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Abstract

Background: The BioMedical Admissions Test (BMAT), developed and validated under
the UK curriculum, is utilized by many medical and dental schools worldwide for
applicant selection. No studies have investigated the fairness of the BMAT in countries
with non-UK curricula and limited English usage.

Objectives: To determine the effects of the barriers and compare the disparities in
the prevalence between candidates in the Bangkok Metropolitan Region (BMR) and
other provinces.

Methods: This study was cross-sectional and quantitative, using contingency tables and
nonparametric tests, retrospectively analyzing secondary data from the survey conducted
by the RAdiator, a free online education platform targeted at university admission
preparation.

Results: From 108 participants with available score data, the presence of BMAT barriers
was associated with lower odds of passing the BMAT requirement satisfactory by most
medical schools in Thailand and was significantly more prevalent in non-BMR group.
The language barrier was the biggest impeding factor to passing the requirement
(OR[95% CI], 0.236[0.103-0.539]; P <.001) and the most pronounced difference in prevalence
between BMR and non-BMR groups (OR [95% CI], 2.423 [1.277-4.596]; P = .009). About 82% of
the participants used the RAdiator, limiting the samples to those using free unofficial
BMAT resources to alleviate the barriers.

Conclusions: There were BMAT barriers for medical and dental admissions which were
more prevalent outside the BMR. English proficiency was the core skill to achieve
satisfactory BMAT scores. Admission criteria should be adjusted to align with the context,
faculty’s values, and learning outcomes.

Keywords: Medical school admission, Dental school admission, BMAT

Introduction

The medical school admission process plays a pivotal role in the selection of
candidates with the potential for success as medical students and physicians. Beyond that,
it provides an opportunity to matriculate under-represented groups, fostering equity
and enabling individuals from diverse backgrounds to pursue higher education regardless
of their socioeconomic status, thereby shaping a healthcare workforce that represents
the societal spectrum to provide the best care.>*

Rama Med J. 2025;48(4):e272773.
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The BioMedical Admissions Test (BMAT), administered by Cambridge Assessment
Admissions Testing, aimed to assist universities worldwide in selecting candidates for medical,
dental, biomedical, and veterinary programs in conjunction with other benchmarks.>
The BMAT consists of 3 Sections.

Section 1 evaluated problem-solving and critical-thinking abilities, requiring candidates
to solve problems using simple numerical operations and perform logical reasoning and
critical analysis. Section 2 tested core scientific and mathematical knowledge covered in
General Certificate of Secondary Educational (GCSE) and International General Certificate
of Secondary Educational (IGCSE) by age 16. The BMAT scores, particularly Section 2,
were a robust predictor of early performance in medical courses.® Section 3 focused on
writing, assessing the ability to express ideas coherently and effectively in concise,
compelling, and correct English. This Section also evaluated resourcefulness in general
knowledge and was scored on the Quality of Content (QoC) from 0 to 5 and Quality of
English (QoE) from E, being the least, to A7

However, multifaceted challenges impeded the BMAT from being utilized to its
maximum potential. McElwee et al® acknowledged the aspiration of the BMAT for inclusivity
to international candidates while highlighting hurdles stemming from dissimilar curricula,
particularly in Section 2, where familiarity with GCSE and IGCSE content was crucial.
Moreover, candidates with English as a second language might face language barriers and
linguistic complexity, exacerbating the difficulties in deciphering the test questions, resulting
inincreased cognitive load and artificially heightened item difficulty. Waluyo's study® revealed
the majority of Thai high school graduates only attained the English proficiency level of junior
high school students. The combination of these obstacles may hinder their test performance,
necessitating additional preparation, and demanding more time and financial investment,
and possibly affecting their prospect of securing medical and dental school admission.
Moreover, it might discourage them from applying to universities requiring the BMAT.

While the Cambridge Assessment Admissions Testing provided free BMAT preparation
resources, several tutoring institutes in Thailand offered onsite and online BMAT tutorials
and mock exams.'"7 Full course prices ranged from about B30 000 (US $940)"° to B42 000
(US $1300)." Some accepted hourly fees of about 81000 (US $31)'* to B1550 (US $48)."°
For context, the gross national income (GNI) per capita of Thailand in 2020 was 8220 800
(US $6900),"® meaning that a complete BMAT course could cost up to 19% of an average
Thai's annual income. Bangkok Metropolitan Region (BMR) has been a cluster of relatively
high socioeconomic conditions.’ Most of these institutes were in Bangkok, which might
pose additional geographical barriers to non-BMR participants. We hypothesize that
participants from the BMR may have advantages in achieving passing BMAT scores.

In addition to language, financial, and geographical barriers discussed above,
information barriers such as the lack of awareness of the test specifications and available
preparatory resources may affect the BMAT scores. Time constraints, such as scheduling
conflicts for some Thai students due to the need to prepare for multiple university entrance
exams, may exacerbate the issue. Hence, 5 types of barriers were investigated in this study:
financial, geographical, language, information barriers, and time constraints.

This study aimed to objectify the impact of the barriers affecting the preparation of
the BMAT on the scores and the odds of passing the satisfactory BMAT score requirement
of their desired faculties and compare the disparities in the prevalence of barriers between
candidates in the BMR and non-BMR in Thailand.

Rama Med J. 2025;48(4):e272773.
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Methods

Study Design

This study was convenience-sampled, cross-sectional, and quantitative, aimed to
determine the effect of each type of barrier on the participants’ odds of passing the
BMAT scores requirement and compare the disparities in the prevalence of barriers to
BMAT preparation between participants in the BMR and other provinces using contingency
tables and nonparametric statistics.

Setting

In Thailand, the Thai University Central Admission System (TCAS), the centralized
higher education admission process, consists of 5 rounds. Candidates could apply in
multiple rounds and progress to subsequent rounds if they reject the offer or were
not selected by any university.?® Each round employed different criteria, reflecting varied
skill sets preferred by the faculties and institutes. The TCAS round 1 for medical and
dental schools, the focus of our study, typically centered on portfolios and BMAT scores.
The process typically involved submitting a portfolio detailing accomplishments,
BMAT scores, and other relevant achievements. Subsequently, selected candidates
proceeded to interviews for final admission. The candidates may apply for medical and
dental schools via other rounds with different requirements, though some programs,
for example, the Ramathibodi MD-MEng and MD-MM dual degrees, were exclusively
available through round 1.2

According to the information provided by the Cambridge Assessment Admissions
Testing?? and the number of total medical?®> and dental schools?* in Thailand, 12 out of
21 medical schools and 7 out of 16 dental schools incorporated the BMAT into their
admission criteria.

Data Collection

The study utilized the secondary data collected in a survey by the RAdiator®,
an online learning platform focusing on preparation for medical school admission
in Thailand. The survey was deployed via Google Forms by convenience sampling
and advertised on the RAdiator Instagram page from 27 November 2021 to
11 February 2022. The participants completed the survey anonymously and voluntarily
without compensation.

The survey questionnaire was developed by the investigators and the RAdiator
team (Supplementary S1). Then, it was validated among the team and consulted with a
health system researcher and a medical education researcher. The content consisted of
the participant characteristics, such as level of education and the province that they
presently live in, the self-assessment of whether they faced the barriers to BMAT
preparation, and optionally their 2021 BMAT scores in each Section.

The inclusion criteria were participants in middle school, Grade 10, Grade 11,
Grade 12, and those retaking admission. The included participants must be interested
in applying to medical or dental school and require the BMAT scores for the admission
process. The raw data from the RAdiator contained 284 entries. After exclusively including
the parameters relevant to this study, cleaning incorrect entries, and excluding the
participants who did not intend to register for the TCAS round 1 or use the BMAT scores,
we were left with 204 entries, 108 of which included their 2021 BMAT scores.

Rama Med J. 2025;48(4):e272773.
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Data Analysis

The participants were categorized into 2 groups: the BMR and non-BMR (other
provinces of Thailand). The BMR encompasses Bangkok and the surrounding provinces
(Nakhon Pathom, Nonthaburi, Pathum Thani, Samut Prakan, and Samut Sakhon).

Section 3 QoE scores were converted from alphabetical to ordinal with A
corresponding to 5. The total score was calculated as the sum of Section 1, 2, and 3 QoC
scores, excluding the Section 3 QoE score. The minimum BMAT score requirement set by
each faculty varied. Some required a minimum of 8.0 for Sections 1 and 2 combined,*
some required 5.0 in both Sections 1 and 2 and a minimum of B in Section 3 QoE,%
some required 12.0 across 3 sections and a minimum of C in Section 3 QoE,*- 2% and
some selected applicants with the highest scores.? Therefore, we deemed the total
BMAT scores of at least 12.0 and the Section 3 QoE of C satisfactory for most medical schools
and defined as a pass.

Descriptive statistics, contingency tables, and nonparametric tests were performed
using JASP software (JASP, Version 0.18.1. Amsterdam, NL: University of Amsterdam; 2023).
A Pvalue of less than .05 was considered statistically significant.

Results

Participant Demographics

Of the 204 participants in this study, 114 participants (55.9%) were from the BMR,
and 90 (44.1%) were from non-BMR. Together, they added up to 49 unique provinces out
of 77 provinces in Thailand. The majority of participants were grade 11 students (51%)
(Table 1).

How the Barriers Affect the Participant’s Chance of Passing

The language barrier had the most detrimental impact on the participants’ chance
of passing the minimum BMAT scores requirement (OR [95% CI], 0.236 [0.103-0.539],
P < .001). The geographical barrier (OR [95% CI], 0.317 [0.142-0.711], P = .006) and time
constraints (OR [95% CIJ, 0.361 [0.149-0.873], P < .026) also demonstrated such an effect,
but to a lesser extent (Table 2).

BMAT Barriers in the Non-BMR vs BMR Group

Overall, 92.6% of participants experienced at least one type of barrier, accounting
for 97.8% of non-BMR and 88.6% of BMR participants (Supplementary S2). The occurrences
of each type of barrier in preparing for the BMAT showed intercorrelation between all types
of barriers (Supplementary S3). Non-BMR group had higher odds of facing geographical
barriers (OR [95% CI], 2.031 [1.143-3.608], P = .009), and having at least one type of barrier
(OR [95% CI], 5.663 [1.244-25.788], P = .014) (Table 3).

Participants in the non-BMR group demonstrated lower odds of passing the
minimum BMAT scores requirement than the BMR group (OR [95% CI], 0.400 [0.175-0.913],
P =.030) (Supplementary S4).
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Table 1. Demographic Data of Participants

No. (%)

variable Non-BMR (n = 90) BMR (n =114) Total (N = 204) PValue
Education level

Middle school 0 7 (3.4) 7 (3.4)

Grade 10 15(7.4) 17 (8.3) 32(15.7)

Grade 11 54 (26.5) 50 (24.5) 104 (51.0) .030

Grade 12 20(9.8) 37 (18.1) 57 (28.0)

Retaking admission 1(0.5) 3(1.5) 4(2.0)
Most desired faculty

Doctor of Medicine 85 (41.7) 109 (53.4) 194 (95.1)

Doctor of Dental Medicine 5(2.5) 5(2.5) 10 (4.9) 701

Abbreviation: BMR, Bangkok Metropolitan Region.

Table 2. Odds Ratio of Passing the Minimum BioMedical Admissions Test Scores
Requirement With Each Type of Barrier

Barrier OR (95% CI) P Value
Odds ratio 0.762 (0.346-1.680)
Financial 547
Fisher exact test 0.764 (0.322-1.817)
Odds ratio 0.317(0.142-0.711)
Geographical .006
Fisher exact test 0.321 (0.131-0.764)
Odds ratio 0.361 (0.149-0.873)
Time .026
Fisher exact test 0.365 (0.135-0.956)
Odds ratio 0.236 (0.103-0.539)
Language <.001
Fisher exact test 0.239 (0.095-0.583)
Odds ratio 0.694 (0.298-1.617)
Information .513
Fisher exact test 0.696 (0.275-1.776)
Odds ratio 0.274 (0.077-0.977)
At least one .057

Fisher exact test 0.278 (0.057-1.127)

Rama Med J. 2025;48(4):e272773. 5/11
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Table 3. Odds Ratio of Barriers Experienced

Barrier OR (95% CI) P Value
Odds ratio 1.476 (0.828-2.631)
Financial .193
Fisher exact test 1.473 (0.797-2.750)
Odds ratio 2.031 (1.143-3.608)
Geographical .016
Fisher exact test 2.024 (1.101-3.768)
Odds ratio 1.494 (0.771-2.894)
Time .252
Fisher exact test 1.491 (0.737-3.086)
Odds ratio 2.423 (1.277-4.596)
Language .009
Fisher exact test 2.412(1.226-4.892)
Odds ratio 1.137 (0.608-2.125)
Information 752
Fisher exact test 1.136 (0.582-2.241)
Odds ratio 5.663 (1.244-25.788)
At least one .014
Fisher exact test 5.625 (1.222-52.682)
Discussion

Non-BMR participants had higher odds of facing at least one type of barrier.
The interpretation of the prevalence of the barriers demands caution since participants
without the barriers could enroll in universities via other TCAS rounds that do not use
the BMAT scores. Thus, we cannot extrapolate the prevalence of barriers findings in
Thai students who do not use BMAT scores. The small sample size in this study was also
a limitation.

While all types of barriers were intercorrelated, some affected the score outcomes
more than others. Language barriers were associated with lower scores across all sections,
leading to lower total scores and odds of meeting the minimum BMAT score requirement
satisfied by most medical and dental schools in Thailand. Geographical and financial
barriers were also associated with lower Section 1 scores, lower total scores, and lower
odds of passing the minimum BMAT scores requirement, though to a smaller extent
than language barriers. Hence, non-BMR participants generally achieved lower scores
in all sections and were unsurprisingly less likely to achieve satisfactory BMAT scores.
Regardless, only the language barrier was a good predictor of BMAT scores in all sections
(Table 2 and Supplementary S5).

Additionally, we found that the Section 2 score was not as affected by geographical
and language barriers as the other sections (Supplementary S5). We speculated it was
because the content in Section 2, scientific and mathematic knowledge, was adequately
taught in the Thai Basic Education curriculum; thus, it was less influenced by geographical
barriers. The nature of Section 2 might demand relatively less English proficiency to
interpret the questions compared to critical thinking and problem-solving in Section 1
and did not require the candidates to write as in Section 3, so language barriers had
a weaker effect.

Many elements of the BMAT implied English proficiency as a core skill. Because of
the time constraints of the BMAT session, the test takers were expected to comprehend

Rama Med J. 2025;48(4):e272773.
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the test question quickly. This point was well addressed by McElwee et al.®2 Furthermore,
Section 3: writing task required considerable English proficiency to generate logically
compelling arguments with a sufficient quality of English as explicitly stated in the BMAT
specification.”

The finding that participants from lower socioeconomic areas, like non-BMR,
performed less well was in line with previous literature on the BMAT by Lenkeit et al*® and
the University Clinical Aptitude Test (UCAT) by Griffin et al*' but not on the BMAT by
McElwee et al.?2 The effect of geographical barriers on lower scores was similarly reported
in Griffin's® work. Lenkeit et al*® reported early BMAT preparation related to better test
performance, which explained the effect of time constraints demonstrated in our study.
Financial barriers were correlated with lower scores in Section 1 and the total scores.
Nevertheless, they did not impact the participants’ odds of passing the score required by
most medical and dental schools.

Non-BMR candidates’ perception of having less English proficiency could be partly
attributed to fewer international schools in non-BMR. The number of international schools
was 70 (37%), 1.39 schools per 10 000 square kilometers, 1.18 schools per million population
outside the BMR vs 119 (63%), 153.32 schools per 10 000 square kilometer, 10.75 schools
per million population in the BMR,3?3% potentially illustrated the interplay between
geographical and language barriers..

By reviewing BMAT tutoring institutions with information available on their
websites, we found that most were situated in Bangkok,'®"" with one based in
Chiang Mai."”” We speculated that fewer BMAT institutes in non-BMR contributed to lower
scores, as not being coached was correlated with lower scores in the Undergraduate
Medical and Health Sciences Admissions Test (UMAT 3) but not the UCAT.>

Access to higher education should be equitable to individuals across all
socioeconomic backgrounds and financial status.>® In the healthcare context, an equitable
medical school admission is the first step to health equity because of better patient-doctor
communication from the same background and linguistics, leading to better adherence
and greater patient satisfaction.3” Furthermore, a study showed that contact with diverse
peers significantly improves the educational experience for medical students.* However,
the results underlined equity concerns about using the BMAT for admission as it presented
several barriers within the context of Thailand, especially in programs that only accepted
students with BMAT scores.?’ The BMAT scores may not solely reflect a candidate's
potential performance in medical and dental school but also reflect the ability to overcome
language barriers. Nevertheless, the BMAT may be suitable for faculties demanding
English competency.

Policy Implication

In addition to problem-solving, critical thinking, scientific, and writing skills, the BMAT
implied an emphasis on English proficiency. Most admission criteria incorporate an
English proficiency test such as the International English Language Testing System (IELTS)
and Test of English as a Foreign Language (TOEFL).2" 262 This means, instead of only
passing the minimum English proficiency test score requirement, the candidates are
ranked on the English proficiency because it is the main contributor of the BMAT score.
This may emphasize English proficiency more than expected. Hence, the faculty should
investigate the core skills assessed by the test and adjust the admission criteria to match
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the faculty values and program-level learning outcomes. For example, if English proficiency
is deemed less crucial, the faculty could lower the minimum passing scores for the BMAT
Section 3, where the English proficiency requirement was the most evident.

The faculty should aim to improve the diversity of student backgrounds.>* However,
the BMAT subjected the non-BMR subgroup to a matriculation disadvantage because
the scores were partly influenced by geographical and language barriers, which were
more prevalent in non-BMR candidates. Hence, the faculty should appraise other criteria
to select applicants, such as the nine characteristics of candidates that predict success in
the program, which were ethical responsibility to self and others, reliability and dependability,
service orientation, social skills, capacity for improvement, resilience and adaptability,
cultural competence, oral communication, and teamwork.?® Developing additional
standardized examinations that evaluate problem solving, critical thinking, scientific
and mathematics, and writing skills with less emphasis on English competencies
are recommended.

We suggest that future studies incorporate cohort studies or qualitative methods
to examine the underlying mechanisms and enable the establishment of causation.
Participant performance in medical and dental school should be monitored to evaluate
the predictive validity of the test in middle-income countries that have limited English
usage and to determine whether the differences in BMAT scores stem from the bias
within the test or from structural discrimination, as demonstrated by the Medical College
Admission Test (MCAT) in the US.* To further enhance the scope of this study, the samples
should be extended to other groups (eg, those using paid services and those not using
additional resources) to allow generalization of the result interpretation. Because 82.4% of
the participants in this study applied learning resources from the RAdiator, a free online
education platform, it potentially limited the sample to those using free unofficial BMAT
resources to alleviate the barriers they were facing.

Conclusions

Education barriers regarding BMAT preparation were disproportionately present
in non-BMR candidates and were associated with low BMAT scores. Not having an English
language barrier was the most robust predictor of BMAT scores. Universities utilizing
the BMAT scores in the admission process should acknowledge English proficiency as
the core skill to achieve satisfactory BMAT scores. Admission criteria should be adjusted
according to the context, faculty values, and learning outcomes.
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Abstract

Background: The assessment of muscle pain is essential in determining appropriate
self-care practices for initial symptom relief.

Objectives: To develop and evaluate the quality of a Thai traditional medicine-based
muscle pain assessment tool following the Praboromarajchanok Institute (PBRI) model.
Methods: In-depth interviews were conducted with 8 Thai traditional medicine
practitioners to explore the current situation and needs for developing a Thai traditional
medicine muscle pain assessment form based on the concept of the PBRI model.
Thirty-two Thai traditional medicine practitioners performed the quality evaluation.
The research tools included interview forms and quality assessment forms. Data were
analyzed using content analysis and descriptive statistics.

Results: Interviews revealed the need for a simple, easy-to-understand assessment tool
that included self-care guidance. The Thai traditional medicine muscle pain assessment
form based on the PBRI model consists of 3 parts: a 15-cm visual analogue scale (VAS),
a color-coded, 7-level system based on VAS score ranges, ranging from normal (0 cm) to
severe (12-15 c¢cm), and self-care practice recommendations for each level. The content
validity received an item objective congruence (I0C) value of 1.00. The overall quality of
the tool was rated as very good, with an average score of 4.40 out of 5.00.

Conclusions: The developed tool shows potential for use in Thai traditional medical
practice. However, further studies are recommended to evaluate its effectiveness in
real patient settings and to identify any limitations.

Keywords: Muscle pain, Thai traditional medicine, Praboromarajchanok Institute, PBRI
model, 7-Color Ping-Pong Life Traffic
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VAS, visual analog scale.
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Abstract

Background: Herpes simplex virus (HSV) has developed mechanisms that allow it to
evade the immune system and persist in the body, thus causing diseases and conditions
such as sexually transmitted diseases and serious neurological infections.

Objective: To evaluate an in-house melting curve analysis (IHMCA) assay for multiplex
real-time polymerase chain reaction (PCR) product to minimize false positive and false
negative results in HSV detection.

Methods: A total of 233 clinical specimens were subjected to analysis using the HSV1&2
VZV R-GENE® multiplex real-time PCR assay with melting curve analysis. This analysis was
then compared to the Luminex ARIES HSV 1&2 assay.

Results: HSV-1 and HSV-2 demonstrated sensitivity of 90.91% and 96.77%, and specificityof
99.50% and 96.55%. The positive predictive values were 96.77% and 81.08% ,and the negative
predictive values were 98.51% and 99.49%. The overall accuracy was 98.28% and 96.58%.
The assay demonstrated strong agreement with the reference method with statistically
significant results (HSV-1: P <.001, SE = 0.04, K = 0.93 [95% (I, 0.86-1.00]; HSV-2: P <.001,
SE =0.05, K = 0.86 [95% CI, 0.77-0.96]).

Conclusions: Amplicon analysis of the multiplexed real-time PCR product was performed
in the same reaction tube without interference from multiple TagMan probe signals
due to the use of a DNA binding dye. The integration of multiplex real-time PCR with melting
curve analysis enhances the accuracy and efficiency of HSV detection while potentially
reducing costs and turnaround time. Importantly, the IHMCA should be considered as
a complementary post-PCR method rather than a replacement for standard assays.

Keywords: Multiplex real-time PCR, Melting curve analysis, HSV-1, HSV-2
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UNAMED

unia: Ti¥adu (herpes simplex virus, HSV) alsnsawsuinalananidevssuugiduinuas

uvaglusenmy MidAalsauazaizeie 9 wWu lsafiasanunwadunus wazaisfiniBanig
szUUUsEaINAF LSy

Snquszavd: iiafnwUsafiussanda1wn1s3tAs el melting curve mnuandnuay
real-time polymerase chain reaction (PCR) WaannavInUasuuazkaauUaanlunsnsom
1Balasa Hsv

38ms@nu: msaswiieszimasiugnssuvandalda HSV Tasténafia real-time PCR
auAIBAISILASIEY melting curve vavWamAaun real-time PCR

WANISANLI: MSNAFDUAWSU HSV-1 waz HSV-2 wudi §ianuts 90.91% waz 96.77% Anudibwie
99.50% war 96.55% A1ANSWEIASAINALIA Fd 96.77% waxz 81.08% mIAMIsweIASAINAAY D
98.51% waz 99.49% AuQARADY 98.28% uaz 96.58% mMNa16U AANUFDARADIAUIEI 19D Y
pgvlitpa A NIvaaE (HSV-1: P<.001, SE=0.04, K =0.93[95% CI, 0.86-1.00]; HSV-2: P <.001,
SE =0.05, Kk =0.86 [95% (I, 0.77-0.96])

a5u: MsIAsizALaundnauan multiplex real-time PCR é3s DNA biding dye aisnsariis
Taelignsumudaaiaioin TagMan probe aslurasanaaosiiizfiu Foiiu MsnsIviiasEn
#e multiplex real-time PCR uasBiudunadianisitasizid melting curve azusudgeanuusiug
uazUszandanlumsasionndatifa HSV 3dansalddniunsasiosuibatsa HSV
myumatinla

naAgy: tnaflm multiplex real-time PCR A1s3tAs1e# melting curve \Bata5a HSV-1
vBatisa HSV-2
o
Unu

t25a15u (herpes simplex virus, HSV) Lﬁummqéﬁﬁfgummﬂ%uﬂmLl,a:mmi"'r’i'gul,l,s\a
nAmsindafistuuustainaunany (central nervous system) 1gu anavdnia uaz iHafuauny
saau Bathimiuammnsauduiagluaisizmelunazszuudszamifiiunarunulududszan
(ganglia)? na&gﬂé?umiLLN\arﬁaLLa:nﬁumiwﬁ?}é’lUa\nﬁya"h%a herpes simplexvirus type 1 (HSV-1)
waz herpes simplex virus type 2 (HSV-2) Tusinwe ﬁ]ﬂLL‘iﬂUB\iﬂW‘i&ﬂL%ﬂTuN‘L&wg Th5avzanunay
whgszuzulusnuaslinansains wavoinssuugiduiulusivnmeaaiasiag hi¥mnaionia
msfiaitasusnasy ﬁfiﬁtﬁmms&mLﬁaﬁﬁmmguus\nﬁuu1nﬁu Tagawzluguisfifiszuy
RduAuuANsDY 15U fihelsaand uargihefildsunfivhde Dudus

msdiaidatia HSV-1 wuldnaaiuvavsiens dausnanunsiiaidalda HSV-1 U3ian
sounanuaviuilun tugasindulu widan uaziu ndayavasasdmsawdizlan (World Health
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&iAey hlvdieddadalsate HIV uaz HSV-2 filamaunsialada HIV tidugduldgeunns
fusunsiada HSV Tumsausaiiia faungainnisaignandnulgan ausaAaduld
Tu 3 szoe ouA szaclumssa (in utero) szazAaUAaDA (perinatal) az szazravAaDA (postnatal)
msﬁmLﬁya&huim‘gag’ﬁudmﬁauﬂaaa Uszanaufosar 85 msnfinaanniutavaasaiiinsiiaiia
wuh fanudsslumsfiaBouvuunsnszane dunalfAnmnuuANsaININsSEUUUSEAINEI9TUISY
UERRGERRN

msidsundasnedanwuaznmsiintuvandalida HSV aghvsaaisy 1DuBavidnd
savsuanfiumssnsn lunsifiaduvasunng §ihadavsananisasivitasisimevavugisinsnau
Svoranunsadeedhulifadmiuds HsV 1§ avernmistEsdutidmbunarunusomiiae
msdoenld’ msnsivdesizdmeiasufiinissefianuddulumsaduayunsitodsvasunng
35n1565197LAs L6 real-time polymerase chain reaction (PCR) 3ugathantdamniunsiom
\Bola8a HSV-1 waz HSV-2 Tuﬂssﬁﬁwamiﬂmawﬂqmﬂ%a mnausadudunanisnaaau
271a PCR product ﬁmﬁa‘ﬁ\ﬁmnﬂs:mumsﬁw real-time PCR 16 Tagiinuauninau (amplicon)
undiaszsisiadasast melting curves analysis fozifinlomansionudaffivdunation uaz
mmsgﬁmiw:ﬁﬂ'agaﬁﬁmmﬁu%’auméwﬁfﬁﬁﬁaﬁu BunsitAsied PCR product §as melting
curves analysis ffiafininnsiusudiusianlnsnisa (electrophoresis) Sufis1sviunaisativ
W RmudEnsns9Tasld TagMan probe saufu DNA binding dye aunsansianiadalsa
tFadviivseandain drvaniaumnsutanannasniifisnsacinund wioudusduaauvaou
(false negative) waznauindasy (false positive) fianananuiianainlunsrioiuuasTnsu®
Barfudvisanstaznaimsasiviiesizimedavufianme doualidihsliffunmsiasineiuia
figndavuazsimsitu

9515

AMSARLADARAIDENY

FLEnnuazsIusINEInE1INIvASinTiinanannssuIuAISASIDILAS It (left-over
specimen) 1Bolasa HSV-1 was HSV-2 shayanaaayu Luminex ARIES HSV 1&2 assay (Luminex
Corp, Austin, TX, USA) wav#avu§iisinishisaing) a1adsine18ing) aazuwngmans
Tsywenu1as1uBus urmineidsufina (6o 233 danene

AsnaaauaIy Luminex ARIES HSV 1&2 Assay

w3suyanaFoy Luminex ARIES HSV 182 assay Yuwausiogolwiddu Uszuin
15-30 Mﬁﬁmﬂﬁu@mﬁm&imﬂ%mm 200 pL ?davlumau ARIES (ARIES® Cassettes)
fvovussgsnade BolunduiiarsiafidmiulilumsadnaisWusnssu (nucleic acid extraction
reagents) AssuduiniuiRuUdinaBifulauaznsns 1y (amplification and detection
reagents) smﬁ\aﬁﬁmaiwmuquqmmwns:mumsm’m"’nﬂswﬁ (sample processing control)
atuihda3ag ARIES (ARIES® two-module system) i’i\iGﬁas_ima):l,ﬁwz;jnszmumsnmaau
wazUANAMBEWALISUUUS R 1UIR

AMsnaaauag HSV1/HSV2 VZV R-Gene® Kit Test
udunpunsnaaauiidunisnsiadasizinoundmoufitiniuuaaiatida HSV-1 was
HSV-2 T real-time PCR wuudn@ifiy (standard real-time PCR assay) mﬂqmﬁwmmaau
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HSV1/HSV2 VZV R-gene® kit test Tnaafadaanaivavaisizavuas wsa Iwsu (probe) Tunsansin
ﬁmmumsﬁuqnssuUa\nﬁyafﬁa HSV-1 Tudasdauaunas 6-carboxyfluorescein (FAM) waz HSV-2
Tugovdeyaae Cyanine 5 (Cy5) Bugansiaiauuuiiaiaie (real-time) seninvgasufasen PCR
(PCR amplification stage) mﬂflu,auw?mautﬁmﬁuwa5w§amamaanm?ugﬂqunswwﬁﬂwm:
S-shape Budyanaanuiuiuvasngaaisatsus (fluorescence) a:gdﬁumﬁmﬁu threshold
(base-line threshold) u,azswmuaanm‘iugﬂuaaﬁh cycle threshold (Ct) ﬁﬁxumauﬁ\ii’:

Fupoufl 1 msafaaIsWugassy : wandagetii1AL Ussanal 15-30 Jundl wdvenniiu
aaead1vdduins 200 pL tdlunaaanaasvvavymaadinaiswusnssuy MagDEA Dx SV 1auld
\A30v magLEAD 12gC (Precision System Science Co, Ltd, Matsudo, Japan) Audumsmudunau
wazfuusihuasudsnguan (fanszuiunsadnasiugnssuaioru WiAvsawtifamngl
2-8 °C aunirazrnAsnaaay ‘mmﬁfa\sm'i‘nmaa‘u’iumwﬁﬂﬁ;ﬁu%nmﬁﬁ'qmﬂgﬁ -20°C

funaufl 2 asiedsuansdodiu malsazaleyAnaaay HSV1& 2 VZV R-GENE®
(Biomérieux, Nurtingen, Germany) NANAS TR AUG 18IS DINANAS (vortex mixer) Uscdnand
5 Jufi warduwmisedisiadaviunissuuuainash (briefly centrifuge) Mﬁamm‘}u@,m
asazassuduinsullunmsiRaunadidue Usuns 15 Pl aslunasanaansuuia 0.2 mL
nnﬂgaﬁﬁuﬁumsnmaau 3 usMmIUANAMATWNALIA (positive control) wazsmIuAN
AMWRAAY (negative control) masrAsteZsuaIsazatuete 9 Jumsusfiiuinwanudu
wazndnidpemsdudadisuasemuduusilugiiovavude

funaud 3 AsinU3 IS WUsAss 1 thalsazaefilduaandedensin Gaaual
AMATNRALIN KALFIAIUANAMAINEAAY (VTN I8IAZaINANATS Ussaal 5-10 FJunf
uazilunipedoanunsash onduga DNA template U3sns 10 uL taastuaissuduinduls
tumsiRudmnaditue wanliiddu wdoaduiudnaiae real-time PCR Tasdoldsunsa
FuSunisFutasziaLSuLe Usznaudy 3 dumau (stage) Taud ijgumauﬂs:ﬁ:umsﬁwmuuaa
wulsdiindiuaisa (polymerase activation) figaungi 95 °C 1luia 15 wafi S1uau 1 sau
funaudmdumsusnaisidua (DNA denaturation) figamgfl 95 °C 1Iua1 10 3wfi uas
tumougathedutunsunsdvaanmgfidmiunsiasuvasindiuas (primers) msdoiasizs
A15WusAssH wasn1sUufindaya (annealing, extension, and data collection) ﬁqmwgﬁ 60 °C
WHunan 40 3uf $1uau 45 sau tumsdvegaungfinazaistufindaya Wi fuamsenuduusi
vavuEnguaniA30viia BioRad CFX 96 (Bio-Rad Laboratories, Hercules, CA, USA)

Asnaaauey In-House Melting Curve Analysis Assay for Multiplex Real-Time PCR Product
(IH-MCA for MRT-PCR Product)

asnagau@e IH-MCA for MRT-PCR product tsils38nsasioiiasizdfiiiudass usidu
5%6]61&?1'\593Lﬂi'lzﬁ‘ﬁﬁ\‘ﬁ)']ﬂﬂﬁﬁ%ﬂ'l PCR (post amplification stage) Tasl8uauwdnaufilgonn
real-time PCR afuusn wiauauwdmouvay real-time PCR firiiunsnaaauds HSVI/HSV2
VZV R-gene® kit test Aaunihil (%'im'%ﬂﬂ?umsﬂ@amﬁﬁﬂﬂ “standard real-time PCR assay”)
arhsiesizdsa TeadnfinsBudunavas real-time PCR A ansammiaeigisoadianins Insda
(gel electrophoresis) \Wiouaasuaunwdnou walunisnaasviinisnsioaauusuninauazld
A53LAsIzAT melting curve unu (BuBualumasnaasviilsen “IH-MCA for MRT-PCR product”)
fifumaugeil

fumoufl 1 19383 SYBR® Green I : fhimsiaduuaisazas SYBR® Green I nucleic acid
gel stain (Invitrogen, USA) anuwdudiu 10x ﬂﬁamnﬁuﬁmﬁ@maﬁa:mﬂ SYBR® Green I
Usu1ms 2.78 pL (10x) tdavlu PCR product usiaznas

fumaufl 2 Fearasiiaazi melting curve : solusunsumstdorumumuusiivay

HAmLAZD9ID BioRad CFX 96 Tagiwnungamagil 60 °C fv 95 °C fifidns1msiuasunasgamngd
1fiu 0.5 °C 6ip 0.05 Ju1fi

3 e

b
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JUEDUN 3 MsuUana : m’iLnJaNa‘n@aaw:iwﬂmuwaiutﬁ\a@mmw (qualitative) o
WaUIn (positive) Laznaau (negative) TnedtAsIsianaA melting temperature yay HSV-1 waz

HSV-2 #ndid1 melting temperature trindiu 89.00 (+1) °C tHuvamsneaauiduuin asaind
@1 melting temperature waniiiaoniiludananisnadautduay

mMsusziiindssdnsan

Jias1ziNan1sNaaauszRig standard real-time PCR assay waz IH-MCA for MRT-PCR
product t3sutfisudu Luminex ARIES HSV 1&2 assay laaldlusunsu MedCalc version 23.3.4
(MedCalc Software, Ltd) wfipiiundiuiua1anuts (sensitivity) 1AM ILWIE (specificity)
A1nsneInsaluaun (positive predictive value) Aniswannsainaau (negative predictive value)
LazAIAINGAGDY (accuracy) S mSumsauuaFulsEana Cohen's kappa (K) wuulsisetnwiin
wazgANITaiin 95% CI 2:261uUsunsu R version 4.3.2 (R Project for Statistical Computing)
waz RStudio version 2024.09.0-375 (R Project for Statistical Computing)

HANNSAN

Mnageune 233 fog1e AWiuAsnaFaudIn Luminex ARIES HSV 1&2 assay
Wnansneaaau HSV-1 uan (actual positive) 311w 33 6oev waz avu (actual negative) 91uIu
200 fag1e #1 HSV-2 Thuanisnaanuuln 3 1au 31 oy waz au 914au 202 fods
WanIstUs ULy UsEringIs standard real-time PCR assay wag IH-MCA for MRT-PCR product
AU3B819Bv wanvAfiaanisal (predicted value) vavsnuustinuune (519 1)

nansasIvRAs1ziiatasa HSV-1 uas HSV-2 éw standard real-time PCR assay wuil
fimnuty wihdu 90.91% waz 100.00% (95% CI, 75.67-98.08 was 88.78-100.00) A 1ULNE
AU 95.00% waz 93.56% (95% CI, 91.00-97.58 uaz 89.25-96.53) A1n1sweinsaiwauln triidu
75.00% wag 70.45% (95% CI, 61.89-84.71 wuax 58.50-80.14) A1A1swensalnaay trinAu 98.45%
taz 100.00% (95% CI, 95.56-99.47 waz 98.07-100.00) Ltaxﬁmmgﬂs’ia\ﬁ AU 94.42% uag
94.42% (95% CI, 90.65-97.00 ttaz 90.65-97.00) mua1aU

c15197 1. Han15ms19ILAsIER HSV-1 uaz HSV-2 e Standard Real-Time PCR Assay waz IH-MCA for MRT-PCR Product
1aeld R-Gene® Kit 15autfinuiu Luminex ARIES HSV 1&2 Assay

HSV-1 (R-Gene® Kit) HSV-2 (R-Gene® Kit)
Standard Real-Time IH-MCA for MRT-PCR Standard Real-Time IH-MCA for MRT-PCR
Method PCR Assay Product PCR Assay Product
(PCR Amplification (Post Amplification (PCR Amplification (Post Amplification
Stage) Stage) Stage) Stage)
True positive 30 30 31 30
False positive 10 0 13 7
False negative 3 3 0 1
True negative 190 200 189 195

Abbreviations: HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2; IH-MCA, in-house melting curve analysis; MRT-PCR, multiplex real-time

polymerase chain reaction; PCR, polymerase chain reaction.
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HaNSRsIIAsIERLEata5a HSV-1 uaz HSV-2 ée IH-MCA for MRT-PCR product wuin
fimuta Ay 90.91% waz 96.77% (95% CI, 75.67-98.08 waz 83.30-99.92) Aud LNz LAy
99.50% whaz 96.55% (95% CI, 97.25-99.99 wax 93.02-98.60) A1A1sWeASaiNaUIn LAY 96.77%
az 81.08% (95% CI, 80.89-99.53 waz 67.36-89.90) A1A1swannsaiNaay Ay 98.51% uas
99.49% (95% CI, 95.75-99.49 iaz 96.61-99.93) Lm:ﬁmmgﬂﬁaa AU 98.28% Laz 96.58%
(95% CI, 95.66-99.53 waz 93.37-98.51) pnuaifu

TunsAs1zvimNuTanAany (agreement) szrIvmaaNsyay standard real-time PCR
assay wagz IH-MCA for MRT-PCR product tfizufiu Luminex ARIES HSV 1&2 assay wu3i {as1s1
ANuABAAZDY (concordance rates) Inpsan agnvfitivadaunvaia fidouas 92.76 (85.73-99.78)
azsnpar 86.24 (76.95-95.54) &11su HSV-1 (P < .001, SE = 0.04, K = 0.93 [95% CI, 0.86-1.00])
ag HSV-2 (P <.001, SE = 0.05, K = 0.86 [95% CI, 0.77-0.96) snua1au

AsUstiiinlseansa wuas standard real-time PCR assay waz IH-MCA for MRT-PCR
product wuil fimutagy (90.91%-100.00%) wazAudwwIzge (93.56%-99.50%) wWiaus Iz
AAsweInsaluauInLAzAINISNENsaiNaaUTigeun 35 IH-MCA for MRT-PCR product fidiunu
#1nd1 standard real-time PCR assay sz 22.49 11 upADIAH IH-MCA for MRT-PCR product
Wnalumsnaaautenuaiiay 35 wafi 915303138 standard real-time PCR assay fil§ian
2 $Tuv 25 i vEaUszanas 4.14 1 (615191 2)

TumsF»ﬁmmcﬁunuuazsw:nmmsﬁwLﬁumsua\immmaa\iﬁ ToUsauLfisuszning
standard real-time PCR assay Aiu38 IH-MCA for MRT-PCR product Fodwafioudunaunsdudu
nanIsnaFdUAEUAIUGA3E1 PCR (post-PCR confirmatory step) lasdiunuuavis standard
real-time PCR assay Aafludtd31a6ia 1 U§AZe1 (1 Rx) BesuBumsadinnsaiiandda (170.00 un)
ﬁwmﬂﬁmswﬁ (570.00 ) LLaziaqguLU?\aa (36.99 Un) 52384 776.99 unsiansnaaay
1 A% vauefiI3 TH-MCA for MRT-PCR product t&iensiafinssiuacianauudosiifiduny
34.53 vindamsnaaau Beshainann uashidovadnaswusnssulnsi donalisendnfioduny
waza unsdinsnsiadasizedi (repeat) iRpBusunamsnaaaunauniiniige385 standard
real-time PCR assay a=?81ia1570 2 $1lue 25 wifi AMSUAISAIIASIERE @838 TH-MCA
for MRT-PCR product ?813a1 35 u1fi Senaneliifiufivuszdnsainfigevasds IH-MCA for
MRT-PCR product fislugnudunuuaziaa

amsnadauUfAseuuliswie (cross-reaction) 6he standard real-time PCR assay
uaz IH-MCA for MRT-PCR product tsiwumsiiuguauarsiusnssuvaviianalsadvsaluil
adenovirus, coronavirus NL63, coronavirus OC4, Epstein-Barr virus, influenza B virus,
human metapneumovirus, Klebsiella pneumoniae, Legionella species, Moraxella catarrhalis,
parainfluenza virus type 3, parainfluenza virus type 4, Pneumocystis jirovecii, rhinovirus,
Staphylococcus aureus, Toxoplasma gondii, waz varicella-zoster virus ag1visAnu 195y i)
fAnlsA 4 @1wWus teuA cytomegalovirus, Haemophilus influenzae, respiratory syncytial virus,
az human parvovirus wuﬁzyzywmmsLﬁuﬁuuaaﬂ%mmaﬁﬁuﬁnssumm%yah%a HSV-1
tutte 2 98 Quarndalasa Hsv-2 LinuFanansiiuiu) navmswiudumayanaaay FTD
Neuro 9 assay (Fast Track Diagnostics, Junglinster, Luxembourg) Tuanisnaaayu HSV-1 uan
T 4 fhate

tun1s3tmsI1zd melting curve ypuLBalisa HSV-1 (efficiency = 92.7, coefficient of
determination = 0.998, slope = -3.511, y-intercept = 38.935) fil#uauinonigsmunaiia
fimnuduiusganatanaufudugegaiinsiainld 1Ay 370 copies/mL (Ct 40.43)
war 3,467,368,000 copies/mL (Ct 15.93) enuaisu yuALlEal % HSV-2 (efficiency = 93.4,
coefficient of determination = 0.998, slope =-3.490, y-intercept = 36.742) wumwl,z’im’l'uﬁi"wqm
LLa:mwLﬂ'uﬂ'ugaqm‘ﬁmmi@fé’ WA 610 copies/mL (Ct 37.15) waz 754,312,000 copies/mL
(Ct 15.82) euadu (AMWd 1 wag 2)
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15199 2. Uszfiudseindain a1183918 uazaild SusunisasionnBalida HSV-1 uas HSV-2

A) Performance of HSV-1 Detection

Real-Time PCR for HSV-1

Method Detection 95% CI IH-MCA for MRT-PCR Product 95% CI

Sensitivity, % 90.91 75.67-98.08 90.91 75.67-98.08

Specificity, % 95.00 91.00-97.58 99.50 97.25-99.99

PLR 18.18 9.84-33.59 181.82 25.66-1288.30

NLR 0.1 0.03-0.28 0.09 0.03-0.27

PPV, % 75.00 61.89-84.71 96.77 80.89-99.53

NPV, % 98.45 95.56-99.47 98.51 95.75-99.49

Accuracy, % 94.42 90.65-97.00 98.28 95.66-99.53

B) Performance of HSV-2 Detection

Method Real-Time PCR for HSV-1 95% CI IH-MCA for MRT-PCR Product  95% CI
Detection

Sensitivity, % 100.00 88.78-100.00 96.77 83.30-99.92

Specificity, % 93.56 89.25-96.53 96.53 92.99-98.60

PLR 15.54 9.18-26.29 27.93 13.45-57.99

NLR 0 - 0.03 0.00-0.23

PPV, % 70.45 58.50-80.14 81.08 67.36-89.00

NPV, % 100.00 98.07-100.00 99.49 96.59-99.93

Accuracy, % 94.42 90.65-97.00 96.57 93.35-98.51

C) Costs

Topic Standard Real-Time PCR Price, B IH-MCA for MRT-PCR Product Price, B

Nucleic acid extraction 1 Rx 170.00 None -

Reagent 1 Rx 570.00 1 Rx 0.01

Materials 1 well 36.99 1 well 34.52

Total 776.99 34.53

D) Turnaround Time

Workflow Step Standard Real-Time PCR Time IH-MCA for MRT-PCR Product Time

Nucleic acid extraction Yes 30 min No -

Pre-mix Yes 10 min Yes 5min

Amplification/detection Yes 1h 40 min Yes 25 min

Data analysis Yes 5 min Yes 5 min

Total 2 h 25 min 35 min

Abbreviations: HSV-1, herpes simplex virus type 1; HSV-2, herpes simplex virus type 2; IH-MCA, in-house melting curve analysis; MRT-PCR, multiplex real-time

polymerase chain reaction; NLR, negative likelihood ratio; NPV, negative predictive value; PCR, polymerase chain reaction; PLR, positive likelihood ratio;

PPV, positive predictive value; Rx, reaction.
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Mufi 2. msiiasied Melting Curve vauBata¥a HSV-1 uazHSV-2
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aAUsI18a

'3§ms"nmaaumxﬂriimz"rﬂmaqaﬁﬁwmﬁuﬁﬁi@lqﬂi:am
1257 HSV-1 uaz HSV-2 Tauadundnnisuas real-time PCR lunsiiuusanaansiiugnssusiinnang
&uA Bu US7 vwa 142 bp dmsuiBalada HSV-1 uas Bu UL27 via 134 bp dwsuidatada HSV-2
msaswAnmamsiintuvasdisualinsufifiaaandisasiSaouas WEud FAM §1%Su HSV-1
uaz Cy5 &1%su HSV-2 BouanvwatunsiW amplification curve tugoevfitinauin a:ld
PCR product w3auaundaau vaansaanlélunisiiasizvisade melting curve analysis
metunaaanaaauiiisafiu Taad) melting temperature a3 uwizAvuSnanivinsvasusaznia

TumsAnmiuaunwanauvay HSV-1 (142 bp) waz HSV-2 (134 bp) fvuimssiuantiay
ustfipvarnniseanuuutwsiuasuuy multiplex gnasauvuliiirdulugivgmngifiuidu
$3ufiu GC content uazaduluaftnaldsediu denalida melt peak irivAufivssuna 89.50 °C
%aagj?uﬁ'mmwmauﬁymuaﬁmﬁmﬁw melting curve analysis fotiu nstd melting curve
analysis Rzvadoifiebitissnasanissuunsiiaidaifiadidn melting temperature s3ufu
ag19lsfiou A5t melting curve analysis a1ewds PCR fofivsslosil Tasaniztunsdid

LWBASIDMIAISWUSATSUYDILYD

real-time PCR tW&uaad1tusrofiisvavufizswiafidnuaznsiwnszaniivats (late
amplification/false signal) a1sesiaaay melt peak YDILDNNEADUAINSYIBUE IE
fimsiAnnansuriidnunsaieonaissuvasindiuad wiaufsondadaunfitusiiwie Ml
namsiassdfianuindafaifiuuniu

uano il A1sidis SYBR Green I favluaisazasfifiansBaouas FAM uas Cy5 wuin
mansarviusiuAuls laslifinasuniu Seaanndovivuanisfnuiuay Nagy uazams® was
Lind uazanuz? penelsfinu anuuansisuasnszuIumMsnagauagfivasna lunisiuasifionsio
eunuszitduLs Tnaluds IH-MCA for MRT-PCR product fin1siéis DNA binding dye 13w SYBR
Green I futa9 post-PCR 1ialitunsiasizyien melting curve tuvaizfinisAinsuaviisungudu
azL6iu DNA binding dye Tugs pre-PCR usindanamsnaaaulugiv post-PCR tguLfinafiu

msnaaauUfAsenimdmiuiiatisa HSV-1 Wiuamsneaauifluuintubodalse 4 aemiug
tauwdA cytomegalovirus, Haemophilus influenzae, respiratory syncytial virus, wasz human
parvovirus Foandavdiute 2 38 unsasiodms1eddan standard real-time PCR assay waz
melting curve analysis Li"jaﬁwmsﬂmaaugwﬁmqmﬁwm‘imjﬁw FTD Neuro 9 assay t#ua
AISNAFAUASIAL TABASIDNUAISHUSASSHYBIEDTISa HSV-1 andagugiisdend

: Y o

asBalinsan (coinfection) tudnwasiiansanuigluguisffscdugiguiuc® uazwy
msdiaiatiia HSV tElunauaTens'

A1snaaausey IH-MCA for MRT-PCR product fdssansaiwgeniinism standard
real-time PCR assay lagnisnaaausig standard real-time PCR assay anafinsavaeyayia
Alisnmniatu miknsnfisasaciaundtiilu sigmoid curve 18w Fdnwasidouuusiu
WEunsWfidnsazudatuan mikasudanafianain iawavindasuuazuaaudaandus
uanani Asaanuuulndiuas Aanudidulunisasiosuduivune mafinssanuuy
niadfifianusinies fAoziAnufasedutu lunsasiviiasizidde real-time PCR uas
gudunanisnagaunla IH-MCA for MRT-PCR product a:mmsnﬂm”?qmmwva\iLLauw’éﬂau

nldoannszuiumsTouvasinsiuas wia mnagalinsnarswusiintuluvinmdwivuig

'
ol o

fitha1smsi9diaszd Aarsnsansiofinauldoinal melting temperature fisiiotuonaiia
upanniifeaansaliifusiielumsdedadonn iumadon uarlama unsasiedaszd
\Hala¥a HSV-1 uaz HSV-2 tushagefifianudutouldosnugndosuazinanzandal agislsfiony
msasIa8alada HSV-1 §rs IH-MCA for MRT-PCR product uana1nazldaal 35 wifi uas
fidunu 35 uIn feasnsavdanavintasuldtonun uaztudiuvaundatida HSV-2 a1usa
anuavInUaauasidie 1.86 11 lunsaifidosrhasnasauiBalasa HSV-1 uaz HSV-2 $1 a1ansa
ARSTEZIIAINISASIDIASIZRAYLGEY 4.14 110
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dafAnuagis IH-MCA for MRT-PCR product T@LA A3 WIzuasnIstantadwinau
Afdneazadioduy Svorarhldnanisiiasizdd melting curve fautuiulunsaififiiasiuiu
wansuiia uananil oafidasAntunisustyndluiosufifinisflsufiia3as real-time PCR
fianansaiasizd melting curve &

FndunuimieamsWaurluauiae AmsiinnIsnagauandogrenislungulsesing
fivaranaty Raustifiutszandanluaniunisaiode s1uieWmuidanadfin (algorithm)
Tunisitesizidaya melting curve wuudaludd iisldaunsauvananisnagaulditsnaz
wiugantu arunsaihtuuszgndliiueiasiianisnisunwndlunisiusunanisnaaau
ARNALINUADULALHAAUUADNYDIIEN15A5IDILASIEEIY real-time PCR MU gasanszuziaan
wazdunumsasvitodutonalsaldorvfivssanaain

asuua

mMsnaaaunBalida HSV-1 waz HSV-2 ¢35 real-time PCR wazA1sitAsIzst melting

'
oo o o

curve fMEIBNWRINTUA NS UASIDMAISWUSASSNYDNLTD1IST HSV-1 waz HSV-2 fiussdnsaiw
guni standard real-time PCR assay nuluidavanssaus s1a1 wazszaznaItunsnadau $iuan
dafiawarnainnavInUasNuasaauUasNINMSAYT U UL TSN TS
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Abstract

Background: Influenza has a significant impact on health, society and the economy
worldwide.

Objective: To enhance the accuracy and precision of influenza A virus detection.
Methods: Detection of viral genetic material was performed using real-time reverse
transcription-polymerase chain reaction (RT-PCR), followed by melting curve analysis of
the real-time RT-PCR product.

Results: To enhance diagnostic performance, a novel in-house melting curve analysis
assay developed for real-time RT-PCR product, achieving a sensitivity of 96.06% (95% CI,
91.05-98.71) and specificity of 100.00% (95% CI, 95.94-100.00). The assay also demonstrated
a positive predictive value of 100.00% (95% CI, 97.02-100.00), a negative predictive value
0f 94.68% (95% CI, 88.29-97.68) and an accuracy of 97.69% (95% CI, 94.68-99.24). The assay
showed high concordance with the NxTAG® Respiratory Pathogen Panel (K, 0.95; 95% CI,
0.91-0.99; SE, 0.02; P <.001).

Conclusions: This study demonstrated that post-PCR amplicon analysis via melting curve
analysis can be performed in a single tube without interference from the hydrolysis probe.
Integrating both methods into the same workflow reduces turnaround time for repeat
testing, lowers costs, and minimizes labor requirements. As a result, this combined
approach improves the efficiency, sensitivity, and specificity of influenza A virus detection,
making it a robust tool for laboratory diagnostics.

Keywords: Real-time RT-PCR, Melting curve analysis, Influenza A virus

Rama Med J. 2025;48(4):e274725.

1710



https://orcid.org/0000-0002-4344-0490
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

RMJ

Original Article

AstisdssansSawnIsnaaau Real-Time RT-PCR uav CDC
Fusuidahidaldnintuaiawwusialasnaisiasici
Melting Curve #avn1sn PCR
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UNAnLd

unii: Tsatdnintnajdenanstnudaguainausis Fau uasiassgianaussnaiilan
Jaguszavd: iRowanIBNMsasiovBaliiatinintuameiusiatifianugndasuazuaiug
antu

3Ems@nu: msnsivlianzimaisiugnssuvasiiahiialiniatuaimsiudio Tasléinada
real-time reverse transcription-polymerase chain reaction (RT-PCR) snaugiani1sitasizn
melting curve uavuansAaurn real-time RT-PCR

uan1sEnL: EMsANaU Ui fimnut ouas 96.06 (95% CI, 91.05-98.71) AU LWL
Zp81az 100.00 (95% CI, 95.94-100.00) A1A1swennsainauln sasas 100.00 (95% CI, 97.02-100.00)
AIMSWENIASAINAAY oAz 94.68 (95% CI, 88.29-97.68) wazfinnugAdinvuaynIsNaaay Souas
97.69 (95% CI, 94.68-99.24) mi‘nmaa‘uLLam\aTﬁL‘ﬁumwuaaﬂﬂz—’ia\igaﬁu NXTAG® Respiratory
Pathogen Panel (K, 0.95; 95% CI, 0.91-0.99; SE, 0.02; P <.001)

a5u: msiAssiuaunanaunasa1sTii PCR fnsitas1zh melting curve ansnsasuiiunsis
Tunananmanvidsidulaglifinissuniudauaaain hydrolysis probe asuauuaIuisns
a1z 2 38 argasanszazantumsneaaut) andunu uazanmudavnismdsauay
ot WINMIMDURANHAIUHSIHIBUFUUTIUSEENE MW ANUT) LATANNSUWIZUBYNSHSIDMN
WBalidatdwinluaiaoiugin miiuedasfiafiivssandaindiniulitunisifiods
TuavuFudins

°o_o_ a a

AdAsy: inafia real-time RT-PCR ms3tAs1z# melting curve 1atdalinintuajaranusio

uni

Tsalinialnal \Dulsediadossuumudumelofiiinonialsatinialua (influenza
viruses)' Dsatdnintvey \uasnsnaglu family Orthomyxoviridae T genus Alphainfluenzavirus
Usznauee influenza A, B, C, waz D2 "(ﬁafﬂ'wim?mg’tﬁufﬁaﬁﬁLﬂﬁaﬂﬁ:u (enveloped virus)
famdlanailda (nucleocapsid) Adnwazauuasuwuuindal (helically symmetric) FuUsznaugy
asWusnssua1sLBuLa (RNA segments) 7 32 8 au uas wauBalussiu (capsid protein) fiviovu
agsiuAw® ayaalidadisusiunsenau (spherical) w2 nsvnasnuvuiinaan (filamentous)
wWusugudaalvuseuna 100 nm ansluussyaiswusnssusfin RNA aipautdudion
(negative-sense single-stranded RNA virus %38 (-) SSRNA virus)* fivunadssanad 13,588 tua®
fitnalaluséiu (glycoprotein) unsnagiiunanuiainlaseasie &i 2 s Aa hemagglutinin (HA)
waz neuraminidase (NA)® a1swuaaIawug (strain) vavhisaldwinluaidususfinvay
HA (HA subtype) uaz NA (NA subtype) Jaiiuii HA Konun 18 subtype (H1-H18) uaz NA agj
11 subtype (N1-N11)¢ a1sufim antigenic drift waz antigenic shift L‘i“.’Jummﬁ;msLUﬁauuUa\i
Tuduvas HA waz NA valhiSalinialng srndomsiioviudisiadusvuduits riKdoed
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asUsuUFsunaswanniadulinialnaognasniiat’ uonnf MsiAsuntasuaudiou
Fedonalitiiaaunsavauidssmsaavaussmugiduinnazusudistunaslaads

ndayavavavAnisauidalan (World Health Organization, WHO) lsatdwinluey
snuganadigulisdssunas 1,000 auausial HgiFadIing 1y 290,000 v 650,000 Ausiall
$puaz 99 vouiFsFinfDudnorgeinii 5 U daAetuyssnamdeiomn® s 100 DAkwaN
ffidedinanlsatininlualitioundt 50-100 AMuau yarmiANuFawianuassgianinni
3 AuAuaLaaNsAnSy Winsovar 4.8 vavnandmnuasinateludssinavavlan (gross
domestic product, GDP) AuLFegainn1suwsstuinvavlsaarafiyadianuifenisagf
30 Wudunaaarsansgdal Solulaymmedumsisaguimlantianud Ay

Uogifunsnsiadfiodonudaliialininlnailuayesfisuléinafia real-time reverse
transcription-polymerase chain reaction (RT-PCR) Auag19NsAaNe Fofimnuliuaz
ANuFINIEgy Enatumsesiafisanda lunsasiomasiusnssuvasitalisalinintug
fiauld real-time RT-PCR lnwsifiunisenuduusihvavauddaviunasmuaulsnuaoansy
aLusa (US Centers for Disease Control and Prevention, CDC)'2 answeiu real-time RT-PCR
#m13 US-CDC protocol WiUseandawsnnlu drwnsiasied melting curve alawavUf AT
PCR (post-PCR) éznsiiia DNA binding dye avty Warhmsiesiziuaundnau (amplicon)
271 real-time PCR matunasaneassifisndu’ sxirsliiiuanuiuazanusiniziunsnsiom
asWusnssy Snsulunsdiinabiiau sxtiwantunounsiiiglu real-time RT-PCR t¥asi1ufi
UsednSaw

3515

ANS2DALUUASAAL

WaI138n15m579 real-time RT-PCR ¢a US-CDC protocol d#sun1sns1oitasizwmians
WusnssuvauBatisalinialvajaswudia (influenza A virus) Taesih PCR product sn3iasizy
fa@18n1531AS1ER melting curve tiatAndsEandainnisasiodiasiznlifianulinas
AN NN RIINATY

AMSARLADARIDENY

Aaidandingunvadiinfiunndavdoiaiatialinialnag uazfiainsly (aaumgf
>37.8°C) la fn:fwﬂ wioatulnaeunile 91ndaene nasal swab uaz nasopharyngeal swab
filwdoonnszuiunIsasIDIAsIzA (left-over specimen) vav#avUfuRin155aine) AR
WYISINYT AMSUNNYAIFASISINEIUIASIHIBUA uminendauina s1ulAo 11U 216 @298
fifivsanasandulilumsadnansiugassudush 200 uL

n1saﬁma1sﬁu§nssu (Nucleic Acid Extraction)

nansaslmduiloifsanudas vortex 1Yunadszana 1-2 wd mnﬁ?u@mﬁmﬂw
Usums 200 plL adearswugnssulasldynada MagDEA Dx SV éiuia3avadinaswugnssy
wuudnlud® magLEAD 12gC (Precision System Science Co, Ltd, Matsudo, Japan) wavATIY
ihanswusnssufiadaudiiutiigungfi -20 °C wia -80 °C Asurhmsnaaaulutunaudaiy

msmsaaw1a1sﬁu§nssuuami‘?af’a%afﬁ'ﬂ’im?mgﬁw Multiplex PCR-Liquid Chip (NXTAG®
Respiratory Pathogen Panel Kit)

w3sugAnaaay NXTAG® Respiratory Pathogen Panel kit (Diasorin, Italy) uazin
fhogefitinunsadnaisWusnssudie Maglead U3uins 36 ul ldastufiotoud (reagents)
Ll,é"aﬁﬂ‘uLﬁuﬂ%mmmsﬁu@ssuimamﬁa‘wﬁﬂms multiplex PCR waz bead hybridization
mu PCR conditions fiszytugiia wisontiuiihusudeiA3nv Luminex MAGPIX Instrument

Rama Med J. 2025;48(4):e274725.
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Tagafananns flow cytometry™ wazuilawanisnaaausiz xPONENT® software version 4.3
BuvruanINANISNAFBULTIAMAINDINAISASIDIUNSATIIAGBAUDILTRADISASEULN VLAY
melouuudsludis

ANSASIDUAISWUSASSUAIY Real-Time RT-PCR for US-CDC Protocol

Wunsasiamaiswusnssusiy Real-time PCR wuuUndmiY wialumasnaasvilizun
“standard real-time PCR” Taal8lnsiuad (primer) uaslnsu (probe) fisnumwiesiafuiivane
Tuaruvay matrix (M) gene uaaLi”)yavh'sfafﬂ'wﬁm%sgamﬁusﬁa 210 US-CDC protocol (s1n519fi 1)

FumaunsieSauanssedu (master mix preparation step) : Ma1sazaly RNA waz
¥m SOLIScript One-step Multiplex Probe kit (Solis BioDyne OU, Tartu, Estonia) Lmswfwsmas
Tnsu LLawH]uNHNUQﬂ’iHW (mswﬂ 2) mma‘mmauﬂgﬂsmemﬂumImmem (pipette) Uua\a
10 ﬂi\‘i arelouavlurasm PCR wuuitsalndwiaiwan 96 wau JumaniivnunmIsaiiunis
vuhudouasndaiisomssudauas

5umaumﬂﬁ'uﬂ%mmmsﬁusqnssu (DNA amplification step) : BV IALASUUFIUMAN
UFAzenasoudy Wsia RNA 5 pL onanisada RNA tashmuauasnIwkauan (positive control)
WAZFIAIUANAMAIWKAAL (negative control) tunanisnaaay Usuimssiutunan Aa 25 pL
msA1wun real-time PCR conditions uavnsasiaiiasizimaiswusnssuvavidatialinialvaj
Usznaude dumau revere transcription step figaunnf 50 °C 1¥unan 30 wifl enudasansrhls
{fumau inactivation vav revere transcription step 'ﬁ'qmwgﬁ 95 °C 1Juran 2 1 a’mﬁmﬂ"lg
Funau amplification steps 45 sau lagUsznaudiy denaturation 95 °C t¥ual 15 Iunfi uaz
fumau annealing uaz DNA extension wuy 2-step Waaumngif 55 °C 1Puna1 30 Fwf uaz
Jufindaya (data collection) Atumoui snuAwuziinstdouuavduan BioRad CFX 96 (Bio-Rad
Laboratories, Hercules, CA, USA)

a1519f 1. Oligonucleotide Sequence uav Primers waz Probe 21a US-CDC Protocol'?

Primer/Probe DNA Sequence Specific Region
Flu A-Forward 5'-GAC CRATCC TGT CAC CTC TGA C-3' Matrix (M) gene
Flu A-Reverse 5'-AGG GCATTY TGG ACA AAK CGT CTA-3' Matrix (M) gene
Flu A-FAM 5'-TGC AGT CCT CGC TCA CTG GGC ACG -3'-BHQ1 Matrix (M) gene

15191 2. NSLASYNFTIVNTURAA

Reagent Microliter/Reaction Final Concentration
40x One-step SOLIScript Mix 0.5 pL Tx

5x One-step Multiplex Probe Mix 4L 1x

Flu A-Forward primer 0.5 pL 1.0 pM

Flu A-Reverse primer 0.5 pL 1.0 uM

Flu A-Probe 0.5 pL 0.25 pM

RNA template 5pL -

Water, nuclease free Up to 20 pL -

Total reaction volume 20 pL -

Rama Med J. 2025;48(4):e274725.
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11560539 In-House Melting Curve Analysis (IH-MCA) Assay for Real-Time RT-PCR Product

5umaumﬁmﬂ:ﬁmwﬁ\amﬂﬂﬁﬁ’%m PCR 1a505 (post-PCR analysis step) : As13a219
SYBR® Green I nucleic acid gel stain (Invitrogen, USA) 21a 10,000x vHu 10x Ausuldou
Lﬁﬂﬂﬁﬁ%m real-time PCR ??uqmm lapgaaIsazats SYBR® Green I U3ums 2.78 L (10x)
Tdavlulu PCR product usiazvau Liat#idanududugaravas SYBR® Green I windu 1x
Tutumaunnsitasizd melting curve a:18amngif 60 °C &9 95 °C Afidns1AsUugaungd
iy 0.5 °C Tuan 0.05 Junfi Taald BioRad CFX 96 dwsun1sitAs1z# melting curve waz
TiuftnFeusyau (data collection) Tudumauil

AswUawa (result Interpretation) : 81461 melting temperature yav melting curve 13au
\WfisuAu positive was negative control nsgififiA1 melting temperature Ay 81.75 (+1) °C
Wuvanisnaaautduuin (positive) asdififidn melting temperature tiaanndasAunsdi
msudanansnadauiduuin Wudawananisnedaurduau (negative)

mafimsnatswusmeluvdnauaundaausisadsnalidel melting temperature (Tm)
wWasuluaagrefidnun asduduindu L%ﬂh%ﬁfﬁ'%im?wm’awﬁus‘:m tunsdiftda1 melting
temperature (Javiuusanoindiviisinuall aruisaismedislunsoBudude3Izsu 1du
¥aR5DNIRNSPIU real-time PCR, DNA sequencing, iaz next generation sequencing (NGS)
Wudu uononil asihaeRusAfinnsnalswug unadauliuLfiu ardIemnuavaULYAYDY
A1 melting temperature fiansnsassyBadalsaidosusiugazarvi lugmssainarithssTo
AmSUMIsmAsI9WU mutated strain TunstdnsImszid melting curve sty

msusziiindszansniw (Diagnostic Performance Evaluation)

WesuiBuNansAABIsEAINY IH-MCA) assay for real-time RT-PCR product waz multiplex
PCR-liquid chip (NXTAG® Respiratory Pathogen Panel kit) Wadiasieanula (sensitivity)
ANND N (specificity) AnIsweinsaluauln (positive predictive value, PPV) Anisweinsal
Waau (negative predictive value, NPV) mmgﬂﬁ’ia\i (accuracy) HazANMUADAAADIUDYISNAFDU
azgninlasmai Kappa (K) Fuazmunalaslfilusunsy MedCalc version 23.3.4 (MedCalc
Software, Ltd), R version 4.3.2 (R Project for Statistical Computing), ttaz RStudio version
2024.09.0-375 (R Project for Statistical Computing) ArumsussfiunnsinvasisAwmutu
prfiDsaIINAMUANTRUDIIENSASIDIATIER 51A1 LazsEEEzAIMSNAFDY

HaNSAAL

nEENTeNNA 216 FI9819 WIUASNAFDUGIY multiplex PCR-liquid chip (NXTAG®
Respiratory Pathogen Panel kit) Wuanmsnagautludingivuan 127 o waz Magivay
89 ghathy wWisuifisunanisasioiahisalinialuaiszuine standard real-time PCR uas
IH-MCA assay for RT-PCR product 1aa?d multiplex PCR-liquid chip (NXTAG® Respiratory
Pathogen Panel kit) L{’luqmmsméﬁaﬁa (mswﬁ' 3)

38 IH-MCA assay for RT-PCR product t#nanisnaaauuinnsvAu 122 @ingis Tiua
AsnaFaUaUAseAu 89 et uatiuanisnaaauiluauvasu 5 dangv fidfianuta agf
96.06% (95% CI, 91.05-98.71) AU LN i 100.00% (95% CI, 95.94-100.00) A1A1sWeInsal
NavuIn LAy 100.00% (95% CI, 97.02-100.00) azA1A1sNEINSaIHaAL agjﬁ' 94.68% (95% (I,
88.29-97.68) TmEJﬁmwgnﬁaauaamsmaammﬁu 97.69% (95% CI, 94.68-99.24) nan1snaaay
waaulFifinitseandainnazanuaanndavuavidnisnaaauiiioiuiouifisuAvuiszdivde
NXTAG® Respiratory Pathogen Panel fimuusiugge fimnuaanndnvfifiteddnivada
(K, 0.95; 95% (I, 0.91-0.99; SE, 0.02; P <.001)
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A1519f 3. nansnaauLSsUIfinuiS31959uav Standard Real-Time PCR was IH-MCA
Assay for RT-PCR Product

Real-Time PCR
Method
Standard IH-MCA Assay for RT-PCR Product
True positive 120 122
False positive 0 0
False negative 7 5
True negative 89 89

Abbreviations: IH-MCA, in-house melting curve analysis; PCR, polymerase chain reaction; RT-PCR, reverse transcription-

polymerase chain reaction.

asneaaulsiwuUfAse1diu (cross-reaction) ﬁm%aﬁaismawﬁusﬁu Taalddnse
clinical isolate wavusiazataWug SnuIuarswusas 1 da1oe1v {duA adenovirus (ADV),
coronavirus NL63 (CoV-NL63), coronavirus OC43 (CoV-0C43), cytomegalovirus (CMV),
Epstein-Barr virus (EBV), influenza B virus (Flu B), Haemophilus influenzae (H. influenzae),
herpes simplex virus type 1 (HSV-1), herpes simplex virus type 2 (HSV-2), human
metapneumovirus (hMPV), Klebsiella pneumoniae (K. pneumoniae), Legionella species
(Legionella sp.), Moraxella catarrhalis (M. catarrhalis), parainfluenza virus type 3 (PIV3),
parainfluenza virus type 4 (PIV4), Pneumocystis jirovecii (PCP), human parvovirus B19
(PVB19), respiratory syncytial virus (RSV), rhinovirus, Staphylococcus aureus (S. aureus),
Toxoplasma gondii (TOX), wag varicella-zoster virus (VZV)
AsUszfiunnsinvasdsiwaudu asnsaridlaenisiseufivuszuite US-CDC
protocol Tuﬂssﬁmsﬂmaauﬁ"'mﬂﬁzumau (conduct repeated testing) msnaaaud1dnateianis
PCR (repeat PCR only) waz msneaauuu IH-MCA assay for RT-PCR product wuii diUseansan
tumsasivifaduunnsiviuanios tududunu (costs) dmnuunnsiviuunn AsNAFaUT
TaeBuvuunffidunu 272.15 un msnaaautawiz PCR fidlunu 102.15 vIn waz IH-MCA
assay for RT-PCR product ﬁﬁunuﬁ‘hqm‘ﬁw 32.06 UIN (RWIESIAGUNW SYBR Green I ¢ip
1 ehade AfunuiidAu 1 #0019A) AmiusspzaINSNaTaU msnagauilasiBuuuundldina
2.15 §1lug msnagaudanie PCR W8iaan 1.44 $2Tus waz IH-MCA assay for RT-PCR product
tnantaagaiipg 0.30 FaTav (519 4)
u,u'mmiunﬁﬁﬂmuuamﬂ"iu'a"wLﬁuﬁa\aﬁmsﬂmaaugmnsw msiRudunaumsiiaszd
melting curve wuzshiihantdunuamsnaasudlunsdifinanquieda 1wu tunsdffidyam
\induinilaidu baseline threshold tugrvhevavl§Ase real-time PCR Washagefinaaauiiu
UiiRzenaran1sns9MAs1edd asnsadiagiefiniunssuauaisth real-time PCR suda
Aounthil neaaauiRadudizn1s3asied melting curve
Fwnsumsitesizidunuaisihdunuuasnasanaassfiliidusimuqguasninkauln
LALAIAMUANAMATNRAAL U15INAITAIUIUAILY LﬁaamﬂL{'lumsﬂmaauiunnﬂ%\a fnsu
A1531AS 1 melting curve Tasmtuaiansariin1sias iz melting temperature yagnAIUAN
AMATNHNALIALAEFIAIUANAMATWHAAUTH melusaumsnasauiBisifulasbififunounas
A lEsruRudin Badudslfivisufiofisufunisnasaud iovarngrmfinanugadoy

Sl &

anatddrslududunuuasszaznafitélunszuiumsasindmsieiiiauay
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m151911 4. UssAnSAIwA15A5IDNASIEHA Aunu uaznafitd dusunsrmbialinialuaaawusie

Real-Time PCR
Topic

Conduct Repeated Testing Repeated PCR Only IH-MCA Assay for RT-PCR Product
Diagnostic Value, % 95% CI Value, % 95% CI Value, % 95% CI
Sensitivity 94.49 88.97-97.76 94.49 88.97-97.76 96.06 91.05-98.71
Specificity 100.00 95.94-100.00 100.00 95.94-100.00 100.00 95.94-100.00
PPV 100.00 96.97-100.00 100.00 96.97-100.00 100.00 97.02-100.00
NPV 92.71 86.09-96.31 92.71 86.09-96.31 94.68 88.29-97.68
Accuracy 96.76 93.44-98.69 96.76 93.44-98.69 97.69 94.68-99.24
Costs Number Price, B Number Price, B Number Price, B
DNA extraction 1 Rx 170.00 None 0 None 0
Reagent 1 Rx 54.00 1 Rx 54.00 1 Rx 0.01
Materials 1 well 48.15 1 well 48.15 1 well 32.05
Total 27215 102.15 32.06
Turnaround Time  Work Flow for Conduct Work Flow for PCR Only Work Flow for IH-MCA Assay for

Repeated Testing RT-PCR Product
Time 2h 15 min 1 h 44 min 30 min

Abbreviations: IH-MCA, in-house melting curve analysis; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value;

RT-PCR, reverse transcription-polymerase chain reaction; Rx, reaction.

pAUs18la

msmsmmmsﬁuﬁﬂﬁmmL%yah%afﬁ'wimimjﬁm IH-MCA assay for RT-PCR product
adundnans real-time PCR Usznaudis 2 dumau t@ud winasnagauuuy hydrolysis probe
detection uazmsitas1ed melting curve TasiduonasiRus MU UAIN DNA iihnInsuas
JAs1zideyauIainae hydrolysis probe Tunaaanmany wavoAtiuiLe PCR products w1t
A1sIAsIER melting curve analysis Buidunszuiunisasiadiasizindeain PCR 1aSoRundn
(post-PCR) sinvdans@nuay Lind tazaaiz’ Cheah wazmaiz® imﬁgﬂ Van Poucke tazmaie!”
Fudumsindeu sequence-specific probes was DNA binding dyes ﬂ'ﬂu@uﬂg’jﬁ%m real-time PCR
(pre-PCR ) Burdumsindouarsazatusie o Blunasaifiedfu Tnsozrhmsiesizduansnagay
\fioU§AZen real-time PCR Rugaasudn

nnmsansIseluadeiinuii hydrolysis probe filéluiunau real-time PCR Giraliifia
Fysrasunulunisiasizi melting curve 1lasonTutanavay fluorophore 15u FAM Taifi
AnuaudEiu DNA binding dye Selimansaudsduiiarufaselunissudiu DNA aug vida
sumunsEUIUMSIASIEd melting curve I8 uananil TwsustgneiasTasiaulss DNA polymerase
1l fluorophore wsn@sananais DNA uatlidonasionisnsioindrogaungiii DNA dag o
amﬂﬁuszaﬂuﬁzumaumﬁmswﬁ melting curve

najsu(ﬁaasiwﬁ?ﬁwamsﬂmaauL‘T.’Juwaauﬂaau (false negative) :uu 7 518 fnsuite
hi¥atiniatuajmeiudiotu wui S6ate 2 s 1 HofiusunamsnaaaudsiZaunwui fate
1Bahsatiniatvaianwudio sudingvfiindadn 5 s1e Tu standard real-time PCR uaz
IH-MCA assay for RT-PCR product fil#uaifuavaiaiinoinnisidauaninuay RNA (RNA
degradation) TunszulIuNSIALAUWSDUUAVEIDEVADUAISNAFDU
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MsNAFDUUAATYY
Wty 1iaga1anie US-CDC finnsannnuulnsiuasnauazusnaduihvuisiduudnuid

wvpLBanalsA 22 aWus tUnumMSIRNYEIBTURINAISNUSNSTH

q

[

asaudndgederhliinsiuasiimnuduwizAuiohiatinialnamewudia uiituvivnsd
uauwdnauvauiBati¥alinialvuajaswusiaffidl melting temperature fiunnsiiefiu
Fofiamgoinhsalinialnaarewugiafinisnarowusluaiuvay Matrix (M) gene dowalw
amplification curve' waz melting temperature ﬁmwml,mﬂ(;h\aﬁumﬂmsnmyﬁusjuam?sj'a
Di3atiniatnajaanusiasiona

Goiiu umsasidiesisdaisiugnssuvaundatisalininlunaniugiadas real-time
RT-PCR a1ansaihanitasizisialaaign1sitasiest melting curve ag1visionu winnanIsnaaou
vautie 2 38 aonadasAufaunsaduduldinns real-time PCR uazmsiasize melting curve
MWuagndosuazaanndavdu 1iiava1ns1 melting temperature Ahsdiasizditu @aein
Susuaswusnssufisnonladlnfianalalndindiuas (oligonucleotide primers) yoifisfiu
lunsdifitvnaliaanadaviusiansniuntiiiuiodounanianisudabiou iiarhaisnaany
imisaads Tasldhodundastns wialdyaietnionuisndu w3aldidasnaany
AvanzaudmiulilumsasomnitahiiatinialvmeiudiofiolinsziuacBuiunanisnaaoy
$rdnads Wamsatuayunsifiadvvasunnduasanaliginldsunissnwineiviafignday
Fuartivandnsinsiduihouazmsidadinandnwineuiadialsalinialnajaeiugioacts

asuua

TH-MCA assay for RT-PCR product fit§iduaswaiuain US-CDC protocol a1ansauiian
M1 0uedasfionenisunndlunisasioiinsisinacBuiudalidatiniatvaasiudia Tas s
A lEseifadudss 32 vin FeaansaanszoznarlunsBudunanisnasaulds 4.5 11
uazanwaaulaauldde 1.4 i1 mldgieldsunaitodslsafigndasuazusiuidu
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Abstract

Background: Previous surveys have indicated limited academic output among support
staffin the Department of Family Medicine. Accordingly, this study investigates the factors
that promote their participation in research and development activities.

Objective: To investigate the factors influencing research and development performance
among support staff in the Department of Family Medicine, Faculty of Medicine Ramathibodi
Hospital, Mahidol University.

Methods: A mixed methods research study using an explanatory sequential design was
conducted. The quantitative phase involved 33 support staff participants who completed
a questionnaire. In the qualitative phase, 18 participants were selected through purposive
sampling for in-depth interviews. The results were synthesized using qualitative data to
support and expand upon the quantitative results.

Results: The study identified factors with a strong influence as follows: 1) individual factors,
including time management and attitude toward research and development; 2) motivational
factors, such as career advancement and job responsibilities; and 3) facilitating factors,
including organizational support, access to equipment and facilities, funding, and a conducive
work environment. Qualitative data further revealed additional influencing factors, such as
curiosity, responsibility, inspiration from a positive role model, career advancement,
increased compensation, challenges, acquisition of new knowledge, work improvement,
professional credibility, strong organizational support, access to mentors or advisors,
teamwork, work environment, and facilities.

Conclusions: This study demonstrates factors influencing participation in research and
development performance, particularly time management, career advancement, and
organizational support, including advisors and team collaboration. With appropriate
support and encouragement, these factors can enhance academic engagement and
productivity among support staff.

Keywords: Factors influencing, Research and development, Support staff, Department of
Family Medicine, Faculty of Medicine Ramathibodi Hospital, Mixed methods research
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Abstract

Background: The incidence of sexually transmitted infections (STIs) in Thailand continues
to rise. In Songkhla province, the number of female sex workers undergoing STI screening
has declined, while new cases of HIV and other STIs are still reported annually.
Objectives: To study the level of sexually transmitted disease prevention behavior and
the factors related to sexually transmitted disease prevention behavior among female
sex workers in the Thai-Malaysian border area.

Methods: A cross-sectional survey was conducted among 242 female sex workers in the
Thai-Malaysian border area. Participants were selected using convenience sampling.
Data were collected using a structured questionnaire and analyzed using descriptive
statistics and multiple logistic regression.

Results: The results showed that the sample had a non-risky level of sexually transmitted
disease prevention behavior (52.48 %). Factors associated with sexually transmitted disease
prevention behavior among female sex workers include monthly income/compensation,
household composition, history of STI screening, predisposing factors including attitude,
enabling factors such as access to health services and condoms, and reinforcing factors
such as social support.

Conclusions: Only about half of the female sex workers had a non-risky level of sexually
transmitted disease prevention behavior. Healthcare providers should implement proactive
screening services, promote access to health services, and strengthen social support
mechanisms to improve preventive behaviors in this population.

Keywords: Sexually transmitted diseases, Diseases prevention behavior, Female sex
workers, Predisposing factors, Enabling factors, Reinforcing factors
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Abstract

Getting adequate and high-quality sleep is a key component of good health,
particularly for school-age children, as it plays a crucial role in stimulating growth
hormones, supporting bone and muscle development, repairing numerous, systems
and allowing the body to recuperate. Additionally, it supports learning, memory, focus,
a positive outlook, a calm mind, and an openness to new experiences every day.
Moreover, getting an adequate amount of sleep gives children the confidence they need
to engage and communicate with others. As a result, it helps build a positive personality,
strengthens immunity, and guards against long-term and noncommunicable illnesses.
On the other hand, school-age children’s physical, mental, emotional, social, and intellectual
development, as well as their general health, would be impacted if they experience
inadequate sleep or poor sleep quality. In conclusion, promoting good sleep quality is
a crucial aspect of preventative health. This article aims to present the importance of
sleep quality, factors affecting sleep quality, benefits, and effects of sleep quality in
school-age children. This academic paper can be a guideline for proactively promoting
health and helping prevent diseases in school-age children, both now and future.

Keywords: Sleep quality, School-age children, Health status, Health promotion
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Abstract

Background: Isoniazid is a medication used in the treatment of tuberculosis. Hepatotoxicity
is a common side effect associated with this drug. Currently, studies have investigated
the N-acetyltransferase 2 (NAT2) gene, which plays a role in the metabolism of isoniazid
in the liver, converting it into non-hepatotoxic substances that are eliminated from the body.
NAT2 polymorphisms determine acetylation phenotype, which can be classified into rapid,
intermediate, and slow acetylators.

Case Presentation: A 92-year-old Thai female patient weighing 39.6 kg, diagnosed with
pulmonary tuberculosis and malnutrition. Genetic testing showed that she had the slow
acetylation phenotype of NAT2. The patient was started on a standard anti-tuberculosis
regimen, which included isoniazid, rifampicin, pyrazinamide, and ethambutol, with a daily
dose of 300 mg of isoniazid. Liver function tests, including aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and total bilirubin, were monitored regularly. After 16 days
of treatment, the levels of AST increased to more than 3 times the upper limit of normal,
with no clinical signs. By day 18, these levels surged to more than 5 times the upper limit,
leading to a change in the treatment regimen to ethambutol, amikacin, and levofloxacin.
Subsequently, AST levels decreased to below twice the normal range, allowing the
reintroduction of rifampicin, ethambutol, and levofloxacin. Within 8 days, AST levels returned
to normal.

Conclusions: This case study presents risk factors that may contribute to isoniazid-induced
hepatotoxicity, including advanced age, low NAT2 enzyme activity, and the consideration
of an appropriate duration for monitoring liver enzyme levels to prevent severe liver toxicity.
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Rama Med J. 2025;48(4):e274746.

1/8


https://orcid.org/0009-0000-4227-5780
https://orcid.org/0000-0003-0862-4101
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

RMJ

Case Report

msmnmrwvmamu’iuuﬂwaamslismmisnn‘lmum
Isoniazid ua‘"uamﬂmsmmuuaozau‘t‘uu NAT2 m°

s1ev Ui

WA twssUIssn

a oéa ¢ o 3'1
, Y158 DUNsUszans

T OULARBASSUARTA ENBIAFEASTH AMELNNEAIARS ISUNEIUIASINNBUR Nrineduufing Asoinwe Ussinaing

Citation: Phetpavararak B,
Inprasit N. Hepatotoxicity in
elderly tuberculosis patient
with low NAT2 activity receiving
isoniazid: a case report. Rama
Med J. 2025;48(4):e274746.
doi:10.33165/rm;.48.04.e274746

*Corresponding Author:

benyapa.phar@gmail.com

Received: 10 April 2025
Revised: 21 July 2025
Accepted: 23 July 2025
Published: 10 October 2025

Copyright © 2025
BY by the Author(s).
Licensee RM]. This article is licensed

under the Creative Commons
Attribution (CC BY) License.

UNAMLD

uni: Isoniazid ugidasislsa amsiwsasuduainisiodssannslidefinuias
UagliufinsAnwndu N-acetyltransferase 2 (NAT2) fimrunudnsinisriouvasiaulssl NAT2
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WIDAINANNLAUIETY (mswﬁ 1) wﬁaﬁumgmmmgm 7 T4 was wv1u NAT2 genotype
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(AST 140 IU/L) weilsifiornisuansiennsRusaduaunssfivideontasuen 18 Ju AST Fusnaadn

Rama Med J. 2025;48(4):e274746.

3/8



RMJ

Case Report

5 111 wpvAUAR (AST 282 IU/L) Sungawn isoniazid, rifampicin, uaz pyrazinamide wWaswdu
g1 ethambutol, amikacin, taz levofloxacin mmLl,mmﬁmsm'uqmim‘ismﬂs:mﬁfﬂﬂ W.A. 25647
Wi nituesIvBamuaulssisuagielnadnounse e AST waz ALT anasiinani 2 i vava1Und
(AST 42 IU/L, ALT 70 IU/L) waz TB amavauidaznil 1.5 mg/dL (TB 0.6 mg/dL) $0L§uﬂ1§m5
rifampicin, ethambutol, waz levofloxacin uazfinmuszeutaulsaidunuii oulssidu AST, ALT,
waz TB (AST 29 IU/L, ALT 56 IU/L, TB 0.5 mg/dL) amavoundugeiuasitu 8 Ju uazarunsadnniie
Juhanduinule

e157197 1. HanswMeADUGU

a

mstusenitvuaulseneivia

Jufisuuszmusisavialsa

AS65IINY
wovdfianis (Aruad) Baseline DO* D1 D4 D8 D11 D16 D18 D20 D22 D24 D25 D28
AST (5-34 TU/L) 17 - 30 46 75 87 140 282 258 97 42 29 26
ALT (0-55 IU/L) 6 - 9 6 27 41 57 62 76 87 70 56 35
ALP (44-122 TU/L) 69 - 78 77 94 160 231 230 258 200 142 124 118
GGT (< 36 IU/L) 12 - 18 20 36 63 70 95 113 107 86 77 73
TB (0.2-1.2 mg/dL) 0.4 - 1.5 0.9 1.2 1.2 1.3 14 0.8 0.9 0.6 0.5 0.5
DB (0-0.5 mg/dL) 0.2 - 0.8 0.4 0.7 0.8 0.9 1.0 0.5 0.3 0.4 0.3 0.3
Alb (29-45 g/L) 25.2 - 283 247 248 229 182 163 144 150 155 146 14.1

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct bilirubin; GGT, gamma-glutamyl transferase;

TB, total bilirubin.

“DO A JufilsulienSnuninlsa

en519fi 2. wansPERfimuAndnsIAIsTIvIuvaiaulsil N-acetyltransferase 2 (NAT2)

51UNSAINSID

HANISA5ID

Pharmacogenetic for NAT2

Genotype: NAT2*5 341T>C (rs1801280): Homozygous wild type (TT) NAT2*6 590G>A (rs1799930):
Heterozygous mutant (GA) NAT2*7 857G>A (rs1799931): Heterozygous mutant (GA) Predicted
genotype: NAT2*6/*7

Predicted phenotype: taulusi NAT2 fdmns1anstheiush (slow acetylator)

Therapeutic recommendation:

1) &wsuen isoniazid iiiavonntaulssl NAT2 Tug’jﬂuﬂimﬁﬁé’mmmiﬁwmﬁ‘héﬁNafﬁm isoniazid
gamanaanansumalianaviinmsazanvavenlunszuaidon uazaonaliinaimslifivlssaa
amstEents wu ansdudaiau Semsuivanvinasasiiaiuasululgsnduunu

2) & wsupBu e m’iTi‘J’m"ﬁ'ﬂminJ?iamma\amchmauf‘zjﬁﬁ?uvmmnmgmmi?ﬁmmsxﬁmsﬁa
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wmumsiauialsaflirosndumsiaudee 4 siingsuiu g 2 Bouusa wio
szazidudu Usznaudize isoniazid, rifampicin, pyrazinamide, waz ethambutol amugae
nssnwsuzsialfiovdissn 2 viia Ao isoniazid wag rifampicin Huaiageiiay 4 1Hau
saszHznAIMSSATonuaaEviiay 6 1B Bunathudseiisdyvavenduiaisafifinarhled
szpznaMsSnTnwInatunsarhiisinudumem i oxmsaauldonsou smsiiuuie uas
aRwsady Sufnldtusiia hepatocellular hepatitis waz cholestatic jaundice dns1A15LAa
Azusasuwuiasosas 11.508 wazduWusivyuIne isoniazid, rifampicin, waz pyrazinamide
Tudthesiei Bumsinumialsavanadsainumiulsalulanfitiosgasinnsgiu Ussnauds
g1 isoniazid 100 mg 3 1fim uas 1 %y Aouuau Asdiu 7.5 mgrkg & rifampicin 450 mg 1 1fia
Juaz 1 aSv Aouuau Aadu 11.3 mg/kg 1 pyrazinamide 500 mg 2 1fim Juas 1 Ase Aouuau
Anflu 25.2 mg/kg wasen ethambutol 400 mg 1.5 1fia Tuaz 1 ade Aouuau Aadiu 15.1 mg/kg

mﬂmsﬁiuﬁuvummiu@'ﬂwswﬁwuh isoniazid fivuieAnlsidsusaiufigenin
4-6 mg/kg uetsitAiu 300 mg i’iaaammé’aamuﬁwu,u:ﬁ'maﬁLkmm\amsmuquﬁm‘f,mﬂszmﬂ‘fﬂﬂ
.. 2564 Samfugthegeany Sanenuwlasunas? huinasasiasas 2.5 u 1 FUansi) ianuidey
WannzAnsasuld Serhasamunisioiuvasiaulssidunauiunisiasiuaznaonisiaue
auANURINEAN wazfimsaunsiadufimuauinsiasrouvasioulssl NAT 2 voedtassisil
Aousdogtiumsnsiadenandetilidunauinasgiu demefivsanalnedefidosdavasanu
AR IEHEIAIASID SEEEAISEARENANISASIDEN NAT2 fianadauldnatdy 7 Ju saude
ansamsSawiweiviavavdiietudssinalng ag19lsAmu AsensvAISISMFUTAN NN I8N
unsuandulinisnsin NAT2 genotype 1Juanduszlusulussuunanussiuguaiwuviosii
iWingo1ns3ua NAT2 genotype axgasadiuayunsdnaulalumssnuiuazmsfiamuainisinsides
e taag1vlndBa munwImenmsamuauialsaUssnalng w.a. 2564 wuziin1sasIaLEan
WiadiasizinsthouuasdustninednuinlsaluguisfifinnudosnsiinnsRusadu tua
davargannndt 60 U Bugsuduvssd Sustitiaeiulsasiu wiafifohdadudnaay mstnita
wuled fianznwiasuins ndvdvasss Dudu WRosannsafiamue AST, ALT, uaz TB
na 1-2 &esi melu 1 1Bouusandaidunsinu navoInHURITANEINANULAINZAN LA
Ronsannsvgandaliensadoil §1 TB u1anin 3 mg/dL usitoulssisu AST wia ALT agtuinaui
UnfivdaiRndutitiu 3 i Wwgaaws rifampicin wiaiaulssidu AST wia ALT snanii 3 i
vavA1UnBiLaziionsaauldandau t¥ngmen isoniazid, rifampicin, waz pyrazinamide uags
forsausimuidanduludau aguisfionniseduldondvuddunazioulsddunduguns
Ao1san e rifampicin was isoniazid 1uag1viloy wiataulvilsiu AST wia ALT unnnd 5 wrin
yaveUnd tnyme isoniazid, rifampicin, waz pyrazinamide warRosandusimoidandy’

wwInumsmiuquimlsadssinaing w.a. 2564 asUsvvuiae isoniazid fifinsns1o
NAT2 genotype fslaifiduuzihfidaiou’ anans@awivay Thanyanuch uazme’ Tugiwany
18 BTuty fildsunsitedmduinisavanadousanuinl mssnwinlsalundudiboffisns
asrieiuvasiaulssl NAT2 ¢ dasen isoniazid vunaund uazdithefldiunisanuuine douali
\AnnnzRwsindulsishedu (P >.05) tuuazfinisfnuiuay Azuma uazame™ tunguustsinsdilu
MsUsumegieanIsIuuaaulsdl NAT2 finaandnsinmsiinniziesasuls tnswusih
yuIALN isoniazid imst@dusaiu Aa isoniazid 7.5 mg/kg Tugjiiungu rapid acetylator 5 mg/kg
tugihungu intermediate acetylator waz 2.5 mg/kg tugUiangu slow acetylator aziuléin
AsnaFauLndsWusAIand (pharmacogenomic testing) tugtiuialsalagiawiznguides
peyIiuaNuLanaiulunsEu Wi
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Hans1981 NAT2 vavfihes e 1Dunuy NAT2*6/47 uanvil taulssl NAT2 f8ns
asrieue SHudududinegeoguaziinnznuiasuins oefilonaiuanudsslunisiia
Rwdaduaing isoniazid oghelsAou fueldsussnuinlsaluvinanfitnanzaumuduuzii
nazaulsddu AST, ALT, uaz TB Aawdulfenfiaund Serhmstiamuszduaulsddundeldsu
#1 isoniazid, rifampicin, pyrazinamide, waz ethambutol ag1slna3a wuii szdiu AST Fag ¢
Wintu sunseiiondvldduen 16 Ju AST Lﬁﬂéj\‘l%ﬂﬂ'\ﬂﬂ'ﬁ 3 v weldifiaAisuanviivaiig
Awsady Sedvavsulsemueisialuvuiaminfuuaznavainlden 18 1 wud1 AST gutiu 5 ui
FuNa1sanemen isoniazid, rifampicin, waz pyrazinamide LLa:Lﬂfs’iﬂugmmLﬁu ethambutol,
amikacin, uag levofloxacin aaaadaviuauusih tunwimemsmiuquialsaUsanalng w.a. 2564
AlAasandamutaulsiidunn 1-2 e Tagawiz 1 1Hauusn nieldsussnminlsa’
wﬁaawnﬁu&mm1uLau3vﬁﬁunﬂ 2-3 u aunszriv AST amaviiaenit 2 111 yovA1UAd uaz TB
amavidawnil 1.5 mg/dL S915unSIHeNT (rechallenge) uavgmsen rifampicin, ethambutol,
uaz levofloxacin wasfinenuszduioulssisu navidsusgasinui ouluidudos 9 anasnaug
A1Und Femsnegihondutu wazifisvongiieiinsasuauavdonisine a1n1snvadiin
wazNansID x-ray Uan Suuliudtu Selufiunulen isoniazid 180

suifulditmsquaguaslasusafiudoyassrvsavdrurvanusuduluaistésuen
ANugunsIYavlsa vuaAmanzan Jasudundswamans indusaumans doyaniedu
wdswusaanslugisudazsis DaduFaelunsiinoinisiiodseoinnistdsn asfiamana
as1MuRavUfiinstugsnafivanzay sutslushviUsanaiimsasioiassiuansaminlsa
tunszualdan (therapeutic drug monitoring, TDM)" fidiugialunisaianisaliszansaiw
YavAuanuguusvunsainsiodss anidawiialsa wasiRuanuvasadslunisquagiae
wzssldunnd

unasy

aeRwdaduiunatdssinuldoinnstdsrinisa Tasiawizluguisfiodedos
Wwu ggeany nwlasuinis wasdAfinsreiuvasiaulssl NAT2 tusuuuudnsinisreiue
MsAneNASTIIRYDYLEUTENEY (AST, ALT, was TB) na 1-2 fanv tugrafiaunsnuasasinm
fimnuddnylunisiiovAunazanmuguussuan 1z Rusady Fuastriinmnuvasndy
Tumsléen isoniazid uazthiaissnuialsafivssansawanaiu

unuInvauadsastunsauagiieanizsiy lneafedoyatadsWusmanssiudiu
asUszifinanuFsouazfinaunanisiavufiiinisatetnadde Faiflusvdusznauddnvas
wIIMIASUWNEusiue (precision medicine) Avlpiaduadivanuvasnfsuazuadnsnieaiin
Astugihoiulsa
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