompasses QC in
POC Hematocrit testing and usability of the

web application, resulting in cost savings.
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Abstract

Accurate assessment of ionizing radiation exposure is essential in the realm of biological
dosimetry, particularly in regions where unique environmental and demographic factors may
influence radiation responses. This study presents the development of dose-response curves for
gamma-ray-induced dicentric chromosomal aberrations in human lymphocytes, intending to
enhance radiological emergency preparedness in Thailand. Blood samples from a 39-year-old male
and a 32-year-old female were irradiated with Co-60 gamma rays at a dose rate of 0.574 Gy/min
across a dose range of 0-5 Gy. The lymphocytes were cultured and analyzed for dicentric chromosomal
aberrations following standard procedures recommended by the International Atomic Energy
Agency (IAEA). The dose-response curves were generated using a linear-quadratic model with
Biodose Tools v3.6.1 software. Accuracy assessment of the generated curves, for both individual
and pooled datasets, showed that the estimated radiation doses closely aligned with the actual
delivered doses. Statistical analysis using paired f-test and ANOVA revealed no significant
difference between the estimated doses from the individual and pooled curves. These findings
strengthen Thailand’s capability to assess radiation exposure in emergency situations and support

global efforts in biological dosimetry by establishing a reliable, locally generated reference curve.

Keywords: Radiological emergency preparedness, Radiation biodosimetry, Dicentric chromosomal

aberration, Dose-response curves, Radiological incidents
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Introduction

Radiological emergency preparedness
(REP) encompasses proactive measures
aimed at mitigating the impact of radiological
incidents or emergencies, which may result
from nuclear accidents, radiological terrorism,
or industrial mishaps. These events pose major
threats to public health, the environment,
and societal well-being, necessitating a
comprehensive approach to planning,
organizing, and implementing measures to
address them effectively.

Central to REP is radiation
biodosimetry-the assessment of radiation
exposure in individuals through the analysis of
biological samples such as blood or urine. This
process is crucial for several reasons. First, it
enables the accurate estimation of absorbed
radiation doses in affected individuals,
facilitating the evaluation of potential health
risks and the implementation of appropriate
medical management strategies. Second,
biodosimetry aids in identifying individuals
with high radiation doses, allowing emergency
responders and healthcare professionals to
prioritize medical treatment for those at
increased risk of radiation-related health
effects.” Third, radiation biodosimetry
contributes to the broader public health
response by providing data on radiation
exposure and assisting public health authorities
in assessing the overall impact of radiological
incidents on affected populations. This

information informs decisions regarding
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resource allocation, medical team deployment,
and the implementation of protective measures,
such as evacuation or sheltering, to reduce the
risk of exposure.(z)

The evolution of radiation biodosimetry
capabilities and infrastructure in Thailand has
been influenced by past radiological incidents,
such as the Co-60 radiation accident in Samut
Prakan province in 2000 and the recent Cs-137
incident in Prachinburi province in 2023.%
These incidents underscore the importance
of preparedness efforts and highlight the
need for accurate dose estimation tools, such
as dose-response curves, to assess radiation
exposure accurately. In addition to these
well-documented events, Thailand faces
potential risks from radiation-related incidents
in medical and industrial contexts. While
specific reports or publications on such events in
Thailand are limited, similar incidents reported
in other countries provide insight into potential
risks. For instance, accidental overexposure in
hospitals caused by equipment malfunctions or
operator errors during radiotherapy procedures
has been documented in several countries.””
Likewise, improper handling of radioactive
materials in industrial applications, such
as non-destructive testing or equipment
calibration, poses a significant risk of radiation
exposure if not managed appropriately.(z’ ¥

Although these incidents are often
less severe than large-scale radiological
emergencies, they underscore the ongoing risks

associated with mismanagement of radiation
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sources. Addressing these risks requires
sustained efforts to enhance radiological
emergency preparedness in Thailand, including
the development of reliable biological dosimetry
tools such as dose-response curves. These tools
are essential for accurately assessing potential
radiation exposure and guiding effective
emergency responses.

To address these challenges, Thailand
established the Thai Biodosimetry Network
in 2015, with the Office of Atoms for Peace
(OAP) playing a pivotal role as the main
agency and coordinator. The Network’s
activities focus on action planning, public
knowledge dissemination, and expertise
advancement in biodosimetry through research.
Central to these efforts is the construction
of dose-response curves, essential tools for
accurately estimating absorbed radiation doses
and assessing associated health risks during
radiological incidents or accidents.

Numerous techniques exist for
radiobiological evaluation(s), with the dicentric
chromosome assay (DCA) being widely
recognized as the gold standard due to its
high accuracy.” DCA entails identifying
abnormalities in the chromosome structure,
particularly dicentric chromosomes within
lymphocytes, and quantifying structural
abnormalities to construct dose-response
curves. Standard dose-response curves from
Co-60 radiation sources using the DCA
technique have been established in various

. . . . (T . 8
countries, including Malaysm,() Spam,()
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Germany,(g) Vietnam,(m) Brazil,(l b India,m) and
China."” In Thailand, there is a notable scarcity
of standardized radiation dose-response curves.
While some standard curves exist for gamma
rays from Cs-137 sources using the DCA and
premature chromosome condensation (PCC)
techniques,(m these do not encompass the
diversity of radiation sources used in various
fields. Consequently, there is a pressing need
to enhance personnel capabilities and maintain
preparedness. Previous studies have suggested
that biological factors, such as gender, may
influence the frequency of chromosomal
aberrations after radiation exposure, which
could lead to variations in dose-response
relationships."*™"” This study aimed to address
this need by detailing the development of
standardized Co-60 dose-response curves using
the DCA technique, with a specific focus on
gender comparisons to account for potential
variations in radiation responses. Additionally,
the paper rigorously assessed the accuracy of
these curves by evaluating their performance

in estimating unknown radiation doses.

Materials and methods
1. Blood collection

Approval for the research was obtained
from the Ethical Clearance Committee, Faculty
of Medicine Ramathibodi Hospital, Mahidol
University (Ref: COA. MURA2022/489),
ensuring compliance with ethical guidelines.
All blood donors provided informed consent

prior to participation.
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To minimize confounding factors in
the development of dose-response curves, we
carefully selected two healthy individuals-a
39-year-old male and a 32-year-old female-
with normal complete blood count results and
no recent history of radiation exposure.*'®
Additionally, we accounted for key variables that
could influence chromosomal radiosensitivity,
including the donors’ occupational, lifestyle,
environmental, and medical history. Both
donors were non-smokers, had no history of
chronic medical conditions, were not taking
any medication that could affect radiation
response, and had no recent exposure to
diagnostic or therapeutic ionizing radiation.
The donors were not engaged in occupations
involving radiation or chemical exposure.
Venous blood was collected using a needle
into vacuum tubes containing lithium heparin
as an anticoagulant, ensuring the integrity of

samples for analysis.

2. Irradiation

Whole blood samples were collected in
lithium heparin tubes and placed in a water-filled
phantom to maintain a temperature of 37°C."
Irradiation was conducted at the Bureau of
Radiation and Medical Devices, Department of
Medical Sciences, Ministry of Public Health,
using a Co-60 radiation source at a dose rate of
0.574 Gy/min. Doses ranging from O to 5 Gy
were administered. The irradiation doses were
verified using a calibrated ionization chamber

dosimeter positioned at the same location as the
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samples during irradiation. The dosimeter was
calibrated according to the standards set by the
IAEA to ensure the accuracy and consistency
of the delivered doses. Following irradiation,
the blood samples were incubated at 37°C for
2 hours to facilitate DNA repair before cell

. 14
culturing."”

3. Lymphocyte culturing and slide preparation

Short-term lymphocyte cultures were
established using whole blood and aseptic
techniques were applied throughout the process
to maintain sample integrity. The culture
medium consisted of RPMI11640 supplemented
with 20% fetal bovine serum, 1% Penstrep, and
phytohemagglutinin, along with Colcemid at
final concentrations of 0.06 mg/mL and 0.05
Mg/mL, respectively.(m The cultures were
placed in a CO2 incubator at 37°C for 48 hours
to initiate cell division.

Following incubation, the cells were
harvested using a hypotonic solution (0.075M
KClI), which helps to swell the lymphocytes
and facilitate chromosome spreading. The
harvested cells were then fixed with Carnoy’s
solution, spread onto slides, and stained with
a 5% Giemsa solution in Wise buffer for

. 14
analys1s.( '

4. Chromosome aberration scoring

An automated metaphase finding
system, the Carl Zeiss Axio Imager and
Metafer (MetaSystems; Germany), was

utilized to locate and save cell images for
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analysis. Chromosomes from metaphase cells
were selected for analysis if they exhibited
45-46 centromeres, which corresponds to the
expected number of centromeres in a normal
diploid human cell. A typical healthy human
cell contains 46 chromosomes, each with one
centromere, but radiation exposure can induce
the formation of dicentric chromosomes-
chromosomes with two centromeres-leading
to cells with 45 centromeres being included
in the analysis.(6) At least 100 dicentrics were
examined from metaphase cells, or a minimum
of 1,000 cells were analyzed per analysis,
following standard procedures for biological

. 6
dos1metry.( k

5. Statistical Analysis

Linear-quadratic dose-response curves
were generated using the Biodose Tools program
(version 3.6.1), an open-source software
developed under the umbrella of the Running
the European Network of Biological and
Retrospective Physical Dosimetry (RENEB)."”
This software facilitated the analysis and
interpretation of data obtained from the
experiments, considering the linear-quadratic
relationship between the number of chromosomal
abnormalities and radiation dose.

The dispersion index (o?%/) and
its normalized unit (u#) for each dose were
calculated to assess whether the dicentric
frequency conformed to the anticipated Poisson
distribution following gamma irradiation. The

calculation utilized Equation (1) provided
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in the International Atomic Energy Agency
(IAEA) manual,” where N represents the
number of analyzed cells and X denotes the

number of detected dicentrics.

u=(2-1) [= o

y 2(1-%)

Dispersion index values approaching
1 and u values within the range +1.96 suggest
compliance with the Poisson distribution,
whereas u values exceeding 1.96 indicate
data overdispersion, and u values below -1.96
signify underdispersion."®

The goodness-of-fit test for
homogeneity was conducted using the Biodose
Tools software. The Pearson’s correlation
statistic was used to establish the correlation
between the delivered dose and dicentric

frequency, with significance assessed at the

5% level (p < 0.05).

6. Dose estimation in blind samples

To validate the accuracy of the
generated dose-response curves, peripheral
blood samples were collected from six
volunteers (three males aged 30, 39, and 40
years, and three females aged 22, 22, and
32 years), with no history of occupational
radiation exposure. Careful consideration was
given to potential confounding factors related
to the donors and blood sampling. All donors
were non-smokers, free from chronic medical
conditions, and not taking any medications that

could influence radiation response.
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The blood samples were exposed to blind
doses of gamma radiation from a Co-60 source,
with three doses equally distributed within the
0-5 Gy range for both sexes to facilitate
comparative analysis. After a 48-hour
incubation period, slides were meticulously
prepared, and dicentric scoring was performed
blindly to minimize bias, ensuring that scorers
were unaware of the dose information.
The radiation doses were then estimated
using the established calibration curve
equations. This comprehensive methodology
was designed to rigorously evaluate the reliability
and precision of the dose-response curves in
accurately estimating radiation doses from the

blind samples.
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Results
1. Generation of gamma radiation dose-response
curves

Blood samples from a male volunteer
aged 39 years and a female volunteer aged
32 years were exposed to gamma radiation
from a Co-60 radiation source at a rate of
0.574 Gy/min. Analysis revealed that at
a radiation dose of 0 Gy (non-irradiated
samples), no cytogenetic abnormalities were
detected. However, as the radiation dose
increased, a higher number of cytogenetic
abnormalities were observed (Fig. 1),
showing a clear dose-response relationship
(Fig. 2).

- s
s . 0‘0
*tf’o )

(b)

Fig. 1 Metaphase cells from (a) control group (0 Gy) and (b) those irradiated with 5 Gy showing

dicentric chromosome abnormalities (indicated by pointed arrows).
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Fig. 2
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The analysis of dicentric distribution
in the blood samples from the male and female
volunteers (Tables 1 and 2) demonstrated
an association between dicentric frequency
(Y) and an elevated radiation dose (D). The
dicentric distribution was consistent with a
Poisson distribution, with dispersion index
(0%Y) values mostly close to 1.

The population mean (u value) fell
within the range * 1.96, with values ranging

from -1.55 to 1.58 for males and from -1.82
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to 0.99 for females, indicating an appropriately
distributed dataset. Upon combining data from
Tables 1 and 2, it was evident that the results
were consistently aligned in the same direction.
Specifically, the majority of dispersion index
values were close to 1, with the population
average remaining within the range * 1.96.
An exception occurred at a radiation dose of
0.75 Gy, where the u value equaled -2.22,
since a u value less than -1.96 implies an

underdistribution (Table 3).

Table 1 Frequencies and distributions of dicentrics in male lymphocytes following 0-5 Gy ®Co

gamma irradiation.

Dicentrics/ Dispersion

Dose Cells Dicentrios Distribution of dicentrics ol o i
scored 0 1 2 3 4 5 6 7 v © 2/Y) value

0.0 1,000 0 1000 O 0.000 - -
0.10 1,000 4 996 4 0.004 1.00 -0.08
0.25 1,000 9 991 9 0.009 0.99 -0.19
0.50 1,000 29 972 27 1 0.029 1.04 0.93
0.75 1,000 69 931 69 0.069 0.93 -1.53
1.0 896 100 799 94 3 0.112 0.95 -1.08
2.0 271 100 193 59 16 3 0.369 1.13 1.58
3.0 123 100 59 35 22 7 0.813 1.06 0.44
4.0 69 102 13 22 25 7 1 1 1.478 0.75 -1.48
5.0 45 101 1 14 13 9 6 2 2.244 0.67 -1.55
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Table 2 Frequencies and distributions of dicentrics in female lymphocytes following 0-5 Gy *°Co

gamma irradiation.

Distribution of dicentrics

Dicentrics/ Dispersion

Dose Cells Dicentrics cell index 4
scored 0 1 2 7 v © 2/Y) value

0.0 1,000 0 1,000 0.000 - -
0.10 1,000 4 996 4 0.004 1.00 -0.08
0.25 1,000 10 990 10 0.010 0.99 -0.21
0.50 1,000 38 962 38 0.038 0.96 -0.84
0.75 1,000 72 928 72 0.072 0.93 -1.60
1.0 710 100 618 84 8 0.141 1.02 0.39
2.0 311 100 226 70 15 0.322 0.98 -0.23
3.0 188 100 104 69 14 0.5632 0.81 -1.82
4.0 95 101 32 34 20 1.063 0.88 -0.85
5.0 64 100 14 21 16 9 1 1.562 1.18 0.99

Table 3 Frequencies and distributions of dicentrics in human lymphocytes following 0-5 Gy ®Co

gamma irradiation (pooled data from two donors).

Cells Distribution of dicentrics Dicentrics/ Dispersion

Dose Dicentrics cell index
scored 2 value

0 1 2 3 7 ) (O°7Y)

0.0 2,000 0 2,000 0.000 - -

0.10 2,000 8 1,992 8 0.004 1.00 -0.12
0.25 2,000 19 1,981 19 0.009 0.99 -0.29
0.50 2,000 67 1934 65 1 0.033 1.00 -0.10
0.75 2,000 141 1859 141 0.070 0.93 -2.22
1.0 1,606 200 1417 178 11 0.124 0.99 -0.39
2.0 582 200 419 129 31 3 0.344 1.06 0.99
3.0 311 200 163 104 36 8 0.643 0.96 -0.50
4.0 164 203 45 56 45 16 1.238 0.84 -1.44
5.0 109 201 15 35 29 18 1 1.844 0.97 -0.18
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Dose-response curves were generated
using the Biodose Tools program for the
analysis of data from Tables 1, 2, and 3
for radiation dose and dicentric frequency.
The resulting curves conformed to a linear
quadratic equation, Y = C + OD + ﬁDZ
where Y represents dicentric frequency and
D represents the radiation dose (Fig. 2). The
coefficients Ol and f), calculated from male,
female, and combined data (Table 4), were
validated for significance using the 7-test. High
t-values with low p-value (< 0.001) indicate

that the coefficient is statistically significant.
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The #-value for both linear (QL) and quadratic
(ﬁ) terms are relatively high, meaning the
model’s relationship with D is well-supported.
The intercept (C), with its low f-value and
high p-value, suggests it can be considered
negligible or statistically insignificant.
Comparison of the dose-response
curves between male and female groups using
ANOVA, resulting in a very low F-statistic
(6.46 x 10’6) and a very high p-value (0.998),
indicates that there is no statistically significant
difference between the linear (QL) and quadratic

([3) coefficients of the male and female groups.

Table 4 Fitted linear (O) and quadratic (B) yield coefficients, goodness-of-fit parameters, and

ANOVA comparison for male and female dose-response curves.

Donor Coefficient Estimate Standard error t-statistic p-value
Male C 0.00000 0.00000 0.000 1.000
o 0.02225 0.00722 3.080 <0.001
§ 0.08499 0.00567 14.98 <0.001
Female C 0.00000 0.00356 0.000 1.000
o 0.05623 0.01212 4.638 <0.001
§ 0.05085 0.00547 9.299 <0.001
Pooled C 0.00000 0.00202 0.000 1.000
o 0.03964 0.00818 4.846 <0.001
§ 0.06621 0.00422 15.68 <0.001
ANOVA Male and female comparison F=6.46 x 10° p =0.998
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2. Testing accuracy of generated dose-response
curves

The accuracy of the generated
dose-response curves was assessed separately
for the male, female, and combined datasets
(Table 5). The analysis shows that the
estimated radiation doses from individual
and pooled curves are relatively close, with
variations from the actual dose delivered
ranging between slight underestimations and
overestimations. The largest negative variation
is observed in Test 1 (M) for the pooled curve
(-27.76%), while the individual curve shows
a smaller deviation (-18.90%). In Test 2 (M)
and Test 3 (M), pooled estimates tend to have a
slightly higher positive deviation (e.g., 12.91%
for Test 2) compared to individual estimates
(e.g., 7.55% for Test 2). For the female group,
the variations for both individual and pooled

curves show smaller differences compared to
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the male group, indicating more consistent dose
estimation. Notably, Test 6 (F) shows minimal
variation in the individual curve (-0.13%) but
a larger negative deviation in the pooled curve
(-7.06%).

These deviations from the delivered
doses indicate that while pooled data can
provide a general estimation, individual fitted
curves potentially yield more tailored results.
However, the statistical analysis of these
estimates using a paired f-test show a large
p-value (0.8955), and a t-value much smaller
than the critical value. This finding is reinforced
by the ANOVA test, where the p-value is also
very high (0.9899), and the F-value is much
smaller than the critical value. Both the paired
t-test and ANOVA results indicate that there is
no significant difference between the individual

and pooled estimated doses.
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Table 5 Estimation of absorbed dose in blind samples.
Estimated dose (Gy)
Test Dose Dicentrics/
es icentrics, i ioti ioti
Sex delivered Cells Dicentrics | Individual Variation Pooled Variation
no. ce : -
Gy) oo fitted curve from dose fitted curve from dose
(95%Cl) delivered (95%Cl) delivered
1 M 0.5 1,000 23 0.023 0.41 -18.90% 0.36 -27.76%
(0.30-0.52) (0.26-0.48)
2 M 1.50 389 100 0.257 1.61 7.55% 1.69 12.91%
(1.44-1.79) (1.50-1.89)
3 M 3.0 127 100 0.787 2.92 -2.81% 3.16 5.44%
(2.62-3.23) (2.83-3.52)
4 F 0.5 1,000 42 0.042 0.51 2.20% 0.55 10.20%
(0.40-0.64) (0.44-0.67)
5 F 1.50 482 100 0.207 1.54 2.75% 1.49 -0.27%
(1.35-1.74) (1.32-1.68)
6 F 3.0 160 100 0.625 2.99 -0.13% 2.79 -7.06%
(2.66-3.35) (2.49-3.10)

Paired t-test: t-value = -0.1381, p-value (two-tail) = 0.8955, t crit (two-tail) = 2.5706

ANOVA: F-value = 0.0002, p-value = 0.9899, F crit = 4.9646

95% Cl refers to the range of estimated radiation doses in Gy at the 95% confidence level.

Discussion

The findings of this study provide
valuable insights into the generation and accuracy
testing of gamma radiation dose-response
curves, highlighting the dose-dependent nature
of cytogenetic abnormalities. The observed
increase in dicentric chromosome frequency
with escalating radiation dose aligns with prior
research, confirming a predictable biological
response to gamma radiation exposure.(zo'z”
This trend supports the robustness of dicentric
chromosome analysis as an effective biomarker

for assessing radiation exposure. The analysis

demonstrated a clear association between
dicentric frequency and increasing radiation
dose, underscoring the stochastic nature
of radiation-induced DNA damage. The
consistency of dicentric distribution with
a Poisson distribution, characterized by
dispersion index values close to 1, aligns with
the inherent randomness of chromosomal
aberrations induced by ionizing radiation.””
This stochastic characteristic was further
supported by population mean (u) values
remaining mostly within the range of + 1.96,

validating the distribution’s appropriateness.
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The generation of dose-response
curves using the linear quadratic equation
(Y =C+ OD + D% demonstrated the model’s
suitability for characterizing the relationship
between radiation dose and dicentric frequency.
The significance of the linear (OL) and quadratic ([5)
coefficients, as confirmed by high #-values and
low p-values (< 0.001), reinforced the reliability
of the model. The F-test results further validated
the use of this equation, confirming the
appropriateness of linear-quadratic curves for
describing biological responses to radiation
exposure.®*” These findings were consistent
with earlier studies using gamma rays from
cobalt-60 at a similar dose rate within the

(11,24-25)

0-5 Gy range, supporting the broader
applicability of the study’s methodology.

An interesting observation in this
study was a u value of -2.22 at a radiation dose
of 0.75 Gy, observed in pooled data, indicating
underdistribution in the dicentric chromosome
frequency. Underdistribution may arise due to
several factors, including biological variability,
experimental conditions, or methodological
limitations. Biological factors, such as
variations in cellular radiosensitivity or DNA
repair mechanisms, may have contributed
to this finding."” Experimental conditions,
including inconsistencies in cell handling
or scoring, could also introduce variability.
Additionally, methodological constraints,
such as the number of scored cells at this
dose level, might have amplified Variability.(é)

Future studies should consider increasing the

Benchawan Rungsimaphorn et al.

number of scored cells at intermediate doses
and incorporating a larger pool of donors to
better understand and address such anomalies.

The current study adhered to standard
biodosimetry procedures, analyzing at least
100 dicentrics or a minimum of 1,000 cells per
sample, consistent with established guidelines.
However, at lower radiation doses, where
dicentric frequencies are low, scoring a larger
number of cells becomes essential to reduce
variability and improve the reliability of dose
estimations.® Increasing the number of scored
cells at lower doses to enhance the precision
and robustness of dose-response curves should
be considered in further research.

Another limitation of this study is the
small number of donors, which may impact
the statistical power and generalizability of the
findings. The current study included only two
donors (a 39-year-old male and a 32-year-old
female), selected to limit variability introduced
by age-related factors. While this approach was
suitable for a preliminary study, a larger sample
size encompassing a broader range of donor
ages and biological characteristics is needed
for future research. Including at least
three donors, as recommended by biodosimetry
guidelines, would enhance the robustness
of the dose-response curves. Expanding the
demographic diversity of donors could also
provide deeper insights into factors such as
age- or gender-specific variations in radiation
response, improving the applicability of the

15
results."”
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The accuracy testing of the generated
dose-response curves revealed that estimated
radiation doses from both individual and
pooled data showed close alignment with
actual delivered doses. While deviations
were observed (e.g., -27.76% in pooled male
estimates and -18.90% in individual male
estimates), they remained within acceptable
ranges for biological dose estimation. Notably,
female-specific data exhibited smaller
variations, suggesting more consistent dose
estimations. These findings partially align with
prior research, such as Narendran et al."”
which identified potential gender-specific
differences in radiation-induced chromosomal
damage. They suggested that females exhibit
lower frequencies of chromosomal aberrations,
potentially due to biological factors such
as hormonal influences or DNA repair
mechanisms. The smaller percentage errors
observed in female-specific estimations in
this study corroborate these findings, although
the limited sample size precludes definitive
conclusions.

This study extends the work of

Rungsimaphorn et al.,'""

who previously
established dose-response curves for Cs-137
gamma rays in Thailand using the dicentric
chromosome assay. By focusing on Co-60
gamma radiation, this study broadens the
scope of standardized dose-response curves
available for use in Thailand, addressing

different radiation sources relevant to various

fields. Furthermore, this study introduces
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gender-specific analyses and validates the
generated curves using blind samples, enhancing
their practical applicability in real-world
radiological emergencies. These contributions
not only fill critical gaps in Thailand’s radiation
biodosimetry capabilities but also provide a
foundation for further research.

While the current findings contribute to
understanding the generation and application of
gamma radiation dose-response curves, further
research is needed to enhance generalizability.
Increasing the sample size in future studies
would provide a more robust dataset to better
explore potential gender-specific responses.
Additionally, expanding the range of radiation
doses studied could improve the understanding
of dose-response relationships across different
exposure scenarios, providing greater flexibility
in practical applications of biodosimetry.
These steps would significantly strengthen the
reliability of dose-response curves and their
application in diverse radiological contexts,
ultimately enhancing radiological emergency

preparedness in Thailand.

Conclusion

The successful development of
standardized Co-60 dose-response curves
using the dicentric chromosome assay marks
a significant advancement in radiological
emergency preparedness in Thailand. By
providing a robust tool for accurately estimating
radiation exposure, this work has strengthened

the country’s ability to respond effectively
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to radiological incidents. The validated
dose-response curves offer a reliable method
for radiation dose estimation, ensuring precise
assessments for individuals in the event of a
radiological emergency. This advancement in
radiation biodosimetry capabilities is crucial
for prompt and effective response efforts
and safeguarding public health and safety.
In summary, the development of standardized
Co-60 dose-response curves based on the
dicentric chromosome assay represents
an important contribution to enhancing
radiological emergency preparedness in
Thailand and ensuring the country’s readiness
to mitigate the impact of radiological incidents

on its population.
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Assessment of Phlebotomy Carts Designed for
Bedridden Patients at Nopparat Rajathanee Hospital

Supit Phokhao*

Department of Clinical Pathology, Nopparat Rajathanee Hospital, Bangkok, Thailand

Abstract

Facilitating phlebotomy services to ensure that patients receive thorough care and
maximum safety is a crucial aspect of medical laboratory management. This research aims
to assess the appropriateness of phlebotomy carts designed for bedridden patients. The tools
used in the study included the phlebotomy carts designed for bedridden patients and a
questionnaire. The target groups were selected purposefully, consisting of 17 staffs of Nopparat
Rajathanee Hospital, 9 patients, and 21 patients’ relatives (in cases where patients could not
provide information). Personal data was analyzed using descriptive statistics, presented in the form
of frequency distribution, minimum value, maximum value, mean, and standard deviation.
For continuous data with non-normal distribution, analyses were performed using the median
and interquartile range (IQR), with the criteria being a median > 3.50 and an IQR < 2.00.
The study results on the appropriateness scores of the phlebotomy carts designed for
bedridden patients showed that the Nopparat Rajathanee Hospital staff rated the device at a
medium level, with the highest scores in creativity, followed by modernity, ease of mobility,
cleanliness of the materials and equipment for phlebotomy services, and durability,
respectively. Patients rated the device as highly appropriate, with the highest scores in
modernity, followed by safety, compactness, ease of mobility, creativity, and durability,
respectively. Patients’ relatives also rated the device as highly appropriate, with the highest
scores in safety, followed by compactness, ease of mobility, creativity, modernity, and durability,
respectively. To evaluate the appropriate of the phlebotomy carts designed for bedridden
patients, it was found that the median appropriate rating from the Nopparat Rajathanee Hospital

staff is approximately 4.0, with an interquartile range (IQR) between 3.5 and 4.5. Meanwhile,
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the median appropriate rating from the patients and patients’ relatives is approximately 4.5,
with an IQR between 4.0 and 5.0. The phlebotomy carts designed for bedridden patients
is highly appropriate for use, as it facilitates convenience, ensures safety, and enhances the

efficiency of services.

Keywords: Phlebotomy services, Phlebotomy carts designed for bedridden patients,

Bedridden patients
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Fig. 1 Venipuncture services provided in the phlebotomy room on the first floor of the Chaloem Phrakiat

Building.
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Fig. 2 Venipuncture services with a small plastic basket containing necessary equipment.
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Fig. 3 Components of phlebotomy carts designed for bedridden patients.
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Fig. 4 Venipuncture service with phlebotomy carts designed for bedridden patients.
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(Table 1)

Table 1 Age and gender of Nopparat Rajathanee Hospital staff, patients, and patients’ relatives.

Number
Age
Hospital staff Patients Patients’relatives
(years)
Male Female Male Female Male Female

<21 0 0 0 0 0 1
21-30 0 4 0 0 0 3
31-40 0 5 0 0 1 2
41-50 0 4 1 0 1 2
51-60 0 4 0 0 - 3
61-70 0 0 0 1 1 5
71-80 0 0 0 3 0 1
81-90 0 0 2 1 0 1

>90 0 0 1 0 0 0

total 0 17 4 5 3 18
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Table 2 Appropriateness scores for Nopparat Rajathanee Hospital staff (N = 17).

Appropriateness (n) Appropriateness

Questionnaire

Very Appropriate Moderate Low Least None level

1) Safety 3 7 7 - - - Appropriate

2) Modernity 6 6 5 - - - Appropriate

3) Compactness 6 3 6 2 - - Appropriate

4) Durability 6 4 5 2 - - Appropriate

5) Ease of Mobility 6 7 2 2 - - Appropriate

6) The materials and equipment 3 6 6 2 - - Appropriate
for phlebotomy services are
suitable for stretcher.

7) The materials and equipment - 4 7 5 1 - Moderately
for phlebotomy services are appropriate
suitable for use.

8) The materials and equipment 1 9 3 4 - - Appropriate
for phlebotomy services are
provided services.

9) The materials and equipment 1 13 3 - - - Appropriate
for phlebotomy services are
clean.

10) Creativity 7 5 5 - - - Appropriate
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Table 3 Appropriateness scores for patients.
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Appropriateness (n)

Appropriateness

Questionnaire

Very Appropriate Moderate Low

level

Least None

1) Safety 5 4 -
2) Modernity 6 3 -
3) Compactness 5 4 -
4) Durability 4 3 2
5) Ease of mobility 5 3 1
6) Creativity 5 3 1

Very appropriate
Very appropriate
Very appropriate
Very appropriate
Very appropriate

Very appropriate

dmiuazuuuaNNmINzaNve 9ol
mzdenildnnand dail (1) ﬂaaﬂﬁﬂmﬂﬁq@
9 au), n (11 au) wazthunaw (1 aw)
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thunas (4 au) wazties (1 Au) (3) nziada
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10 (9 aw) wazthunana (5 au) (5) Anudzain
°lumim?;au€hﬂmﬂﬁqﬂ (10 au), 1A (10 Au)

wazthunaa (1 au) waz (6) ANNARENIAIIA
mﬂﬁqﬂ (7 aw), n (11 au) wazthunana 3 aw)
NNYBYAAINANIVLAUNAZUUUANMIINZANVD
gnsslmzideniilinnandedlusziugega Toe
azunumulaeafbgaga munmenziiadarnzedy
anuazanlumsiaaeuihe anudnadeassd
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(Table 4)
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Table 4 Appropriateness scores for patients’ relatives.

Appropriateness (n) Appropriateness
Questionnaire
Very Appropriate Moderate Low Least None level

1) Safety 9 11 1 0 0 0 Very appropriate
2) Modernity 8 8 4 1 0 0 Very appropriate
3) Compactness 8 11 2 0 0 0 Very appropriate
4) Durability 7 9 5 0 0 0 Appropriate
5) Ease of mobility 10 10 1 0 0 0 Appropriate
6) Creativity 7 11 3 0 0 0 Appropriate
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(3) niiafarazdniiaA1 median 4.0 wae
interquartile range 2.0 (4) ufausanumuil
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interquartile range 2.0 (6) Jaauazgunsaidmiy

Hlumsinzidensenuuuminzdmiviaueu
Ae median 4.0 uaz interquartile range 1.0
(7) JaquazgUnsaidimivlslumsiaiziden
MU1zAaN151FIUNA1T median 3.0 uaz
interquartile range 1.0 (8) ﬁ’a@uazqﬂnﬁtﬁmzlﬁaﬂ
mangdmiuihanTiusmsiien median 4.0 wag
interquartile range 1.0 (9) ’J’ﬁqttﬁ:qﬂﬂiiﬁ
dwmiulFlumsinzidendyoiaiisn median 4.0
uay interquartile range 0.0 waz (10) ANuAA
a3519a55A%A1 median 4.0 uas interquartile
range 2.0 (Table 5)



mstszidiugdnsalinzidenioanuyuiiedsvyimawavey Traweniaunsausnvsil 9529

Table 5 Median and interquartile range of the appropriateness scores for phlebotomy carts designed for
bedridden patients, as assessed by Nopparat Rajathanee Hospital staff: median > 3.50 and

interquartile range < 2.00 (N = 17).

Questionnaire Median Interquartile Interpretation
(Range) Range
1) Safety 4 (0-5) 1.00 Appropriateness
2) Modernity 4 (0-5) 2.00 Appropriateness
3) Compactness 4 (0-5) 2.00 Appropriateness
4) Durability 4 (0-5) 2.00 Appropriateness
5) Ease of mobility 4 (0-5) 2.00 Appropriateness
6) The materials and equipment for phlebotomy 4 (0-5) 1.00 Appropriateness
services are suitable for stretcher
7) The materials and equipment for phlebotomy 3 (0-5) 1.00 Inappropriateness
services are suitable for use
8) The materials and equipment for phlebotomy 4 (0-5) 1.00 Appropriateness
services are provided services
9) The materials and equipment for phlebotomy 4 (0-5) 0.00 Appropriateness
services are clean
10) Creativity 4 (0-5) 1.00 Appropriateness

Glusllmzﬁﬂ1§ﬂi$Lﬁi‘lﬂ')']ulﬂll'lzﬁllsllaq

¢ A N o X o
aUnsalizi@ennniFuLIMs dail (1) Yasasie
Af median 5.0 waz interquartile range 1.0
(2) YuatedroaIuiaAl median 5.0 waz
interquartile range 1.0 (3) AziaiavMINzdy

A median 4.0 uaz interquartile range 1.0

(4) wVausInuMuiar median 4.0 way
interquartile range 2.0 (5) Lﬂéaué’ﬁﬂﬁ‘zMﬂ
Af median 5.0 waz interquartile range 1.0
waz (6) ANNAATINATIANA median 5.0 uaz

interquartile range 1.0 (Table 6)
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Table 6 Median and interquartile range of the appropriateness score for phlebotomy carts designed

for bedridden patients, as assessed by patients: median > 3.50 and interquartile range < 2.00

(N =09).
Questionnaire Median (Range) Interquartile Range Interpretation
1) Safety 5 (0-5) 1.00 Appropriateness
2) Modernity 5 (0-5) 1.00 Appropriateness
3) Compactness 4 (0-5) 1.00 Appropriateness
4) Durability 4 (0-5) 2.00 Appropriateness
5) Ease of mobility 5 (0-5) 1.00 Appropriateness
6) Creativity 5 (0-5) 1.00 Appropriateness

ﬁ1W§Uﬂ1ﬁﬂi$Lﬁuﬂ31NLWN1$ﬁN“\I@Q

Cd - a s Z o A g

gunsalinzidennnand deil (1) Uaeaduiia

median 4.0 (¥ interquartile range 1.0 (2) Miude
= . . .

789918 UA1 median 4.0 Way interquartile

range 2.0 (3) nzfinianzauia median 4.0

uay interquartile range 1.0 (4) udausanumu

Af median 4.0 uaz interquartile range 2.0
(5) paoudneazaIniaAl median 4.0 ua
. . a % 4
interquartile range 1.0 waz (6) ANNAATINAIIA
i median 4.0 ua interquartile range 1.0
(Table 7)

Table 7 Median and interquartile range of the appropriateness score for phlebotomy carts designed for

bedridden patients, as assessed by patients® relatives: median > 3.50 and interquartile range

<2.00 (N = 21).

Questionnaire Median (Range)

Interquartile Range Interpretation

1) Safety 4 (0-5)
2) Modernity 4 (0-5)
3) Compactness 4 (0-5)
4) Durability 4 (0-5)
5) Ease of mobility 4 (0-5)
6) Creativity 4 (0-5)

1.00 Appropriateness
2.00 Appropriateness
1.00 Appropriateness
2.00 Appropriateness
1.00 Appropriateness
1.00 Appropriateness
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Fig. 5 Stem-and-leaf plot for Nopparat Rajathanee Hospital staff, patients and patients’ relatives.
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Fig. 6 Venipuncture service for wheelchair-bound patients using phlebotomy carts designed for

bedridden patients.
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Benjakul Water Extraction Prevents the Aging
of Kidney Cells in High-Fat Diet-Induced Obese Rats
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Abstract

Study on the effects of Benjakul extract in preventing kidney cell aging in 18 male
Sprague-Dawley obese rats, divided into 6 groups: a control group receiving a normal diet,
a high-fat diet group, a high-fat diet group supplemented with a low-dose water extract of Benjakul,
a high-fat diet group supplemented with a high-dose water extract of Benjakul, a group receiving
a high-fat diet with wild betel leaf water extract, and a group receiving a high-fat diet with metformin.
After a 4-week feeding period, the rats were assessed for body weight, blood sugar, insulin, blood
urea nitrogen (BUN), creatinine, and senescence-associated 3-galactosidase (SA-[3-gal) in the kidneys.
It was observed that the aqueous extract of Benjakul showed a tendency to reduce the body weight of
rat starting from week 1, and it demonstrated the most significant weight reduction in weeks 3 and 4
when compared to the group receiving a high-fat diet. High-dose Benjakul water extract showed the
highest insulin sensitivity, while low-dose Benjakul water extract and wild betel leaf water extract
had atendency to reduce BUN levels, indicating potential renal protection. In contrast, high-dose Benjakul
water extract and metformin showed a trend towards increased BUN levels, suggesting potential
kidney damage. Both low-dose and high-dose Benjakul water extracts demonstrated the ability
to reduce the density of SA-B-gal staining in kidney cells, indicating a potential anti-aging effect

on kidney cells in rat receiving a high-fat diet.

Keywords: Aging, Belly obesity, Benjakul water extraction, SA-f3-gal, Kidney
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Fig. 1 Effects of Benjakul extracts on body weights. Body weights are presented as the mean + SEM

(Standard error of the mean) for 6 groups of rats, with 3 rats per group. SCT, a control group

receiving a normal diet; SHF, high-fat diet group; SBL, a high-fat diet group supplemented with

a low-dose water extract of Benjakul (41.3 mg/kg body weight of the rat); SBH, a high-fat diet group

supplemented with a high-dose water extract of Benjakul (413 mg/kg body weight of the rat); SCP,

a group receiving a high-fat diet with wild betel leaf water extract; SMF, a group receiving a

high-fat diet with metformin. (‘indicates statistically significant differences at p < 0.05 using

one-way ANOVA).
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Fig. 2 Effects of Benjakul extracts on insulin levels. Insulin levels are presented as the mean + SEM

(Standard error of the mean) for 6 groups of rats, with 3 rats per group. SCT, a control group

receiving a normal diet; SHF, high-fat diet group; SBL, a high-fat diet group supplemented with

a low-dose water extract of Benjakul (41.3 mg/kg body weight of the rat); SBH, a high-fat diet group

supplemented with a high-dose water extract of Benjakul (413 mg/kg body weight of the rat); SCP,

a group receiving a high-fat diet with wild betel leaf water extract; SMF, a group receiving a

high-fat diet with metformin.
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Fig. 3 Effects of Benjakul extracts on blood urea nitrogen (BUN) levels. BUN levels are presented as

the mean + SEM (Standard error of the mean) for 6 groups of rats, with 3 rats per group. SCT,

a control group receiving a normal diet; SHF, high-fat diet group; SBL, a high-fat diet group

supplemented with a low-dose water extract of Benjakul (41.3 mg/kg body weight of the rat); SBH,

a high-fat diet group supplemented with a high-dose water extract of Benjakul (413 mg/kg

body weight of the rat); SCP, a group receiving a high-fat diet with wild betel leaf water extract; SMF,

a group receiving a high-fat diet with metformin.” indicates a statistically significant difference

compared to the SCT group and # indicates a statistically significant difference compared to

the SHF group at p < 0.05 using one-way ANOVA.
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Fig. 4 Effects of Benjakul extracts on creatinine levels. Creatinine levels are presented as the mean = SEM

(Standard error of the mean) for 6 groups of rats, with 3 rats per group. SCT, a control group

receiving a normal diet; SHF, high-fat diet group; SBL, a high-fat diet group supplemented with

a low-dose water extract of Benjakul (41.3 mg/kg body weight of the rat); SBH, a high-fat diet group

supplemented with a high-dose water extract of Benjakul (413 mg/kg body weight of the rat); SCP,

a group receiving a high-fat diet with wild betel leaf water extract; SMF, a group receiving a

high-fat diet with metformin.” indicates a statistically significant difference compared to the SCT group

and # indicates a statistically significant difference compared to the SHF group at p < 0.05

using one-way ANOVA.
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Fig. 5 Effects of Benjakul extracts on SA-B-gal in rat kidneys. Mean intensity of SA-3-gal in rat kidneys + SEM
(Standard error of the mean) (n = 3) SCT, a control group receiving a normal diet; SHF, high-fat diet group;
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of obese rats fed a high-fat diet across 6 groups, imaged under a microscope (400x magnification,
scale bar = 10 um). SCT, a control group receiving a normal diet; SHF, high-fat diet group; SBL,
a high-fat diet group supplemented with a low-dose water extract of Benjakul (41.3 mg/kg body weight
of the rat); SBH, a high-fat diet group supplemented with a high-dose water extract of Benjakul
(413 mg/kg body weight of the rat); SCP, a group receiving a high-fat diet with wild betel leaf

water extract; SMF, a group receiving a high-fat diet with metformin.
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Abstract

The learning management in the immunology course for medical technology students
revealed issues with understanding and integrating the components of the immune system,
as well as calculating serum dilution. To address these problems, the instructors introduced
a variety of activity formats designed to enhance both hard and soft skills of the students, in both
groups and individual settings. Each activity was tailored to match the individual characteristics
of the learners, based on the results of the learner analysis. The effectiveness of these activities
was evaluated using scoring rubrics and knowledge tests that had been validated for reliability.
The knowledge test results indicated that the activities improved students’ understanding of the
subject contents, while feedback from focus groups showed that students enjoyed the activities.
When comparing the learning outcomes over the past five years, it was found that adjusting
the learning management strategy led to better learning results and achievement of the course

learning outcomes.
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Table 1 Reliability of each examination, represented as Kuder-Richardson 20 (KR-20).

Tests KR-20
Pre midterm examination 0.76
Pre final examination 0.83
Comprehensive examination 0.74
Midterm examination 0.93

Final examination

0.94
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Fig. 2 Atmospheric picture from the role play activity about antigen presentation.
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Table 2 Data of students enrolled in the immunology | subjects in academic year 2020-2024.

Academic year 2020 2021* 2022 2023 2024
Number of students 146 207 146 237 202
Maximum score 85.5 85.8 83.2 88.2 89.8
Minimum score 38.5 42.5 36.9 42.5 46

Mean score 56.1 65.1 58.6 59.3 63.4
Standard deviation 8.8 9.4 8.1 9.4 10.2
Percentage of grade F 41 3.7 3.4 4.7 2.0

Percentage of grade D+ and D 53.4 24.0 56.2 52.3 37.3

* During the period of pandemic COVID-19, Learning and examinations were conducted online with no

mid-term and final exams, but rather multiple examinations.
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The Study of Application of Active Learning Activities for
Development of Learning Outcomes in Clinical Chemistry
and Soft Skills of Medical Technology Students

Chompunoot Sinthupibulyakit , Jirawat Pratoomwan, Penpak Moolthiya,
Kornwipa Wikainapakul, Panthip Rattanasinganchan, Nontawit Pirat

and Pavadee Chuaicharoen

Faculty of Medical Technology, Huachiew Chalermprakiet University,

Samut Prakan Province, Thailand

Abstract

This research aims to 1) develop learning outcomes in Clinical Chemistry and soft skills
through active learning activities, and 2) evaluate the students’ attitudes toward active learning
activities. The sample group consisted of 227 students enrolled in the Clinical Chemistry 3 course
at the Faculty of Medical Technology, Huachiew Chalermprakiet University. The research tools
included: 1) four active learning formats with three activities, 2) pre- and post-tests for active
learning activities, 3) an evaluation form for social skills across four aspects, 4) an attitude
assessment form for active learning activities, and 5) focus group discussions. The findings
revealed that students demonstrated significant development in Clinical Chemistry learning
outcomes, ranging from moderate to highly advanced levels, with statistically significant
improvement in post-learning test scores (p < 0.001). Soft skills scores also showed a statistically
significant increase after the active learning activities (p < 0.001), particularly in collaboration and
teamwork skills, which were rated highly advanced development. Additionally, students expressed
an excellent positive attitude toward active learning activities, with an average score of 4.56,
(S.D. = 0.44). In conclusion, the active learning approach effectively enhanced students’

understanding of the course content and fostered desirable soft skills.

Keywords: Active learning, Learning outcome, Soft skill, Medical Technology student

*Corresponding author E-mail address: chompunoot.sint@gmail.com
Received: 27 December 2024 Revised: 13 March 2025 Accepted: 5 April 2025



Nsmamaiamsunng U0 53 aUN 2 Fwnan 2568 INUFAURLY

= v A = Y A A W v d
MIANINMIIANINTTHMITHUITIFNNBNAINHAANS
M338UIBANATHALATNINHZINITIANVD
unfAnpnatiamsunnd

uWyn dugiiyasia 3530 Ysznuiu tiaines yades
a3 3feumna thuiing Seudaifaney wundse Twiad
waz AR BIYL938Y

AauzmATANIUNNg uMInenaeiiReuaaunsziysa saninaynsnms

[ v
UNnage
a v gdu 4 4' 4 L 4 =) vya a aAa 0 [
Q11~!]§]81~!N')ﬂﬂﬂi$ﬁiﬂLWE)WGNH1NﬁﬁWﬁﬂ’I§I,‘§€H~!§'J‘B1tﬂuﬂﬁuﬂttag‘ﬂﬂ}lgﬂ1ﬂﬁ¢lﬂu

Q
a

ya =) v . . =< a v =] d'd v v a
Iﬂﬂl‘lﬁﬂ%ﬂiiuﬂﬁtiﬂugt‘lﬁ‘gﬂ (active learning) HaZANHILINANVIIUNANHINNABNITIANINITN
M3IGIUIBIIN UV AetinAnmNamzidouGsunsdIriaingiin 3 amzmaiamsunnd

a v v = a = a o f-t; o 4' av A a = Y a
NNINNFETRLIRANNIZNYIA 11U 227 AU (AT NTFIHMIIVY Ao RINIINMIGEUITIIN
Bail 4 3wy 3 Aonssu wuunadeuaNNZNoULATHAININTIHMIG BN BTN wuulssdiniings
Madann 4 nu wuulszEinenafinemsIAMsBeu3BIIn LasmMIauNINgy HamMIVSNYIN
K S v v [v] 4 = va o aAa v Y K (Y] = v
inanpIiasnmImuraanimsGeudvalinainluszavaudssavgann lnglinzuuuanug

Q' g v Y] =S Y a 1 = K7 o aa =1 o v
MYUNAIMITAMIGoUTTINe BTN AYMedan (p < 0.001) HAzuuuiInEEMIFIAN

1 Al w = v a ] S v o 3 aAa S v v w
g9aNNABUMITAMS G BUIIBIFNINEITNAYMIEaA (p < 0.001) lagiviannmsmuiiny:

1 =1 o I~ = Y] = a1 U = Y Aa
mismmu,a"msmamn]mm“lm%mmmﬂ wazlIAAANBNIIANITTEUILBIINLAYTIN
Tuszavuamnn (mmaﬂ 4.56, Aot 0.44) azlanmsdamsGenidagnsreliindnmn
ummsmmwﬂﬂ‘lmuamuwLsﬂumumnsuuu,a LBIPLATNAT U N shnalszaadany
NNHZMIFIAN

mafny: M3GeudiBagn wadwsmsseud finuzmedaan dndnyimatiamaunnd

*Eﬁuﬁﬂ%uuwmm E-mail address: chompunoot.sint@gmail.com
SuunaNu: 27 Sunau 2567 wh lvunanu: 13 Jnau 2568 SUANNALNANN: 5 HE8U 2568



9572

UNIN
MIIAMIEIUMIaoUNEIBANAALN 3
Ky a £ == a 4 2/’ = d‘
dnSutdndnsunaidanisunnd $uila 3
Ao I'd d‘ Y o =R = F4 %
aguszasdmelimindnmniianidanudilouay
AinuImndn Faduaussauiinye (hard skills)
lumsasadaniiay (special test) NM¥ing
Uatamsiaiaatin Hudedudiuinyzmssoul
luaaissen 21 TasdamsGeuindumangug
wazmAlfia wanmMISeumsdounwIum
o X s oA X o
vosneInunuiymaidey Asillomianuein
%4
wardudeusnn uazdesorfeanuinugiunn
a A aa a A aa Q’

NAFUATARTLN 1 uazNgIraiaain 2 anwoule
wazthzgndlFlumsGen Funliindnndedlinm
wazanuwensnlumsGeuiegianniienany
% g ) a A aa 1 4
whlaiem MmIGeuneIvuailinain 3 dewald
o =R a Gl Y=L s s )
indAniAnanunIvatazidnnaduiumason
4! o Y o =R A‘ Y )
FahlvinAntimilosa nausagalalumsisou
waztiannzvualn (burn out)” usnAU
danansznuaenadugnomemsseuld msdnen

) 1 @ 2
NWUNUAANEN

VoaAIYs gniied uazams”
aQ 4 ?u’ A =
matiansunnd $udn 3-4 AANuyNYed
anugaudimeosnalluszdugy Fafaein
a  Ada X P o o ¥ A %
maGsunililemasudarinmlvitiaanusaum
=g = X
wazidniaiea wennnlifymnsszuaves
Tsalada-19 shlimsiSeumsdoudesdalu
¢ =y =
suvveaular FahisnsanaunumsGsumsden
Tutieasouassld Tnsmwzmsdeulumalfiiams
] 1 a Aa B Y o Y o =] IS
danadelszansmumsienu] siliindnzianm
k% z a o s 4 1 Y
Wiladiemanas wazUfdusiusszniadGeu
o Y o o ya (3) 1o.q Yo =
fudaeuuaziiseufiuiisouanas” iliindnwn
PIAMSHNITUTRNYL (soft skills) MIaNinue
o = R o o w =
nadean Fuduinuzddgluaalssun 21
s g 1 = 4 s s 13 4
duazipademsizoul maduduazmavhanuli

UszauanuadiSalulannimsuasuuilasedia

FUWUN FUTNYAEAD uazAa

a5

mutthrneaeaunuianniAsygng
wazdIANUImA aTuN 12 (W.f. 2560-2564)

14 1 a = =
gnsraniuiamAszer 20 1 wazunumsfni
UHITA W.A. 2560-2579 Tagdhiinnuansms
= © [ v o = Yy A
ammsfnen® NyadiumsdamsannIifGeud
ANNE AnANYME wazTinyzmIBouiludndsTi
21 eanndnemnuazsoulddreautes

9819A8Ll0IARDATIN

o = ¥ a . .
NMIIANITLIUILBIFN (active learning)

< o a ya o vy a
Wunszvaumsdamasouinaiulvgseu
IS 1 IS a a s o o a = v
Ndhudm waziiljduiusivanssumsGeul

a wva

[ Y A ¥V o o k24 1
ﬂ°1JaLiﬁluﬂ')ﬂﬂ‘uL't‘NLLaxﬂ‘iJf{‘JlﬁE]LlW’luﬂ’liﬂ{]U@]

Y Y
1
YA

MamsGeuinmvuauazannsadeuleaniny

Y

A vy a a v o <
LW@"D"JfJeLWWLiﬁluLﬂ@ﬂ’liliﬂuiﬂquwaﬁNq D
4

Pl

Y

d‘ Yo a e 4 é’u ! a
‘V]lil,ﬂiﬂﬁl”lﬂﬂﬁ]ﬂ‘i’iuﬂ”l’il,iﬂu;j UBNINUYIAILAIN
a 2 4 o 3 J
NOANTTNMTLIYUY ua:qmanym:waﬂs:mﬂmm

Y d' o k2 dl
ABguNmMvua lnguninnvesndou azilasuan

v

()

A v

WUIIYI8I0N '1ﬂﬂﬂﬂﬂﬂuimuéﬁﬂﬂizﬂ?uﬂ1i
(@)

L e

Y A 9

3 = 4 ope
LYUINITONDIUIINITZVIUNITLIIUS (facilitator)

U U

-

o

B 4 ¥ 12
Faau1sadanisiseuilasldyduvunisia

NINTINNUAINYIAY

WU MIFEUTUVTINNG
(collaborative learning) M3FELSUULUNUAIANNAR
(concept mapping) Mateuilaglfnuilugiu
(game-based learning) M3 L?it’lu%; uuvl¥nsaidnm
Lﬂugm (case-based learning) ﬂ”lil?iltluil,l,u‘]ﬂ%
Iﬂidmutﬂugiu (project-based learning)
msdduuLunadey (student generated exam
questions) miﬁﬂuiuuuLLamﬂ?]'ﬂummﬁﬂ
(think-pair-share) M3Geu3uuulANd (student
debates) M3GeUFUULNUMIUTAERFEY (student-
led review sessions) wamiﬁﬂmﬁauwﬁﬁ
iAeafumadamsiFouluny active learning
lurinfinszdvgandnyInudimMsiaianssu

M3GUTUY active learning FIeWaNOTNENT



msAnyImssanangsuMIGeuFIsagnionauInadns NS eu3 Iy UATAaTINUasinYNNEInAY

yaaunAnyuNATAMIUNNE

mamseu’'?

v 4
wazfinyrdhagluraissun 21
(U MIAMIATIZN MsdemIUazIanIan ATLEEN
aieassnuazuiangsy msanegeiiNTaaNN
wazudifarn masudlsuazmsvhanudunn" ™
o 3,’ YA v 2 A d' ==
fatiu amziITedalianuaulanezAnyinaves
o a oy . . =
M3daMsFeusuuy active learning Fadu
o d 9/‘#‘ 4 ) I o o ts’
msdanszvaumsGeuindiudGeududdg e
Wannwadnwimsseuiuasinysmaedaauliiiy
o = a 4 o I’
dnAnyunatianmsunnd Tasiinglszafves
m3ide eiannwadwsmsGeuivialiaain
waziinyzmadanuvetindngmemsiamaiseu;
WUL active learning uaztiNofAn¥1LIAARVDI
infnmnddemsdananssumaGeuiuvy active
learning
w adg
ﬁquﬂ%?ﬁﬂ1§
N P 2

msAnasaldumanfouuimaans

(quasi-experimental research) ‘vﬁﬂﬂfjmam
Y

Jananouuaznasmitiumside uddeilaiy
MITUTDININAMULATINAITIIOFITIUNITIVY
UMIINYIFITRALURANNITZLATA (HCU-

EC1467/2567)

1. eegantwlumsanen

v v
v A A o

ngudmegalumsideaiail Aetindnin
famzifoudounednaiinain 3 anzmaina
MIuNNg NINOFeRYIRAUNIZ LAY
mMAMIANET 2 TMsnen 2566 $119u 229 Au
Tnoilinamidgad de dndAnmiiasFousoin
gananuazldinnudueendnsinmside was
Inaidasan AetinAnEiiasdouneIndndn
ua LiadiasladnsinmadeviseasuneInszning
AAMIANET AaANIIIReNTAANELY1IIN

v v Y
MITYIUAUGALATINITETY NUIU 227 AU

9573

fhusnlFlumaddedszneumediulsdu
AemadamsFeniuuy active learning futlsay
flo wadwinmsGeud Minyemadinn wazennd
) Aa o a ¥ .
vaanAnnNAensTamsseuiuny active
learning

ad o a a
2, I9ALUUNTIVY

M TeiidunoudliumsIve 3 duneu
Usznavudy

2.1 dunsudiiumsiamsGeu lay
mnssusiaglszasduazgduvuionssu

s 4 1o =2 Y Y A 3 a
m3Geuiudindnm wazlidGeuihuuuszdiu
Y o =) Y
ANuiAeuMITamIseud (pre-test)
z J a 1% ) Y o )

2.2 dusiliumsdamsisend duiiums
JafAvnssumaGeni 91uu 3 Aanssu Aenssuaz
3 Hilue laedidedunauazaniiuinnganssu
Tuvazdafanssumsisous

2.3 dundsiiumsdanmsisenl lag
WinGewhuuulszdiuanuindimsdamsGeu
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1. WadNFMs3eu3VInANEINOUULAHE
M3IAMIGYUTUUD active learning
a Y o =R
1.1 madszidiuanuivestinfnmn
a Y o/ = 2
nadsziiuanuivearindnuilagly
a Y o v oa dl 1
wuuszdiuanagdmiuAensINn 1,2 uaz 3 wumn
o =R Y IS Y
infnrInAniesar 70 AAzUUUANNIABY
s = 9/3 a ] s %
M3damIEeuIne 3 Avnssuedluszduwnely
J 4 k%4 Y s Y
(UM mugnAsItioandniesas 60) NdadNIIN

AINIINMIFEUTUVY active learning TINFANN

FUWUN FUTNYAEAD uazAa

dau‘lwnjﬁmuuumm%ﬁaﬂiiuﬁ 1 uaz 2 lu
szdvAnn Tnsansnsaneumanulagndesnand
Yauaz 80 (Table 1) iiloufvuiiisunailszidiu
ANNIITMINABULATHAINTTANIG U UUY
active learning Wy nfAnnimdsegiuves
AzuUuANNINAIMITAMITousuuy active
learning snAndIAzuuUABUMITAMIGEUS
pgaltlsdAynedda (p < 0.001) Mmuady
(Table 2)

Table 1 Knowledge levels of students before and after active learning activities (N = 227).

Percentage of Pre-test Post-test
Activity Interpretation
correct answers N Percent N Percent
Activity 1 < 60% 177 78.0 27 11.9 Fair
60-79% 31 13.7 40 17.6 Good
> 80% 19 8.4 160 70.5 Excellence
Activity 2 < 60% 170 74.9 70 30.8 Fair
60-79% 39 17.2 44 19.4 Good
> 80% 18 7.9 113 49.8 Excellence
Activity 3 < 60% 195 85.9 144 63.4 Fair
60-79% 25 11.0 54 23.8 Good
> 80% 7 3.1 29 12.8 Excellence
Table 2 Pre-test and post-test scores.
Activity  Total score . Pr.e-test scc?re - Po.st-test sc?re b
Median (interquartile range) Median (interquartile range)
Activity 1 100 20.0 (20.0, 40.0) 80.0 (60.0, 100.0) 0.000*
Activity 2 100 40.0 (20.0, 60.0) 60.0 (40.0, 80.0) 0.000*
Activity 3 100 41.7 (33.3, 50.0) 50.0 (41.7, 66.7) 0.000*

* p < 0.001, compared to pre-test scores (Wilcoxon signed-rank test)
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Relative gain scores
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Fig. 1 Relative gained score after active learning activities.

2. NNHZMIFIANVBINNANHINOULAZHAY
M3IAMSL3EUTUVY active learning
2.1 fnyzmadeanveatindnen
Nan1sUssiuinysnadean wui
o o = Y o ==X 1 1 o
naamsdamseud dnAnmdinlnaiininyzms
faaudumsdemsuaziandean (communication)
MUANNAASITNEZ9ETIA (creativity) ua

¥ a 1 Aa oV
ﬂ?uﬂ'lﬁﬂﬂﬂfJ'lQJJ'J"i]'lﬁmﬂJu'lleﬁﬁﬂ'lﬁI,Lﬂ‘ljﬂluﬁ1

(critical thinking & problem solving) LMY
ar I o A k% 1 A

nnszdvthunanauduszdud wazmumsiuie
wazmsyanududia (collaboration & teamwork)
-1 o oA o o

AIUNNITZAUATUIZALAINA LazATLUUTNYY
MIdenNe 4 Mullmmniiuegesliiodfynadna
(p<0.001) WatnsufiuAoumsdamaFouiuuy

active learning (Table 3-5)
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Table 3 Soft skills of students before and after active learning activities (N = 227).

giyaene uazna

Average Pre-activity Post-activity
Soft skill Interpretation
scores N Percent N Percent

Communication 1.00-1.50 2 0.9 0 0.0 Very poor
1.51-2.50 21 9.3 0.9 Poor
2.51-3.50 92 40.5 31 13.7 Fair
3.51-4.50 71 31.3 100 44 1 Good
4.51-5.00 41 18.1 94 41.4 Excellence

Creativity 1.00-1.50 3 1.3 1 0.4 Very poor
1.51-2.50 34 15.0 3 1.3 Poor
2.51-3.50 87 38.3 32 14.1 Fair
3.51-4.50 62 27.3 113 49.8 Good
4.51-5.00 41 18.1 78 34.4 Excellence

Critical thinking & 1.00-1.50 2 0.9 1 0.4 Very poor

problem solving 1.51-2.50 26 115 2 0.9 Poor
2.51-3.50 86 37.9 27 11.9 Fair
3.51-4.50 70 30.8 104 45.8 Good
4.51-5.00 43 18.9 93 41.0 Excellence

Collaboration & 1.00-1.50 0 0.0 1 0.4 Very poor

teamwork 1.51-2.50 10 4.4 2 0.9 Poor
2.51-3.50 48 21.1 19 8.4 Fair
3.51-4.50 96 42.3 72 31.7 Good
4.51-5.00 73 32.2 133 58.6 Excellence
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Table 4 Individual soft skill items before and after active learning activities.

Pre-activity Post-activity
ltems
Mean SD Interpretation Mean SD Interpretation

Communication

1. You can communicate with others accurately and  3.43  1.08 Fair 414 0.82 Good
appropriately.

2. You can communicate and exchange thoughts, 3.42  1.12 Fair 417 0.86 Good
knowledge, feelings, and perspectives in various
forms, including speaking, writing, and gestures.

3. You can interact and build good relationships  3.76  1.04 Good 433 0.77 Good
with others.

4. You can explain tasks or introduce things to others  3.34  1.10 Fair 412  0.77 Good
in a way they can understand.

5. You listen effectively. 3.74  0.96 Good 4.35 0.69 Good

Creativity

6. You can use text, images, animations, sound, or  3.69  1.00 Good 437 0.72 Good
various multimedia in your work.

7. You often propose new ideas or approachestowork.  3.44  1.08 Fair 409 0.84 Good

8. You can create or design various works using 3.55  1.04 Good 426 0.79 Good
different methods.

9. You can apply knowledge in real-life situations.  3.46  1.00 Fair 429 0.74 Good

Critical thinking and problem solving

10. You can analyze problems, identify their causes, 3.34  1.04 Fair 415 0.79 Good
and find solutions, as well as distinguish different
aspects of issues during work or activities.

11. When receiving information, news, or stories, 3.58 1.06 Good 426 0.77 Good
you take time to carefully consider before
believing them.

12. You can plan work systematically, think analytically, ~ 3.57  1.03 Good 427 0.73 Good
and act with reason.

18. You have confidence, make decisions boldly, 3.42 1.12 Fair 414 0.83 Good
express ideas in teamwork, and face challenging
situations.

14. When assigned tasks require revisions, you make  3.75  0.96 Good 441 0.73 Good

improvements to enhance the work.
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Table 4 Individual soft skill items before and after active learning activities. (Cont.)

giyaene uazna

Pre-activity Post-activity
Items
Mean SD Interpretation Mean SD Interpretation
Collaboration and teamwork
15. You can fulfill your role and responsibilities in  3.91 0.96 Good 443 0.71 Good
teamwork.
16. You can collaborate with others smoothly. 3.95 0.94 Good 448 0.77 Good
17. You carry out activities or tasks with consideration ~ 4.11 0.87 Good 451 0.70 Excellence
for the good cause.
18. In group work, you actively participate in discussions.  3.85  1.05 Good 436 0.83 Good
19. In group work, you always listen to your teammates” 4.25  0.85 Good 460 0.67 Excellence
opinions.
20. You demonstrate cooperation and shared 4.23 0.82 Good 458 0.72 Excellence
responsibility.
Table 5 Pre-activity and post-activity scores of soft skills.
. Pre-activity scores Post-activity scores
Soft skill Total score ) ) . . X X p
Median (interquartile range) Median (interquartile range)
Communication 100 68.0 (56.0, 84.0) 84.0 (76.0, 96.0) 0.000*
Creativity 100 70.0 (60.0, 85.0) 85.0 (80.0, 100.0) 0.000*
Critical thinking and 100 68.0 (60.0, 84.0) 84.0 (80.0, 96.0) 0.000*
problem solving
Collaboration and 100 80.0 (70.0, 96.7) 96.7 (80.0, 100.0) 0.000*

teamwork

*p < 0.001, compared to pre-activity scores (Wilcoxon signed-rank test)

a

@ Y3 Y %

2.2 AzuuuRaNMIENANSAURNYL
MadaaNveInAnE
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msuntlegm Tuou 31 au wazmumsiuie
o | ) o o a
wazmsmuiduny uiu 52 auauaeu
HBNTANAL UUUR AN M TFURNS M UTIinY
madaan wuntndnniazuuuiinyzmadanu
LINNIUNEIMITAMIGEUUVY active learning
lumumsaeasuazudndsan (170 AL 910 192 Aw)
MUANUAASGNFIFTIA (173 AU 917 200 AN)
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ludhumsdedsuazuansonn MUANNAATISH
aseassd wazdumsanedaiilnIuanuuas
$% o Y 1 A
msuntfaymluszdvihunans Mumsuleuas
mahaudunluszdvgann (Fig. 2)

Relative gain scores of soft skills

40.0

35.0

30.0

25.0

Number (%)

Regressing No development

development

M Communication M Creativity

Basic development

M Critical thinking & problem solving

20.0

15.0

10.0

e T 1
0.0 . 1 |

Moderate Advanced Highly advanced

development development development

Collaboration & teamwork

Fig. 2 Relative gain scores of soft skills after active learning activities.
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WYY active learning
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WUy active learning
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MITAMITOUIUUY active learning aglHinamn
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DAY 4.56 = 044 azuuy wadszidiunnde
1 s 43 4‘ ¥ 1
agluszdavavuly (azuuwmdsnedernni

3.51 azuuy) Tasdeiilazuuuiadogegn fo
%’mL%wﬁmw:mmmﬁwmmiﬁﬁ"lﬁmnﬁsﬁ@m
wiaatin 3 I ndn (4.65 £0.51 azuuu)
5990931 ABAINITNMSIITIUMITADUULY active
learning Yl ufaaNuaynauu (4.64 +
0.54 Azuuy) wazvazdananssumsiseumsaeu
WuU active learning ynlvwddd usInlu
MIEeUNLIFNANADNN 3 (4.62 +0.54 AZUUN)
MuaAy (Table 6)
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Table 6 Attitudes toward active learning activities.

giyaene uazna

Items

| like Clinical Chemistry 3 when active learning activities are held.
. Active learning activities make me feel enjoyable.

During active learning activities, | think these activities help me

developing systematic thinking.

| am confident in joining active learning activities of Clinical

Chemistry 3.

. Active learning activities help me gain a better understanding of

the lessons of Clinical Chemistry 3.

. While active learning activities are held, | become more engaged

in class of Clinical Chemistry 3.

. While active learning activities are held, | have the opportunity

to interact with my classmates.

| am enthusiastic about learning in Clinical Chemistry 3 during

active learning activities.

| believe | will be able to apply the knowledge gained from

Clinical Chemistry 3 in my profession.

10. During active learning activities, | am able to answer questions

in class effectively.

Total

Mean SD Interpretation
4.61 0.51 Excellence
464 0.54 Excellence
452  0.57 Excellence
4.44  0.65 Good
456 0.56 Excellence
462 0.54 Excellence
459  0.59 Excellence
456 0.56 Excellence
465 0.51 Excellence
445  0.63 Good
4.56 0.44 Excellence
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Famsiseuduuy active learning
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