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ADHD medication shortages: A progressive care model for pediatric clinics in Thailand
Therdpong Thongseiratchl, Nattaporn Tassanakijpanichz, Pon Trairatvorakul’, Nonglak Boonchooduang4,
Khemika Khemakanok Sudnawa’, Nantaporn Lekpittaya(), Pattra Charleowsak’

1Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital
2Department of Pediatrics, Faculty of Medicine, Prince of Songkla University
*Center of Excellence for Maximizing Children’s Developmental Potential, Division of Growth &
Development, Department of Pediatrics, Faculty of Medicine, Chulalongkorn University
4Department of Pediatrics, Faculty of Medicine, Chiang Mai University
*Division of Developmental and Behavioral Pediatrics, Department of Pediatrics, Phramongkutklao Hospital
and Phramongkutklao College of Medicine
’Clinical Pharmacy Section, Pharmacy Division, Faculty of Medicine Ramathibodi Hospital, Mahidol
University

"Child Development Center, Faculty of Medicine, Songklanagarind Hospital, Prince of Songkla University

Abstract

Intermittent shortages of attention-deficit/hyperactivity disorder (ADHD) medications, particularly
stimulant agents, have become an important challenge affecting continuity of care, academic functioning, and
the emotional stability of children and their families. This article describes the overall landscape of ADHD
medication shortages and related system-level challenges in the Thai context. It also summarizes the ADHD
medications currently available in Thailand, including short-acting and long-acting methylphenidate
formulations (Ritalin®, Rubifen®, methylphenidate GPO, Ritalin” LA, Concerta®, and methylphenidate
Sandoz®). In addition, the non-stimulant agent atomoxetine, which had previously been imported, has been
discontinued for approximately the past year, resulting in the current absence of any non-stimulant ADHD
medication approved by the Thai Food and Drug Administration. The article also discusses preparation for the
potential future availability of lisdexamfetamine. Finally, it presents a practical, proactive planning model for
developmental-behavioral clinics with a case coordinator or case manager, using a color-coded patient
stratification system to guide the intensity of follow-up, communication, and medication preparation in a
structured manner. Accompanying tables are provided to support clinical decision-making in routine practice.
Keywords: Attention-deficit/hyperactivity disorder, Medication shortages, Stimulant, Methylphenidate, Risk-

stratified care
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Abstract

Respiratory syncytial virus (RSV) significantly impacts global public health challenges, especially
among infants, leading to high hospitalization rates due to bronchiolitis and pneumonia. Despite the
substantial disease burden and nearly universal infection by age two, RSV prevention strategies continue to
evolve, including maternal immunization and infant immunoprophylaxis. This review examines the global and
Thai-specific impacts of RSV, discusses challenges in vaccine development, and reviews monoclonal
antibodies as an approach to RSV prevention. Nirsevimab, a second-generation monoclonal antibody
administered as a single dose for infant immunoprophylaxis, is discussed in the context of current RSV
prevention. The review summarizes available evidence on the efficacy, safety, regulatory status, and potential
integration of nirsevimab into RSV prevention strategies.

Keywords: Respiratory Syncytial Virus (RSV), Nirsevimab, Monoclonal antibodies, RSV prevention
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Introduction
RSV: A Common Respiratory Threat

Respiratory syncytial virus (RSV) is a single-stranded RNA virus in the Paramyxoviridae family. It is
responsible for a significant health burden across various age groups due to its capacity to cause severe
respiratory illnesses. The virus produces essential proteins, including the F (fusion) and G (attachment
glycoprotein) proteins, which are crucial for its ability to infect host cells and spread. RSV is classified into
two main subtypes, A and B, both of which circulate during seasonal outbreaks within the same period.l

The clinical manifestations of RSV infection vary by age group. In infants, RSV typically begins with
mild symptoms such as nasal congestion and sneezing. However, it can rapidly progress to severe respiratory
distress, characterized by coughing, wheezing, and the use of accessory muscles for breathing. Severe cases
may involve lethargy and apnea, particularly in premature infants who are more vulnerable due to their
immature respiratory systems.1 In elderly individuals and people with significant underlying medical
conditions, RSV infection is associated with a higher risk of severe illness and may lead to fatal outcomes.”

Diagnosis of RSV bronchiolitis in infants is primarily clinical, based on the observation of
characteristic symptoms and findings from the physical examination. Imaging and laboratory tests are
typically used to rule out other conditions rather than to confirm RSV, as these are not routinely required.
However, infants and children who are admitted to pediatric intensive care unit for pneumonia usually require
definite diagnosis of RSV to tailor their management.l’3

Treatment for RSV is primarily supportive, focusing on managing symptoms. This includes providing
oxygen therapy and ensuring adequate nutrition and hydra‘[ion.2 Conventional treatments such as
bronchodilators and corticosteroids are not effective and are not routinely recommended.' Currently, no highly
effective antiviral agents are available for treating RSV infection. Ribavirin, an antiviral medication, is
occasionally used in specific high-risk cases; however, its effectiveness remains controversial, and its use is
restricted due to potential side effects and high cost.”

Several antiviral agents are being evaluated in clinical trials as potential treatments for RSV infection,
reflecting the ongoing need for effective therapies, particularly for children at risk of severe disease. Among
the investigational agents, ziresovir has progressed furthest in clinical development, with Phase III efficacy

data now available. Regulatory submission for ziresovir was being pursued in China, with plans for future
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expansion to other countries. However, these agents remain investigational and are not currently available for
routine treatment of RSV infection.’

Despite advancements in supportive care, the lack of a universal RSV vaccine places many infants at
risk of severe infections each year, highlighting a significant unmet medical need. Current preventive
strategies for RSV are limited, as no pediatric RSV vaccines are available. The bivalent RSV prefusion F
protein (RSVpreF) vaccine can be used for maternal immunization to facilitate passive antibody transfer,
providing protection for infants during their first six months of life.”® The vaccine development efforts have
faced significant challenges due to the virus's complex immunogenicity profile and genetic variability. These
characteristics make it difficult to produce a vaccine that is both safe and effective across different
populations.7

This article is based on a summary report focusing specifically on nirsevimab and its role in RSV
prevention in infants. While other RSV prevention options, including clesrovimab and the bivalent RSV
prefusion F protein (RSVpreF) vaccine, are also available in Thailand, the primary focus of this article is
nirsevimab. These other prevention strategies are acknowledged where relevant to provide appropriate context
and comparison.

Epidemiology of RSV

The burden of RSV across all infants is immense, with almost universal infection by two years of age.
Annually, RSV contributes approximately to 33 million cases of acute lower respiratory infections worldwide,
leading to approximately three million hospitalizations and significant mortality among infants. The impact of
RSV is particularly acute in low- and middle-income countries, where over 95% of RSV-associated lower
respiratory tract infection (LRTI) episodes occur, highlighting significant disparities in healthcare access and
outcomes.”

In Thailand, surveillance data from 2025 documented 46,999 cumulative cases, corresponding to an
overall incidence rate of 72.40 per 100,000 population. Children aged 0—4 years experienced the highest
disease burden, with 37,968 cases and an incidence of 1,332.20 per 100,000 population, followed by children
aged 5-9 years with 3,914 cases (110.00 per 100,000 population). Overall, 18,248 cases (38.83%) required
inpatient care, while 28,751 (61.17%) were managed in outpatient settings. Seven deaths were reported,

occurring primarily among children younger than 5 years and older adults.”
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RSV infection in Thailand shows a distinct seasonal pattern, with activity typically increasing during
the rainy season and peaking between July and November.'’ Recent surveillance has also demonstrated year-
to-year variation in the predominance of RSV subgroups. RSV-B predominated in 2023 and 2025, whereas
RSV-A was more prevalent in 2024. Both subgroups circulate among young children."'

RSV in infants

High hospitalization rates and the need for intensive care in infants during seasonal RSV peaks place
substantial strain on healthcare resources. Severe RSV infection may also be associated with longer-term
respiratory sequelae, including recurrent wheezing, asthma, persistent cough, and impaired lung function."
Together, these acute and chronic impacts highlight the urgent need for early intervention, preventive
strategies such as vaccination, and timely treatment to reduce both immediate and long-term consequences in
vulnerable children.

The Evolution of RSV prevention in infants

The development of a vaccine for RSV has been marked by significant challenges and setbacks since
the 1960s. Initial efforts focused on creating a formalin-inactivated RSV vaccine, but these trials were halted
after the vaccine led to enhanced respiratory disease (ERD) in infants upon subsequent natural RSV infection,
causing severe lung inflammation and increasing hospitalization rates. This early failure underscored the
complexity of RSV's immunogenicity profile and led to a pause in vaccine development for decades.’

Renewed efforts in the 1990s shifted focus toward passive immunization with monoclonal antibodies.
Palivizumab emerged as the first monoclonal antibody that targets RSV fusion protein, thereby inhibiting viral
entry into host cells.”

Although palivizumab reduces RSV-related hospitalizations by approximately 39 to 60 percent in
high-risk infants including those born prematurely, with chronic lung disease, or with significant congenital
heart disease, its overall clinical impact remains limited. High production costs and the requirement for
monthly administration throughout the RSV season significantly constrain its feasibility, scalability, and cost-
effectiveness for widespread use.' ™"

Long-acting agents such as nirsevimab provide season-long protection with a single dose, addressing
key limitations of palivizumab by reducing dosing frequency while maintaining broad efﬁ(:a(:y.li_l7 These
antibodies confer immediate immunity, which is critical for protecting infants during their first RSV season

and serve as an interim strategy while effective vaccines for universal use continue to be developed.
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Advances in active immunization have also led to the development of maternal RSV vaccination.
WHO SAGE recommended maternal RSV vaccination in December 2024, providing an additional strategy to
protect infants through transplacental transfer of maternal antibodies while avoiding the risk of vaccine-
enhanced disease (VED) associated with earlier RSV vaccine approaches. '

More recently, clesrovimab, another long-acting monoclonal antibody, was approved by the US FDA
in June 2025 for administration in neonates and infants during their first RSV season, followed by a
recommendation from the US Advisory Committee on Immunization Practices for RSV prevention in infants
under 8 months of age.ls’16

In the ongoing battle against RSV, second-generation monoclonal antibodies, including nirsevimab,
have expanded the available options for RSV prevention. Unlike palivizumab, which require monthly
administration, nirsevimab provides extended protection with a single-dose injection, offering a more
convenient approach to RSV prevention.19 This advance may facilitate broader and more practical
implementation of RSV prophylaxis.

Nirsevimab: Evidence and considerations for RSV prevention

In Thailand, a middle-income country facing multiple competing infectious disease priorities,
efficient healthcare resource allocation remains challenging. This complexity complicates the implementation
of widespread RSV immunization programs, despite their potential to substantially reduce disease burden.
Nevertheless, preventive options such as nirsevimab'® are becoming increasingly accessible. Approved by the
Thai Food and Drug Administration (FDA) in June 2024,” nirsevimab has already been widely adopted in
Europe and the United States.

Nirsevimab targets a highly conserved epitope at antigenic site @ on the prefusion conformation of
the RSV fusion (F) protein, a key structure involved in viral entry into host cells, thereby neutralizing the
virus and preventing membrane fusion. Unlike its predecessor, palivizumab, nirsevimab is designed with an
enhanced half-life due to a triple amino acid substitution (YTE) in the Fc region. This modification increases
its binding affinity to the neonatal Fc receptor (FcRn), facilitating recycling and reducing lysosomal
degradation, thereby extending its duration of action in the bloodstream.”"”* Nirsevimab has an extended half-

21-23

life of 68.7 days, as demonstrated in the MELODY study.
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Nirsevimab's mechanism of action involves blocking viral entry into host cells, effectively
neutralizing the virus and preventing infection. The composition allows it to remain effective against a wide
range of RSV variants, maintaining neutralizing activity against over 99% of RSV strains observed in clinical
studies. This broad-spectrum efficacy is critical in addressing the genetic diversity of RSV and ensuring
consistent protection.24

Nirsevimab has demonstrated robust efficacy and safety across Phase IIb and Phase III clinical trials.
In a Phase IIb study, nirsevimab reduced RSV-associated lower respiratory tract infections by 70.1% in
preterm infants.”” In the Phase IIl MELODY trial, it reduced medically attended RSV lower respiratory tract
infections by 74.5% (95% CI, 49.6 to 87.1; p<0.001) in late preterm and term infants.”

Real-world evidence has subsequently supported these clinical trial findings. A 2025 systematic
review and meta-analysis found that nirsevimab was associated with reduced RSV-related hospitalization and
intensive care unit admission in infants aged <12 months.”’ In a multicenter US study, nirsevimab was
estimated to be 80% effective against RSV-associated ICU admission and 83% effective against acute
respiratory failure in infants.”

Across trials, adverse event rates were comparable to placebo, with no significant increase in serious
adverse reactions, including hypersensitivity, thrombocytopenia, or immune complex disease.”” Recent real-
world studies have similarly reported a favorable safety profile, with no new safety concerns identified.”
These findings further support the favorable benefit-risk profile of nirsevimab and its effectiveness in
reducing severe RSV disease in routine clinical settings.

A summary of clinical trial results is presented in Table 1, providing key insights into nirsevimab's

efficacy and safety across diverse populations.
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Table 1 Summary of nirsevimab clinical trials, efficacy, and safety results’ %

Study Clinical Population Efficacy Key safety Notes
phase trial name (%reduction) observations
Phase NURSERY | Preterm infants 70.1% reduction Comparable Population included
IIb preterm trial | (<35 weeks GA) | in RSV-associated | adverse events to infants at high risk of
LRTI placebo, no severe | severe RSV disease,
hypersensitivity tested across multiple
reactions countries.
Phase III | MELODY Late preterm and | 74.5% reduction Adverse event Focused on healthy
term infants in medically rates consistent infants entering their
attended RSV- with placebo first RSV season,
LRTI (95% CI, demonstrating broad
49.6-87.1; applicability.
p<0.001)
Phase HARMONIE | All infants, Data pending Preliminary safety | Study designed to
I1Ib including those long-term follow- | results align with capture diverse
with up assessments prior trials populations and real-
comorbidities world settings for
broader applicability.

Comparing with the first generation, nirsevimab has an extended half-life that enables season-long
protection with a single injection. This reduces the frequency of administration and may reduce the
complexity, logistical burden, and costs associated with repeated dosing, while improving adherence and
access to RSV prophylaxis for a broader infant population.30 Unlike palivizumab, which has been limited to
high-risk infants, nirsevimab supports a more inclusive prevention strategy and may simplify RSV
management.31 In parallel, maternal RSV vaccination offers an alternative approach through transplacental
antibody transfer. RSVpreF vaccine, approved in the United States and European Union in 2023, is
administered during late pregnancy and provides peak protection in the first three months of life.” Compared

with monoclonal antibodies, maternal RSV vaccination can be readily integrated into routine antenatal care,
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potentially enhancing cost-effectiveness and accessibility. However, uptake remains variable, influenced by
provider confidence, perceptions of vaccine safety, and public awareness. Maternal RSV vaccination provides
infant protection through transplacental transfer of maternal antibodies, while nirsevimab provides direct
passive immunization after birth through a single dose. Both approaches can provide protection during early
infancy, with their use depending on factors such as vaccination timing, infant age, and access.”

Nirsevimab in clinical practice

As of 2025, nirsevimab, a monoclonal antibody targeting respiratory syncytial virus, has received
regulatory approval in multiple regions, including the United States, the European Union, and more recently
Thailand.” These approvals underscore its emerging role in RSV prophylaxis, offering a single-dose
alternative to the repeated dosing required with the first generation monoclonal antibodies.

Nirsevimab is indicated for the prevention of RSV in infants during their first RSV season,
particularly targeting those who are at high risk for severe disease, including premature infants and those with
congenital heart conditions. ** Its use is recommended to reduce RSV-related hospitalizations and healthcare
visits in this vulnerable population. Nirsevimab is indicated for the prevention of RSV lower respiratory tract
disease in infants according to age, season, and risk factors specified in the applicable regulatory and clinical
recommendations.

Leading public health authorities, including the Advisory Committee on Immunization Practices
(ACIP), the Centers for Disease Control and Prevention (CDC), and the European Medicines Agency (EMA),
recommend RSV prevention through either maternal RSV vaccination or infant long-acting monoclonal
antibody administration, but not both for most infants.

*  United States (ACIP/CDC Recommendations)32’34'35
- Maternal RSV vaccination: ACIP and CDC recommend that pregnant individuals receive a single
dose of the maternal RSVpreF vaccine at 32-36 weeks' gestation, ideally administered between
September and January in most of the continental United States, to provide passive immunity to the
infant.
- Infant monoclonal antibodies: Alternatively, a long-acting monoclonal antibody is recommended for
all infants younger than 8 months who are born during or entering their first RSV season. High-risk

infants (aged 8-19 months) entering their second RSV season are also eligible.
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- Co-administration consideration: Infants born less than 14 days after maternal RSV vaccination
should still receive nirsevimab, as their passive immunity may not be sufficient.
*  European Union (EMA Recommendations)n’36

- The EMA has approved a long-acting monoclonal antibody such as nirsevimab for the prevention of

RSV lower respiratory tract disease in neonates and infants during their first RSV season. It is

administered as a single intramuscular injection either before the RSV season or at birth for infants

born during the RSV season.
* Thailand
- Recommendation for the use of a long-acting monoclonal antibody, nirsevimab, by the Royal
College of Pediatricians of Thailand”’

First RSV season:
- Recommended for infants when maternal RSV vaccination was not administered,
vaccination history is unknown, or birth occurs within 14 days of maternal RSV
vaccination.
- Indicated for all healthy infants < 8 months of age and for infants <12 months at
high risk of severe RSV disease, including chronic lung disease of prematurity
requiring recent therapy, severe immunodeficiency, severe cystic fibrosis, and
hemodynamically significant congenital heart disease; use may be considered in
healthy infants aged 8—12 months.

Second RSV season:
- Nirsevimab is recommended for children <19 months with risk factors for severe
RSV disease and may be considered for those aged 19-24 months with persistent
risk factors.

These recommendations are supported by clinical evidence demonstrating the effectiveness of both
strategies in preventing RSV-associated lower respiratory tract infection in infants. Maternal RSV vaccination
provides early passive immunity from birth, whereas nirsevimab offers direct, long-lasting antibody protection
throughout the RSV season. Recent real-world evidence from France has provided a direct comparison of
these approaches. In a nationwide population-based cohort study conducted during the 2024-2025 RSV

season, nirsevimab was associated with a lower risk of RSV-related hospitalization in newborns compared

o o a & g g
Nirsevimab ﬂ‘U‘]JV]‘U’W]Gluﬂ’]ﬁﬂﬂ\?ﬂ”ﬂ’]i@]ﬂl%@ RSV Glu‘ﬂ’]iﬂllaglﬂﬂlaﬂ 31



with maternal RSVpreF vaccination, as well as lower risks of severe outcomes including intensive care
admission, ventilatory support, and oxygen therapy.38 However, as an observational study, these findings
should be interpreted in the context of potential residual confounding and do not establish superiority of one
strategy in all settings.

The choice between maternal RSV vaccination and infant nirsevimab should therefore consider
maternal vaccination status and timing, infant age and risk factors, RSV seasonality, local recommendations,
and access to prevention strategies. *% Both approaches provide important opportunities to reduce the burden
of RSV disease in infants, while nirsevimab offers an alternative when maternal vaccination was not

administered or when additional protection is recommended according to local guidance.

Conclusion
Expert perspectives on RSV prevention in Thailand

A long-term monoclonal antibody such as nirsevimab is an important addition to the available
strategies for RSV prevention in infants, with clinical trial and emerging real-world evidence supporting its
efficacy in reducing RSV-associated lower respiratory tract disease and hospitalization. By providing season-
long protection with a single dose, nirsevimab addresses the limitations of current prevention like
palivizumab, which require frequent dosing. Its impact on reducing RSV-related hospitalizations and
healthcare visits is vital for countries like Thailand, where seasonal peaks in RSV add pressure to healthcare
resources. The broad approval of nirsevimab in several countries highlights its efficacy and safety, making it a
crucial tool in the global effort to combat RSV. However, implementation should consider maternal
vaccination status, infant age and risk factors, RSV seasonality, local recommendations, healthcare
infrastructure, availability, and cost-effectiveness.

Thai pediatric experts emphasize that integrating a long-acting monoclonal antibody into routine
infant care is a critical step in advancing RSV prevention, given its single-dose regimen and sustained
protection of up to 180 days. During a recent expert discussion, specialists highlighted nirsevimab’s potential
to significantly reduce the RSV burden in infants, supported by its weight-based dosing strategy (50 mg for <5

kg, 100 mg for =5 kg, and 200 mg in the second season), which allows tailored protection.
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Future directions

During the expert discussion, expansion of RSV prevention coverage, including consideration of
broader infant populations, was discussed. Any expansion should be evaluated in the context of local
epidemiology, clinical recommendations, programmatic feasibility, and health economic evidence. A
coordinated approach, including healthcare provider education, government collaboration, public awareness
initiatives, and pilot programs, was recommended to support implementation and address logistical
challenges.

Optimizing RSV prevention requires continuous research, surveillance, and policy adaptation to
ensure equitable access to effective interventions. Both maternal RSV vaccination and monoclonal antibodies
provide meaningful benefits, though their cost-effectiveness varies by healthcare setting. Modeling studies
suggest that nirsevimab prevents more RSV-related hospitalizations and bronchiolitis cases, while maternal
vaccination may be more easily integrated into antenatal care in low-resource settings.

Future research should assess the long-term safety, effectiveness, and real-world performance of both
strategies across diverse populations, particularly in low- and middle-income countries. Region-specific cost-
effectiveness analyses, along with data on implementation challenges, uptake, and post-intervention RSV
epidemiology, will be essential to inform national policies. Coordinated efforts among health authorities,
researchers, and policymakers are critical to building sustainable RSV prevention frameworks that expand

access, optimize implementation, and ensure financial feasibility.

References

1. Piedimonte G, Perez MK. Respiratory syncytial virus infection and bronchiolitis. Pediatr Rev.
2014;35:519-30.

2. Respiratory syncytial virus (RSV) [Internet]. [cited 2026 Jan 5]. Available from:
https://www.who.int/news-room/fact-sheets/detail/respiratory-syncytial-virus-(rsv).

3. Barr R, Green CA, Sande CJ, Drysdale SB. Respiratory syncytial virus: Diagnosis, prevention and
management. Ther Adv Infect Dis. 2019;6:2049936119865798.

4. Levine DA. Bronchiolitis. In: Pediatric emergency medicine. W.B. Saunders; 2008. p. 450-5.

5. World Health Organization. Paediatric drug optimization for respiratory syncytial virus: meeting

report, April 2025 [Internet]. Available from: https://www.who.int/publications/i/item/B09464.

o o a & g g
Nirsevimab ﬂ‘U‘UV]‘U’W]Gluﬂ’]ﬁﬂﬂ\?ﬂ”ﬂ’]i@]ﬂl%@ RSV Glu‘ﬂ’]iﬂllaglﬂﬂlaﬂ 33


https://www.who.int/publications/i/item/B09464

10.

11.

12.

13.

14.

15.

16.

CDC. Respiratory syncytial virus infection (RSV). 2025 [cited 2026 Jan 5]. Immunizations to Protect
Infants. Available from: https://www.cdc.gov/rsv/vaccines/protect-infants.html.

Noor A, Krilov LR. A Historical perspective on respiratory syncytial virus prevention: A journey
spanning over half a century from the setback of an inactive vaccine candidate to the success of
passive immunization strategy. J Pediatr Infect Dis Soc. 2024;13:S103-9.

Li Y, Wang X, Blau DM, Caballero MT, Feikin DR, Gill CJ, et al. Global, regional, and national
disease burden estimates of acute lower respiratory infections due to respiratory syncytial virus in
children younger than 5 years in 2019: A systematic analysis. The Lancet. 2022;399:2047—-64.
Division of communicable diseases. RSV Digital disease surveillance 2025 [Internet]. 2025 Dec.
Available from: https://ddc.moph.go.th/uploads/ckeditor2//files/RSV%20Report Nov%202025.pdf.
Suntronwong N, Vichaiwattana P, Puenpa J, Pasittungkul S, Aeemjinda R, Wongsrisang L, et al.
Seasonal pattern and age-specific detection of eight respiratory viruses causing acute respiratory
infection in 2024, Bangkok, Thailand. Trop Med Infect Dis. 2025;10:339.

Pasittungkul S, Vichaiwattana P, Poovorawan Y, Wanlapakorn N. Post-pandemic resurgence of
respiratory syncytial virus in Thailand: Molecular epidemiology and sublineage turnover among
children, 2023-2025. J Med Virol. 2026;98:8.

Fauroux B, Simdes EAF, Checchia PA, Paes B, Figueras-Aloy J, Manzoni P, et al. The burden and
long-term respiratory morbidity associated with respiratory syncytial virus infection in early
childhood. Infect Dis Ther. 2017;6:173-97.

Higgins D, Trujillo C, Keech C. Advances in RSV vaccine research and development — A global
agenda. Vaccine. 2016;34:2870-5.

Reicherz F, Abu-Raya B, Akinseye O, Rassekh SR, Wiens MO, Lavoie PM. Efficacy of palivizumab
immunoprophylaxis for reducing severe RSV outcomes in children with immunodeficiencies: A
systematic review. J Pediatr Infect Dis Soc. 2024;13:136-43.

Ruiz-Galiana J, Canton R, De Lucas Ramos P, Garcia-Botella A, Garcia-Lledé A, Hernandez-
Sampelayo T, et al. Respiratory syncytial virus: A new era. Rev Esp Quimioter. 2024;37:134-48.
Chantasrisawad N, Boonjindasup W, Puthanakit T, Chaithongwongwatthana S. Beyond the first
breath: Comprehensive respiratory syncytial virus prevention through maternal immunization and

infant immunoprophylaxis. Asian Biomed. 2025;19:116-30.

Aaa 4 14 § @ { [
34 M) TsANNIGUUN LazAME NTAINUIINFAAS UN 65 PATVN 3 NINYIAN —AUBIBY 2569



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ruckwardt TJ, Morabito KM, Graham BS. Immunological lessons from respiratory syncytial virus
vaccine development. Immunity. 2019;51:429-42.

Peng R, Chen C, Chen Q, Zhang Y, Huang R, Zhang Y, et al. Global progress in clinical research on
human respiratory syncytial virus vaccines. Front Microbiol. 2024;15:1457703.

Shang Z, Tan S, Ma D. Respiratory syncytial virus: From pathogenesis to potential therapeutic
strategies. Int J Biol Sci. 2021;17:4073-91.

ATIVAOUNAANUN  [Internet]. [cited 2026 Jan  10].  Available from:
https://pertento.fda.moph.go.th/FDA _SEARCH DRUG/SEARCH_DRUG/pop-
up_drug.aspx?Newcode U=UI1DR1C1072670001711C.

Jorgensen SCJ. Nirsevimab: Review of pharmacology, antiviral activity and emerging clinical
experience for respiratory syncytial virus infection in infants. J Antimicrob Chemother.
2023 ;78:1143-9.

Mazur NI, Terstappen J, Baral R, Bardaji A, Beutels P, Buchholz UJ, et al. Respiratory syncytial
virus prevention within reach: The vaccine and monoclonal antibody landscape. Lancet Infect Dis.
2023 ;23:e2-21.

Wilkins D, Yuan Y, Chang Y, Aksyuk AA, Nuiez BS, Wihlby-Hamrén U, et al. Durability of
neutralizing RSV antibodies following nirsevimab administration and elicitation of the natural
immune response to RSV infection in infants. Nat Med. 2023;29:1172-9.

Brady T, Cayatte C, Roe TL, Speer SD, Ji H, Machiesky L, et al. Fc-mediated functions of
nirsevimab complement direct respiratory syncytial virus neutralization but are not required for
optimal prophylactic protection. Front Immunol. 2023;14:1283120.

Hammitt LL, Dagan R, Yuan Y, Baca Cots M, Bosheva M, Madhi SA, et al. Nirsevimab for
prevention of RSV in healthy late-preterm and term infants. N Engl J Med. 2022;386:837—46.

Simdes EAF, Madhi SA, Muller WJ, Atanasova V, Bosheva M, Cabafias F, et al. Efficacy of
nirsevimab against respiratory syncytial virus lower respiratory tract infections in preterm and term
infants, and pharmacokinetic extrapolation to infants with congenital heart disease and chronic lung
disease: A pooled analysis of randomised controlled trials. Lancet Child Adolesc Health.

2023;7:180-9.

o o a & g g
Nirsevimab ﬂ‘U‘UV]‘U’W]Gluﬂ’]ﬁﬂﬂ\?ﬂ”ﬂ’]i@]ﬂl%@ RSV Glu‘ﬂ’]iﬂllaglﬂﬂlaﬂ 35



27.

28.

29.

30.

31.

32.

33.

34.

35.

Sumsuzzman DM, Wang Z, Langley JM, Moghadas SM. Real-world effectiveness of nirsevimab
against respiratory syncytial virus disease in infants: A systematic review and meta-analysis. Lancet
Child Adolesc Health. 2025;9:393-403.

Zambrano LD, Simeone RM, Newhams MM, Payne AB, Halasa NB, Orzel-Lockwood AO, et al.
Nirsevimab effectiveness against intensive care unit admission for respiratory syncytial virus in
infants - 24 states, December 2024-April 2025. MMWR Morb Mortal Wkly Rep. 2025;74:580-8.
Costantino M, Marongiu MB, Corbo MG, Corte AMD, Frascogna AR, Plantulli A, et al. Efficacy and
safety of anti-respiratory syncytial virus monoclonal antibody nirsevimab in neonates: A real-world
monocentric study. Vaccines (Basel). 2025;13:838.

Consolati A, Farinelli M, Serravalle P, Rollandin C, Apprato L, Esposito S, et al. Safety and efficacy
of nirsevimab in a universal prevention program of respiratory syncytial virus bronchiolitis in
newborns and infants in the first year of life in the valle d’Aosta region, Italy, in the 2023-2024
epidemic season. Vaccines. 2024;12:549.

Rodriguez-Fernandez R, Mejias A, Ramilo O. Monoclonal antibodies for prevention of respiratory
syncytial virus infection. Pediatr Infect Dis J. 2021;40:S35-9.

Treston B, Geoghegan S. Exploring parental perspectives: Maternal RSV vaccination versus infant
RSV monoclonal antibody. Hum Vaccines Immunother. 2024;20:2341505.

National vaccine institute. RSV immunization product demand & supply [Internet]. Available from:
https://vims.nvi.go.th/VIMSFile/Factsheet/2568-010-RSV-IMMUNIZATION-PRODUCT.pdf.
Fleming-Dutra KE, Jones JM, Roper LE, Prill MM, Ortega-Sanchez IR, Moulia DL, et al. Use of the
Pfizer respiratory syncytial virus vaccine during pregnancy for the prevention of respiratory syncytial
virus—associated lower respiratory tract disease in infants: Recommendations of the advisory
committee on immunization practices — United States, 2023. MMWR Morb Mortal Wkly Rep.
2023;72:1115-22.

Moline HL, Tannis A, Toepfer AP, Williams JV, Boom JA, Englund JA, et al. Early estimate of
nirsevimab effectiveness for prevention of respiratory syncytial virus—associated hospitalization
among infants entering their first respiratory syncytial virus season — new vaccine surveillance

network, October 2023—February 2024. MMWR Morb Mortal Wkly Rep. 2024;73:209-14.

aa o 14 H @ § @
36 17 TsANNEUUN LazAME NIANINMIINFAEAS UN 65 RATVN 3 ATNYIAY —AUEIU 2569



36.

37.

38.

European medicine agency. Beyfortus (nirsevimab) [Internet]. European medicine agency;
2024. Available from: https://www.ema.europa.eu/en/documents/overview/beyfortus-epar-

medicine-overview_en.pdf.

[ <

Royal college of pediatricians of Thailand. HUINIINIT 149 ﬁﬂyu AU 3 1/ Nirsevimab

oo srulsasuussninnisant¥elasae 150 a7 [Internet]. Available from:
https://drive.google.com/file/d/1AWIRyYHItnEKUEkvGWrfeGSJIqTC683G1/view.
Jabagi MJ, Bertrand M, Gabet A, Kolla E, Olié V, Zureik M. Nirsevimab vs RSVpreF vaccine for

respiratory syncytial virus-related hospitalization in newborns. JAMA. 2026;335:787-98.

o o a & g g
Nirsevimab ﬂ‘U‘]JV]‘U’W]Gluﬂ’]ﬁﬂﬂ\?ﬂ”ﬂ’]i@]ﬂl%@ RSV Glu‘ﬂ’]iﬂllaglﬂﬂlaﬂ 37



a Jd Yy Ly
ANUSAUD T
d‘ = ) &’ . . .
madasunasmeszunaineanveamsaatye respiratory syncytial virus
lw@nnounazHainsszu1avas COVID-19 Tulsanennanals n3unnumIung

= ana a‘fl Y 1 A o 2 =% d v A 1

N MIANT, gnEuN JO0Fens’, 1i5ail Yol
'wunnuIsNFNaas 13aneianale

Fhadaasunsaite Tsangiuianaid
Received March 26, 2026 Revised September 24, 2026 Accepted September 29, 2026

UNAAge

g . . . 3| o ~ X a ' '
A1) Respiratory Syncytial Virus (RSV) 1l uaungdingaosmsaaromaaunislagiuaislu
3 o ' v a A oA
L@ﬂ‘ﬂjiaﬂ ﬂﬁizﬂiﬂﬂlﬁlﬂiﬂ COVID-19 ﬁ\jwaﬂlﬂEL]JL!U‘UV]’]\1§$1|']@’J[WEJ']GU@Q RSV lﬂaﬂuuﬂa\j@ﬂ’]\im

v

4 H
veday luratenui

U

d y a [ aa a - I 1
agiszasn: odszilunur Tiy dnvaznendiin tazanuguuswesmsaaie RSV luannouay
MaINI33811AURY COVID-19 Tungaummnumiuns
aa = = Y o = a g A < 9 < v ' a4 Ay Yo
IEmsfny: msfnuideunannnysziisudiannsetindvesfihemineigiiosndn 157 A lasuns

k4

FaneNAare RSV TuTsaneg1u1anans ssHNuasuuns Ay w.a. 2561 duAsUTUIAY WA, 2566 1ng
n5euiioudoyasenIeENNOUNITIZLIA (WA. 2561-2563) HAZHAINITTZUIA (WA, 2564-2566) 1ALN
doyailszying anvuzneaain mildesndou szeznaiueulsaneiuia aldsielunmssnu vazms

a a o
1d11§F 0z An5124i Tag1d Mann-Whitney U test 1182 chi-square test

=< Y 3‘; o Y a dy 1 I L =
wan1sANY: W8 RSV Navua 137 519 Saugihedaiie RSV Aoy ) anasawdlugud vl w.a.

A dﬁl 2 o 1 ~ @ Yy A da! ' A v o W A

2564 naztinnyuNATI N9 WA 2565-2566 918U TEFIUVRHTIBNNANEE NI AYIN 12 1ADY
] ' I 1 o ] 1 '
Tugaenounisszuia iy 18 Ao ulus19Md4n1552 119 (p value 0.042) TiwuANULANAII0E19T]

v o w Y Y a J 9 [ v <3 o '
wedhag ludunsTiesndinu szeznaweulsanena uazaldsielunssnu edrelsnan dadn

! 9 ' Y 1
vosgiendelasumsasremelatugalinua Tdumsan (Gesaz19.1 euiuiesas 5.8) vmziinis 14

o [

ad 1A o 9 2 v 9
ﬂgmuzaﬂmammuﬂmﬂm (508ag 26.5 MyUNUITDYAL 50.7, p value< 0.05)

'
o A

v A aa £ A @
38 INU NIAND LasAMS NIATNUITIVAITANT 19 65 Rtiun 3 NINNIAN —NUBIYU 2569



o H a <3
agi: 91eMAINITIZVIAVEI COVID-19 WuNslagunladveaszu1ainegl RSV ludan Tagnuinis

o [ Aa a Y =l Y o % dy 1 [
ﬂauu1izu1ﬂ1uaﬂymzwm"lﬂmﬂmm uag @ﬂaaumqmmmﬁumﬁﬂmqwuiumwmmﬁzmﬂ

A o & o

yauzinadwinuaainindnn Taesau bindeunlasedisdanu madhse edaeiios uazuasns
W

a

v Ao a 2K A o o a dy 3
mstlestuniidseaninm Selinnud i lumsaamszveslsatleasni@uanmsaaie RSV luan
o o W [ 4 a ¥ a 1 1 < a
mdnr: higersiead, msaayemuaumeladiuanluan, msszuiaveslnia-19, ANUTULTIVDT

Tsa, M3 Fendugadnedwaumaduna

= a a 4 <
msulasulainieszuainenvesmsaaiie respiratory syncytial virus Tuiana 39



Changes in the epidemiology of respiratory syncytial virus infection
in children before and after the COVID-19 pandemic at Klang Hospital, Bangkok
Wattanee Taweesith', Sutinant Rungwiteechaipornz, Areerat Chairauengyoth1
1Department of Pediatrics, Klang Hospital

’Research Promotion Section, Klang Hospital

Abstract

Background: Respiratory Syncytial Virus (RSV) remains a leading cause of pediatric lower respiratory tract
infections (LR TIs) worldwide. The COVID-19 pandemic has substantially altered the epidemiology of RSV in many
regions.

Objective: To evaluate temporal trends, clinical characteristics, and disease severity of pediatric RSV infections
before and after the COVID-19 pandemic in Bangkok, Thailand.

Methods: We conducted a retrospective study using electronic health records of children younger than 15 years old
diagnosed with RSV infection at Klang Hospital from January 2018 to December 2023. Demographic and clinical
characteristics, oxygen therapy, hospital length of stay (LOS), treatment costs, and antibiotic prescribing patterns
were compared between the pre-pandemic (2018-2020) and post-pandemic (2021-2023) periods. Statistical analyses
were performed using the Mann-Whitney U test and chi-square test.

Results: A total of 137 pediatric RSV cases were identified. Number of RSV cases declined to zero in 2021 and
subsequently rebounded during 2022-2023. The median age of affected children increased significantly from 12
months in the pre-pandemic period to 18 months in the post-pandemic period (p value 0.042). No significant
differences were found in oxygen therapy requirements, LOS, or treatment costs between the two periods. The
proportion of severe cases requiring advanced respiratory support showed a numerical increase in the post-pandemic
period (19.1% vs. 5.8%). Antibiotic prescribing decreased significantly after the pandemic (26.5% vs. 50.7%, p value

<0.05).
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Conclusion: The epidemiology of pediatric RSV pneumonia in Bangkok changed substantially following the
COVID-19 pandemic, with an atypical resurgence and an older age at presentation in the post-pandemic period.
However, major clinical outcomes remained largely unchanged, highlighting the need for continued RSV
surveillance and effective preventive strategies to reduce the burden of RSV pneumonia in children.

Keywords: Respiratory syncytial virus, Pediatric lower respiratory tract infections, COVID-19 pandemic, Disease

severity, Antimicrobial stewardship
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Introduction

Respiratory Syncytial Virus (RSV) is a major respiratory pathogen that predominantly affects young
children, particularly those under five years of age, as well as older adults and immunocompromised
individuals. RSV circulates worldwide and causes annual epidemics, typically peaking during the winter
months in temperate regions and lasting approximately four to five months.' In Thailand, RSV activity
demonstrates a distinct seasonal pattern, with outbreaks occurring mainly during the rainy season and
extending into early winter (July to January).

Certain pediatric populations are at increased risk for severe RSV infection, including infants—
especially those younger than one year of age—preterm infants, children with underlying conditions such as
chronic lung disease, congenital heart disease, and immunocompromising conditions.” RSV infection may
present as either an upper respiratory tract infection (URTI) or a lower respiratory tract infection (LRTI).
Common clinical manifestations include rhinorrhea, nasal congestion, sneezing, and cough, whereas
hoarseness and laryngitis are less frequently observed.’ Importantly, RSV is recognized as one of the leading
causes of LRTIs, particularly bronchiolitis and pneumonia, among children under five years of age.4 Nearly all
children experience at least one RSV infection by two years of age.5

Although the exact pathophysiological mechanisms of RSV infection are not fully elucidated, current
evidence suggests that direct viral cytopathic effects on the respiratory epithelium lead to epithelial necrosis
and increased mucus production. These processes contribute to bronchiolar obstruction, resulting in air
trapping, hyperinflation, and atelectasis.

In Thailand, national surveillance conducted by the Ministry of Public Health (MoPH) in
collaboration with the Centers for Disease Control and Prevention (CDC) has identified RSV as the leading
viral cause of LRTIs among hospitalized children, accounting for 19.5% of cases, followed by influenza virus
at 8.2%.° Management of RSV infection remains largely supportive, with prevention relying primarily on
standard infection control measures, including proper hand hygiene and patient isolation.” In infants younger
than six months, maternally derived antibodies—particularly those acquired through breastfeeding—may
provide partial protection against RSV infection.

Passive immunization with the monoclonal antibody palivizumab is recommended for selected high-
risk pediatric populations to prevent severe RSV disease and associated mortality.8 More recently, the long-

acting monoclonal antibody nirsevimab has been developed to provide season-long protection and was
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approved for use in the United States in July 2023.”" In addition, a maternal RSV vaccine—the bivalent
prefusion F protein vaccine (Abrysvo)—was approved in 2023 for use during pregnancy, enabling
transplacental transfer of RSV-specific antibodies and providing passive protection to infants during the first
six months of life. Ongoing advances in longer-acting monoclonal antibodies and vaccine development are
expected to further strengthen RSV prevention strategies in pediatric populations.

The COVID-19 pandemic has substantially altered the epidemiology of respiratory infections,
including RSV."" Public health and social measures (PHSMs) implemented during the pandemic led to a
marked reduction in RSV circulation. However, following the initial pandemic period, atypical RSV
resurgences have been observed globally.14 Reduced viral exposure during the pandemic may have resulted in
an expanded pool of immunologically naive children, increasing susceptibility to infection in younger age

15,16
groups.

Objective
This study aimed to evaluate changes in epidemiological trends and clinical severity of RSV infection

in children by comparing the pre- and post-COVID-19 pandemic periods.

Methods

This retrospective study was conducted using electronic health records from Klang Hospital, a tertiary
care center in Bangkok, Thailand. The study population included pediatric patients presenting with respiratory
symptoms who underwent rapid diagnostic testing for respiratory syncytial virus (RSV) and human
metapneumovirus (hMPV) using the Quick Chaser” RSV test kit. Data were collected over a six-year period
from January 1, 2018, to December 31, 2023. The study period was divided into two phases: the pre-COVID-
19 era (2018-2020) and the post-COVID-19 era (2021-2023).

To evaluate post-infection respiratory outcomes, caregivers were interviewed by telephone regarding
recurrent wheezing, a clinical manifestation of airway hyperresponsiveness (AHR). Additional data included
bronchodilator use during healthcare visits, hospitalizations due to physician-diagnosed dyspnea, and
subsequent physician-diagnosed asthma following RSV infection. These outcomes were assessed primarily

within the first year after the initial infection.
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The inclusion criteria were as follows: (1) children aged < 15 years; and (2) laboratory-confirmed RSV
infection with clinical features consistent with upper and/or lower respiratory tract infection. Eligible cases
were identified from inpatient and outpatient medical records using the International Classification of
Diseases, Tenth Revision (ICD-10) code J12.1 (RSV pneumonia). In addition, patients with laboratory-
confirmed RSV infection and the following clinical diagnoses were included J21.8 (acute bronchiolitis due to
other specific organisms), J20.9 (acute pharyngitis, unspecified), and JOO (acute nasopharyngitis). Presenting
symptoms at initial evaluation included fever, cough, rhinorrhea, nasal congestion, sore throat, conjunctival
injection, tachypnea, cyanosis, apnea, nausea, vomiting, diarrhea, decreased appetite, and seizures.
Data collection and statistical analysis

Data collected for analysis included patient demographics (age and sex), underlying medical
conditions, clinical manifestations at presentation, laboratory-confirmed RSV infection, requirement for
oxygen therapy, length of hospital stay, treatment costs, and the development of airway hyperresponsiveness
within one year following infection. Demographic characteristics and disease severity were compared between
the pre- and post-COVID-19 periods. Patients with negative RSV test results or identified alternative
respiratory pathogens were excluded.

Data distribution was assessed using the Kolmogorov-Smirnov test and was found to be non-normal
(p value < 0.05). Accordingly, nonparametric methods were applied. Continuous variables were compared
using the Mann-Whitney U test, and categorical variables were analyzed using the chi-square test. A p value <
0.05 was considered statistically significant. All analyses were performed using IBM SPSS Statistics for

Windows, version 25.0 (IBM Corp., Armonk, NY, USA).

Ethical approval
The study protocol was reviewed and approved by the Bangkok Metropolitan Administration Human
Research Ethics Committee (BMAHREC) (Approval No. S029hc/67 EXP) and conducted in accordance with

internationally accepted ethical principles for research involving human subjects.
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Results

A total of 137 pediatric patients were diagnosed with RSV infection at Klang Hospital between
January 2018 and December 2023. The number of cases was comparable between the pre-COVID-19 period
(2018-2020; n = 69), and the post-pandemic period (2021-2023; n = 68). Marked year-to-year variation was
observed, with a peak in 2018 (n = 43), followed by a decline in 2019 (n = 12) and 2020 (n = 14). No cases
were reported in 2021. RSV activity reemerged in 2022 (n = 28) and increased further in 2023 (n = 40).

Temporal trends are shown in Figure 1, and baseline characteristics are summarized in Table 1.

50
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Figure 1 Annual number of pediatric patients with RSV infection from 2018 to 2023.

Underlying medical conditions included prematurity, asthma and congenital heart disease.
Prematurity was the most common condition, occurring in 2, 2, 2, 3, and 4 patients in 2018, 2019, 2020, 2022
and 2023, respectively. Asthma was reported in 2 patients in 2018 and 1 patient each in 2022 and 2023, while
congenital heart disease was reported in 1 patient in 2018.

The median age was 14 months (IQR 6.5-32.0). A significant increase in median age was observed in
the post-pandemic period (18 months, IQR 6.3-43.5) compared with the pre-pandemic period (12 months,
IQR 6.5-24.5; p value 0.042). Median length of stay (LOS) decreased from 5 to 4 days (p value 0.112), and
median treatment costs declined from USD 115.9 to 102.2 (p value 0.35), although these differences were not

statistically significant. No significant differences were observed in BMI, duration of oxygen therapy, LOS, or
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total treatment costs between periods. Disease severity was generally comparable between periods, with no
significant differences in clinical severity scores, oxygen requirements, or need for advanced respiratory
support. However, a higher proportion of severe cases requiring high-flow nasal cannula (HFNC) or
endotracheal intubation was observed in the post-pandemic period (19.1% vs. 5.8%). Among the 17 patients
with severe disease, age distribution is shown in Figure 2. Most patients had no underlying medical conditions
(70.6%), while prematurity and asthma were present in 23.5% and 5.9%, respectively.

Antibiotic use declined significantly from 50.7% in the pre-pandemic period to 26.5% in the post-
pandemic period (p value < 0.05). Antibiotic prescribing was associated with disease severity, with higher use
in patients requiring more intensive oxygen support. Among severe cases, antibiotic use increased from 8.9%

in the pre-COVID-19 era to 27.3% in the post-COVID-19 era (p value 0.029).

Table 1. Characteristics of children with RSV infection before and after the COVID-19 pandemic

Characteristic Pre-COVID-19 Post-COVID-19 p value
(n=69) (n=68)
Age at time of diagnosis (months), median (IQR) 12.0 18.0 0.042
(6.5 to0 24.5) (6.3 t0 43.5)
Underlying disease (%) 13 (18.8) 14 (20.6) 0.833
Length of hospital stay (days), median (IQR) 5.0(3.0t0 6.5) 4.0 (3.0 t0 6.0) 0.112
Cost of treatment (USD), median (IQR) 115.9 102.2 0.350
(73.5 t0 159.8) (63.1 to 158.2)
Need oxygen therapy (%) 45 (65.2) 44 (64.7) 1.000
Severe cases requiring HFNC and ET tube (%) 4(5.8) 13 (19.1) 0.053
Antibiotic use (%) 35(50.7) 18 (26.5) 0.005
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Figure 2 Age distribution of children with severe RSV infection requiring HFNC therapy or endotracheal

Pneumonia was the predominant diagnosis (121 cases, 88.3%), followed by acute bronchiolitis
(8.0%), acute nasopharyngitis (2.9%), and acute pharyngitis (0.7%) (Figure 3). Annual distribution of RSV
diagnoses in children were presented in Table 2. These findings highlighted the substantial burden of RSV-
associated lower respiratory tract infections (LRTIs) and were consistent with global epidemiological patterns.

Age-specific distribution were shown in Figure 4.
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Figure 3 Distribution of RSV-related clinical diagnoses among 137 pediatric patients
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Table 2. Annual distribution of RSV diagnoses in children

Year (A.D.) RSV RSV RSV RSV Total cases
pneumonia bronchiolitis | nasopharyngitis pharyngitis
2018 39 4 0 0 43
2019 10 2 0 0 12
2020 13 1 0 0 14
2022 25 1 1 1 28
2023 34 3 3 0 40
Total 121 11 4 1 137
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Figure 4 Age-specific distribution of RSV-related diagnoses (n=137).

During 1-year follow-up, 117 patients (85.4%) completed assessment. The prevalence of airway

hyperresponsiveness (AHR) is shown in Figure 5. AHR was similar between period (34.5% pre-COVID-19

vs. 33.9% post-COVID-19). However, the age distribution shifted, with a higher median age in the post-

COVID-19 period (3.40 years, IQR 2.07-4.26) compared with the pre-COVID-19 period (0.85 years, IQR

0.61-1.86) (Figure 6). Analysis of comorbidities (Figure 7) demonstrated a shift in epidemiology: prior to

COVID-19, AHR was more common among children with underlying conditions, whereas in the post-

COVID-19 period it occurred more frequently in previously healthy children.
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Figure 5 Annual proportion of post-RSV airway hyperresponsiveness, 2018-2023.
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Figure 6 Median age of children who developed AHR, stratified by year, 2018-2023.
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Figure 7 Proportion of children with underlying medical conditions among those who developed AHR,

stratified by year, 2018-2023. (n = 10)
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Among children with AHR, underlying conditions during the pre-COVID-19 era included
prematurity (n=3), asthma (n=2), and congenital heart disease (n=1), whereas those during the post-COVID-
19 era included prematurity (n=1) and asthma (n=2). As this was a retrospective study, some follow-up

information was unavailable, potentially resulting in incomplete data on underlying conditions.

Discussion

This study demonstrated a marked shift in the epidemiology of pediatric RSV infection in Bangkok
following the COVID-19 pandemic. RSV activity was profoundly suppressed during periods of stringent
public health interventions, with complete absence of detected cases in 2021, followed by a pronounced and
atypical resurgence in 2022-2023. This pattern paralleled observations from Australia and South Africa ",
underscoring a global disruption and subsequent re-emergence of RSV circulation.

The temporal changes in RSV incidence correspond closely with the implementation of non-
pharmaceutical interventions (NPIs), including universal masking, physical distancing, school closures, and
enhanced hygiene practices. This epidemiologic pattern aligned with global observations and highlighted the
close interplay between public health measures and the transmission dynamics of pediatric respiratory

8,14,19-2
pathogens.

*The absence of reported RSV cases in 2021 underscored the effectiveness of pandemic-
related public health interventions in suppressing viral transmission. Following the gradual relaxation of NPIs,
RSV activity rebounded significantly in 2022 and 2023, consistent with observations from Australia, South
Africa, and multiple regions across Europe.é"x’m'z}27

The resurgence of RSV likely reflected the phenomenon of "immunity debt" whereby reduced viral
exposure during the pandemic led to increased susceptibility in young children.® In our cohort, the post-
pandemic period showed a shift in age distribution, with the median age increasing to 18 months, aligning

8,14,22,23,27-30

with international reports, in which median ages ranged from 6 to 19.6 months. This shift was
plausibly due to delayed primary infection resulting from reduced early-life exposure.

Despite these epidemiologic changed, overall disease severity—assessed by length of hospital stay,
treatment cost, oxygen requirement, and need for advanced respiratory support (HFNC or endotracheal
intubation)—did not differ significantly between pre- and post-pandemic periods. These findings were

. . . . . . . . . 22232531-35
consistent with prior studies showing no overall increase in RSV severity after the pandemic.
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However, the absolute number of severe RSV pneumonia cases increased, which might reflect a
larger susceptible population rather than increased viral virulence.

A notable finding was the reduction in antibiotic use during the post-pandemic period. This trend was
consistent with that reported in Jordan.” Several factors might explain this decline among children with RSV
infection. First, improved diagnostic capacity, particularly the widespread use of multiplex PCR, enhanced the
ability to distinguish viral from bacterial infections, reducing empirical antibiotic use. Second, antimicrobial
stewardship efforts were strengthened during the pandemic and appeared to have been sustained. Third, NPIs
likely reduced bacterial co-infections, including those caused by Streptococcus pneumoniae and Haemophilus
influenzae.

Finally, the expansion of telemedicine and structured triage systems might have promoted adherence
to evidence-based prescribing practices. Nevertheless, in severe RSV pneumonia cases requiring oxygen
therapy, clinicians might still initiate empirical antibiotics due to concern for bacterial co-infection, especially
in the presence of non-specific radiographic findings or elevated inflammatory markers.

The prevalence of airway hyperresponsiveness (AHR) remained similar before and after the
pandemic, indicating no significant impact of COVID-19 on the overall risk of post RSV AHR. Post-
pandemic AHR tended to occur in older children and was more common among those without pre-existing
comorbidities. This may reflect delayed antigen exposure, altered immune maturation, or changes in RSV
transmission dynamics. Although the overall burden of AHR did not increase, its changing demographic
patterns had important clinical implications. Pediatricians might increasingly encounter AHR in older,
previous healthy children, highlighting the need for continued surveillance and long-term follow-up.

Overall, these findings emphasized the importance of sustained RSV surveillance and adaptive
preparedness strategies. The post-pandemic resurgence of RSV in Bangkok highlighted the vulnerability of
pediatric populations during periods of rapid change in public health measures and underscored the need for

flexible approaches to mitigate future outbreaks.

Conclusion
Respiratory Syncytial Virus (RSV) remained an important cause of pneumonia and respiratory
morbidity in young children. In Bangkok, the epidemiology of pediatric RSV pneumonia changed

substantially following the COVID-19 pandemic, with a marked declined in cases during periods of stringent
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public health interventions followed by an atypical resurgence after these measures were relaxed. Children
with RSV pneumonia in the post-pandemic period were older at presentation than those in pre-pandemic
period. Despite this epidemiologic shift, key clinical outcomes including length of hospital stay, treatment
costs, and the need for supplemental oxygen or advanced respiratory support remained largely unchanged.
These findings highlighted the importance of sustained surveillance of RSV pneumonia to detect
changes in disease activity and seasonality and to support timely healthcare preparedness. Prevention
strategies, particularly immunoprophylaxis with monoclonal antibodies for infants and young children at
increased risk of severe RSV disease, remained important. Continued implementation of effective RSV

prevention measures might help reduce the burden of RSV pneumonia in children.
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Limitations

This study had several limitations. First, its retrospective, single-center design relied primarily on
medical records and, where applicable, parental telephone interviews. Consequently, some clinical
information, underlying conditions, and follow-up data might have been incomplete or subject to recall bias.
Second, RSV testing was performed according to clinical practice and physician judgment rather than a
standardized population-based testing protocol. Children with more severe respiratory symptoms or lower
respiratory tract involvement might therefore have been more likely to undergo laboratory testing, resulting in
potential selection bias and an overrepresentation of clinically significant RSV disease, including bronchiolitis

and pneumonia.
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Clinical outcome of respiratory syncytial virus associated medically attended respiratory tract infection
following nirsevimab administration among infants and children
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' Division of Infectious Disease, Department of Pediatrics, Faculty of Medicine, Chulalongkorn University

? Center of Excellence for Pediatric Infectious Diseases and Vaccines, Chulalongkorn University

> Thai Red Cross Emerging Infectious Diseases Clinical Center, King Chulalongkorn Memorial Hospital, The

Thai Red Cross Society

Abstract

Background: Respiratory syncytial virus (RSV) is a leading cause of morbidity and mortality among children
under five years. In Thailand, the long-acting monoclonal antibody nirsevimab was approved in 2024 and
implemented in 2025 as a passive immunization to reduce RSV-associated lower respiratory tract infections
and related hospitalizations.

Objectives: This study aimed to describe the clinical characteristics of children who developed symptomatic
RSV infection after receiving nirsevimab, and to identify risk and protective factors associated with RSV
infection among those who received the antibody.

Methods: This retrospective cohort study was conducted at King Chulalongkorn Memorial Hospital
(KCMH). Children aged <12 months who received nirsevimab during the RSV season (May—November
2025) were included. Data were collected through a review of medical records and telephone interviews with
parents.

Results: Of 294 infants who received nirsevimab, 180 (61.2%) were enrolled. The median age was 6 months
(IQR 2-8), and 51.7% were male; 66.1% were healthy. Seven participants (3.9%) had confirmed RSV
infection. The incidence rate of RSV-LRTI requiring hospitalization was 1.1 per 1000 person-months (95%CI
0.15-7.9), while the incidence rate of symptomatic RSV infection was 7.8 per 1000 person-months (95%CI
3.2-15.9). The median time from nirsevimab administration to infection was 13 weeks (IQR 6-16). RSV

exposure was the only significant risk factor (RR 6.4, 95% CI 1.5-26.3; p value <0.05).
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Conclusions: Nirsevimab appears to be an effective preventive strategy in both healthy and high-risk infants,
with low hospitalization rates and predominantly mild breakthrough infections. RSV exposure remains the
key risk factor, underscoring the importance of continued surveillance to optimize its use.

Keywords: Respiratory Syncytial Virus, Respiratory traction infection, Nirsevimab, Monoclonal antibodies,

Children
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Introduction

Respiratory syncytial virus (RSV) is a major cause of morbidity and mortality in children under five
years, especially infants under six months, accounting for about 33 million lower respiratory tract infections,
3.6 million hospitalizations, and nearly 100,000 deaths annually, mainly in low- and middle-income
countries.'

In Thailand, RSV circulation usually occurs from June to November, peaking during the rainy season
from August to October.”” A study at KCMH (2011-2016) found that 41% of children under five hospitalized
with RSV developed severe lower respiratory tract infection, with a mortality rate of 0.3%." Another study
from Ramathibodi Hospital (2014-2021) reported 1,370 RSV cases in children under two years, with over
half hospitalized, 23% requiring intensive or intermediate care, and 1.5% mortality.5

Currently, two approved strategies are available to prevent RSV infection in children: maternal
vaccination and monoclonal antibody administration for infants.

The US-Advisory Committee on Immunization Practices (US-ACIP) and the Centers for Disease
Control and Prevention (US-CDC) recommend a single seasonal dose of the bivalent RSV prefusion F
(RSVpreF) vaccine for pregnant individuals between 32 weeks 0 days and 36 weeks 6 days of gestation.6
Similarly, Thai guidelines advise RSVpreF vaccination during 24-36 weeks’ gestation, with an optimal
window at 28—-32 weeks, particularly when the infant is expected to be under 6 months of age during the RSV
season.’ Maternal RSVpreF vaccine showed efficacy against severe RSV-associated medically attend lower
respiratory illness 82.4% and 70% within 90 days and 180 days after birth respectivc—‘:ly.8 This vaccine provides
protection for infants, demonstrating an effectiveness of 78.6% against RSV-associated lower respiratory tract
disease (LRTD) hospitalizations within the first three months of life. While this protection remains strong
at 71.3% through the first six months, the vaccine is particularly impactful against severe cases,
maintaining 76.9% effectiveness against severe RSV-associated LRTD requiring hospitalization throughout
that same six-month period.9

Palivizumab was the first monoclonal antibody approved for RSV prevention in infants and children
at high risk for severe disease, such as those with prematurity, hemodynamically significant congenital heart
disease (hsCHD), and bronchopulmonary dysplasia (BPD). Clinical studies have demonstrated that
Palivizumab reduces hospitalization by 55%, specifically, it reduced hospitalization by 78% among children

born prematurely without BPD and 39% in those with BPD." Despite these benefits, the therapy’s impact is
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limited by its restrictive eligibility, as it is only indicated for high-risk groups, leaving healthy full-term
infants who remain at risk for severe RSV without similar protection.

More recently, long-acting monoclonal antibodies, including nirsevimab and clesrovimab, have been
approved for all infants. Following its first approval in Europe in 2022,"" nirsevimab has been administered to
more than 11 million infants across over 45 countries.~ Clinical studies have shown that nirsevimab reduced
RSV-related hospitalizations to 0.3% (incidence rate 1 per 1000 person-months) vs 1.7% (incidence rate 3 per
1000 person-months) with standard care, showing 82.7% efficacy up to 180 days, with mostly mild-to-
moderate adverse events and no safety concerns up to 1 year after dosing.]3 Findings from real-world
effectiveness systematic reviews and meta-analyses indicate that nirsevimab was associated with a lower odds
of RSV-related outcomes, with a pooled effectiveness of 83% against RSV-related hospitalization, 81%
against ICU admission, and 75% against LRTI in infants aged 0—12 months, although it does not significantly
impact the length of hospital s‘[ay.14

Following the 2025 Thailand RSV prevention guidelines,15 nirsevimab was implemented as an
additional preventive immunization for infants aged <12 months, and high-risk children aged 12-24 months,
such as those with congenital heart disease or bronchopulmonary dysplasia, during the first RSV season
(typically June to October, although this period may be adjusted based on annual RSV epidemiology).

Beyond identified high-risk groups, several specific factors increase the likelihood of severe RSV
infection. A systematic literature review'© highlighted eight factors that were significantly associated with
RSV-associated acute lower respiratory infection in children under five years: prematurity, low birth weight,
male sex, having siblings, maternal smoking, a history of atopy, lack of breastfeeding, and household
crowding.

Despite available global data on nirsevimab, evidence in Thai children remains limited. This study is
the first to determine the incidence of symptomatic RSV infection, describe the clinical characteristics of
children who develop symptomatic RSV after receiving nirsevimab. This finding may provide evidence to

inform the optimal use of nirsevimab within the Thai healthcare context.
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Objectives
This study aimed to describe the clinical characteristics of children who developed symptomatic RSV
infection after receiving nirsevimab, and to identify risk and protective factors associated with RSV infection

among those who received the antibody.

Methods
Study design and participants

This retrospective cohort study was conducted at KCMH, a tertiary care hospital in Bangkok,
Thailand. This study aimed to determine the incidence of symptomatic RSV disease and overall respiratory
tract infections among infants who received nirsevimab, identify factors associated with symptomatic RSV
infection, and further characterize the clinical outcomes of RSV infection in this population.

Study population included children < 12 months old who received nirsevimab at KCMH during
RSV season in Thailand (between May and November 2025). Eligible participants were enrolled after
approval was obtained from the Institutional Review Board (IRB) of the Faculty of Medicine, Chulalongkorn
University. (IRB No. 0965/68).
Procedure and data collection

After nirsevimab was first introduced at KCMH in May 2025, it was administered to infants and
children under 2 years of age during the RSV season. Pediatricians informed parents that follow-up phone
calls would be conducted as part of standard practice to assess clinical status and monitor for adverse events
after nirsevimab administration. Following Institutional Review Board (IRB) approval, parents were contacted
and provided with information about the study. For those who provided consent, data were collected through
review of electronic medical records and one-time telephone follow-up at the end of RSV season.

Demographic data included age, sex, underlying disease, history of prematurity and timing of
nirsevimab administration. Infants with high-risk RSV exposure was defined as having a history of RSV
exposure, nursery attendance of participants, the presence of children under 5 years of age in the household.
Risk and protective factors for symptomatic RSV infection included household smoking and exclusive
breastfeeding status before the introduction of complementary foods.

Clinical data, including the occurrence, timing, results of nasopharyngeal swab testing, and definitive

diagnoses of respiratory tract infections during May to December 2025 were collected for all participants.
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Among those who developed RSV infection, additional details on disease severity, antibiotic use, and clinical
outcomes were recorded. In this study, respiratory tract infection was defined as a medically attended event,
with all cases diagnosed and confirmed by healthcare professionals.
Statistical methods and analysis

All statistical analyses were performed using STATA software version 19SE (Texas, USA).
For demographic and clinical data, categorical data were presented as frequencies and percentages; continuous
data were presented as medians with interquartile ranges (IQRs). The incidence of symptomatic RSV infection
was expressed per 1000 person-months. Univariate analysis was conducted to evaluate associated factors for

symptomatic RSV infection (p value <0.05).

Results
Demographic data

Two hundred and ninety-four children received nirsevimab at KCMH during May to November 2025,
30% of them received in June. The monthly distribution of nirsevimab administration is illustrated in Figure 1.
Overall, 70 children (23.8%) were born during the 2025 RSV season. 180 (61.2%) of nirsevimab recipients

were enrolled in this study.
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Figure 1. Number of participants received nirsevimab in each month
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Baseline characteristics of participants are shown in Table 1; The median age was 6 months (IQR 2—
8), and 51.7% were male. Two-thirds of them were healthy (66.1%), and 24.4% had a history of prematurity
without sequelae. Seven participants (9.4%) had comorbidities including prematurity with BPD (1.1%),
congenital heart disease (CHD) (4.4%), and other conditions (3.9%), such as cerebral anomalies. One hundred
and two participants (56.7%) were breastfed until the end of the RSV season. Twenty-two cases (12.2%)
were exposed to household smoking.

Among the 180 participants, 55 (30.6%) were classified as having high-risk exposure to RSV. Of
these, only 19 infants had documented exposure to individuals with confirmed RSV infection. The last RSV

exposure infant in our cohort occurred in December 2025.

Table 1. Baseline characteristics

Characteristics N=180
Age (median, IQR) (months) 6 (2-8)
Male n (%) 93 (51)
Term n (%) 131 (72.8)

Pre-existing disease n (%)

* Healthy 119 (66.1)
* Prematurity 44 (24.4)
* Prematurity with bronchopulmonary dysplasia 2(1.1)

* Congenital heart disease 8(4.4)

* Other disease 7(3.9)
High-risk exposure to RSV 55(30.6)
* Exposure to individuals with RSV infection 19 (10.5)
* Nursery attendance 14 (7.8)

* The presence of children under 5 years of age in the household 36 (20)

Breastfeeding sustained through the end of the RSV season 102 (56.7)

Household smoking 22(12.2)
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Respiratory tract infection during RSV season

During the RSV season, a total of 58 respiratory tract infection episodes were reported from 50 of 180
participants (27.8%), with 41 episodes (70.7%) occurring between October and December. RSV testing was
performed in 43 episodes (74.1%), while 15 respiratory tract infection episodes (25.9%) did not undergo swab
testing. Of the 58 episodes, 7 (12.1%) were confirmed RSV infections, and 16 (27.5%) were attributed to
other viral pathogens. An additional 20 episodes (34.5%) had negative swab results. The distribution of
respiratory tract infection episodes was shown in Figure 2.

Among the 58 episodes, 13 episodes (22.4%) resulted in hospitalization due to respiratory tract
infection following nirsevimab administration, corresponding to an incidence rate of 14.4 episodes per 1000

person-months (95%CI 8.4-24.7).

Respiratory tract infection during RSV season

Number of events

JUN JUL AUG SEP OCT NOV DEC
Month of year

RSV Other respiratory virus Swab negative Unknown

Figure 2. Respiratory tract infection during RSV season

RSV infection

Seven of 180 participants (3.9%) were confirmed to have RSV infection, occurring in September (1
case), October (2 cases), and November (4 cases). Among these, one case was RSV-related lower respiratory
tract infection (LRTI) requiring hospitalization, while the remaining six cases were upper respiratory tract
infections. The incidence rate of RSV-LRTI requiring hospitalization was 1.1 per 1000 person-months
(95%CI 0.15-7.9), while the incidence rate of symptomatic RSV infection was 7.8 per 1000 person-months
(95%CI 3.2-15.9). All cases of RSV infection received a 100 mg dose of nirsevimab. The median age at the
time of nirsevimab administration was 7 months (IQR 3-8). The median time from nirsevimab administration

to RSV infection was 13 weeks (IQR 6—16). Among participants with RSV infection, three (42.9%) had high-
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risk exposure. One attended a nursery and had contact with a classmate diagnosed with RSV infection,

another had household exposure from a parent with RSV infection, and the third had contact with a sibling

with RSV infection. Two participants had history of household smoking. Characteristics of all cases of

symptomatic RSV infection were shown in Table 2. All of them recovered from RSV infection.

Of 180 infants, 163 were term and preterm without comorbidities, whereas 17 had conditions such as

bronchopulmonary dysplasia and congenital heart disease. The incidence rate of symptomatic RSV infection

in the first group was 7.3 per 1000 person-months (95%CI 2.7-16.0) with 6 infected participants. In those with

underlying conditions, The incidence rate was 11.8 per 1000 person-months (95%CI 0.3-65.6), with one

affected participant.

Table 2. Characteristics of symptomatic RSV infection

Time from
Month of High-risk | Month of nirsevimab
BW | Age | Underlying | Breast | Household
Nirsevimab exposure RSV administration
(kg) | (mo) disease feeding Smoking
administration to RSV infection to RSV
infection (wk)
RSV LRTI
July 11 8 BPD yes no no November 15
RSV URI
July 5 1 no no no yes September 6
June 11 11 no yes no yes October 17
September 7.2 7 no no yes no October 6
June 9 7 no no no no November 16
August 7.5 4 no yes yes no November 13
September 6.4 3 no no no yes November 7
Abbreviations: BPD, Bronchopulmonary dysplasia; URI, upper respiratory tract infection; LRTI, lower
respiratory tract infection
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RSV lower respiratory tract infection

One participant was hospitalized due to RSV pneumonia. The patient was a male infant born at 30
weeks’ gestation with underlying bronchopulmonary dysplasia requiring home oxygen therapy. He received
nirsevimab in July and subsequently developed a breakthrough RSV infection in November, 15 weeks after
administration. This patient did not have high-risk exposure to RSV, was not exposed to household smoking,
and was breastfed until the time of infection. During hospitalization, he required oxygen support at his
baseline level and did not need intensive care. However, a secondary bacterial infection occurred, requiring a
total of 7 days of antibiotic treatment with 14 days of hospital stay.
RSV upper respiratory tract infection

The remaining six cases of symptomatic RSV infection, diagnosed between September and
November, included five term infants and one infant born at 32 weeks’ gestation without residual
complications of prematurity. All experienced mild respiratory symptoms. Half had high-risk exposure to
RSV through contact with a laboratory-confirmed case. Two participants (33%) were exposed to household
smoking, and two were breastfed until the time of infection. All participants with RSV-related upper
respiratory tract infections fully recovered. One patient required antibiotic treatment prescribed by a
physician, although the parents were unable to recall the specific antibiotic used.
Other respiratory virus infection

Among 51 non-RSV respiratory tract infection episodes, 36 underwent rapid antigen or PCR testing.
Viral pathogens were identified in 16 episodes (31.4% ): influenza (9 episodes, 17.6% ), COVID-19 (4
episodes, 7.8% ), human metapneumovirus (2 episodes, 3.9% ), and adenovirus (1 episode, 2.0% ). Overall,
76.5% of non-RSV respiratory tract infection episodes were mild and did not require hospitalization. Among
the 15 participants who did not undergo swab testing, one with congenital heart disease required
hospitalization for secretion clearance, while the remaining 14 had mild symptoms and did not require

hospital admission.
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Risk and protective factors of RSV infection

Risk and protective factors are shown in Table 3. Exposure to RSV-infected patients was identified as
a significant risk factor for RSV infection with a risk ratio (RR) of 6.4 (95% CI 1.5-26.3; p value <0.05).
However, gender, prematurity status, and the presence of siblings were not identified as risk factors.
Additionally, while breastfeeding appeared to suggest a protective effect with RR of 0.57, this result was not

statistically significant (95% CI 0.1-2.5; p value 0.45)

Table 3. Risk and protective factors of RSV infection

Factors associated with RSV infection RR (95% Cl) p value
Male (n=131) 5.6 (0.7-45.7) 0.07
Pre-existing disease or history of prematurity (n=61) 0.8 (0.2-3.9) 0.8
Preterm (n=46) 1.1 (0.2-5.3) 0.9
Underlying disease (n=17) 1.5(0.2-11.8) 0.70
High risk RSV exposure
- RSV exposure (n=19) 6.4 (1.5-26.3) 0.0046
- Daycare attendance (n=14) 2.0 (0.3-15.3) 0.51
- Sibling < 5 years in family (n=36) 1.6 (0.3-7.9) 0.56
Household smoking (n=22) 2.9 (0.6-13.9) 0.18
Breastfeeding sustained through the end of the RSV season 0.6 (0.1-2.5) 0.45
(n=102)

Discussion

Nirsevimab is recognized as a preventive strategy against RSV infection in both healthy and high-risk
infants. Although data on its efficacy and real-world effectiveness are available, there were previously no data
from Thailand, as it was first launched and approved in 2025. However, nirsevimab has not yet been included
in the Thai national immunization program, and socioeconomic differences may influence access to and

receipt of nirsevimab.
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Our findings indicate that the incidence rate of RSV-LRTI requiring hospitalization was 1.1 per 1000
person-months (95%CI 0.15-7.9), while the incidence rate of symptomatic RSV infection was 7.8 per 1000
person-months (95%CI 3.2-15.9) among infants receiving nirsevimab. RSV exposure was identified as a
significant risk factor for breakthrough infection.

Seven participants experienced breakthrough RSV infection following nirsevimab administration,
with cases occurring in September (1 case), October (2 cases), and November (4 cases). According to the
2025 Thailand RSV prevention guidelines,15 nirsevimab is recommended from June to October, corresponding
to the peak RSV season based on historical data. However, in 2025, RSV infections persisted into November,
with most cases (57%) occurring during this month. The median time from nirsevimab administration to RSV
infection was 13 weeks (IQR 6-16). Data from previous studies'’ show that nirsevimab has a half-life of
approximately 71 days. A single dose provides high and sustained levels of pre-F antibodies, remaining above
baseline up to day 361. However, although nirsevimab provides strong protection through sustained antibody
levels during this period, it does not confer complete immunity; therefore, effective prevention should
combine medical prophylaxis with strategies to minimize RSV exposure, as direct contact with infected
individuals remains an important risk factor for breakthrough infection.

In our study, the incidence rate of symptomatic RSV infection among healthy term and preterm
infants was 7.3 per 1000 person-months (95%CI 2.7-16.0). In comparison, the HARMONIE trial—which
evaluated nirsevimab in infants > 29 weeks' gestation—reported RSV-associated LRTI hospitalization rates of
1 per 1000 person-months in the nirsevimab group and 3 per 1000 person-months in the standard care group.
This represents a vaccine efficacy of 82.7% (95% CI, 67.8-91.5; p value <0.001), highlighting a significant
reduction in severe outcomes compared to infants receiving no prophylaxis. Moreover, the HARMONIE trial
reported that hospitalizations due to all-cause lower respiratory tract infection occurred less frequently in the
nirsevimab group (4 per 1000 person-months) compared to the standard care group (6 per 1000 person-
months) within 180 days after randomization, corresponding to an efficacy of 41.9% (95% CI 23.1-56.3; p
value <0.0001). In our study, the incidence rate of all respiratory tract infections was 14.4 episodes per 1,000
person-months (95% CI 8.4-24.7). The relatively high rate might be explained by data collection during the

RSV season, when other respiratory viruses were also circulating in the community.
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In the IMpact-RSV trial," a randomized, double-blind, placebo-controlled study of palivizumab in
infants with bronchopulmonary dysplasia (BPD), the incidence of RSV-related hospitalization at 150 days
post-randomization was 7.9% in the palivizumab group compared to 12.8% in the placebo group. This
representing a 39% reduction (95% CI, 20-58; p-value 0.038). In comparison, our study demonstrated an RSV
hospitalization incidence rate of 11.8 per 1000 person-months (95%CI 0.3-65.6) among infants with
underlying conditions, including BPD.

A systematic literature review highlighted eight factors that were significantly associated with RSV-
associated acute lower respiratory infection (ALRI) in children under five years: prematurity, low birth
weight, male sex, having siblings, maternal smoking, a history of atopy, lack of breastfeeding, and household
crowding.

RSV exposure was the only factor significantly associated with an increased risk of infection in this
study. Although breastfeeding showed a potential protective effect (RR 0.57, 95% CI 0.1-2.5; p value 0.45),
this was not statistically significant. These findings suggest that, even with nirsevimab administration,
preventive measures to reduce RSV exposure remain important.

A principal strength of this study is that it is the first study of RSV infections following RSV monoclonal
antibody use in Thailand. The limitations of our study include the absence of a comparison group receiving
standard care and the relatively small number of participants who received nirsevimab, as it is not included in
the Thai national immunization program. Additionally, 15 respiratory episodes did not undergo swab testing,

potentially leading to an underestimation of RSV cases

Conclusion

Nirsevimab is an effective preventive strategy against RSV in both healthy and high-risk infants,
associated with low hospitalization rates and predominantly mild breakthrough infections. As RSV exposure
was identified as the primary risk factor, preventive strategies should combine medical interventions with

measures to reduce exposure.
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The newly developed Maesariang Respiratory Score (MRS) for acute lower respiratory tract infections
in children under 5 years in predicting respiratory support
Salin Tangchawall, Koonkoaw Roekworachai’, Kanokkarn Sunkonkit’
' Division of Pediatrics, Maesariang Hospital, Mae Hong Son, Thailand
? Division of Pediatrics, Nakornping Hospital, Thailand

’ Department of Pediatrics, Faculty of Medicine, Chiang Mai University, Thailand

Abstract

Background: Acute lower respiratory tract infections (LRTIs) are the leading causes of mortality and
morbidity especially in children under 5 years. LRTIs have a severity ranging from mild to life-threatening
conditions. The ability to recognize the severity of disease for giving respiratory support in young children
depends on parental history, physical examinations and experienced physicians. Currently, there is no ideal or
gold standard of predicting tool for LRTIs in children. The newly developed tool may be a guide for
respiratory support.

Objectives: To develop and validate the MRS for LRTIs in children under 5 years in predicting respiratory
support.

Methods: A cross-sectional study, data were collected between November 2024 and January 2026 at the
emergency department and outpatient department of Maesariang Hospital, Mae Hong Son Province, Thailand.
We enrolled children aged 1 month to under 5 years who were diagnosed with acute LRTIs. The exclusion
criteria were acute laryngotracheobronchitis, acute epiglottitis, congenital lung disease, congenital heart
disease, status post tracheostomy, home oxygen therapy, and parental refusal. MRS parameters and score were
developed from literature reviews and multivariable regression analysis, which had statistical significance
with respiratory support. Descriptive and inferential studies, receiver operating characteristic curve (ROC),
correlation, univariable, multivariable regression analysis, and internal validation using calibration plot and
Hosmer-Lemeshow (H-L) test were performed. Using SPSS version 31.0, the significance level was p value

<0.05.
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Results: A total of 504 children were enrolled. MRS is seven parameters tool included general appearance,
skin color, chest retraction, respiratory rate, heart rate, lung sound, and oxygen saturation. Agreement in
measurement between pediatrician and interns was good with an Intraclass Correlation Coefficient (ICC) of
0.83. The Area under the ROC (AUC) of MRS to predict all levels of respiratory support, high flow oxygen,
and ventilator support were 0.86 (95%CI 0.82-0.89), 0.91 (95%CI 0.88-0.95), and 0.90 (95%CI 0.82-0.98),
respectively. Cut-off point score=>4 predicted oxygen supplement and cut-off point score =6 predicted high
flow oxygen and ventilator support giving a sensitivity of 86.9%, 91.4%, 86.3% and specificity of 67.4%,
70%, 66.7%, respectively.

Conclusion: MRS could be a screening tool for predicting respiratory support, especially for high flow
oxygen for LRTIs patients under 5 years in the setting of community hospitals. Higher score correlated with a
higher level of respiratory support. In the situation of pediatricians and interns are limited, MRS, concurrent
with physical examinations and monitoring, should guide proper management. Limitations of MRS were
developed from a single center and needs further external validation.

Keywords: Pediatric early warning score, Pediatric respiratory score, Respiratory failure in children,

Respiratory clinical score, Acute lower respiratory tract score
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Introduction

Acute lower respiratory tract infections (pneumonia, acute bronchitis, and acute bronchiolitis) in
Maesariang Hospital were top five diseases of outpatient and inpatient visits. Acute lower respiratory tract
infections are the leading cause of illness for children under 5 yearsin Thailand.' In Thailand, the prevalence
of pneumonia in children aged 0-1 8 years was 6 1.58 % in hospitalized patients. The mortality rate of
pneumonia in children under Syears, 11.85 per 100,000 children in 2019.° Respiratory distress and respiratory
failure in children depend on history taking, physical examinations, and blood gas examination, which are not
available in all community hospitals and difficult for practice in young patients. From our literature reviews,
we found few literature studies on the prediction for respiratory support in children younger than 10 months
with acute bronchiolitis.” The Thai Society of Pediatric Respiratory and Critical care Medicine and The Royal
College of Pediatricians of Thailand had launched the clinical practice guideline of acute respiratory tract
infections on 2019." This guideline had given a severity grading but did not establish the initiation of low flow
or high flow cannula or ventilator support.

Currently there is no ideal or gold standard of screening respiratory score for LRTIs in children. The
general indications for high flow oxygen were moderate to severe hypoxemia, respiratory distress, and
postextubation support.5 For decision making on respiratory support in our hospital using clinical judgement.
Our clinical practice guidelines for pneumonia had admission criteria and severity grading but no scoring tool
for respiratory support.

We newly developed respiratory score for young children which we named “Maesariang Respiratory
Score” (MRS) for community hospital to predict respiratory support without laboratory examinations and easy

for general physicians and nurses to use. MRS focused on level of respiratory support.

Objectives

The objective of this study was to develop and validate the MRS for acute lower respiratory tract
infections in children under 5 years for predicting respiratory support. In our research, the respiratory support
included low flow oxygen, high flow oxygen, and ventilator support. When high flow cannula is defined only
Heated Humidified High-Flow Nasal Cannula (HHHFNC) dose not include an oxygen mask with bag, for

ventilator support included both noninvasive and invasive ventilator support.
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Methods
Patients

A cross-sectional study, data were collected between November 2024 and January 2026 at the
emergency department and outpatient department of Maesariang Hospital, Mae Hong Son Province, Thailand.
We enrolled children aged 1 month to under 5 years who were diagnosed with acute LRTIs (Acute
bronchiolitis, acute bronchitis and pneumonia) with written inform consent from their parents. We excluded
patients who were diagnosed with acute laryngotracheobronchitis (viral croup), acute epiglottitis, congenital
lung disease, congenital heart disease, status post tracheostomy, home oxygen therapy and parent refusal.
Developing of Maesariang Respiratory Score (MRS) parameters

MRS parameters were developed from literature reviews. From the study of Hakizimana et al.’ was
reviewing 7 articles which respiratory tools had the potential for used in resource-limited settings in children under
2 years. The parameters in those tools were respiratory rate ( 7 literatures), wheezing (6 literatures), oxygen
saturation (5 literatures), heart rate (4 literatures), retractions (4 literatures), breath sound (4 literatures), general
appearance (3 literatures), dyspnea (3 literatures), accessory muscle usage (2 literatures), cyanosis (2 literatures),
mental status (1 literature), lethargy (1 literature), cough ability/secretion (1 literature), feeding (1 literature), apnea
(1 literature), air-entry (1 literature), chest X-ray /lung sound (1 literature), capillary refill time (1 literature),
surgical status (1 literature), and urine output (1 literature). Tool for acute bronchiolitis, De Rose et al.” studied in
comparison of 3 tools for patients under 3 months. GRSS’ showed the highest predictive ability for respiratory
assistance, with 9 parameters in Respiratory Syncytial virus (RSV) infection. Tools for pneumonia, mRDATI" had 4
parameters, which had the advantage that all parameters were objective but lacked of oxygen saturation parameter.
PRESS’ had 5 parameters, which contained only one subjective parameter. RISC" has 5 parameters, lacked oxygen

saturation parameter. The parameters from our literature review are shown in Table 1.
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Table 1. Reviews of respiratory tools and parameters in children.
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S 50 > o o P o 2 o @ 3 © o
Tools - < T S| =] &2 2| § & E| E| » =| § g
a s | E| & B E| & B F|E|l 5 & &2 ]
(=] ] 8 %] CGZ ?
3 A < 7 S
" Respiratory 1 month-
CRS 112 / / / / / / 6
distress 16 years
. 2-24
mRDAI LRTIs 140 / / / / 4
months
N 0-15
PRESS RTT* 202 / / / / / 5
years
RSS"
RTI <1 year 630 / / / / 4
10 4-6
RISC LRTIs <2years | 4148 / / / /
(other 2)
" Acute
WBSS <2 years 56 / / / / 4
bronchiolitis
, Acute <10 9
GRSS 139 / / / / / / /
bronchiolitis months (other 2)
» Acute <18
KRS 34 / / / / / 5
bronchiolitis months
s Acute
mTal <2 years 115 / / / / / 5
bronchiolitis
i Acute 10
CHWRS <1 year 195 / / / / /
bronchiolitis (other 5)
. Acute 9
LIBSS <1 year 128 / / / / / /
bronchiolitis (other 3)
Imonth
MRS LRTIs 504 / / / / / / / 7
— 5 years

*RTI = respiratory tract infections
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The screening tools should be user-friendly. Appropriate numbers of parameters for respiratory tools
usually have 4-7 parameters and contain most objective parameters. Most patients in Maesariang district are in
the low to middle-income economic status. Their parents are mostly elderly, lacking health education
knowledges, and answers may not be accurate. Therefore, some parameters that were subjective, previously
showed statistically insignificant results or were difficult for assessment, such as blood pressure and capillary
refill time were excluded. We also grouped parameters that were in the same category; for example, mental
status and food intake were combined into general appearance, wheezing, abnormal breath sounds, and air
entry were combined into lung sound. For the respiratory rate parameter, we used the WHO criteria ' which
were also documented in the guidelines for the management of acute respiratory infections in children by the
Pediatric Respiratory and Critical Care Society, Royal College of Pediatricians of Thailand. For the heart rate
parameter, we decided to keep this parameter because some of our patients had sepsis as a comorbid.
Developing a scoring system

A scoring system, scoring 0-2, was used from previous literature reviews which showed relation to
the severity of disease, and from logistic regression analysis of MRS parameters with respiratory support.

Finally, we newly developed MRS from literature reviews, statistically significant by correlation
analysis from previous studies, and general practical parameters. Aims for using this tool in a community
hospital which no need of laboratory testing, with user-friendly and time-saving, MRS has seven parameters,
fourteen points, including two subjective parameters (general appearance and skin color) and five objective
parameters (respiratory rate, heart rate, oxygen saturation, chest retraction, and lung sound) based on our

hypotheses, as shown in Table 2.

Table 2. Maesariang Respiratory Score (MRS).

Parameter/Score 0 1 2
Mild irritable
Poor
Decrease
1. General appearance | Normal response/Coma/Apnea/
play/drowsiness/ decrease
no intake
intake
2. Skin Color Pink Pale cyanosis
3. Respiratory rate <1 year RR 60-70 <1 year RR >70
Normal for age
(time/min) > | year RR 40-50 >] years RR >50
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Parameter/Score

0

4. Heart rate

(beat/min)

Normal for age
Newborn — <2 months (<160)
2 months- <1 year (<150)

1-5 years (<140)

More than normal for age

10-19 beats/min

More than normal for age

=> 20 beats/min

5. Oxygen saturation | =>95% 92-94 % <91%

6. Chest retraction No One location of retraction | >1 location of retractions
Exspiratiory ~ wheezing/ | Inspiratory & Exspiratory

7. Lung sound Normal

crepitation wheezing/ poor air entry

Inter-rater reliability test and MRS assessment

Inter-rater reliability test between two pediatricians and between a pediatrician and interns before data
collection were done. MRS was assessed at the initial clinical evaluation and before providing respiratory
support or treatment.
Sample size

The sample size was calculated using the formula (n= z pq/dZ)lg, where p represented the prevalence
of LRTIs in Maesariang Hospital who needed respiratory support (5years prevalence), which was 10.9%. The
power was 0.8, and Type I error probability associated with the test of this null hypothesis was 0.05; the study
number was 151. This study protocol was approved by the ethical committee of Mae Hong Son Provincial
Public Health Office (MHS REC 013.2567 and MHS REC 005.2568).
Statistical analysis

Descriptive statistics: continuous variables are expressed as the median and interquartile range (IQR),
and categorical variables are expressed as frequencies and percentiles. Inferential statistics, inter-rater
reliability test used Cronbach’s alpha due to continuous data. Correlation analysis, univariable, and
multivariable regression analysis were used to analyze the relationships between MRS and parameters for
predicting respiratory support. The optimal cut-off point for MRS was determined by using the Youden index
(the maximum value of [sensitivity-(l-speciﬁcity])20 based on the ROC. The AUC, sensitivity, specificity,
positive predictive value, and negative predictive value were also reported. For predictive tools, the calibration
plot and Hosmer-Lemeshow (H-L) test were analyzed. Statistical significance was determined by a p value <

0.05. Statistical using the software package SPSS program version 31.0; IBM, Armonk, NY, USA.
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Results

Five hundred and four patients were included in our study. Demographic data (Table 3) showed no
difference in sex, age, underlying asthma, day of fever, and Respiratory Syncytial Virus infection. The median
age was 17.38 months (IQR 20.41). The admission rate was 77.4%. The respiratory support was 53% and no
respiratory support was 47%. The percentage of level of respiratory support: low flow oxygen 41.3%, high
flow oxygen 9.9%, and ventilator support 1.8%. The median score of MRS was 4 (IQR 4). The median scores
of MRS for the group with no respiratory support and respiratory support were 2 (IQR 2) and 5 (IQR 3),
respectively; p value <0.001.

Inter-rater reliability tests between two pediatricians in 10 patients and between a pediatrician and
interns on 40 patients were done. The intraclass correlation coefficients were 0.48 (95%CI -0.569-0.860, p
value 0.137) and 0.83 (95%CI 0.670-0.915, p value <0.001), indicating low and good reliability, respectively.
For community hospitals, first physician who screened and evaluated patients was interns. When the
reliability of pediatrician and intern was good, MRS can be used in the community hospital when interns were

the first physician patients met.

Table 3 Baseline characteristics of the study patients and correlation with respiratory support.

No respiratory Respiratory
Total
support support
Variable Number (percent) p value
number (percent) | number (percent)
n=504
n=237 n=267
Male 287 (56.9) 132 (55.7) 155 (58.1)
0.59
Female 217 (43.1) 105 (44.3) 112 (41.9)
Age
Months, median (IQR) 17.38 (20.41) 16.20 (19.48) 18.40 (22.70)
min, max 1, 59.9) (2.1,59.9) (1, 58.8)
Age group
0.50
1 month - 1 year 181(35.9) 90 (38) 91 (34.1)
>1-2 years 146 (29) 67 (28.3) 79 (29.6)
>2-5 years 177 (35.1) 80 (33.7) 97 (36.3)
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No respiratory

Respiratory

Total
support support
Variable Number (percent) p value
number (percent) | number (percent)
n=504
n=237 n=267
Data collection department
Emergency department 345 (68.5) 96 (27.8) 249 (72.2)
<0.001

Outpatient department 159 (31.5) 141(88.7) 18 (11.3)
Duration from home to hospital > 106 (44.7) 164 (61.4)

345 (68.5) <0.001
1 hour 131 (55.3) 103 (38.6)
Refer-in cases 56 (11.1) 3(1.3) 53(19.9) <0.001
Underlying Asthma 30 (6) 9(3.8) 21(7.9) 0.54
Day of fever, median (IQR) 2(3) 2(3) 1(3) 0.27
Day of cough, median (IQR) 3(3) 3(2) 2(3) <0.001
Comorbid with sepsis 25(5) 0 (0) 25(9.4) <0.001

139 (27.6)
RSV* Antigen rapid test positive

(test case 58/188 (30.9) 81/251 (32.3) 0.75
from nasopharyngeal swab

n =439)
Admission 390 (77.4) 123 (51.9) 267 (100) <0.001
MRS, median (IQR) 4(4) 2(2) 50)

<0.001

(min, max) (0, 13) 0,7 (1, 13)

* RSV = Respiratory Syncytial Virus
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MRS was correlated with all respiratory support levels. Logistic regression analysis, MRS had odds
ratio for low flow oxygen, high flow oxygen, ventilator, and all respiratory support of 1.25 (95%CI 1.15-1.36,
p value <0.001), 2.32 (95%CI 1.88-2.85, p value <0.001), 2.16 (95%CI 1.56-2.99, p value <0.001), and 2.34

(95%CI 2.02-2.7, p value <0.001), respectively. (Table 4)

Table 4. Correlation and univariable logistic regression analysis of MRS and respiratory support.

All levels of
Level of respiratory Low flow High flow
No oxygen Ventilator oxygen
support oxygen oxygen
support
Number (percent) 237 (47) 208 (41.3) 50(9.9) 9(1.8) 267 (53)
MRS, median (IQR) 2(2) 5(2) 7.5(3) 8(5.5) 5(3)
(min, max) 0,7) (1,9 4,11) (5,13) (1,13)
Spearman’s correlation
-0.62 0.32 0.43 0.18 0.62
(rho Correlation
<0.001 <0.001 <0.001 <0.001 <0.001
coefficient, p value)
0.43 1.25 2.32 2.16 2.34
Crude OR (95%CTI)
(0.37-0.50) | (1.15-1.36) (1.88-2.85) (1.56-2.99) (2.02-2.71)
p value
<0.001 <0.001 <0.001 <0.001 <0.001

Multivariable regression analysis of MRS parameters with all levels of respiratory support were
significant for six parameters: general appearance, skin color, respiratory rate, heart rate, oxygen saturation,
and chest retraction and had odds ratio of 1.86 (95%CI 1.14-3.02, p value 0.012), 3.07 (95%CI 1.02-9.27,
p value 0.047), 2.51 (95%C 1.56-4.06, p value 0.000), 3.55 (95%CI 2.21-5.70, p value 0.000), 14.64 (95%CI
6.25-34.32, p value 0.000),and 4.23 (95%CI 2.46-7.28, p value 0.000), respectively. Lung sound parameter
had an odds ratio of 1.08 (95%CI 0.49-2.41, p value 0.844) which was statistically insignificant, because most

of the nature of disease with LRTIs had abnormal lung sound. (Table 5)
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Table 5. Logistic regression analysis of MRS factors with respiratory support.

Univariable regression analysis Multivariable regression analysis
Parameters

OR 95%CI p value OR 95%CI p value
General appearance 0.54 0.33-0.88 0.012 1.86 1.14-3.02 0.012
Skin color 0.33 0.11-0.99 0.047 3.07 1.02-9.27 0.047
Respiratory rate 0.40 0.25-0.64 0.000 2.51 1.56-4.06 0.000
Heart rate 0.28 0.18-0.45 0.000 3.55 2.21-5.70 0.000
Oxygen saturation 0.07 0.03-0.16 0.000 14.64 6.25-34.32 0.000
Chest retraction 0.24 0.14-0.41 0.000 4.23 2.46-7.28 0.000
Lung sound 0.92 0.42-2.05 0.844 1.08 0.49-2.41 0.844

Receiver operating characteristic curve (ROC)

ROC analysis of MRS with the need for respiratory support was done. Area under the receiver
operating characteristic curve (AUC) of MRS and respiratory support for all levels of respiratory, low flow
oxygen, high flow oxygen, and ventilator were 0.86 (95%CI 0.82-0.89), 0.69 (95%CI 0.64-0.73), 0.91 (95%CI
0.88-0.95), and 0.90 (95%CI 0.82-0.98), respectively (Figure 1). Cut-off point score =4 predicted oxygen
supplement, and low flow oxygen when cut-off point score =6 predicted high flow oxygen and ventilator
support with a sensitivity of 86.9%, 59.5%, 91.4%, 86.3% and specificity of 67.4%, 59.1%, 70%, 66.7%,

respectively. (Table 6)
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Figure 1. Receiver operating characteristic curve (ROC) of MRS predicting all levels of respiratory support

(a), low flow oxygen (b), high flow oxygen (¢), and ventilator support (d).

Table 6. Sensitivity and specificity of MRS on respiratory support.

Positive Negative Youden’s
AUC Sensitivity | Specificity
Predicting MRS predictive | predictive | index
(95%CI) (%) (%)
value (%) | value (%)
>3 | 743 82.0 78.6 78.2 0.45
>4 |86.9 67.4 70.3 85.3 0.56
All
0.86 =5 933 49.8 62.3 89.3 0.54
respiratory
(0.82-0.89) =6 97.5 25.5 53.7 91.9 043
support
=7 | 100 142 50.9 100 0.23
=8 | 100 75 49.0 100 0.14
>3 59.5 76.9 78.6 57.1 0.34
=>4 70.3 59.1 71.0 58.3 0.36
Low flow 0.69 =5 77.0 39 64.2 54.4 0.29
oxygen (0.64-0.73) =6 | 84.1 13.0 57.9 36.5 0.16
=7 89.9 3.8 57.1 21.1 -0.03
=8 | 100 1.0 57.4 100 -0.06
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Positive Negative Youden’s
AUC Sensitivity | Specificity
Predicting MRS predictive | predictive | index
(95%CI) (%) (%)
value (%) | value (%)
>3 493 100 100 17.9 0.31
=>4 | 64.1 96 99.3 22.8 0.50
High flow | 0.91 =5 | 769 88 98.3 29.5 0.62
oxygen (0.88-0.95) =6 | 914 70 96.5 473 0.66
=7 | 97.1 50 94.6 65.8 0.62
=8 | 100 28 92.6 100 0.49
>3 | 453 100 100 32 0.28
=4 {592 100 100 4.3 0.45
Ventilator | 0.90 >5 | 715 88.9 99.7 5.4 0.59
support (0.82-0.98) =6 | 86.3 66.7 99.3 8.1 0.60
=7 933 55.6 99.1 13.2 0.53
=8 | 100 44.4 99.0 100 0.49

Calibration test

The calibration curve was shown in Figure 2. The predicted probability of respiratory support and

observe proportion were shown, R square was 0.954. Hosmer-Lemeshow (H-L) test was analyzed with

p value 0.318 for respiratory support.

Observe proportion

Predicted probability

Figure 2. Calibration curve of predicted probability and observe proportion of respiratory support.
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Age group analysis

Age group was discrimination into three groups by equal percentage: age group 1 (AG1: 1 month-1
year), age group 2 (AG2: >1-2 years), and age group 3 (AG3: >2 years). The percentages of patients in AG1,
AG2 and AG3 were 35.9%, 29.0% and 35.1%, respectively. The percentage of respiratory support in each
AGI, AG2 and AG3 were 50.3%, 54.1% and 54.8%, respectively. The median MRS in AG1, AG2 and AG3

were 3 (IQR 3), 5 (IQR 3) and 4 (IQR 3), respectively. When comparing the median MRS for each age group,

AGTI had the lowest score and AG2 had the highest score, as shown in Table 7.

Table 7. Respiratory support level from age group analysis.

No respiratory | Low flow | High flow | Ventilator All respiratory
Age group All patients
support oxygen oxygen support support
Age group 1 (AG1)
181(35.9) 90 (49.7in AG) | 63(34.8inAG) |21(11.6in AG) | 7(3.9in AG) 91 (50.3 in AG)
1 month-1 year, no. (%)
303) 203) 4(2) 7(2) 8(6) 4(3)
MRS median (IQR)
Age group 2 (AG2)
146 (29) 67 (45.9in AG) | 62 (42.51in AG) 16 (11 in AG) 1 (7 in AG) 79 (54.1 in AG)
>1- 2 years, no. (%)
5(3) 3(5) 5(0.25) 8(3) 13 (0) 6(2)
MRS median (IQR)
Age group 3 (AG3)
177 (35.1) 80 (45.2 in AG) 83 (46.9 in AG) 13 (7.3 in AG) 1 (0.6 in AG) 97 (54.8 in AG)
>2 years, no. (%)
4(3) 2(3) 5(2) 8(2.5) 6 (0) 6(2)
MRS median (IQR)
Discussion

The prevalence of respiratory support was 53%, most of this was low flow oxygen correlated with our
major of patients were low severity of disease in community hospital. MRS had good sensitivity for predicting
respiratory support but fair specificity. MRS was used as a screening tool, which gave highest AUC for
predicting high flow cannula, with sensitivity more than 90% when score were = 6. A fair level of specificity
varied from 28-70%, for the reason of screening tool could not directly predict the respiratory support with
high false positive. Internal validation for prediction tool by the calibration plot and Hosmer Lemeshow test
interpreted MRS was a good fit for predictive tool. From univariable logistic regression analysis, MRS

correlated with all respiratory support levels, more score will give more respiratory support level. For age
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group analysis, the youngest age group had the highest percentages of high flow cannula and ventilator
support from all study group while AG1 had the lowest median of MRS. In patient below 1 year,
consideration of respiratory support might depend on the physician and also parental concern, cut-off point for
high flow cannula and ventilator for this age group might need further study.

When comparing our tool with other studies for predicting respiratory support in the young age
group, we found two studies which had sensitivity more than 90%. First, the study in children under 10
months, astudy by Kubota et al.” examined the ability of GRSS when using a cut-off score of 4.52, had
sensitivity 69% and specificity 90%. Second, the study in children under 3 months,a study by De Rose
et al.’ found that GRSS when using a cut-off score of 3.8, had sensitivity 93.55% and specificity 88.24%.
GRSS contained parameter of general appearance for the young age group with concurrent with our MRS,
which also had this parameter. In our hospital, when compared with another pediatric tool, a study by
Tangchawal et al.” developed a tool named the Pediatric Clinical Alert Score (PCAS) was studied in 1,470
pediatric patients aged 1 month to 15 years. The PCAS was nine-parameters tool predicted the unplanned
intensive care unit transfer, which gave the sensitivity and specificity of 100% and 77.68%, respectively.
However, a limitation of this tool was time-consuming from 9 parameters and it had difficulty on blood
pressure parameter.

Limitations of this study. First, the level of agreement in measurement between two pediatricians was
low, with Intraclass Correlation Coefficient (ICC) of 0.48 due to the limited number of patients, only 10 cases.
Second, systemic errors might occur on the measurements of vital signs in children included respiratory rate,
heart rate, and pulse oximetry. For vital signs, if the patient had a fever, crying or pain the respiratory rate
might be false faster than normal. In cases of fever, vital signs should be measured after administering
antipyretic medication and tepid sponge to reduce fever, and in cases of crying, remeasurements should be
rechecked after 30 minutes. For pulse oximetry, checking for a consistent pulse waveform or a Perfusion
Index (PI) before recording the value will give more reliable data. Third, limitation of the frequency in
ventilator support group had only 9 patients (1.79%) due to the fact that our hospital had a prevalence of
ventilator support patient of 0.74-1.99% over the last 5 years. This might interprete the low confidence level

for ventilator support group. Lastly, This study was only a single community hospital study.
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Interestingly, MRS had high confidence level for high flow oxygen and low confidence level for low
flow oxygen. In the future, external validation of MRS will be useful. We highlighted the importance of
external validation for using this tool in primary care units and primary hospitals before referral, especially in

remote area. More rapid management could reduce deterioration of patients.

Conclusions

MRS could be a screening tool for predicting respiratory support, especially high flow oxygen for
LRTIs patients under 5 years in the setting of community hospital. Higher score correlated with a higher level
of respiratory support. In the situation of pediatricians and interns are limited, MRS concurrent with physical
examinations and monitoring should guide proper management. Limitations of MRS were developed from a

single center and needed further external validation.
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Abstract

Background: Respiratory distress is common in pediatric patients. Heated humidified high flow nasal cannula
(HHFNC) use has increased at present. Identification of factors associated with treatment failure enables closer
monitoring and better treatment outcomes.

Objectives: To determine the rate of HHFNC failure and its associated factors among pediatric patients at 50"
Anniversary Mahavajiralongkorn Hospital.

Methods: This was a retrospective study reviewing medical records for pediatric patients aged 1 month to 15
years who received HHFNC therapy between October 1, 2022, and September 30, 2025. Descriptive statistics
were used to summarize patient characteristics and incidence, the correlations between factors with HHFNC
failure were constructed by chi-square test and binary logistic regression analysis.

Results: A total of 445 patients were included in the study, the mean age was 36 months, and 61.6% were male.
Pneumonia was present in 72.6 % of cases, and asthma was the most common comorbidity (14.3 %). HHFNC
failure occurred in 30 patients (6.7 % ). At 2 hours, the ROX index was lower in the failure group than in the
success group (5.68 =2.16 vs. 9.26 & 32.07, p value 0.001). At 4 hours, the S/F ratio was also lower in the failure
group (200.84 + 84.88 vs. 215.94 + 80.74, p value 0.017). Factors associated with HHFNC failure included
history of prior mechanical ventilation (OR 4.35, 95% CI 1.23-14.29), a respiratory-rate reduction <20% within 2
hours (OR 10.78, 95% CI 1.25-92.96), and maximum FiO2 > 60% (OR 12.50, 95% CI 4.55-33.33).

Conclusion: The HHFNC failure rate was 6 .7 4 % , factors associated with failure included prior mechanical
ventilation, respiratory rate decreased by < 20% within 2 hours, and maximum FiO, > 6 0% . The S/F ratio and
ROX index were significantly lower in the failure group at 4 hours and then 2 hours respectively.

Keywords: HHFNC, Pediatric patients, Failure, S/F ratio, ROX index
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wou 159Ne1L1a (p value <0.001*) initial heart rate > 90" percentiles (p value 0.016) 8a51M15H18l9aAag <
20% 1w 2 92T (pvalue 0.002) max total flow rate (pvalue 0.019) {481 max FiO, > 60% (pvalue <0.001%*)
% lﬂ'
AINTNN 1
dy =2 o Al a A 9 A 1 . . .
wonaninsAandnuNgihelimisannzunindeui lugunsaIaeny epistaxis 34 510 gastric

distension 10 318

3197 1 Yoyana 'l doyaniendiin vanme1esd@ns9en LazANITNEN

Failure Success
Y o Y o Y
vo3a UIU (58a2) U (3081az) | p value
n=30 n=415
INAB8 12 (40) 262 (63.1) 0.018*
21y (Lﬁ@u) median (IQR) 15 (8.50-34.50) 29 (13.00-50.00) 0.022*
MinHaUA <-2SD (Wew) />2SD (874) | 2 (6.7) 29 (6.7) 0.752
sz InnanAnoUmMUUA < 37 wks 3(10) 29 (6.7) 0.266
15zialdnTeerreniale 7(23.3) 15 (3.6) <0.001*
52821781013 19 HHENC (%2 139) median | 13.50 (5.75-41.75) <0.001*
68.00 (51.00-89.00)
(IQR)
TUINITUUOU TTINeI1V1a (W) median | 1.00 (1.00- 2.25) <0.001*
5.00 (4.00-7.00)
(IQR)
Manelsn
onaonia 24 (80) 299 (72) 0.598
vaonavlononay 1(3.3) 47 (11.3) 0.343
noua 1(3.3) 41 (10.1) 0.342
a dy A
AMzaare lunszuaiaon 2(6.7) 7(1.7) 0.118
B 9 2(6.7) 20 (4.8) 1.000
Tsailszdan
1y Tsmilseddn 20 (66.7) 344 (82.9) -
T5ariale 2(6.7) 6 (1.4) 0.389
nouia 3 (10) 56 (13.5) 0.073

v v d o A o A 9
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Failure Success
Voya v Geway) 1w Gesay) | p value
n=30 n=415
%ﬁlu ) 5(16.7) 9(2.2) 1.000
naenysiilon
normal 10 (33.3) 204 (49.2) -
lobar infiltration 2(6.7) 9(2.2) 0.165
patchy infiltration 5(16.7) 66 (15.9) 0.802
perihilar infiltration 10 (33.3) 117 (28.2) 0.535
’3'1! ) 3(10) 19 (4.6) 1.000
Initial HR (/min) > 90" percentiles 14 (46.7) 285 (68.7) 0.016%*
Initial RR (/min) > 90" percentiles 21 (70) 313 (75.4) 0.515
sasmaduvesiilvanas <20% lu2 | 28 (93.3) 294 (70.8) 0.136
F1T19
sasamsmolaanas <20% lu 2 42T | 27(90) 200 (48.2) 0.002*
Max total flow rate ( L/min/kg) median | 1.91 (1.61-2.00) 1.57 (1.31-1.85) 0.019*
(IQR)
Max FiO, > 60% 10 (33.3) 19 (4.6) <0.001*

[ aa { ] 1 ' I 1 { { 1 aa 4 '
asemunatiniutsngulalduaz Idiuaundeniimsuanuaslidnd Tinsizinnuuanaisues
1 d' Y aa . U U d‘ . g’; 1 @ d? 1 d'
Aundolasldaa Mann-Whitney U test WUAURASVDI S/F ratio Ada 4 32 Tua¥u 11 nazaundoves
. [ 9 @ 9)3‘./ 1 @ dﬁl = 1 1 1 9 [ 1
ROX index nou 14 HHENC naznaaldaana 2 52 Tuevu il Tanuuanaieseninnguaumainungy
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doyariiosdu wua1 ludilreNifa HHENC failure $11494 30 518 Hd1)207A0 failure n1gTu 4
o o 9 o 9 o
¥ TH9 11U 6 518 (S08a2 20.0) Mol 12 ¥ Iueasaw 13 519 (3o8az 43.3) wazne 1y 24 92 Tusazay

9
19 519 (59¥0% 63.3)
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Y @ aan 1 { { o v Jd
ﬂ'l’ﬂ\?‘ﬁ 2 ﬂ‘ﬂ‘ﬂﬂﬁﬁuﬂﬁuﬂﬂ%ﬂaﬂﬂl@\i S/F ratio i8¢ ROX index ﬁﬁmmﬁuwuﬁﬁemmﬁlummuas

AaNudu5lums 19 HHFNC 31A5121 1Ag Mann Whitney-U test

Failure Success
Mann
s Mean + SD Mean + SD df p value
Whitney-U

n=30 n=415
S/F ratio nou 149 HHENC 240.32 £49.25 244,17 £20.81 4989.000 -1.882 0.060
1% HENC 1 hr. 181.62+101.16 | 184.53 £104.62 | 3386.500 -1.269 0.204
1% HENC 2 hrs. 23436 +27.11 231.46 £57.74 5432.500 -0.831 0.406
1% HENC 4 hrs. 200.84 + 84.88 215.94 £80.74 2992.000 -2.382 0.017*
1% HENC 6 hrs. 204.36 £ 81.15 244.56 £23.75 2730.500 -4.139 <0.001%*
1% HENC 12 hrs. 174.03 £105.32 247.11 £30.96 2889.000 -2.681 0.007*
1% HENC 24 hrs. 135.24 £123.47 | 255.70 +41.89 2032.500 -4.183 <0.001*
1% HENC 48 hrs. 78.82 £ 126.20 237.90 £95.51 1323.500 -4.711 <0.001*
ROX index nouls HHFNC | 4.98 + 1.56 547+122 4800.500 | -2.094 | 0.036*
1% HENC 1 hr. 4.146 £ 2.85 5.14+3.31 3243.000 -1.554 0.120
1% HENC 2 hrs. 5.68+2.16 9.26 +£32.07 3714.500 -3.438 0.001%*
1% HENC 4 hrs. 499 +£2.73 6.79 £3.16 2524.500 -3.204 0.001%*
1% HENC 6 hrs. 5.13+2.46 9.92 +43.60 1872.000 -5.356 <0.001%*
19 HFNC 12 hrs. 429 +£3.01 8.20 +2.03 1159.000 -5.669 <0.001*
19 HFNC 24 hrs. 3.65+3.61 11.29 +47.86 1109.000 -5.727 <0.001*
19 HFNC 48 hrs. 2.18£3.62 8.39 +3.85 1083.000 -5.141 <0.001*
* p value < 0.05

a s A o ] I v o 7 1 o 1 @ v

Anngderiiennuinziluvesnnuduiusseniedmlsdua 4 fuanuduvaldems
[ a 4 aa a A @
$nIRIe HHENC 105124 lagldadan1sonnoonyaoidan (binary logistic regression) LUUA 151887

v v Ao v o a Y 1 [ Y A = A Y

wuNatenduiusniu TonansiAanuaLMaINeNITINBIAI8 HHENC A9 91g < 2 1 sz inng 1y
1n309%en1e1a dnsn1Inielaanas <20% n1elu 2 %2719 max total flow rate 118 max FiO, > 60%
a 4 @ 1 v A o v o a 1 [
AnsiRuuunydlswunfisenduiusiiuTemanisinannudumalaen1siny1aae HHENC Ao

Uszianeldinsessieniela (OR 4.35, 95% CI 1.23-14.29) das1n1svielaanad <20% nelu 2 92Ty
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' ]
7 [

(OR 10.78, 95% CI 1.25-92.96) 1@ max FiO, > 60% (OR 12.50, 95% CI 4.55-33.33) $24A21415 0]
nhaazRous iU failure events N30 JadsAANMTUNEAT TG
AT NN 3

]
v A 1

d' a 4 Y 9 @ = o
M1319N 3 ﬂ']i')!,ﬂi'lg‘ﬁﬂ%ﬂﬂﬂuWﬁﬂ@ﬂ??NﬁNlﬁaﬁiuﬂ'ﬁi% HHFNC LLUUﬂ?tlﬂﬁLﬂﬂ'ﬂl!ﬁ%WHﬂ?uﬂﬁ

madmneTmuilsfes | msdmsizdngians
fals

OR (95%CTI) p value | OR (95%CI) p value
91g: <27/ 8.12 (3.01-21.86) <0.001* | 1.73 (0.66-.55) 0.267
3zIaN3naea: <37 wks (preterm) | 0.38 (0.11-1.39) 0.146 1.04 (0.22-5.05) | 0.959
neliazesienmely 8.12 (3.01-21.86) <0.001* | 4.35(1.23-14.29) | 0.022%
HaLonw381/eA:lobar infiltration 3.22(0.66-15.63) 0.146 0.42 (0.07-2.48) 0.337

patchy infiltration 1.06 (0.39-2.86) 0.912

ﬂnzﬁﬂg%ﬁﬂuﬂizggﬁgﬁaﬂ 4.16 (0.83-20.98) 0.084 0.24 (0.04-1.55) 0.132
Tsarial 2.35(0.27-20.18) 0.436
51 sauvesialaanad <20% | 0.31(0.07-1.34) 0.117 1.25(0.26-6.04) | 0.784
el 2 $2Tug
n3111511819aaa9 <20% N9l 2 | 0.10 (0.01-0.71) 0.022* | 10.78 (1.25-92.96) | 0.031*
#2114
Max total flow rate 2.95 (1.35-6.49) 0.007* | 0.46(0.17-1.24) | 0.123
Max FiO,> 60% 10.421 (4.29-25.32) | <0.001* | 12.50 (4.55-33.33) | <0.001*
adUenamsan
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Acceptability of coconut sugar-based oral rehydration solution for children with acute gastroenteritis
Chayanit Thanalearkchai', Sanguansak Rerksuppapholl, Lakkana Rerksuppaphol2
lDepartment of Pediatrics, Faculty of Medicine, Srinakharinwirot University, Nakhon Nayok, Thailand
2Department of Preventive Medicine, Faculty of Medicine, Srinakharinwirot University, Nakhon Nayok,

Thailand

Abstract

Background: Palatability is an important determinant of adherence to oral rehydration therapy, particularly in
children with acute gastroenteritis, as poor taste acceptability may limit the volume of oral rehydration
solution consumed. Coconut sugar is a naturally derived carbohydrate source with a distinctive flavor profile
and is widely consumed in Southeast Asia. These characteristics provide a rationale for investigating coconut
sugar as an alternative carbohydrate source in an oral rehydration solution.

Objectives: To compare the acceptability of a coconut sugar-based rehydration solution with standard ORS in
children with acute gastroenteritis, and to descriptively assess adverse events and exploratory clinical
outcomes.

Methods: In this double-blind randomized controlled trial, 59 pediatric inpatients (<72 months) with mild-to-
moderate dehydration were randomized to a coconut sugar-based rehydration solution (CO group; n=28) or
standard glucose-based ORS (SO group; n=31). Acceptability was assessed initially and at 24 hours using
researcher-observed responses, a facial hedonic scale, a visual analogue scale ( VAS) , and caregiver
assessment. ORS intake, intravenous fluid administration, clinical parameters, and laboratory findings were
analyzed as exploratory secondary outcomes.

Results: No statistically significant differences in acceptability were observed between groups. “Like” ratings
on the facial hedonic scale were 50.0% in the CO group and 36.7% in the SO group (p value 0.535); mean
VAS scores were 68.3 = 17.5 versus 62.1 +20.4 mm (p value 0.258); and caregiver-reported “like” responses
were 51.7% versus 34.6% (p value 0.608), respectively. Median 24-hour study-solution intake was low (90 vs
30 mL; p value 0.988), while substantial intravenous fluid was administered in both groups. No adverse

events attributable to the study solutions were observed.
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Conclusion: Measured acceptability did not differ significantly between the coconut sugar-based rehydration
solution and standard ORS. Because oral intake was low and intravenous fluid administration was substantial,
this study cannot establish comparative rehydration efficacy or therapeutic equivalence. In addition, the
osmolality and complete electrolyte composition of the coconut sugar-based solution were not measured.
Further formulation and clinical studies are required.

Key words: Child, Coconut, Gastroenteritis, Oral rehydration solution, Taste
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Introduction

Acute gastroenteritis remains a significant public health burden in Thailand, disproportionately
affecting children under five years of age. It consistently ranks as the nation's most prevalent infectious
disease, with recent morbidity rates exceeding 1,800 per 100,000 population; approximately 25% of these
cases occur in children under five.' Institutional data reflect this trend: a review of pediatric admissions at the
Her Royal Highness Princess Maha Chakri Sirindhorn Medical Center (2019-2023) identified 4,282 cases of
acute gastroenteritis, 64% of which involved patients under five years old.

Diarrheal illness causes rapid fluid and electrolyte losses, precipitating dehydration and metabolic
imbalances.”’ Because intestinal water absorption relies on the coupled co-transport of sodium with glucose, a
mechanism preserved during acute diarrhea, oral rehydration solution ( ORS) remains the cornerstone of
therapy.4 For mild-to-moderate dehydration, the WHO and UNICEF recommend a standardized glucose-based
ORS. However, poor palatability frequently results in treatment refusal among children, compromising
adherence. Attempts to enhance flavor with fruit juices alter essential electrolyte composition and osmolality
without improving clinical efﬁcacy.5 Furthermore, limited access to ready-to-use sachets can delay early home
administration.

To address accessibility barriers, the WHO and UNICEF support the preparation of homemade ORS
using salt, sugar, and clean water.” Additionally, alternative carbohydrate bases, such as rice’ or sucrose,8 have
demonstrated comparable rehydration efficacy, as they hydrolyze into monosaccharides that facilitate sodium
co-transport. Coconut sugar, a widely used natural sweetener in Southeast Asia, offers a highly palatable taste
profile and contains beneficial micronutrients, including iron, zinc, and calcium.” Despite its potential as a
locally sustainable, value-added ingredient in Thailand, coconut sugar has not previously been evaluated as a
carbohydrate source in pediatric ORS formulations.

Therefore, this study aimed primarily to compare the acceptability of a coconut sugar-based
rehydration solution with standard glucose-based ORS in children with acute gastroenteritis and mild-to-
moderate dehydration. Adverse events and clinical and biochemical outcomes were assessed as exploratory
secondary outcomes. We hypothesized that the coconut sugar-based rehydration solution would demonstrate

acceptable palatability in this pediatric population.
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Objectives

To compare the acceptability of a coconut sugar-based rehydration solution with standard ORS in

children with acute gastroenteritis and explore adverse events and clinical outcomes.

Methods

A randomized, double blind controlled trial was conducted in the Department of Pediatrics at the
HRH Princess Maha Chakri Sirindhorn Medical Center, Faculty of Medicine, Srinakharinwirot University,
Nakhon Nayok, Thailand from December 2024 to October 2025. The study protocol was approved by the
Human Research Ethics Committee of Srinakharinwirot university ( SWUEC-671007) . The trial was
registered in the Thai Clinical Trials Registry (TCTR20250509004).

Children admitted to the pediatric ward with acute diarrhea and mild to moderate dehydration were
eligible to participate. Acute diarrhea was defined as three or more episodes of loose or watery stools per day,
with or without fever or vomiting, lasting fewer than two weeks.” Exclusion criteria included severe
dehydration, severe systemic illness (e.g., congenital heart disease, liver/kidney disease, immunodeficiency,
severe malnutrition), diagnosed or suspected surgical conditions, inability to tolerate oral intake, and age 7
years or older. Following written informed consent from parents or legal guardians, participants underwent a
comprehensive medical history, physical examination, and baseline laboratory investigations (complete blood
count, serum electrolytes, BUN, creatinine, stool, and urinalysis), which were repeated at 24 hours. Patient
confidentiality was strictly maintained.

After baseline data collection, participants were randomly allocated using block randomization (via a
computerized random number generator, GraphPad QuickCalcs) to ensure balanced allocation and minimize
selection bias. The intervention group received a coconut sugar-based rehydration solution (CO) containing 3
g of coconut sugar and 0.5 g of sodium chloride per sachet, reconstituted with 150 mL of water. After
reconstitution, these amounts corresponded to 20 g/L of coconut sugar and 3.33 g/L of added sodium chloride.
Based on the molecular weight of sodium chloride ( 58.44 g/ mol), the added sodium chloride supplied
approximately 57 mmol/L of sodium and 57 mmol/L of chloride. No potassium salt, citrate, or bicarbonate
was added to the CO formulation. Because coconut sugar is not pure glucose and contains a mixture of
carbohydrates, the exact glucose concentration and sodium-to-glucose molar ratio of the final solution could

not be determined from the ingredient weights alone. The final electrolyte composition and osmolality of the
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CO solution were not directly measured; therefore, the CO formulation was not assumed to be
compositionally equivalent to the WHO reduced-osmolarity ORS (sodium 75 mmol/L, glucose 75 mmol/L,
and total osmolarity 245 mOsm/ L) . The control group received commercially available standard oral
rehydration salts (CERA®; Thai FDA registration no. 2A 52/54), also reconstituted with 150 mL of water as
used in the study. Both solutions were dispensed in identical opaque bottles to maintain blinding of caregivers
and study personnel involved in administration. Both study solutions were prepared by the hospital Nutrition
Unit according to the study protocol and dispensed in identical opaque bottles. Preparation by a designated
unit was used to standardize the formulation and reconstitution procedure across participants. No laboratory
quality-control testing of the final osmolality or electrolyte concentrations was performed. Oral rehydration
was prescribed according to the institutional protocol, with a target of 50-100 mL/kg during the initial four
hours followed by approximately 10 mL/kg after each subsequent watery stool. Intravenous fluid therapy was
permitted when clinically indicated, including inadequate oral intake, persistent vomiting, or failure to achieve
adequate rehydration orally, according to the treating pediatrician's judgment. The volume and duration of
intravenous fluid administration were recorded. Because a substantial proportion of total rehydration was
delivered intravenously, subsequent clinical rehydration variables were considered exploratory secondary
outcomes rather than direct measures of the efficacy of either oral solution.

The primary outcome was taste acceptability of the study solution. Acceptability was assessed at the
initial administration and again at 24 hours using four complementary measures: a five-point facial hedonic
scale, direct researcher observation of facial and behavioral responses using a 12-item observation checklist
adapted from previously published pediatric behavioral assessment methods, a 10-cm visual analogue scale
(VAS), and a three-point caregiver perception score. "% The facial hedonic scale and VAS were based on
methods previously evaluated for pediatric medicine acceptability; however, the cited validation study
primarily included children aged 2 years and older and did not report diagnostic sensitivity or specificity.
Accordingly, sensitivity and specificity were not assumed for these instruments in the present study. For
infants and children who were developmentally unable to provide reliable self-reported ratings, caregiver
proxy assessment and immediate observed behavioral responses were used as supportive indicators of
acceptance rather than as validated direct measures of taste preference. Observed facial or behavioral

responses could also reflect illness-related discomfort, anxiety, or the hospital environment and were therefore
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interpreted cautiously. All researcher-observed acceptability assessments were performed by a single
researcher using the same predefined assessment procedure throughout the study. Because only one researcher
performed these observations, inter-rater reliability was not applicable and was not assessed. Secondary
outcomes included total ORS volume consumed, intravenous fluid volume and duration, stool frequency,
duration of diarrhea, change in body weight, post-treatment biochemical parameters, occurrence of adverse
events, and length of hospital stay. These secondary clinical outcomes were regarded as exploratory because
intravenous fluid administration could independently influence hydration status, laboratory values, and

recovery. Participants were followed until clinical recovery or for a maximum of seven days.

Sample study and calculation

Based on prior studies, sample size was calculated to detect an increase in acceptability from 38
percent with standard ORS to 76 percent with coconut sugar based ORS. Achieving 80 percent power at a two
sided 0.05 significance level required 25 children per group. Adjusting for a 15 percent withdrawal rate, the

final sample size was set at 58 participants, or 29 per group.

Statistical analysis

Data were analyzed using IBM SPSS Statistics 23.0. A p value of < 0.05 was considered statistically
significant. Categorical variables ( sex, degree of dehydration, ORS acceptability) were summarized as
frequencies and percentages. Continuous variables ( age, weight, vital signs, serum electrolytes) were
presented as means with standard deviations (SD) or medians with interquartile ranges (IQR), depending on
distribution. Comparative analyses were performed using the chi-square test or Fisher's exact test for
categorical variables, and the independent t-test or Mann—Whitney U test for continuous variables.
Correlations between caregiver perception, hedonic scale, and visual analogue scale were analyzed using

Kendall’s tau-b correlation coefficient, where absolute values <0. 2 indicate weak associations, 0.2-0.3

. . . . . . . e 13
indicate moderate associations, and 2 0.3 indicate strong associations.

Results
Of the 71 children assessed for eligibility, 60 participants were enrolled in the trial and randomized
into two treatment groups. One participant in the coconut sugar-based ORS (CO) group was excluded from

the final analysis due to incomplete records of ORS taste acceptability. The flow chart of the enrollment
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process and procedure is shown in Figure 1. Among the 60 participants, 30 (50%) were boys and the median
age (range) was 27.5 months (1- 71 months). There were no statistically significant differences in baseline

characteristics and laboratory parameters between groups, except for serum creatinine level (Table 1).

Asszess for eligibility

n=71)

Excluded (n=11)
- did not meet inclugion criteria
(age = maximum allowance)

Y

k4

Block randomization
assigned into two groups

h 4 Y

Group A : Coconut sugar-based Group B : Standard ORS
ORS (Intervention group) (Control group)
n=29 n=31

Excluded (n=1)

- Incomplete caze ¢
A 4 A A
Followed until resolution Followed until regolution
of diarthea of diarrhea
(Intervention group) {Control group)
n=28 n=31

Figure 1 Consort flow diagram

Primary outcome

Facial expressions and behavioral responses at the first administration of ORS are presented in Figure
2. At least one facial or behavioral reaction was observed in 78.6% of participants in the coconut sugar-based
ORS (CO) group and 80.6% in the standard ORS (SO) group. There were no statistically significant
differences in any individual facial and behavioral responses between two groups (p value 0.843). Based on
the facial hedonic scale, 50.0% of children in the CO group and 36.7% in the SO group rated the solution as
“like,” while “neutral” ratings were reported in 30.8% vs 33.3%, and “dislike” ratings in 19.2% vs 30.0%,

respectively (p value 0.535).
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to the initiation of treatment.

Table 1 Demographic data, baseline characteristics and laboratory findings of the enrolled participants prior

Variables coconut sugar- standard glucose- p value
based group based group (n=31)
(n=29)
Age, months 20.0 (32.0) 31.5(43.0) 0.255
Boy, n (%) 16.0 (55.0) 14.0 (45.2) 0.438
Weight, kg 11.6 4.6 13.0+4.9 0.239
Height, cm 83.0 (32.4) 87.5(32.8) 0.430
Vomiting, n (%) 22.0 (75.9) 21 (67.7) 0.485
Pre-enrolled vomiting duration, 7.5(33.0) 4.0 (24.0) 0.325
hour
Numbers of vomiting before 2.0 (4.0) 3.0(5.0) 0.869
enrollment, n
Pre-enrolled diarrhea duration, 24.0 (44.0) 24.0 (42) 0.902
hours 5.0 (9.0) 4.0 (5.0) 0.202
Stool frequency, n
Body temperature, °C 37.5(0.9) 37.2 (1.4) 0.411
Heart rate, bpm 136.9+19.3 133.6 £19.5 0.515
Lab before treatment
Hemoglobin, g/dL 12.0 (1.8) 11.7 (1.4) 0.706
Hematocrit, % 34.6+3.3 35.0+3.3 0.644
White blood cell, x10°/L 12.10 (6.41) 11.90 (5.20) 0.779
Neutrophil, % 64.2 (24.5) 64.0 (28.7) 0.923
Platelet, L. 349103 £ 97337 356129 £ 114176 0.799
Sodium, mmol/L 1352+1.7 136.0+1.9 0.084
Potassium, mmol/L 42+0.5 4.0+0.5 0.072
Chloride, mmol/L 102.0+5.0 101.0+£2.0 0.468
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Variables coconut sugar- standard glucose- p value

based group based group (n=31)

(n=29)
Bicarbonate, mmol/L 17.9+3.2 179+24 0.963
Blood urea nitrogen, mg/dL 12.5(7.7) 13.1 (10.1) 0.141
Creatinine, mg/dL 0.31 (0.07) 0.36 (0.15) 0.022

Data are presented as mean + standard deviation, n (%) or median (interquartile range)

At the second observation, acceptability patterns of ORS intake were comparable between groups
(Figure 3). Facial and behavioral responses were 78.6% vs 80.6% of participants in the CO group and the SO
group (p value 0.843). On the facial hedonic scale, the CO group and the SO group rated the solution as
“liked” in 50.0% and 36.7% of participants, respectively. Neutral ratings were reported in 30.8% and 33.3%,
while “disliked” ratings were observed in 19.2% and 30.0% of participants, respectively (p value 0.535). The
mean VAS score (mm) was higher in the coconut sugar—based ORS group (68.3 + 17.5 mm) than in the
standard ORS group (62.1 + 20.4 mm), although the difference was not statistically significant (p value
0.258). Based on the caregiver’s perception questionnaire, 51.7% of caregivers in the CO group and 34.6% in
the SO group reported that the child “liked” the ORS (p value 0.608). Caregivers’ perceptions of acceptability
demonstrated strong positive correlations with the facial hedonic scale at the first observation (r = 0.518; p
value < 0.01) and the second observation (r = 0.37; p value < 0.01), and a strong negative correlation with the

visual analogue scale (r =-0.685; p value <0.01)
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Figure 2 Percentages of facial expression and behavioral responses exhibited by participants during the first

observation of oral rehydration solution (ORS)
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Figure 3 Percentages of facial expression and behavioral responses exhibited by participants during the

second observation of oral rehydration solution (ORS)

Secondary outcome

Secondary outcome data are presented in Table 2. At the first 4 hours after administration, median
ORS intake was 20.0 mL (IQR 95.0) in the CO group and 15.0 mL (IQR 35.0) in the SO group (p value
0.583). At second, median ORS consumption was 90.0 mL (IQR 224.0) and 30.0 mL (IQR 190.0),
respectively (p value 0.988). When adjusted for body weight, ORS intake per kg was 5.6 mL/kg (IQR 14.2) in
the CO group and 2.9 mL/kg (IQR 17.4) in the SO group (p value 0.912).
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Table 2 Treatment outcomes in children with acute gastroenteritis receiving two groups of oral

rehydration solution (ORS)

Variables coconut sugar- standard glucose- p value

based group (n=28) | based group (n=31)

ORS intake (mL)

Intake in 4 hours 20.0 (95.0) 15.0 (35.0) 0.583

Intake in 24 hours 90.0 (224.0) 30.0 (190.0) 0.988

Average intake in 24 hours, | 5.6 (14.2) 2.9(17.4) 0.912
mL/kg

Intravenous fluid (IV)

Volume in 24 hours, mL 1229.4 +£447.7 1286.0 £378.4 0.598
Total in admission, mL 1782 (1033.0) 1883 (719.0) 0.728
Duration of IV administration, | 32.5 (14.7) 34.3(13.9) 0.554
hour
Number of diarrheal stool, 7.0 (8.0) 5.0 (7.0) 0.291
time/day
Duration to recovery from 34.2(17.9) 33.0 (23.6) 0.790

diarrhea, hour

Duration of admission, hour 51.0 (24.0) 47.3 (28.0) 1.000

Laboratory after treatment

Sodium, mmol/L 138.7+1.8 139.2+£2.6 0.425
Potassium, mmol/L 37+0.5 38+04 0914
Chloride, mmol/L 106.0 £4.0 106.0 £4.0 0.517
Bicarbonate, mmol/L 209 +£2.1 20.2+£2.8 0.232
Blood urea nitrogen, mg/dL 2.9 (3.8) 3.9(2.9) 0.428
Creatinine, mg/dL 0.25 (0.06) 0.27 (0.07) 0.276
Weight at discharge, kg 11.6+44 13.0+4.7 0.223
Weight change, kg 0.2 (0.52) 0.3(0.51) 0.260

Data were presented as mean + standard deviation or median (interquartile range)
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Other treatment outcomes were also comparable between groups, including total intravenous fluid
volume and duration of infusion, stool frequency, duration of diarrhea and length of hospital stay. At 24 hours
after treatment, laboratory parameters showed no dysnatremia or hypokalemia, with no statistically significant
differences observed between the two groups. Median weight change during admission was 0.2 kg (IQR 0.52)

in CO group and 0.3 kg (IQR 0.51) in SO group (p value 0.260). No adverse events were reported in either

group.

Discussion

To our knowledge, this randomized controlled trial is the first to evaluate the acceptability of a
coconut sugar-based rehydration solution compared with standard glucose-based ORS in children with acute
gastroenteritis and mild-to-moderate dehydration. No statistically significant differences were observed in the
prespecified acceptability measures, and no adverse events were observed in either group. Clinical and
biochemical outcomes were considered exploratory because oral intake of the study solutions was low and
intravenous fluid contributed substantially to rehydration.

Acceptability is an important determinant of adherence to oral rehydration therapy, particularly in
young children who may refuse ORS because of palatability. *In this study, it was evaluated using
complementary measures, including facial and behavioral observations, a five-point facial hedonic scale, a
visual analogue scale (VAS), and caregiver-reported perception. The hedonic scale and VAS were based on
methods previously evaluated for pediatric medicine acceptability. ' However, standardized, age-appropriate
methods remain limited in very young children who cannot reliably self-report. o Accordingly, caregiver
reports and behavioral observations were used to complement self-reported measures. These measures should
be interpreted collectively, particularly in children younger than 2 years, as behavioral responses may also
reflect illness-related discomfort, anxiety, or hospitalization.

Coconut sugar was selected as a locally available carbohydrate source with a distinct taste proﬁle.9
A previous randomized trial involving 437 non-dehydrated children under five years of age found no
significant improvement in acceptability of rice-based or flavored ORS compared with standard glucose ORS,
with reported intake of 4454 mL/kg/24 h." In contrast, oral intake in our study was considerably lower, with

median intakes of 20 versus 15 mL during the first 4 hours and 90 versus 30 mL during 24 hours in the CO
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and SO groups, respectively. Thus, the absence of a significant difference in acceptability should be
interpreted in the context of the limited study-solution intake.

Although clinical and biochemical outcomes did not differ significantly between groups, these
findings cannot establish comparative rehydration efficacy because most fluid replacement was provided
intravenously. Furthermore, the osmolality and complete electrolyte composition of the coconut sugar-based
solution were not measured, and its sodium-to-glucose molar ratio could not be determined. Therefore,
therapeutic or biochemical equivalence to standard or WHO reduced-osmolarity ORS cannot be assumed.
Nevertheless, the present findings provide preliminary acceptability data that may inform further development
and evaluation of coconut sugar-based oral rehydration formulations.

Strengths and limitations

A major strength of this study is its randomized, double-blind design and the use of multiple
complementary measures of acceptability. Several limitations should be acknowledged. First, the relatively
small sample size may have limited the ability to detect modest differences in acceptability. Second, oral
intake of the study solutions was low, while intravenous fluid contributed substantially to rehydration, limiting
interpretation of the clinical and biochemical outcomes. Third, the final osmolality and complete biochemical
composition of the coconut sugar-based solution were not measured, and no laboratory quality-control testing
of the prepared solutions was performed; therefore, equivalence to standard or WHO reduced-osmolarity ORS
cannot be assumed. Fourth, the acceptability measures were not validated across the entire age range,
particularly in children younger than 2 years, and behavioral responses may have been influenced by factors
other than taste. In addition, assessments were performed by a single researcher, precluding evaluation of
inter-rater reliability. Finally, the etiology of diarrhea was not investigated and may have influenced oral
intake and clinical recovery. Future studies should characterize the formulation and evaluate acceptability
using age-appropriate validated measures, with efficacy assessed under protocols that minimize or control for

intravenous fluid exposure.

Conclusions

In conclusion, the coconut sugar-based rehydration solution was acceptable to children with acute
gastroenteritis and mild-to-moderate dehydration, with no significant difference in measured acceptability
compared with standard ORS and no adverse events observed in either group. These findings provide

preliminary evidence supporting further investigation of coconut sugar as a locally available carbohydrate
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source for pediatric oral rehydration formulations. However, the low oral intake, substantial use of intravenous

fluids, and lack of direct measurement of osmolality and electrolyte composition preclude conclusions

regarding therapeutic equivalence or rehydration efficacy. Further studies should optimize and characterize

the formulation and evaluate its acceptability and clinical performance in larger pediatric populations.
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Abstract

Background: Intraventricular hemorrhage (IVH) is a common condition in preterm infants, particularly those
with low gestational age (GA) and low birth weight. Severe IVH (SIVH) increases mortality rates and
developmental delays in surviving infants. Indomethacin can reduce the incidence of IVH in neonates.
Objective: To study the outcomes and side effects of indomethacin in preventing IVH.

Methods: A retrospective study was conducted at Khon Kaen Hospital from July 2020 to June 2024.
Neonates with a birthweight below 1,251 grams and

had results of ultrasound brain screening for IVH were included.

Results: The study included 148 infants with a mean GA of 28 + 3 weeks (range 24-35 weeks) and a mean
birthweight of 995 + 189 grams (range 490-1,250 grams); 51.4% were male. Indomethacin was administered
to 25/148 (16.9%) infants. The rate of IVH was not significant different between the indomethacin-treated
group and the non-treated group, 52% versus 49.6%, respectively. However, the treatment group tended to
have a lower rate of SIVH compared to the non-treated group, 12% versus 18.7%, respectively, but not
statistically significant. Indomethacin increased the risk of necrotizing enterocolitis (NEC) stage 2 or more
(p value 0.05).

Conclusion: Infants with a birthweight below 1,251 grams who received indomethacin for IVH prophylaxis
had a lower incidence of SIVH but might carry a higher risk of NEC stage 2 or more compared to non-treated
group.

Keywords: Preterm infants, Intraventricular hemorrhage, Indomethacin, Necrotizing enterocolitis
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GIB) Mz laneifeunay (acute kidney injury, AKD)™"
[ A { a 4 o @
Tsanenunaveuunuisuin15 1981 indomethacin NHan Tassaansndsnssulunisilosduniig
gx A 1 d Yo v A [ 9 = =K o 1 9q Y
IVH A9UAIRDUNTNYIAY WA, 2563 uaunngfinu1dslinnunalurnadiafiosveser e lulald

Y ]

H 4 H
m3snnniehlidousdlumsIiemazdimuanuynves IVH figelumsn BW dooniivsominy 1,250

Y]

NIy

) a a 19 a 1 o
Wﬁﬂlf‘]\‘lﬂ?ial‘]ﬁﬂﬂuIﬂlll“l/ﬂ"lﬂﬂ‘l!ﬂ?iﬂ'ﬂﬂﬂuﬂ?’f]gLa@ﬂﬂﬂﬂSlUIWiﬂﬁMﬂQiumWiﬂLﬂﬂﬂGUﬂTﬂuﬂq 129



o s A

= dyd =\ = v J 9 =S 9 . . A Y]
msAnpHvalingszasnieAnyInaaniuazNat1uAsIveIN13 1907 indomethacin tiotoaniu
1 o % @ a 1 1T w % a
mM3tAe IVH lumsainaneusvuatiminusninatisenvseminy 1,250 n3u luusunveelsaneruna
1 A = U dy A I o ) o
VOUUAY HAZINBANHIANNENVOI IVH Tumsnnguil ot uilse Tewi Tumshanwamuiuuinians
Snumazileadu IvH lumsnusanasae 11l
U d
agiszasn
A = o 9 = a a o A
oAnyINaaNTazHat1ufssveaedu TammasulunistdeatunnzaoneenluInseaueaay

anugnuazilaseidesvesmsinan1azideneonly Tnsidued

ad =<
IBNIIANE
= A = = Y o = 91 a A 9o
miﬁﬂyml,ﬂumiﬁﬂymumlauwm TﬂEJmﬂ/l‘U‘Vl’JunGlﬁzL‘Uﬂugﬂ’J‘(’fluﬂlmmiﬂmmﬂﬂmﬂn‘iu
Y
[ J U 1 a Jd o
miimslﬂuiﬂwsnmaﬂjeuuﬂu mumﬁ’i)uﬂiﬂgmu N.f. 2563 ﬁmqmﬂu W.f. 2567Iﬂﬂﬁmm¢mmﬂ9ﬁ
v 3 o a J 1w [ o @ J 4 @
Vl@gﬁlﬂ u']Wi!ﬂllﬁﬂlﬂﬂfl}@ﬂﬂj'lﬂ%’ﬁ]wnﬂTJ 1,250 N3Y llagll@g{ﬁ‘llﬂ’lﬁ@]5'37119'(3G]ﬁ’l%’]')ﬂﬁﬂ'ﬁ]\ilﬁ@ﬂﬂﬂﬁ@\? IVH
Jd o ' { A a 1o A . . 12
naziinusiaaeen laun M15NNTANNNNITNIAUDIARLUA (congenital brain anomaly) lHiiNan529
AR MR aNBNERANTEY IVH
YA o ~ < 9 = v XK g’/ Y
m%ﬂ‘uw’mnﬂﬁzm‘(’Jul,l,axmwumgjanu%ﬂaﬂuuuuuuﬂﬂ mﬂuuawayjaiuiﬂmﬂin
a J a J 9 Y . a o A
AoNNINDT AAI1zivoya laeles 11sunsy SPSS Version 27 (USHM IBM 1409 Armonk 15z imer
[ a Y Aaa A . . .. 9 o Y 1 o Y U d'
ﬁﬁﬁiﬂlﬂﬁﬂq) GLGHﬁﬂﬁLGHQVﬁﬁﬂ!L!'] (descriptive statistics) mem@y’aﬂﬂﬂ llﬂllﬂ U (FoUaL) ANAY +
1 { 1w a o J
mrﬁmmummgm (mean £+ SD) AUTYFIIU (median) nazideoniolng (interquartile range) 11N AIY
9 I 19 Y aa a A 4 9 1 . a '
MUICTYIDIVDYA Llﬁﬂ\‘]‘ﬂ’l'lilsljﬂlﬂuﬂ']ﬁﬂﬂﬁg GLGI)'?fﬂﬁLGIf\T'JLﬂﬁTzW nlﬂl!ﬂ Chi-square GlLlﬂTi'Jmﬁ']gﬁ
o v J . . o a . .
ﬂ')"lﬂJﬁﬂJWH‘ﬁﬂl@QﬂTii%ﬁﬂ indomethacin NUNI3LHA IVH uazm’azmﬁﬂ«]ﬂf’ﬂummfn indomethacin Gh!ﬂ']ﬁﬂ"l
[ { 1 a o a 4 o v J v . . . an
Tadei@oadonisina IVH i lagn1sansgdanuduiusfiaze (bivariable analysis) Tagldadananoy
a A v ] o v Jd . v g’;
TavaAnod19419 (simple logistic regression) NATDUANNANWUTOYNINH YU (crude analysis) HAIITNUY
v { v o a 4 (Y . .. . A a
Lﬁ’ﬂﬂ@nuﬂiﬁﬁﬂ”l p value < 0.25 3J”I‘1/l”|ﬂ”|‘§’JLﬂ§”l$14W1j@]’JLL‘1Ji UUY multiple logistic regression [WHIAY
g ] L7 a a v 4 {
msni Idiumseyiannauzns TN e555UMTI00 Tunybe U 1n59015 KEXP67048

[

aeiui 5 Famay wet. 2567 uaz Iasveyanannge o3 Tsanenuaveuuny

]
o A

o A v o o s A )
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a [y c’d' =] dq’
HenuagnnNFlumsanuid

1.

10.

E4 o 1 L = a % 1 aa
Wimalui@eadl (hypoglycemia) A9 A1 Dextrostrip (DTX) 08031 60 Hadn5uasiaGans)
Tue99 14 Junsnvaana
3 A o . A <A 9 ' J Ja a
AIZINAAABAM (thrombocytopenia) ABAUNAANDANBINI 150,000 K5AAADYNVIANNIAINAT
Tue9 14 Junsnvaana
a { [ a J
Az lanieananldsuaon (anemia required blood transfusion) AonzTarnv e 19
A 1 [ 4 < Yo ya Y A ] [ [
oanweglunsazdlamivosmsnuazunnddine lannsanliaon Tusie 14 Tuusnuas
1A
o @ 4 o 4 a A v A 4 o v A
M3MdanTIsaaned M lagnusuungmsnusninansesadunng Tagvirlu 7ui 0-3, 7,
A v A 4 a A v A 4 o Y
14, 28 W30 luIuiinnsunndmsnusninanses s TuNNda s 0insase 14
] daa [ _
FTAUANFUUIINS IVH THinmaiitiaion 1y Papile’s classification'”
onoonluTnsIaNoITZAUTUITA (severe intraventricular hemorrhage, SIVH) 1D 52A1 3 %30
4
. = a s Y 1 1Y) A
Bronchopulmonary dysplasia (BPD) #U1803N1TNLININADIYATINUDYNIT 32 dilavinuning
49; v A w 9 E) a ~ [ A . [ 4
ﬂ@mi@ﬂ‘ﬂﬂﬁ@]ﬂﬂﬂf@ﬂﬂ"“lﬂfﬂu‘i/l@”lq 28 IUY 3D postconceptional age 36 dUa1¥1 Jensen 2019
criteria””
indomethacin for IVH prophylaxis 1 11999 7135331481 indomethacin dose 1457 mﬂ"’lumq 24
< ! ° < IS
#2119 YA 1% Ao 0.1 - 0.2 mg/kg/dose Aainanasadoadmn 24 1 1ue Huna11-3
(% an Yo ] Ay Yo . . A o Y A @
Tu mwgagiivvownndgsny 1usmmsni 145y indomethacin io5nyInzIdwARAi1 10
1N (indomethacin for PDA closure) Wéﬁmq 24 %3 T4
Indomethacin for PDA closure ¥ 4189 4 Asisulaen indomethacin dose L3 1 ﬂmﬂﬁhfﬂq 24
1 Tu4 oS nyinnzdudeanlamu vuae i1y 0.1 - 0.25 mg/kg/dose AAdIN19vinoAdon
° o 3 o s o s aa o
a1mn 24 ¥ 19 Hunar 1-3 Tudeneda $1IU 1 09— 2 AOTE MNAASNTIVDINUITUNNE
o d Yo
Ty lawazumnddsnm
A 1 g . . . = A ] A Y 1 1
13095841810V VFNA (invasive ventilator) HL18D 3 1T Tanaeelanesionials

@A conventional ventilator, high frequency oscillatory ventilator (HFOV)

) a a 19 a 1 o
Waﬂl@ﬂﬂ?ii‘]ﬁﬂﬂuIﬂlll“l/ﬂ"lﬂﬂ‘l!ﬂ?iﬂ'ﬂﬂﬂuﬂ?’f]gLa@ﬂﬂﬂﬂSlUIWiﬂﬁMﬂQiumWiﬂLﬂﬂﬂGUﬂTﬂuﬂq 131



11. m‘émﬂﬁaﬂmﬂ%uuu‘hjgﬂ% (non-invasive ventilator, NIV) #1188 1304320118700 1815 961
vnlaelideslanesieoniels 1ain Heated-Humidified High flow nasal canula (HHHFNC),
continuous positive airway pressure (CPAP), Duo positive airway pressure (DuoPAP), nasal
intermittent positive pressure ventilation (NIPPV)

12. Necrotizing enterocolitis 21ANBA modified Bell's staging criteria ®

NANSANH
g/J 1A =K A =1 a d’d A d v 9
AWAADUNTNYIAN W.A. 2563 DINYUIBU W.A. 2567 UM INUININAN LR ANTAMNINUNAAIN
gJ/ [ 4 1 [} J
NIMNA 166 510 gnAADN 18 T10tHeInIn ilikadaas iy maaues aAurdemanlunsany 148 510 Tag
=\ o d' [} Jd Aa o [ 4 sol [} a d‘ [} a o
Uo1gnssAman 28+ 3 dat (Wde 24 - 35 dan) thmiinusninamae 995 + 189 N5u (Wdo 490 — 1,250
1] I ] @
A5y Wumare 76 319 Gosaz 51.4) aaealulsaneruiaveuuny 127 518 (Fosas 85.8) N30 lasuen
a a A Y] A 9
duTammaumotosnunnzdonsonluInssauss 25 519 (Fovas 16.9)
VoA " Y, . . oA oAy Y . .
n13nnqui 1314 indomethacin for IVH prophylaxis (nqu#l 1) uazm13nnguii 14 indomethacin for
1 H 1 @ [} d @ 1 H
IVH prophylaxis (Ngu# 2) UAi50311 U939 GA fio 28 d1la1i AiGeg1uves BW v03msnnguil 1 uaz
1 { [ [ o w 1 ! 3 ' ] .
nguil 2 Ao 1,060 TN 1Az 880 NTU AwdIAY Manngui 1 ihuwasenInnd1 KiAaoa (cesarean section,
C/S) 11N 1azdims 1% indomethacin for PDA closure 319071 (9115199 1)
2

1519 1 %@HﬁWH%THﬂJ@QVHiﬂ

%9

nguii sy n@uiilASY indomethacin | p value
t% U U
Yoya indomethacin Tumsiloanis lumsiloanunaz
A A
AMziaendaniuInsianes | 1aensenlulnsaNe
o Y o Y
A1UIU (598a%) AIUIU (5980%)
N=123 N=25
Yoyaili/
91gA53A (Flansh)* 28 (IQR = 3) 28 (IQR = 4) 0.21
Mmiausana (ASu)* 1,060 (IQR = 310) 880 (IQR = 230) <0.001
v 1 4
N1TINAAANNBIYATIN 17 (13.8) 6 (24.0) 0.23 %%
9 1 % d‘i
AADALAIAIAININN 1TINE1V 1A DY 16 (13.0) 5(20.0) 0.35
WA 69 (56.1) 7 (28.0) 0.01

]
o A

o A v o o s A )
132 mggwm Q YINUTUUN HasAUS 'Jﬁﬁﬁf}llﬁ!ﬂ]“]ﬂﬁ1ﬁ@]ﬁ TJV] 65 RUUN 3 ﬂﬁﬂ@mﬂll —NUIYU 2569




mjuﬁ"lu"'lé’%’u ntjuﬁ"le’{%’u Indomethacin | p value
Yoy Indomethacin 1143 Tumsiesnuniz
testunziaensenlu raeneenHINIIaNB
Tnssanes 1uIu (Gewaz) 1 (Geway)
N=123 N=25

Manure 15 (12.2) 6 (24.0) 0.13
AQDA lABITHIAADA 80 (65.0) 10 (40.0) 0.02
MITIYTNUINIDA
1#5umslanesienmela 65 (52.8) 17 (68) 0.65
1#5umsnanthen 7(5.7) 1 (4.0) 1,00
18141 adrenaline Tumssedsn 3(24) 1 (4.0) 0.53
Uszinnsmnounaen
91411301 GJ)** 28.33+7.21 27.36 £8.01 0.55
msandlunu 16(13.1) 7 (28.0) 0.0]*%*
MIANTUAITANNAUTaHAFI TEA 29 (23.8) 5(20.0) 0.68
preeclampsia Gﬁuhl‘ﬂ
msmﬁmazqqﬁméwﬁmﬁu 3(2.5) 0 (0.0) 1.00%*
ysatiiiautounase 32(26.2) 3(12.0) 0.13
s g 8 (6.6) 2 (8.0) 0,68
11591 185VeN steroid NOUAADA 104(86.7) 21 (84.0) 0.75%%
3anlasu MgSo, neunaea 69 (57.0) 17 (68.0) 0.31

naveams 1geau Tawmdu lumsdestunnzdeasenluInseaueslumsnifaneumruad 133




AMrua

mjuﬁ"lu"'lé’%’u Indomethacin ﬂﬁjﬂl‘?'lul(’gll%l‘u Indomethacin | p value
Yoya lumsilesnuniziaeneenlu lumsilosnuniaz
Tnsaanes 911U 3eway) raenean 1NN
N=123 311 (Gewaz)
N=25

JELERLY
nguoIMsrigladiunlumsnusn 60 (48.8) 15 (60) 0.32
Ran 1d5unsinudroasanus
R
oaRaousnifa 46 (37.4) 10 (40.0) 0.91
ausaluen 8 (6.5) 0(0.0) 0.35%%
Aaisousnifa 65 (52.8) 16 (64.0) 0.31
anugu Tafiadninmsaaie 28 (22.8) 5(20.0) 0.76
walane 31(25.2) 6 (24.0) 0.90
WADONFIUYTAUUATZAVF UL 41 (33.3) 8 (32) 0.90
Aziduaenii lunuy 62 (50.4) 14 (56.0) 0.61

- 185umssnuae 33/62 (53.2) 6/14 (42.9) 0.48
paracetamol
1@5umMssny1Ae ibuprofen 13/62 (21.0) 5/14 (35.7) 0.24

- asumssnudae 24/62 (38.7) 0/14 (0.0) 0.01
indomethacin
1@5umssnemelagmsida 14/62 (22.6) 3/14 (25.0) 0.93
¥haaludens 19 (15.4) 7(28.0) 0.15
inamdend 34 (27.6) 8 (32.0) 0.66
Tafino1eii 185 uden 71 (57.7) 16 (64.0) 0.56
Tsaloaeselunisnifanou 60 (48.8) 15 (60.0) 0.31

o a [ g
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ﬂﬁjﬂlﬁ‘lﬁ“’lﬁ%ﬂ Indomethacin ﬂﬁjﬂl‘?'lll&llzfu Indomethacin | p value
Yoya lumsilesnuniziaeneenlu lumsilosnuniaz
Tnseaned 11U (3euaz) 1a0m0an U1 NI IaNBY
N=123 91U (oway)
N=25

n3eetemelosziugaga
insosemolirianuig 54 (43.9) 8 (32.0) 0.27
n3090Mme 9 rRin5I ST 32 (26.0) 11 (44.0) 0.07
i3eesemelauuybiznan 37 (30.0) 6 (24.0) 0.54

*median(IQR), **mean + SD, ***Fisher exact test

ANUYNUDI IVH fovay 50 (74 Tu 148 510) Taoilu tvH grade 1§11 31 519 ($o8ag 20.9) IVH
grade 2 914U 17 318 (F08@g 11.5) IVH grade 3 91424 16 518 (F98a2 10.8) IVH grade 4 314U 10 518
($owaz 6.8) Taell SIVH 26 318 (Fowaz 17.5)

m3n 1831 indomethacin for IVH prophylaxis 25 516 1fia IVH Jesaz 52 Tunquit 1§5ueaz Jes
az 49.6 Tunguit W18 uen Felifianuuandaiuediiisddamanda manngui 185 veTuun Ty

a 9 1 U d‘ ] Yo A 9 9 o w 1 (=Y
ina SIVH uaammqum”lu”lmum D I8 12 agsoyay 18.7 Auaiay LLG]nl‘JJ‘JJuEJﬁTﬂﬂJVINﬁﬂﬁ

(13197 2)

M3197 2 WavaN13 1% indomethacin TumstosnuninzidonsonluInseaunq

Yoya ngui sy nauNlasy p value
indomethacin 14317040 | indomethacin Tumsifoanu
A A
AMIzNARaNIUINIIANB | MNIzIasndanlHINIIaNDS
) Y o Y
uu Gewaz) uu Goway)
N=123 N=25
Bonoon Iy Tnsaues 61 (49.6) 13 (52.0) 0.83
= [
@onon U INTIFUDI 5LAY 1 25(20.3) 6 (24.0) 0.68
= [
oA0n 11U INTITUDI TEAD 2 13 (10.6) 4 (16.0) 0.44%*
Boa0on U TNTIaUD TLAU 3 16 (13.0) 0(0.0) 0.06*
1@000n U TNTIAUDI TLAL 4 7(5.7) 3(12.0) 0.03*

) a a 19 a 1 o
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Y 1 vo voAY Yo
Yoya nguilalasy nguNIAsY p value
indomethacin 14m31J03n% | indomethacin Tumsflosnu

A =y
AMziaenanluInIianes | HNIzmsasenlulnsiaNey

o Y o Y
1IN (50810%) 1UIU (50810%)
N=123 N=25
1@000n 1U TN AN TLAL 23 (18.7) 3(12.0) 0.42%

TUIT

*Fisher exact test

o A o @ d a @ [l v o w aa Y ' 1 1
TatenlianuduiusFuanny IVH ed1elidedingynieana laun n1slanesroniela,

1 [ 4
. . Yo o 9 @ a o a .
respiratory distress syndrome (RDS) ldsunssauiaie surfactant, A710AU TaAd191AN15AALYE (septic

[

o v . . . . dyy
shock), N1z 1eauran (congestive heart failure, CHF), patent ductus arteriosus (PDA), anemia n1a5v

A Y A ' I . . . 1 v Aa
1aoa, tazms lunIea¥revielagageilyu High frequency Oscillatory Ventilator (HFOV) e U938l

¥ o w

v v da o ' =) aa ' 4 1 <
ANMUATUNUDTIWIAUNY IVH 98 NNUUITIAYN TN Ul@gfl,!,ﬂ ﬂ?‘iﬁl,slgf}l,ﬂ?i’ENGH’JEJW'IEJElﬁ]QQ’q@Lﬂu non-invasive

9

ventilator (NTV) (15197 3)

d‘ v Aa o v o A a I Y . . .
319N 3 ﬂfﬂi]EJ‘i/lllﬂ’JmZ‘TiJ‘W‘Ll‘ﬁﬂ‘Umﬂzmaﬂflﬂﬂiui‘WN’dum I@ﬂﬂ']iglﬂi']gcl/i@jﬂ bivariable analysis

E{I’i’)ya Crude OR 95%CI p value

Lower Upper
minAuannIegnssa 0.38 0.15 0.98 0.05
AapALdIdIRINI9INTsaNeaBY 1.12 0.44 2.81 0.81
WA 1.54 0.81 2.95 0.19
msnuela 1.12 0.44 2.82 0.81
naoA lAgISHIAa0A 0.83 0.66 1.03 0.09
1#5umslanesienmele 2.44 1.25 4.73 0.01
1&5umsnanthen 3.18 0.62 16.28 0.17
181961 adrenaline Tumssedn 1.00 0.14 0.73 1.00
nsandumnu 1.66 0.67 4.12 0.28
wmsaiaMzaNuaulaiage sza 0.84 0.39 1.82 0.66
preeclampsia aﬁu"lﬂ

]
o A

o A v o s s A )
136 mggwm Q YINUTUUN HasAUS 'Jﬁﬁﬁfpﬂi!.')“]ﬂﬁ?ﬁ@]i TJV] 65 RUUN 3 ﬂﬁﬂ@mﬂll U 2569




Yoy Crude OR 95%CI p value
Lower Upper

MIANNIZYINASIONEAY 2.00 1.77 22.55 0.58
15N IAUNOUAADA 0.49 0.23 1.08 0.08
s ldenh 1.54 0.41 5.63 0.53
1139118508 steroid NOUAADA 0.81 031 2.08 0.65
13911850 MgSO, neunaen 1.17 0.61 227 0.64
ngueIMsrigladinlumsnusnnai 3.62 1.84 7.13 <0.001
1asuMIsnEIAIa1TaALI AR
1padaaIsNIAA 1.26 0.65 2.45 0.50
ausalutlen 3.18 0.62 16.28 0.17
AR NINA 0.55 0.28 1.05 0.07
aANuau Tanad1INMIAAYD 2.89 1.26 6.61 0.01
wialane 2.25 1.04 4.87 0.04
WADONFAULTANLATLAVTULT 1.06 0.54 2.11 0.86
azdudearidlany 2.15 1.12 4.15 0.02
enaludons 0.83 0.35 1.94 0.67
inaa@endm 1.71 0.83 3.53 0.15
Tasiaonan ldsuiaen 2.97 1.50 5.87 <0.001

Y A 9 3 2 '
ldnseanelassaugagailuniosrie 4.02 2.00 8.06 <0.001
melariianunga

Y A o o A '
lmaseanelaszaugegaiuniesris 0.72 0.35 1.47 0.37
melariasssua

Y A o o A '
lmaseanelaszaugegailu ingesrie 0.27 0.12 0.58 <0.001
wiglanuligna
1851 indomethacin Tumsileaiuniiy 1.10 0.47 2.60 0.826
enoenluInsaaueq

OR = Odds ratio

9 a a [ a 1 o
NﬁélJ't‘NﬂWiSl"]ffﬂ'ﬂuIﬂLlW]1"])'1!11!fﬂﬁ"ﬂi‘]\‘lﬂ‘HﬂTJSLa'ﬂﬂi‘]f‘]ﬂcluIWiﬂﬁll'ﬂﬂcluvﬂiﬂmﬂﬂﬂuﬂTﬁuﬂ“l 137



A a sy . L. . ! o A a Y 1 Ay Yo
IDIAUNTIEHAIY multiple logistic regression wuatedesveanisina IVH laun RDS #1 1a5y

@ Y Y A ' < A
N1TTINHINIY surfactant uazmﬂmmmmama%qqqmﬂu HFOV (f1519N 4)

] o v A a 4
m3ah 4 TasodeavesmsiianzidonsenluInssauoadins1zHae multiple logistic regression

ﬂ’J’qu,a Initial model Final model
aOR 95%CI p value aOR 95%CI p value
MmInduannegnsa 0.93 0.29-2.92 0.89 - - -
IWABIY 1.67 0.76-3.68 0.20 - - -
A00A IAYITHIAADA 0.79 0.60-1.05 0.10 - - -
1#5umslanesremela 0.65 0.21-1.96 0.44 - - -
185umsnaniihen 3.74 0.54-26.11 0.18 - - -
wsaihiaudeunaoa 0.51 0.19-1.40 0.19 - - -
ausrluilen 2.30 0.36-14.86 0.38 - - -
nqueimsyiigladiuinly | 228 0.88-5.92 0.09 2.40 1.14-5.07 0.02

a A Yo
‘ﬂ'liﬂuiﬂmﬂ‘ﬂvlﬂiﬂﬂ15

%ﬂﬂ1ﬁjﬁﬂﬁ1iaﬂlliﬁﬁﬂaﬂ

AarouIning 0.60 0.27-1.33 0.21 - - -
ANNAU latiad191AN15AA 1.09 0.38-3.18 0.87 - - -
2
1¥0
walane 0.65 0.21-1.99 0.45 - - -
Indadoad 1.11 0.46-2.67 0.82 - - -
Tarieaan lasuiden 2.04 0.81-5.09 0.13
ldnseeamelaszavgage | 1.32 0.36-4.85 0.68 - - -
i1l eTeerevitelawuy 'l
Inan

Y A o a
Azduaearialany 1.89 0.74-4.78 0.18 - - -
ldinoameloszaugega | 245 0.90-6.68 0.08 2.80 1.31-5.99 0.01

< A ] a
Wunsessieviteloriia

ANUDFY

aOR = Adjusted Odds ratio

' '
a [ J o A

@ = [
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1 [ v o
NAMIANYINIZUNTNFDUVDINT 19 indomethacin for IVH prophylaxis WU NHANUFURUT NV
Y
N134iNA NEC stage 2 yu 'l (p value 0.05 EJfJNﬁuEJ??miLl‘VlNﬁﬂﬂ U upper gastrointestinal bleeding
(UGIB), oliguria, acute kidney injury (AKID), tagmsidedinniely 28 Juusn lulianuuana1eanusering
ﬂ’cjuﬁ”lﬁ’uax"laj'lﬁm (M9 199 5) Ty spontaneous intestinal perforation (SIP) (8% intracranial hemorrhage
] glj J 1w o [ U d‘ Yo n Yo A
(ICH) thW‘]JGluVN 2 nqu ﬂ'liJ‘ﬁfJﬂWl!‘lJEN%11431!’31!1!?]1!13\1Wﬂ?ﬂ1ﬁ1ﬂﬂﬁ]hﬂ1ﬂﬁﬂ81lla$llﬂJulﬂi‘UfJ'l o 61

(52) uaz 62 (56) MW ANA1A (p value 0.89)

a v v, . o A
A1919N 5 m’;mnniﬂ@]famjmmih indomethacin Glum5‘ﬂﬂQﬂ‘t&ﬂﬂx!ﬂﬁ)ﬂﬂﬁﬂﬂﬂﬁﬁﬂﬂﬁ

Yoya ngui laldsy nguilasy p value
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Abstract

Background: Persistent pulmonary hypertension (PPHN) significantly contributes to morbidity and mortality
in the newborn. There is evidence of surfactant deficiency in severe lung diseases that lead to PPHN.
Surfactant therapy would decrease the risk of death in neonates with lung parenchymal disease-induced
persistent pulmonary hypertension of the newborn.

Objective: To evaluate the treatment outcomes of surfactant therapy in neonates with lung parenchymal
disease-induced persistent pulmonary hypertension of the newborn and to determine its association with the
mortality

Method: A retrospective study was conducted in neonates born = 34 weeks gestation with lung parenchymal
disease-induced moderate to severe persistent pulmonary hypertension of the newborn (oxygenation index >
15) between 1 October 2018 and 30 April 2025. Infants were categorized into surfactant and control groups.
The primary outcome was the mortality rate. Chi-square tests and three binary logistic regression models were
used.

Result: There were 84 infants in each group. Mortality rate was lower in the surfactant group than in the
control group (26.2% vs. 53.6%, p value <0.001). In crude analysis, surfactant therapy was associated with
reduced odds of death (OR = 0.31, 95% CI 0.16-0.59, p value < 0.001). After adjustment for gestational age,
initial oxygenation index, age at diagnosis, and outborn status, surfactant remained independently associated
with lower mortality rate (adjusted OR = 0.21, 95% CI 0.10-0.45, p value <0.001). The association persisted
after additional adjustment for primary diagnosis (adjusted OR = 0.23, 95% CI 0.10-0.50, p value <0.001).
Conclusion: Neonate with moderate to severe PPHN, exogenous surfactant therapy was significantly
associated with lower mortality. Prospective studies with standardized treatment protocols are warranted.

Keywords: Persistent pulmonary hypertension of the newborn, PPHN, Surfactant
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[ v o w [ [ d Aaa [ { [ aa [ 1
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ad =
ABMSAN
I = aAav Aa 9 [ o =~ Y 1 a
AunsfnyItemanssuudounds Tagiinisnuniunyssdisudirengunisnusninaeiy
4 1 1T W [ 4 %’ Iy a 1 [ 1 Y] a
ATTAVINNINHIBNINY 34 FUa ¥ taziminusAna ¥1ANI1 2000 ATN NTVVI M5 I Tsaneia
a a 4 g’; 1w {
assnansUszasd aaua U 1 aa1Ay W.A.2561 D9 30 BIEU WH.2568
a 1 1 % U 27} % a
NAURNTAALT ABNITAUTNIRADIYATIANINAIHT DAY 34 dUla uaziiminusiia
1 [ o d' Yo aa [ = [ =\ [
WINNI1 2000 N5V 91g 0-72 F2 1w N 1AsUMsIHIRENTNNZANUAUnAsARoAuasleagITzAULIY
NA19DITUITI (moderate to severe PPHN) 91091015NNAAHN 1aZ/M39910015A52912 19d101AT 09
Az NoUITIAINDGI (echocardiogram) 1Al 1MANININA1IZ RDS, MAS %30 CP 11aziiA1 oxygenation
index (OI) MIAANHIOWIAY 15
4 [ A A A =~ 1 4 Aa a 1o A a
nuKNIIAALeN AemInusnnannszibeu luauysamsnitanuNmsuas uiariagusg
= 9 d’ Y] 1 o a . . . . a a
squden e ldiaounzieauuaniiia (congenital diaphragmatic hernia) 0132 1A5 Ty Tw a1l nd
(chromosome abnormalities) N3 AnuAMz lanmsuanulia (congenital heart defect)
° @ [ o [ a 4 .. . . 4 .
TUMIMUIBVUIAAIREEINTUMTIATIZHAY logistic regressmn15 Glclsf}qmi n >= 100+50i 1 i
Ao Sruaudnsdaselu final model unuarlugas Tae 1= 1 (Auilsvan Ao M3 185D TaAUITIRIA),
N >= 100+50(1) =, N >= 150 Lﬁaﬂmmuﬂiﬂ%gaqﬂujmﬂ (compensate for missing data) 1%@@]5 Nadj =
n/(1-C) tiio C Ao dadiuvpstoyannIAI19egy 1o = 02 unua1lugas Nadj = 150/(1-0.2), Nadj =
Y v
187.5 A9 U YUIARID619NARDINTAE 188 510 HIONGNAT 94 510
3 v Yy 1w = o o ] Y 9 '
manudeya laun Jeyamednuledeniadaiunisal Taun 01gu15a1 A1ZUNTNFoUTZHI

¥ J Yo = I J ant wa ¥ a o a dy
ANATIN ﬂTiul@iUﬂWﬁL@ﬂiﬂﬂ@ﬂGUﬂﬁ@ﬂ BIYNTINVUSANDA ITNIINADA ﬂiz’mmmu ﬂi$3§]ﬂ1§§l@lf’]§@

]
[

S ° wa ¥ dy 9 >~ o @ Y Y ¥ @ a
GI,HUWﬂ‘iW ﬂizmmﬂﬁﬂumm Lm$GU’E]3J“ﬁLﬂEJ’Jﬂ1Jﬂi]ﬁ]fJ‘VH\?ﬂTLJ“VITiﬂ IJl@]l,l,ﬂ UIHNUNUITNNA INH AU
APGAR M32UININAN (primary diagnosis) M3 195V surfactant mqﬁulg]} FUN3IUINY moderate to severe
[ Aana [ ~ Yo 9 A 1 [ = 9
PPHN A1 OI L13NIUIRNY Eﬂ‘i/li“b"iﬂ‘ﬂ'lﬂ?’)g PPHN ﬂ?ii‘]ﬂﬂi@\?%”)ﬂﬂﬁflﬁ] mmmiuma@ NNICUNITINEDU
s2oz1na 1N lane¥28W1019 (duration of mechanical ventilation) 528211819 15U OAHIIY (duration of
o @ v J [
oxygen therapy) 528z lumsihsumssap luTsanerwna taznadwsnnmssnu
a v ¢
HETNANN
14 aa [ [ a 4 g’z 1 a . . a
mmmmiauimﬂmazﬂa@aﬂmumm%mgmmmﬂﬂ (congenital pneumonia; CP) W31581910
@ . k4 Y ' . . ..
Jadodoaniesdruuisar laun prolonged rupture of membrane, chorioamnionitis 21M15uaaIN19lon

Y
i’]”lﬂﬁllf’fﬂﬂﬂl’f)ﬂﬂ”li]z@]m%ﬂiu@@ﬂ NN5IANT 0N LLﬂ%Naﬂ”li@]iiﬁ]imﬂﬁ}ﬂﬂﬂ;]'ﬂﬁﬂﬁ
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Duration of mechanical ventilation %1189 3111 U ldneseveladeiunoeana'la
. = o [ d‘ [ 1 =R o dl a 9
Duration of oxygen therapy H11894 311U U ldneremelaaudaiunosasendiaula
Ventilator-free days ¥131894 311U uNTunTunlanesleonielaaudaiui 28 vinnisn
a2 AaAa A (B ] a [ ] 3 [
@esIavse laneyievialony 28 3 azdiuiilu o M
[y a v d
mulsuazienupmaans
% a v A Yo [~ 1 Yo J Y4
aualsdasznannons a5y surfactant Taeutuilungu1@Ty surfactant HAZNGUAIVAN WAANT
o A = ) @ dy A 9 [ 9 1 d Aaa [ ~ Yo
wanAemMsdeTia Awlsiugiunldnuguiletoniu 1dun e1gasss a1 o1 usnlilane 019N 1ATUNS
2190y @0 1UNAA (inborn/outborn) LALNTININIHAN
aa Y d
asanlFlumsinazvideya
Aaa a 9 Aa I A 9 9 a 2 3|
adarans s Tagvayaragumniisanulunnuduazissay Joyadallsuasieanily
AundsuazANlouUUNIATTIY H30ANITEFIUIAZAIMIGA AIFITA AWNITUINLIIVBITOYA
aa A a a 4 Aaa
anaFeyNIu TasdoyalinunInini 12y laeldada Chi-square test 15 Fisher exact test
a a a 4 Aan o v v o W
doyaFaSumIn 1z Iao 150 Student t-test 30 Mann-Whitney U test f11UaszaUtod 1A N1
anan p value < 0.05
a L4 v A o o Jdao a Aa 9 . .. . A @ v Jd @
AATIZHTIVBNTUNUTAUMTTIFINA Y binary logistic regression oAl sHadwinan
I Y] a A aa A AAa o Y aa A Aa o a
Wuaulsninia Ae seatiauazi@e®ia lagmyualinssonsia = 0 LazMside®Ia = 1 aulsoase
o [ I [} 4 )
HanAen 3 1Ay surfactant HaE51891UMAITU odds ratio (OR), adjusted odds ratio (aOR), ¥39A1MF 0L
95% 1Az A1 p value MaAadenaLlsdg Tumanonsanananudgyniadin daunarvesdlsi
a 1 [ o [ o Aauv a [ a 4
MANBUNAGNT HAaZHaNNIIAIUANTITENIUAINLUINIINITIIBNUNUITVFITUNA N15UATIEH
[~ [ I~ [
logistic regression U U 3 Tutaa 141A Model 1 114 crude model 1/52noUA28N5 A5 surfactant L84

@ I @ @ i J J aa o
A151Re2 Model 2 1111 main adjusted model TagdFuifadeniunugiu laun o1gassa a1 Ol usnItane

v
v [

aan a I 2 aa o (%
UNITIUIRNY UASTTDIUNING LInE Model 3 111 sensitivity model Tﬂ&lmummmawaﬂﬁflﬂiu

919N 135
9

[ ' o w { a v o | v J ' .
Tuaa el la'ldiidndsamantendenisinyvselunadanises iy n1sly HFOV/iNO

De

ﬂ?fl&t‘ﬂiﬂ“}g{'ﬂu 5383L?ﬁ?ﬂ]ii%Lﬂ%@ﬂ“ﬁ’JﬂﬂTﬂjﬁl szﬂznmmﬂﬁ’aaﬂ@mu uazizﬂznam@uiﬂwmma
9 v A = A v W a o I A . a
Lm11u1ﬂlﬂﬁﬁﬁﬂ evan@eansUsuausinuanusntuvse overadjustment Usziliunnumue gy
v04TUIAAA28 Omnibus test of model coefficients, f11 Nagelkerke R?, classification accuracy 81 Hosmer—
S o o v a

Lemeshow goodness-of-fit test 1871931 Hosmer—Lemeshow test 71 117 ifod1anyneanauaasinlumail

Y v 9 o A [ Y
ﬂ?TNﬁﬂﬂﬂa@QﬂUmﬂNvaiu5$ﬂﬂﬂEJf’Jll'ﬁJllﬂ

]
o A
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YONITAUINMIDILTIIN
Aa o 1 [} a Aa o 4 a a J
NUIVIRIUNITTUIOINNAULNITUNTIIOTITUMIINY TUUYBE Tsanennadssnanslszaen

sva 1AgInN1s 036/68 R

HaMIANE
d' Yo aan [ [ = [y =
1/]Tiﬂ‘VIUlﬂ31Jﬂ1’i?lu%ﬂEJfﬂ”JZﬂTlmﬂuﬁaﬂﬂLaﬂﬂ!mQﬂ@ﬂ@ﬂizﬂUﬂWHﬂaNﬂﬁuuN (moderate to
l-ﬂ'd 4 1 A 1T o [ o’;:; 9J Yo (% g’/ 1w d‘
severe PPHN) NUD1gATINUINNNUIDININD 34 dansd At unaad 1dsumssamaauaTui 1 ADAN WA,
° gj Qy ] I 1 1 [ o
2561 D9 30 INB1OU W.A.2568 T IUIUNITY 168 510 Lmuﬂuﬂquﬁ“lﬁ'iu surfactant 91UIU 84 318
VoA " Yo o A 1 AN Yo
(surfactant group) uazﬂquﬂu”lmu surfactant 31UIU 84 318 (control group) (AT NN 1) wmmqw”lmu
S 1 A 4 @ o Y 1 oA ") Yo o J 1 =
surfactant UAUNABYDIDIYATIAN (37.3 + 1.6 A1lA11) uaﬂmmquﬂu‘lmu (38.1 + 1.5 d1la1n) ogall

v o w a A o v

a an [ ¥ 9 gj,z 1 1 [% 1 ) an
wgmIAYNNana uazmi’mimfﬂimﬁmmu‘VNfdmﬂquﬁmmummmuemmuﬂmﬂmummm Taglu
1oAY Yo A 9 A 9 Y
ﬂqmﬂmu surfactant WLN1IZ CP UINNYA (3080¢ 61.9) 7930301AD MAS (398a% 22.6) Llag RDS (390¢

o d‘ 1 d' 1 Yo ] = [l 9
2z 15.5) aua1ay Glummzmﬂqam”lmllmu surfactant 1UWVN1IE RDS taldadi11ue9n17E CP (508as
1 1 d‘ % o U %’ "4 = d‘
72.6) ez MAS (3o8az 27.4) qqmmquﬂﬁm surfactant @1V T UL IHUNUINNA WA AZHUUYU APGAR N 1
A ax [ [ [ 4 g’/ 4
1Az 5 1 I5MIAava M3 1AsUaIRD1n 159N 01gV0INIIAN AIZUNINFOUVDZAIATIA VD
[ Y
11391 M3 1251 dexamethasone NOUAADA 81T 1ATUN15IUING LAZAT Ol 1INININY TULANAINAUN
1 1 ~ { @ o I a o
aaIngu mmaﬂmqﬁ”lﬁ’iu surfactant A0 31.2 %3 109 1T uwila poractant alfa 91UIU 46 318 LLAL beractant

° a g o w A a o
ATUIU 38 318 ﬂﬂlﬂu%}’ﬂﬂﬂg 54.8 1D 45.2 AUAIAY YUIRYIVDI poractant alfa ﬁf’) 100-200 UAANTUAD

¥ v v @ A @ A a o 1 ¥ v v I a [
Winidnantlunlansy Lazuu1AYe9 beractant ﬁf’) 100 Faansuaeivinauunlansu

¥

M5197 1 FoyaiugILUBINITAMATMTAUTNIN
Variable Surfactant group Control group p value
[ Y [ Y
U (Fo8AZ) U (Fo8A)
n =84 n =84
4 o o
91gAT37 (mean + SD) (d1/A11) 373+ 1.6 38.1+1.5 <0.001
UINUALTNNA (mean + SD) (NSN) | 2954 + 467 2991 + 432 0.591
IWABY 60 (71.4) 55 (65.5) 0.406
AZUUY APGAR N191¢ 1 U9 median | 9 (1-9) 9 (1-10) 0.332
(range)

I Y =*X a A Aa
Wﬁﬂ"l'iiﬂ‘]&lWﬂ'JElﬁWiﬁﬂLL’i\‘lﬁ\'iW’ﬂu‘l/niﬂL!iﬂLﬂﬂVlllIiﬂV]N‘]J’t‘)ﬂ"l 149



Variable Surfactant group Control group p value
N Gewaz) N Gewaz)
n=384 n =84

AU APGAR ‘ﬁ@Tq 5 U7 median | 10 (1-10) 10 (4-10) 0.362
(range)
Hidanana 60 (71.4) 57 (67.9) 0.615
Appropriate for gestational age 72 (85.7) 72 (85.7) 0.470
Outborn 48 (57.1) 44 (52.4) 0.535
©19U99115A1 (mean + SD) (1) 289+6.4 284+64 0.794
la5unmpssesanounaa 14 (16.7) 7(8.3) 0.10
Prolonged rupture of membrane 13 (15%) 13 (15%) 1.000
Chorioamnionitis 1 (1%) 0 (0%) 1.000
Diabetes Mellitus 10(11.9) 8(9.5) 0.618
Hypertension 6(7.1) 9(10.7) 0.417
Primary diagnosis n (%) n (%) 0.001

- Respiratory distress 13 (15.5) 0 (0)

syndrome
- Congenital pneumonia 52(61.9) 61 (72.6)
- Meconium aspiration 19 (22.6) 23 (27.4)
syndrome

0197 185N 1537958 moderate to | 30.6 +20.6 29.8+18.3 0.976
severe PPHN* (mean + SD) (hour)
Oxygenation index (OI) 45NININY | 26.6 + 9.6 26.1 +13.7 0.052

(mean £ SD)

*PPHN: persistent pulmonary hypertension of the newborn

(3

150 WA

o))
2"
2

1

£
2

NsAsNMIINYINEAT 119 65 MTUT 3 nIAYIAY —AULIOU 2569




MITABIMINLIAAANNNIIE moderate to severe PPHN (1137199 2) WU9AT1IN31 @830 Tungu
185V surfactant A1nnquAtLANesNlvednynada ($ovay 26.2 Heuny fesasz 53.6, p value
<0.001) M310vi18laa0195 0958410 9 AAUD G (high frequency oscillatory ventilation; HFOV)
wuwnn (Seeag 89.3 1Az 30882 72.6, p value 0.006) taziisuiuinllasanioerionioly (ventilator-

1 1 d' 1 9 1 A o ) (% aa I~ d‘ 1 1Y
free days; VFDs) 4100 1ngui 1 1ded1eliiod1ann19ada (p value < 0.001) Tasliauadominy 11.1

v o w g’; U 2 a

Hag 5.6 71U UL ‘I/lﬁﬂ‘l/lﬂﬁ@ﬂﬂ@llllﬁlm pulmonary vasodilator, inotropic drug (a2 M luasn (inhaled
.. . . ] J Y 1 A Aq Y A 1 AY Yo
nitric oxide; iNO) liiana iy AundeszeznaInlansessioniels szozna1 a5y oxygen Hazns

uouTsaneuna liuanaianu

Y [ v J aa a
ﬂ151\3ﬁ 2 MITNHUWASHAANTNINAAUNUDINITNUININA

Variable Surfactant group Control group p value
v Gowaz) v Gowaz)
n =84 n=84
M3LTBIN 22(26.2) 45 (53.6) <0.001
HFOV* use 75 (89.3) 61 (72.6) 0.006
iNOT use 55 (65.5) 56 (66.7) 0.871
Inotropic drug(s) 0.052
1 drug 2(2.4) 1(1.2)
2 drugs 14 (16.7) 11 (13.1)
3 drugs 34 (41.7) 31 (36.9)
>3 drugs 30 (35.7) 41 (48.8)
Pulmonary vasodilator drug(s) 0.991
1 drug 10(11.9) 11(13.1)
2 drugs 17 (20.2) 29 (34.5)
3 drugs 31 (36.9) 19 (22.6)
> 3 drugs 21 (25) 25(29.8)
szoznaildnedaeniely 12.1+7.6 13.2+11.8 0.757
(mean + SD) (31)
S iudaeainsestae 11.1+£9.1 56+7.5 <0.001

I Y =® a A Aa
Wﬁﬂ"l'iiﬂ‘]&lWﬂ'JElﬁWiﬁﬂLL’i\‘lﬁ\'iW’ﬂu‘l/niﬂL!iﬂLﬂﬂVlllIiﬂV]N‘]J’t‘)ﬂ"l 151



TuT59me111a (mean + SD)

(W)

Variable Surfactant group Control group p value
o Y o Y
UIU (5081a%) UIU (5081a%)
n =84 n=84
11819 (mean + SD) (31)
syeza 1dsueengioy 183+11.5 18.5+15.8 0.371
(mean + SD) (31)
seaza lumsdnsumssny | 21.1 £ 13.1 213+182 0.441

*HFOV: high frequency oscillation ventilation; 7iNO: inhaled nitric oxide

ANZUNINFOUVDINITNUTNNANTINIZ moderate to severe PPHN (215197 3) wua1ngui 1asy

A v a o A . 9 1 1
surfactant ¥OAI1MIsINAN1IZaN Y udon (pneumothorax ¥ 3® pulmonary air leak syndrome) H98n1NQU
nlii'ldegiivednyniada ($ooay 35.7 uaz 72.6, p value <0.001) 1ALBATINTIAA late-onset neonatal
sepsis (LONS) tfooni10619iiiod 1A yn19ad
associated pneumonia (VAP) %6a51m151nau1nni lunquin 1850 surfactant g 1aiiiedingneada oo

Az 15.5 AZ 6, p value 0.046) AITUNTAFOUDY 9] JALA pulmonary hemorrhage l3itanAA1aNY

a

15190 3 ﬂ??gllﬂiﬂ“]?}@uﬂ”liﬂlliﬂlﬁﬂ

A (%’@ﬂaz 7.1 g 27.4, p value 0.001) a7UN1Y ventilator-

Variable Surfactant group Control group p value
o Vv o F4
I (38aY) I (38aY)
n =84 n=84
Pneumothorax/pulmonary air leak | 30 (35.7) 61 (72.6) <0.001
syndrome
Pulmonary hemorrhage 32 (38.1) 28 (33.3) 0.520
Ventilator-associate pneumonia 13 (15.5) 5(6) 0.046
Late-onset neonatal sepsis 6(7.1) 23 (27.4) 0.001
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a 4 { o
WAaN153IA51LH binary logistic regression HaAA11A1519% 4 11 Model 1 15145V surfactant

0 o

duiusiulommdeFinnanasedaliod1An (OR = 0.31, 95% CI0.16-0.59, p value <0.001) #a31Fu

g aa o { [ aa o 1 [ @
219A559 A1 Ol 15NIHING 01N 1ATUN15IHING 1A outborn U Model 2 WLUIINT IAT surfactant G399

€

wiussuTomaFerInnanad (aOR = 0.21, 95% CI 0.10-0.45, p value < 0.001) TAgA1 OI U3NIHITEN

o J =

Y 1
uduwusnuTomavesnsidediangeiu uaze1gn lasun1s i

Y
[ Y

A X Jd o
YNUINVUTUNUSD UI@ﬂTﬁ‘U'@\‘]

v

e

N

e Sle

[ 9

D]
Aerganaiifod Aty (aOR = 0.23,

MIAeFIANA1A9 BN INIRNeNAN 11 Model 3 NAUDIAITAALLTA

a L]

{ aa o [ "o o do v o w
95% CI 0.10-0.50, p value <0.001) ¥z Ainsatanewan laosu biduusnumadedinedeliednn
2 A o ] A 3 ~ 3 9
TuTuaadl N151W diagnosis 1117 Nagelkerke R? 10910 0.245 131 0.261 tWoa1an1ios 1ag block chi-

o w

square U9 diagnosis laifivied 1A% (p value 0.304)

Y a 4 4 a v o Jdo a
A15199 4 HANTUATIZH binary logistic regression IOUTLTUANUTUNUTAUMSITETIA

Model 1 Crude OR | Model 2 Adjusted OR | Model 3 Adjusted OR
Variable
(95% CI) (95% CI) (95% CI)
Yo 0.31 (0.16-0.59) 0.21 (0.10-0.45) 0.23 (0.10-0.50)
185y surfactant: yes Vs no
L 0.82 (0.65-1.03) 0.84 (0.66-1.08)
91gAT39, Ao 1 d1lan -
Oxygenation index (431 1.06 (1.02-1.10) 1.06 (1.02-1.10)
Mne, a0 1 HUY
g IasumsAiiode, Ao 0.98 (0.96-0.99) 0.97 (0.95-0.99)
1 927139
1.26 (0.62-2.54) 1.18 (0.56-2.45)
Outborn: yes vs no -
Primary diagnosis overall - - -
Respiratory distress 1.05 (0.19-5.97)
syndrome vs meconium
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Model 1 Crude OR | Model 2 Adjusted OR | Model 3 Adjusted OR
Variable

(95% CI) (95% CI) (95% CI)

aspiration syndrome

Congenital pneumonia vs

1.86 (0.77-4.48)
meconium aspiration - -

syndrome

1 a Yo I} [ ] Yo d’ Y U =
NUILHA: 51839711 AT OR Tunanig “hlﬂ'i‘ll surfactant WIEJ‘]Jf‘I‘]JlllJUlﬂS‘]J” MelHe1191 OR < 1 MDY

a @ g aa o { o aa o
TomavueIN5I@eBINAAa3; Model 2 U5U019ATTA, Ol 1INININY, mqﬁ”lﬁ'iummmm 118 outborn;

Model 3 UM IUINHAD

MM319N 5 agianumnzauueeTuaa logistic regression

o Nagelkerke Overall
Taaa gamlslulaaa  [Model X2| df | pvalue | -2LL
R? correct
Model 1 1451 surfactant 13.342 1 <0.001 | 212.626 0.103 63.7%
1#5 surfactant + 91g
A33A + Oxygenation
Model 2 | index 113N IUINY + 01y | 33.589 5 <0.001 192.380 0.245 67.3%
nlasumsitane +
outborn
Model 2 + primary
Model 3 35.969 7 <0.001 190.000 0.261 69.6%
diagnosis

HUNYLY6: Hosmer-Lemeshow test U934 Model 2 p value 0.684 L1ag Model 3 p value 0.885 uaasnluiaa

doandesnudoyaluszauNeoninla; Model 1 1 df =0 991372514 Hosmer-Lemeshow test Tun15@n1u

ANMHNE AUV TNAa
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a =2
andsamamsany

Y [
AM3AnEIHNU I TUNITANTN1IE moderate to severe PPHN 910 RDS, CP 150 MAS 113 1451

v Jdou o (% [ o [

o a o 1 1 { ] ] v o w J 1 @ v o
surfactant AUWUTUSATINIFoTIadnngui i lded1tiiodry naansaenandndisdingmras

g

- Y 4 g}/ 1

arunufadenugiu 1aun 01gATIa ANFULTIUBIN1IZNTDI0ONFINUALALTNINING D1y 1as NS

Q

aa o A a Y ' Y IS J o 1
AUIRYLUAZADIUNINA !Lﬂﬂ\ﬂﬂl‘ﬂu’ﬂﬂ'ﬁi‘ﬂ surfactant ’E]T"l]L‘JJ‘Ll’ENﬂ‘]J53ﬂ’E]‘]JﬁWﬂ@m@QﬂTi@Llﬂ%Tiﬂﬂquu

1 Y
TuvSunniinerFaniniiiooasIuAa16 (lung parenchymal disease-induced persistent pulmonary

13,16-19

. { & v 9 ! a o q ¥
hypertension of the newborn)™'* *na‘lninilu'la)1dde n1514 surfactant Freaansedsmi Tugean i ldge

=4 )

@ = (4] SR A 2 Y a A déj 20 @ 1 A
auveyn mmamﬂaﬂummcluqmmmmu THGlWﬂ'l@’E]ﬂclfﬁ]uclum@ﬂﬂﬂJu EJQ‘]f'JEJLWiJﬂ'J']SJﬁ'IiJ']ﬁﬂGlu

A . A o X v Y A
ﬂ’lif]ﬂmﬂ’lﬂﬂl@ﬁﬂ@ﬂ (comphance) L?J'E]ﬂ'ﬁ]ﬂﬂ]ﬂ’]ﬂ@]')ﬂﬂ]u ?NNaglwﬂ’gmﬂuwaﬁlmaﬁ)ﬂﬂaﬂaﬂamazmi

Y
= 2123

1 [ 1 ] . A A YA a a Liy
ABUAUDIADNITIAVITIN 19U INO HSee1veevasadoatoaldiilszansomuinyu™™ nalnil
v Y k2
doandoInuLUIAANITAUA PPHN Ndpaudninuialnavesrasainonloataz ne1sanmuediio
Yoa'lindounu lundlglstuazewdn unziirIn surfactant sauiumssienielvedraumnzanlunng
) Y
PPHN ity liiaeendauludonfyn®>
= d’ 1 A o 3 1 1 d’ Yo = o (% Aaa
panmsaneInnuNTnzani ludeadininlunguinla5y surfactant HanwdrAgyniendtin
o v @ v Jo 9 [ ] 9
mzazans luleaindunusiums lsuseaugalumssierglatazanugunssvedlsatloa msn
o v = A vad = ' v v A A °
surfactant ¥ 1% Uealinnuansalumsgaves ldaun Jeaanisrenmelaqrenseauigeoumnulal
] I~ 4 1 _ 1 1 H @ 1
Ifreaamsmaiuuesdoannasesrieniols’ ™ nagwuingui 145y surfactant Tnssrenieladae
HFOV 1nn uaglisauiuilasaniosiienioly (ventilator-free days, VFDs) unnangui 1ild
= gw 1 . ° 1 ' Yo ={ a & 9 Y
MSANEIUGIND I late-onset sepsis @111 TUngN IATUAITAALTIAIAT Fe0 1Az RO UNANIIDDY
a { ~ Aa A (] < 1 dy
nnMIsaanNu ULsIvedlsneatazmsquainganiidsz@ansam edrelsaau angunsndoumraiil
a3 v A a o o = ' a v d ] 9 ) o
Wuwadwinmanenainsine 39 liasannuinilunalaeasannmsId surfactant 1Inoyadounas
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Prophylactic iron supplementation for the prevention of iron deficiency and anemia in infants born at
34 weeks of gestation or later at 4-6 months of age: A prospective cohort study
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Abstract

Background: Iron deficiency anemia (IDA) typically manifests in infants after six months of age, particularly
among those exclusively breastfed, as endogenous iron stores begin to deplete from the fourth month of age. If
left unaddressed by the six-month screening, IDA can lead to long-term developmental repercussions. Early
prophylactic intervention is therefore critical for prevention.

Objective: To study the prevalence of IDA (hemoglobin and serum ferritin) at six months between infants
receiving prophylactic iron supplementation from 4—6 months and those who did not.

Methodology: A prospective cohort study was conducted involving 185 healthy infants (gestational age> 34
weeks) attending the Well-Baby Clinic at Lampang Hospital. Participants were divided into two groups: group
1 (n=81) received daily prophylactic iron 1 mg/kg/dose everyday supplementation from age 4 to 6 months,
while group 2 (n=104) received no supplementation. Nutritional status, weight, and hematological parameters
including Complete Blood Count (CBC), serum ferritin, and reticulocyte count (RC) were evaluated for both
groups, and the prevalence of anemia at the six-month of age was determined.

Results: The overall incidence of IDA (hemoglobin <11 g/dL) among the participants was 30.2% (56/185).
The prevalence of supplemented group was lower than in the non-supplemented group (24.7% vs 34.6%),
although the adjusted association was not statistically significant (adjusted risk ratio [aRR], 0.79; 95% ClI,
0.49-1.27; p value 0.334). Iron deficiency (serum ferritin <12 ng/mL) occurred in 11.1% of supplemented
infants and 21.2% of non-supplemented infants. After adjustment for birth weight, gestational age, sex, and
exclusive breastfeeding, prophylactic iron was associated with a lower risk of iron deficiency (aRR, 0.50; 95%
CI, 0.25-0.98; adjusted odds ratio, 0.37; 95% CI, 0.14-0.97; p value 0.044). The supplemented group also had

a higher adjusted mean ferritin concentration (mean difference, 18.18 ng/mL; 95% CI, 4.30-32.07; p value

a = A = S A o A [
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0.011) and hematocrit (mean difference, 0.77 percentage points; 95% CI, 0.02-1.53; p value 0.044). Adjusted
differences in hemoglobin and other red-cell indices were not statistically significant.

Conclusion: Prophylactic oral iron supplementation at a dose of 1 mg/kg/day, initiated at 4 months of age in
>34 week and term infants, significantly increase serum ferritin levels without evidence of iron overload.
Supplementary as a preventive strategy against iron deficiency in young infants in Lampang Province,
particularly before receive complementary foods.

Keywords: Iron deficiency anemia, Iron supplement, Serum ferritin
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Automated information extraction from echocardiography reports
for the development of a congenital heart disease database
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Abstract

Background: Congenital Heart Disease (CHD) is common in Thailand. Manual patient registry is time and
labor intensive.

Objective: The aim of this study was to evaluate an automated system for a CHD registry from
echocardiography reports.

Methods: An automated data extraction workflow was developed using N8N as the primary integration
platform. The system processed image-based echocardiography reports, beginning with Optical Character
Recognition (OCR) to convert images to text. Subsequently, an agentic Al, powered by the ChatGPT-4o
model, extracted key clinical information, transforming unstructured text into structured JSON data according
to a specifically designed instruction set. This structured data was then automatically populated into a Google
Sheet, which worked as the patient registry database. Accuracy was evaluated by comparing the system output
against data manually verified by a pediatric cardiologist. Efficiency was assessed by comparing the
consuming time of automated process with manual data entry method.

Results: A total of 301 echocardiography reports were processed. The accuracy of the automated system to
identify the main diagnosis and additional diagnoses were 86.7% and 88.0% respectively. The automated
system significantly reduced the average processing time from 84.0 seconds with manual entry to 12.3
seconds per report (a 71.7-second reduction, p value <0.001). The system had a process failure rate of 0.997%
and a minor extraction issue rate of 9.9%.

Conclusion: The new developed system proves to be an accurate, efficient, and reliable method for CHD
patient registry from existing clinical reports.

Keywords: Congenital heart disease, Health information systems, Data extraction, Optical character

recognition (OCR), Artificial intelligence.
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“You are an expert extraction algorithm. Only extract relevant information from the text. If you do
not know the value of an attribute asked to extract, you may omit the attribute's value. You can use knowledge
about pediatric cardiac disease to help you fill in the appropriate attributes. In main diagnosis use only one
diagnosis without any adjective. you can later fill adjective of main diagnosis in attribute adjective of main
diagnosis. Age in month should correlates with weight. You must format your output as raw JSON without
any backticks or markdown formatting. Do not include json or similar wrappers.”
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“You are an expert extraction algorithm. Only extract relevant information from the text. If you do
not know the value of an attribute asked to extract, you may omit the attribute's value. You can use knowledge
about pediatric cardiac disease to help you fill in the appropriate attributes. In main diagnosis use only one
diagnosis without any adjective. you can later fill adjective of main diagnosis in attribute adjective of main
diagnosis. If present, post procedure related diagnosis should be the main diagnosis. if present, rheumatic
heart disease should be the main diagnosis. So as Kawasaki disease, DORYV, single ventricle and
Dextrocardia. Age in month should correlates with weight. You must format your output as raw JSON without

any backticks or markdown formatting. Do not include json or similar wrappers.”
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1
2 2025-09-10 23:28:09 Udon Thani Hospital | pulmonary atresia repaired TOF with tr: ASD secundum

3 2025-09-10 23:52:24 Udon Thani Hospital closed patent ductus arteriosus

e 2025-09-11 0:21:23 Udon Thani Hospital PHT

5 2025-09-11 0:25:56 Udon Thani Hospital post left coronary artery small ar
L3 2025-09-11 0:26:31 Udon Thani Hospital mild

7 2025-09-11 0:27:09 Udon Thani Hospital mild aortic regurgitation

8 2025-09-11 0:27:29 Udon Thani Hospital severe AR

9 2025-09-11 0:28:11 Udon Thani Hospital small secundum situs inversus

10 2025-09-11 0:28:40 Udon Thani Hospital trivial s/p PDA ligation

1 2025-09-11 0:29:07 Udon Thani Hospital trivial s/p PDA ligation

12 2025-09-11 0:30:10 Udon Thani Hospital mild residual PS

13 2025-09-11 0:30:33 Udon Thani Hospital history of patent ductus arteriosus
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15 2025-09-11 0:31:22 Udon Thani Hospital mild patent ductus arteriosus
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ventricular septal defect

peripheral pulmonary stena
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25 2025-09-11 0:35:31
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Abstract

Background: Local and systemic complications can occur after Bacillus Calmette—Guérin (BCG) vaccination.
Although studies from other countries have reported complications associated with BCG vaccination, studies on
this topic in Thailand remains limited and insufficient.

Objective: To describe the clinical characteristics, management, and outcomes of pediatric patients diagnosed with
complications following BCG vaccination.

Methods: This retrospective descriptive study reviewed the medical records of patients. Pediatric patients
diagnosed with BCG complications and registered in the Tuberculosis clinic, QSNICH, over a 11 -year period from
January 2014, to December 2024, were included.

Results: Between January 1, 2014, and December 31, 2024, 73 patients were diagnosed with BCG complication.
Most cases had local reactions (93.2%), predominantly BCG lymphadenitis (80.9%) and BCG reaction (12.3%).
Systemic complications (6.8%) included BCG osteitis (5.5%) and disseminated BCG infection (1.3%). The mean
duration from vaccination to onset of complication was 4.5 = 4.8 months. In terms of treatment, 33.3% of BCG
reaction patients recovered spontaneously, whereas 55.6% required anti-tuberculosis therapy. In cases of BCG
lymphadenitis, 72.4% received anti-tuberculosis therapy, predominantly isoniazid with rifampicin. Needle
aspiration was the most common intervention (46.6%). All patients with BCG osteitis and disseminated BCG
infection were treated with anti-tuberculosis therapy. All patients completing follow-up achieved full recovery.
Conclusion: Most complications related to BCG vaccination are local reaction. However, in this study, the
proportion of BCG-associated osteitis was higher than that reported in studies from Western countries. Therefore,
this condition should be carefully monitored, particularly in patients presenting with BCG lymphadenitis.

Key word: Bacillus Calmette-Guérin, BCG complications, Children
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Wiinusnma $29111TRARIA 1,905-3,500 N5 1080 2,873.34 nFu aulug Ll Tsnilsedidn (Fevaz

84.9) nauiti landszsida 11 au 1&un anznseueulul glucose-6-phosphate dehydrogenase 3 AU

=2 Y v A AaAaa I o I ] a ag
MIANEINMZUNINFoUVInTUTHD lwan w FOUUFUIWANUWIF AN 1T 197



4 a 2= Y] 1 J 4 1o A 1
Tsarugiuiimis 2 au nznsednsosases luuuaduiia 2 aumauing 2 au Tsnduuay

Idnaoudes 1 au nz Inanfsuzrauaanallnd 1 AU (M15199 1)

v o v A A A U

9 ! = v " Yo A Ao 19 9 A
I IUA WA UINITRAIAT U W‘]J’Nﬁ?luclﬁﬂlullﬂi‘ﬂﬂﬁﬂﬂﬂﬁ’)ul?iaclﬂﬂi@ﬂag 61.7 793031100
v
J 1 v

Y] 1 =1 =\ [ o a I 9 = dy
m”lﬁamwiaﬂaz 34.2 wenvndnuNNYseiadudadn lsatiuau 2 au aaduioeas 2.7 ¥4 2 AUl

21998 BCG lymphadenitis (115197 1)

$ gl.: 1A gl.: " Yo [ A
m‘;nﬁ 2 58ﬂ%&’)ﬁWl\‘ILmlillﬁ@?ﬂTiﬂHNWIi\‘IWEﬂUWﬁ LLﬁg58EJ$L’Jﬁ'IG]\‘ILmVlﬂiﬂ?ﬂ%ﬂ%ﬂlihﬁ@?ﬂﬁ

BCG BCG BCG Disseminated Total
reaction lymphadenitis | osteitis BCG infection (n=173)
n=9) (n=759) (n=4) (n=1)
svaznaiandldsuTnd
duBuiioims 42472 43+4.0 8.4+6.8 4 45+4.8
(Lﬁﬂu, mean + SD)
syaznMRauABNTeIMs
auanlsanenuia 1L1+12 1.8+32 0.7+0.3 1 1.6+2.9
(Lﬁ’ﬂu, mean + SD)

]
nuune: BCG = Bacillus Calmette—Guérin, SD= standard deviation JEezARLa lasUIAT U
[FUT91715 WUIINGN BCG reaction 132821701000 4.2 = 7.2 1ADU NN BCG lymphadenitis 152821701
= A ' I = A 9 . .
MY 4.3 = 4.0 1ABDY NQN BCG osteitis 328110108 8.4 + 6.8 1ADU UA K128 disseminated BCG
=S

. . a A 9 Y A A 4 2 n Yo o A A
infection ¥32¥21I01 4 1ADU TAgSIWAMISUNINFOUVOIINT UL NizfﬁL?ﬁnllﬂaflﬁﬂllﬁnlﬂiﬂﬂﬂgﬁuﬂuﬁu

151901M15 4.5 £ 4.8 1HoU (13191 2)

F) v '
FLILAAWAGTUTDINTIUY 1INV WUINGN BCG reaction V328110 URAY 1.1 £ 1.2
1ADU NN BCG lymphadenitis H3zozaunae 1.8 3.2 190U dIUNqy BCG osteitis N3zoznaunde 0.7
0.3 100U 1Aag disseminated BCG infection U3281781 1 A0 U 1AgTLenaunasniauion1sauul

T5anenuamIfy 1.6 2.9 AU (13199 2)

]
o A

A av a 1 s A v
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M15199 3 91NN AU

nudihe (Geway)

n=73
ﬂ‘l'J%!!‘Vlﬁﬂ‘%i’)H!ﬂW‘lzﬁ 68 (93.2)
BCG lymphadenitis 59 (80.9)
BCG reaction 9 (12.3)
ﬂ‘l'J%!!‘i’l'iﬂ“gﬂH!!W%ﬂig‘i]]ﬂ 5(6.8)
BCG osteitis 4 (5.5)

Disseminated BCG infection 1(1.3)

HU9L9: BCG = Bacillus Calmette—Guérin

1 1 9 v A A I A v A 1 9

ﬁ”)uGLﬁﬂélﬂTJgLH/]3ﬂ“]f’f)usllﬂqaﬂﬁﬁuﬂeﬁ%!ﬂu@']ﬂ'ﬁlﬂw']gﬂ I0YAT 93.2 FUALNINISNYIDYAL 6.8
dmfunnzunsndounnizi wuuInigae BCG lymphadenitis $00az 80.9 50994170 BCG reaction
%}@EJﬁg 12.3 d'JUﬂ']'nglV]ﬁﬂ“]st@usﬁﬁﬂ!LWﬁ'ﬂizﬂ']ﬂ WU BCG osteitis 91UIU 4 AU %j@f]ﬁg 5.5ua%

disseminated BCG infection 31471 1 AY So8ay 1.3 (@ﬂiNﬁ 3)

A15197 4.1 6n¥ae BCG lymphadenitis

nudihe (Gewaz)

n=159

v
v A (3

NaReINUAUNAATATU 57 (96.6)

v A

) Y o Aa
VNAINUVTIUNUNRAIANB U 2(3.4)

MUKUIVDINDNI UKD

$nus 40 (67.8)
mitlo Tnilaidh 10 (16.9)
ﬂ"f) 7(11.9)
B 9

2(3.4)

=2 Y v A AaAaa I o I ] a ag
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udihe (Gowuaz)

n =59

anMaAONII 1D

Non-suppurative 41(69.5)

Suppurative 18 (30.5)
Non-ruptured 11 (61.1)
Ruptured 7(38.9)

U o U o 1 1 %’ 1 L=
é}ﬂﬂﬂ BCG lymphadenitis TUIU 59 AU wuamumuwamaummﬁaﬂ@muiwmmwﬁjw
= [ v Aa v A . 9 ' ¥ A a 9 o Y A a v A
RYINUNUNRAIAN K U (unllateral) 7902 96.6 UUZADUUNUNADIUNAAIIVIUNUATHNRAIA K U
~ 9 ~
(contralateral) WLIWEN 2 AU F08AT 3.4 (M1TNN 4.1)
o ] 1 ¥ A A A A a @ 9 . 9 A a
Gﬂll'ﬂ‘L!\“IGUE]\W]’E]M‘L!H“ViaﬂﬁﬂWUiﬂﬂﬂq@]ﬂ@‘Uil’Jmiﬂui (axlllary) T80 67.8 933U IADUTLIU
A ¥ . ) ~ . ) o A A
mua”lwﬂmm (supraclav1cu1ar) 59802 16.9 UTLIUAD (cervical) 30802 11.9 LATHILUUIDU 12 AU NN
a U 9 . d'
vsnaa lulai (subclavicular) (M1519N 4.1)
] 1 %’ A 1 1 A W I . 9 A
ANHUSUDIADNUINUNAD wmwmuslwq;mﬂymmﬂu non-suppurative 3980% 69.5 YUTN
. ! { . 1
suppurative nufesay 30.5 Gluﬂquﬁ!fﬂu suppurative W11 non-ruptured fovay 61.1 uaz ruptured fouaz

38.9 (A1319N 4.1)

! ' 1 a ..
M3 4.2 YUIA uamwmummenmmﬁewmﬂu BCG lymphadenitis

Non- Non-
Suppurative | Ruptured Total
suppurative ruptured
(n=18) (n=7) (n =159)
(n=41) (n=11)
5!]1!19]51]9\1&0”1:!1!??59\1
2.1+0.7 22+1.1 1.9+0.8 25+1.5 2.12 +£0.67
(6., mean £ SD, min,
1,3 1,3 1,3 1,3 1,3
max)
NUINVDIRDNHUNIDDY
v 1.1 £04, 1 1 1 1.10+0.37
(N®Y, mean + SD, min,
1,3 1,1 1,1 1,1 1,3
max)

U811 ¢ : BCG = Bacillus Calmette—Guérin, min = minimum, max = maximum, ¥ . = 1% U ALUAS , SD=

standard deviation

a ao a ¢ A o A )
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Y H Y
VUIAVBIADU U UHABURDY 2.12 £ 0.67 IFUAWAT ($39 1 -3 IFUANAT) LAZTIUIUABNUUHADY
= ¥ A ' .ooa 1 ¥ A = a
Ay 1.10 £ 0.37 NoU WUKHI8TUNGN non-suppurative UYUIAADUUUNADUNAY 2.1 = 0.7 IFUANAT
o { ) [ ' ' . [ 1

naglisuaumae 1.1+ 0.4 dou dvsudilrelungy suppurative uiiailulungu ruptured lymph node 3
YUIADTY 1.9 £ 0.8 1FUAUAT 11aZ TUNAN non-ruptured lymph node YVUIAIRAY 2.5 + 1.5 15 UALNAT
(M99 4.2)
anyme BCG reaction

Y A Yo aa o . 2 1 o 1 13 A

At 185001531908 BCG reaction N91uA 9 AU WuNanyaze1nsaIu Tl uEl (abscess)
U 8 AU To8ay 88.9 NUANHMLUNA (ulcer) S1UIU 1 AU SoBaz 11.1
ANHAUZEINS HAazNI35NH1 BCG osteitis Tuii)aia 4 Ay

o I A ] ° 1 ° [ ] 1

sog lsananuauuuuameznlae hinusesIsanatedunue dunisvessesIsanunaiu

Tnglegdrudernudumusnaaiagdusuou 3 au Sesaz 75 uazlifios 1 au fosaz 25 Minaludmia
9 v o T A v A

ATINAVAMHUINRAIATY

9 1 g’/ = o d' 9 (% A 9 d' [ 1Y 9 A LY [

Ailen3 4 au Tenisihiiadieny Ao wudeuiimitnsisen snud wieralva Tasszezian
g ) Yo o A = S o 1 v R A A A 4 9 Y J
agua lasuinduauiiorns Jaeaaua 25 Tu 04 16 wou uaziloisulioimsgihednuwounndnielu

[ =< =)

52821701 25 U D9 1 1AoY

[

o P~ 9!3’.1 o 9 2 v v o 1 Aa = Y
ﬂ1§ﬂi$ﬂ1ﬂﬁjﬂlﬂ\‘liﬂﬂiiﬂﬂﬂigﬂﬂWUVlﬂﬂﬂﬁluGlH!WuQ"ll'l\ﬂﬂfl')ﬂﬂﬂﬂ@ﬂlﬁﬂﬂﬂﬂ@ AYY IVYAS 75
° 1 Y o o v A o Ay o ' = Y 1 =
HASATUNUIAITIVTIUNUA UV UINRAIAYU 3080 25 ATUNUINTSANNNY Vlﬂllﬂ ﬂigﬂﬂcﬁiﬂi\i nIzan
az1in NIzQNON HAZNTZYNAUUYY NINAIBTIFNTIGN LAZNTZYNATIVNUTOY]IA osteolytic lesion T
Y aa = 9 Yo 2 dy I .
ATUNITATIINNNINTINN Nﬂﬂ'ﬁﬂ 1Y llﬂiﬂﬂ?i@iﬂi]WULu®ﬂ§$fﬂﬂ Wmﬂu suppurative granulomatous
inflammation
Y Yo [ Y Y v Y . . . ! v . ..
Ailennauldsunmsinuidiseduialsn Tasldgasen isoniazid (H) 590U rifampicin (R)
9
33UNY pyrazinamide (Z2) 37unU ethambutol (E) mnﬁ}aﬂ HR 1 AU 3MNUUVIANITAAATNNITINY ’E;W]iﬂ'l
! 9 ' Y ES a
HRE 1u%ﬂﬂlliﬂ@l"lllﬂﬁﬂ HR 2 AU Uasgasen 1 bluslﬂxul'iﬂ@nllﬂﬂﬂ HRE 1 Y 9INUUVIANITAANTNNT
[ dyd 9 Ay Yo " v Y . .. ) o v [ 1A
'5ﬂ1&|1uﬂﬂ§]"lﬂulllﬂﬂ’clfl 1 ﬂuﬂllﬂﬁﬁﬂTiWWﬁﬂﬂ@uﬂﬂﬂ (wide excision) F1HITUNAANTUDINITINHINUINY

9 I A o =) a @
l%j‘]J’JEJ‘I’ﬂEJL‘}J‘IJ‘]Jﬂ@ﬁ]"Iu’JH 2 AU 90 2 AUVIANITARATUNITINEN

m3fnEINzUINIAFeuvesInFulad luwdn o aantiugunmdnur AL IFil 201



anyoe disseminated BCG infection
= Ao . . . o a Y a o Y oA ) a
TunsanuIul disseminated BCG infection 31UIU 1 AU UNDUUITNIUVIUL N1 UD HUIDN LLAZL

a

HUBNHWE multiple erythematous plaques with scaling Ausnaluvii uds uazvereon laill IRy

Yy o
Ay

v A 2

9 9
UNNITON 5$EJ$L’JaW]levlﬁ}iﬂilﬂ“ﬁui]ulillﬁGWﬂWi 4 Lﬁau L!ﬁ$5$ElgL’JaWNmel’E]"Iﬂ"Iii]ull"liiﬂ‘WEJ"nﬂa 1
=)
U
d‘ [ g}/ 9 =Y [ 1 ?,’ A 1
WU?@EJT??W]@’JEJ’J%TN‘VIM@ 43801 llmm WIMUN NITAN oa Lazaouiiuvany #an15n1eNIN
) i . A TR R Yo Vo A o 2 X
INTININD osteolytic lesion “LIiL’Jmﬂi%JﬂWmW (metatarsal) @,ﬂaﬂ“lmumiwmmwam%mua (incisional
biopsy) FINANINOITINGINVTNY UL caseous granulomatous osteomyelitis YULNNTATID polymerase
. . . . 9)
chain reaction for Mycobacterium tuberculosis Tvinaay
Y Y
d115useelsarIie nan1sATIITUIHEND epithelioid granuloma IUIRNY lupus vulgaris waz'la
3729 polymerase chain reaction for Mycobacterium tuberculosis 1iwaay §ile 1a5unmssnuidieeidiuin

Y
1 @ J ' I a
TsAgas HRZE 2 1oy apaiegas HR 10 iou wamssnumungiheeimsaiu wazmedulnd

d' 9 A a é’ ] ¥
M3 5 528201 NIZUNTNFOUNNAVY LazM TNV U

BCG BCG BCG Disseminated
Total
reaction | lymphadenitis osteitis BCG infection
(n=173)
(n=9) (n =59) (n=4) (n=1)
A a
ITYLIANINA
AMIZUNINHDU 1.7+0.7 27414 73+45 12 2.95+2.22
(Lﬁ’ﬂu, mean = SD)
msnauiludai
“ v 1(1.35) 1(1.35) 0(0) 0(0) 2(2.7)
(o, 599a2)

nueve): BCG = Bacillus Calmette—Guérin, SD= standard deviation

sgeznamRanIzunsndouTasmasodil 2.95 +2.22 iAo BCG reaction iszozna1fa
AZINIAFU 1.7+ 0.7 iRoU Ymil BCG lymphadenitis Hiizuzianiannzuninden 2.7+ 1.4 ifiou
U disseminated BCG infection iflunguiiinszeznaufanzunsndoumnuiiga 12 deu Tudanves
manduifug wudihensuilud 2 au Jesaz 2.7 Taeitlugile BCG reaction 1192 BCG lymphadenitis

2671902 1 AU (A1319N 5)

a ao a ¢ A o A )
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M319h 6 MIaInTIIMeHeslfiams

nuiihe (Gewaz)

n=73

X-ray (n = 45)
Chest X-ray (n = 43)
Normal 39(90.7)
Abnormal 4(9.3)

Film upper arm (n = 12)

Normal 11 (91.7)
Abnormal 1(8.3)
Other (film femur: normal) 1
FadensIonves
Positive Acid-Fast Bacilli strain (n= 25) 20 (80)
Positive tuberculosis culture (n=14) 10 (71.4)
Detected Xpert MTB/RIF (n=13) 11 (84.6)

a - o A
AT IVV HIHOANONUUTIADN

Positive Acid-Fast Bacilli strain (n=10) 9 (90)

Positive tuberculosis culture (n=6) 4 (66.7)
Detected Xpert MTB/RIF (n=9) 8(88.9)
Abnormal pathology (n=6) 5(83.3)

nueLve): BCG = Bacillus Calmette—Guérin, SD= standard deviation

wansrvenmistaulnajing Taedilefininn X-ray n3290n 43 au nurailnd Josas 90.7 uas
wafnllnd Yooaz 9.3 MINTIV Xoray LAUFINUY 12 AU wuRalnd Zevas 91.7 (A1519f 6)

HAM3oNITD LD 11AZATINNITNET TNG1 Tunquasdansiavues WM 3ouie Acid-Fast
Bacilli strain #3291 113030002 80 910 25 §20619 M3Izide S 13AAT10N R0 Z00aL 71.4 910 14
#19819 LaZ WU Xpert MTB/RIF A5IINLIF0 2000 84.6 910 13 F20619 Az FadanTI0T Ui o Ao
vimaes @399 10 §10613 foui¥e Acid-Fast Bacilli strain 0329130 Zosaz 90 Mamzide o l5ns0
Wik Zouaz 66.7 910 6 FA961 A Xpert MTB/RIF a1 Id %oz 8.9 910 9 F19613 UENIINT KA

an Qy tg 1 %’ A a ay d‘
NeFINNTULHIRON U NHaRIN AR NAToAY 83.3 (M1319N 6)
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M1519N 7 MSSNE HAZIZHZIANSNH

BCG BCG BCG Disseminated
Total
reaction lymphadenitis osteitis BCG infection
(n=173)
(n=9) (n=159) (n=4) (n=1)
STZIANTINY
“ 26+19 4.1+2.2 8.5+4.3 12 42+2.8
(19U, mean + SD)
szianmssnm
Conservative 3(33.3) 6 (10.3) 0(0) 0 (0) 9 (12.3)
Needle asp. 0(0) 27 (46.6) 0(0) 1 (100) 28 (38.4)
1&D 2(22.2) 7(12.7) 0 (0) 0 (0) 9(12.3)
Excision 1(11.1) 4(6.9) 1(25) 0 (0) 6 (8.3)
Antibiotic 1(11.1) 17 (29.3) 1(25) 0(0) 19 (26.4)
ATT 5(55.6) 42 (72.4) 4(100) 1 (100) 52(72.2)
ATT regimen (n=52)
H 3 (60)
HR 0(0) 17 (40.5) 0(0) 0(0) 20 (38.5)
HRZE 1 (20) 23 (54.8) 0(0) 0(0) 23 (44.2)
HRE 1 (20) 0 (0) 1(25) 1 (100) 3(5.8)
2 (4.8) 3(75) 0(0) 6 (11.5)
S2EzMMIIY ATT
- 35+£2.0 48+2.0 85+43 12 5.1+£2.6
(119U, mean = SD)

U9 BCG = Bacillus Calmette—-Guérin, SD= standard deviation, Needle asp. = needle aspiration, 1&D =
Incision and drainage, ATT = Anti-tuberculosis therapy, H=Isoniazid, R=Rifampicin, Z= pyrazinamide,

E=Ethambutol

Y 1 H
53flﬁma']ﬂ'ﬁiﬂ‘lel']Gll’f]\iﬁﬂﬂﬂﬂ\iﬁuﬂlﬂaﬂﬂgﬁ 42+2.8 Lﬁ@u nay BCG reaction ﬁ§$ﬂ$!’3a1ﬂ'ﬁ
o A A ' I ~ A =
INHURNAY 2.6 £ 191D U nau BCG lymphadenitis 5811014008 4.1 220U GlusUfl‘!ngl
ﬂ'l’ngW]3ﬂ“§@u!lﬂﬂlw\|3‘ﬂﬁ$ﬂqﬂ ﬂijlil BCG osteitis ﬁﬁﬁﬂglﬂanﬂaﬂ 8.5+43 Lﬁﬂu llagﬂ’dll disseminated

BCG infection (1 A1) 1H1815011 12 1fiou (115199 7)

a ao a ¢ A o A )
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d SN TNEIR081A U8 TSANDIINGY BCG osteitis 110¢ disseminated BCG infection 1931
[ Y Y o A 1 . Yo 9 1] 9 o 1] [
M3snEIReeA I lsannau Tuvaziingy BCG reaction 1asuedminlsn Sevag 55.6 dmsungu
.- Yo Y o Y =
BCG lymphadenitis 1a5uedudalsn Fosag 72.4 (13199 7)
luduvesgaser Wonsnawszinnaesnzunsndon lunquiilae BCG reaction 19gas H
= ¥ ' .. q¥ = Y 19 ..
WNNga So8az 60 TuNgu BCG lymphadenitis 1993 IR ¥1nNga 080z 54.8 Tunqueilie BCG osteitis
19ga5 HRE @uda0 HR 2 AW gase1 H lugiausnaiuaie HRE 1 AY 1azgas HRZE AWa2e HR 1 AU
Tunquiile disseminated BCG infection 19ga5 HRZE A1WA28 HR (2135199 7)
dmsudihen 185 verdmiuTsasuau 52 au szeznains Idsveduiulsamae 5.1 £2.6
Aou TagnquA1IZUNINFOULDVUNINTZ18 1aln BCG osteitis 1A% disseminated BCG infection 1)
) ! ' ) A A A o w =
328201 1FUNNNGUAMITUNTNFDURNIZNAD 8.5 = 4.3 100U 1AL 12 1AW MUAIAY (113199 7)
o [ [ o w 1 L. I o {
dmsumssnIdronsiiaon1s lunqu BCG lymphadenitis N159Asz Uonuauiluiannisi
THnngadosas 46.6 509aNADADNINIATZUIBWUDIS AT 12.7 TUNQY BCG osteitis HF10 1 AU
i1 Y 4
Govaz 25) 1dsumsSnu lasmsrdaiiedasuiiooon wazlungudiae disseminated BCG infection 1)
9 Y Yo o ! @ Y 9w =
Athe 1 au Govaz 100) laviianmsgaszuienuessmnums Iiediulse (5199 7)
WanI3nNK
Y g’; =S Y d’ Yo (% a 9 o AQSI Y] o
nndienavue Bden 1a50nsTnIaTD uazfaaiu lavunsens@uganisinyIsuan 57
Y a o Y o 9y Aa Y 2 o
au (Fooaz 78.1) M1amsaaaud I 16 au (Fevaz 21.9) Tudwudieiaaa i lavuaugamssny

naauoiluilng

a =
afUsemamsanm

v Y ]
Tududeyanaly vnwamsanurinundeyana lvesdihetianyazadiondsnudilelu
12-14 1 o

=2 A g‘/ 1 1 o 1= o w 1 o o
msanyounslutazalszma™ daulngnaeansuivua lulilsnlsedan vag lulidseiaduia

o o 2 A 9 v A AAA P @ a =
’Jmiiﬂ @NuuﬂTﬂﬂﬂﬂTJSLW]5ﬂ"])'i’)usllﬂ\‘]’JﬂgﬁuﬂgﬁﬁlﬁﬂmﬂliﬂWUqﬂiuﬂwiﬂ‘V]fJ]l‘]JcV]q“UﬂTWﬂ

' ]
a IS =

[ g’z = v A === = = 1 d' A
TuudszeznaauaRalns U FIUDUT NN IS NNITANHINUIITSYSIANUIUNG A AD
.. = A Y = \ 15 ! .
BCG osteitis inaguulszuna 8.4 1nou goandosnumsany luaedszma” uana1en BCG reaction,

BCG lymphadenitis 148¢ disseminated BCG infection 132821321128 4 IAdUTAARDINUMIANYIOY "

v
A A = % ~

9 ' v
5383L’Jﬁ”l@]QLL@]Lillfl’f)”lﬂ”lisll’ENﬂ”I’J%LL‘VIiﬂ“lgfl’ﬂusllﬂﬂ?ﬂ%uﬂcﬁﬁlﬁluﬂﬂﬂﬁﬂ‘]ﬂﬁ/]IiQ‘WEJ”I‘]J”IamaEJ‘L!”I‘L!

Y

Uszuna 1.6 1HDU AIUNLI01VNANNAAYULNIIAALNYDI TTALIN

o

nlufiensiduiae uaglun'ld

' Y oA 2 9 9 15,16 = o Y Y ) J1 9
5331ﬂ1Jﬂ15ﬂ“uu15ﬂ"U@QIﬁﬂUﬂ@usaniG]ﬂ']aAIUTU iN@1%‘1/]1114lzj‘lJﬂﬂimmumwmumwmmﬂﬂmm

=2 Y v A AaAaa I o I ] a ag
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AAaAA A

v & A ] ] g
N1Y Llﬂﬁﬂﬁﬁﬂu%'lﬂ?ﬂﬁlfuU%%Lﬂﬂulﬂ‘ﬂﬂlﬂv\ﬂzﬂ BASHUULUNTINTEINY Iﬂt’li@ﬂaz 93.2 11U

12-14,17 &

Y
ﬂ']']%l.Wlﬁﬂclsfl@l!LﬂW1$ﬁ“?\‘]ﬁﬂﬂﬂé@\‘]ﬂﬂﬁWﬂ\ﬂHﬂ?ﬂ‘ﬂ\ﬂu tazaNysemna'® ﬁﬂmuﬂlmmammiﬂ«ffﬂu
1 Ay = 4 @ = Y 12 ! =
HWINITEYDYNITDYAY 6.8 Gﬁﬂﬁ@ﬂﬂa@\iﬂ‘Ui']fJ\‘]'lL!i’Ll‘]JigLﬂﬁllﬂfJVIW‘Uﬁﬂﬂaz 8 meiﬁﬂ‘Hﬂu

'] Y Y
a1l szmasisnudadung1nan> “ n1sAn¥IATIU WY BCG osteitis 1A AAIUADUTIININNIN

124

= = 1 13 = k) [ =
Wieumeumsane luaetseme “Nﬁﬂﬂﬂﬁﬂﬂﬂ“]Jﬂﬁﬁﬂ‘Hﬂll‘]Jﬁ%Wlﬁul‘VlstUfN Rermruay R LlagAte "N

4

= . Vo =R v v Jdw o Jdou A  Aq Y Y} )
llﬂ’J"IllﬁljﬂGU@Q BCG osteitis qmmmmnu %Q@W%ﬁﬂwu‘ﬁﬂﬂﬁ?ﬂwu‘ﬁ?}ﬂ“ﬁu%i"]ﬂﬂﬂﬂigmﬁll'ﬂﬂﬁl"]fﬁ1ﬂwu‘ﬁ

Q E]

a,

1 = 1Y Y o A 2q Y418 = v A Y < ' @
Tokyo-172 1 UIAYINUY 1'lG]'Vf’J‘Ll iyﬂu gaztmiviala "t uagiisienunndsemaraitis 1Mmuna e wu g

Q
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Influenza-associated benign acute childhood myositis: A case series
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Abstracts

Benign acute childhood myositis is an uncommon pediatric complication, frequently associated with
influenza, that often causes significant parental anxiety due to the acute onset of gait abnormalities. This
article presents a case series of three pediatric patients, aged 7-13 years old, treated at the Golden Jubilee
Medical Center between November 2025 and March 2026, all of whom exhibited a similar clinical course
starting with prodromal respiratory symptoms followed by acute bilateral calf pain and difficulty with weight-
bearing. Laboratory investigations confirmed Influenza A (1 case) and Influenza B (2 cases), with significant
elevations in serum creatine phosphokinase (CPK) levels (831, 740, and 3,033 U/L, respectively) and AST,
while neurological examinations remained unremarkable. Following treatment with intravenous fluids and
oseltamivir, all patients achieved clinical recovery within 4 days without severe complications such as acute
kidney injury, highlighting that clinical awareness is essential for rapid differential diagnosis, avoiding
unnecessary investigations, and effectively alleviating parental concerns.
Keywords: Benign acute childhood myositis, Influenza, Children, Creatine Phosphokinase (CPK), Creatine

kinase, Myositis
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- Complete blood count (CBC): Hb 11.8 g/dL (11.5-14.5 g/dL), HCT 35.5% (33-43%), WBC 3,680/uL
(4,000-15,500/uL) (N 15, L 70), platelet 163,000/uL (150,000-450,000/uL)
- BUN 12 mg/dL (2-20 mg/dL), Cr 0.37 mg/dL (0.3-0.7 mg/dL), AST 55 U/L (15-50 U/L), ALT 13
U/L (5-55 U/L), CPK 831 U/L (5-200 U/L)
- Urinalysis: urine specific gravity 1.008, WBC 0-1/HPF, RBC 0-1/HPF
- Nasopharyngeal swab for Influenza virus antigen (rapid test) WULO Influenza A
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CPK (U/L) 831 1,056 1,159 843 391 152
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profile antibodies: anti-Mi-2, anti-ku, anti-PM-Scl, anti-Jo, anti-PL, anti-SRP, anti-EJ, anti-OJ, anti-TIF1
Gamma, anti-MDAS5, anti-NXP2, anti-cN-1A, antiHMGCR, anti-SAE1, anti-Ro-52 ) (W IAN 11D A VA UITD
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- Complete blood count (CBC): Hb 14 g/dL (12-15 g/dL), HCT 42.7% (35-45%), WBC 8,720/uL
(4,000-13,500/uL) (N 74, L 23.6), platelet 195,000/uL (150,000-450,000/pL)
- BUN 6 mg/dL (2-20 mg/dL), Cr 0.57 mg/dL (0.5-1 mg/dL), AST 45 U/L (10-40 U/L), ALT 14 U/L
(5-55 U/L), CPK 740 U/L (5-200 U/L)
- Urinalysis: urine specific gravity 1.007, WBC 0-1/HPF, RBC 0-1/HPF, blood negative
- Nasopharyngeal swab for Influenza virus antigen (rapid test) WU Influenza B
- Chest X-rays: Patchy opacity at left upper lung
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- Complete blood count (CBC): Hb 13.4 g/dL (12.5-16.1 g/dL), HCT 41.5% (36-47%), WBC 2,790/uL
(4,000-13,500) (N 41, L 50), platelet 159,000/uL (150,000-450,000)
- BUN 21 mg/dL (2-20 mg/dL), Cr 0.79 mg/dL (0.5-1 mg/dL), AST 116 U/L (10-40 U/L), ALT 31
U/L (5-55 U/L), CPK 3,033 U/L (5-200 U/L)
- UA: urine specific gravity 1.027, WBC 0-1/HPF, RBC 0-1/HPF, blood negative
- Nasopharyngeal swab for Influenza virus antigen (rapid test) ‘W‘]JL%@ Influenza B
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