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Editorial

Pediatric Respiratory Issues in Asia: A Mélange

The current issue of Pediatric Respirology and Critical 
Care Medicine features three compelling articles, each 
representing a distinct aspect of the specialty.

We begin with a narrative review of the changes observed 
in pediatric critical care in the post-coronavirus disease 
2019 (COVID-19) era.[1] This review examines the evolving 
disease patterns during and after the peak of the COVID-
19 pandemic. In many countries, respiratory illnesses 
unrelated to COVID-19, particularly severe infections, 
saw a significant decline during the peak of restrictions 
and the implementation of public health measures 
related to the pandemic. The psychosocial impact of 
these restrictions was evidenced by an increase in PICU 
admissions for self-harm. This was followed by a return 
to pre-COVID-19 illness patterns in most countries,[2-4] 
and within a few months, a resurgence in influenza and 
RSV infections was reported,[5] particularly in Australia. 
The author also discusses the impact of the pandemic on 
the workforce, including the loss of trained professionals, 
and the response of the healthcare sector in creating more 
resources and adapting technologies and strategies to 
maintain the productivity of critical healthcare staff.

Although the pandemic’s impact on global preparedness 
for managing severe respiratory illnesses has not been 
extensively documented, it is fair to say that most nations 
are now better equipped to face future challenges due 
to enhanced physical and institutional capacities. The 
pandemic also highlighted the importance of caring for 
healthcare workers, with an increased focus on resilience 
training and burnout prevention.[6,7] The heightened 
public awareness regarding hygiene measures for infection 
control, telemedicine, remote monitoring, and personal 
healthcare devices is likely to have lasting benefits, though 
these effects have not yet been fully documented.

In terms of our understanding of respiratory viruses, there 
is an ever-growing body of work documenting new viruses 
or their strains affecting children. Rhinovirus C has been 
implicated in severe acute respiratory infections (ARIs) 
and asthma exacerbations. Wang et al. from Taiwan 
presented a small study on the clinical characterization 
of human rhinovirus in hospitalized children with acute 
lower respiratory tract infections, comparing the features 
of HRV-C with those of non-HRV-C illnesses.[8] Although 
the study is somewhat dated, the findings remain relevant, 
and similar results have been reported by others.[9,10]

The evolution of health science is breaking new 
frontiers, covering everything from acute to chronic 

conditions and from pandemics to rare diseases like 
mucopolysaccharidosis (MPS). Many systemic diseases 
manifest in diverse ways, often leading affected children 
to seek help from various specialties. For example, a 
child with short stature might visit a general pediatric or 
endocrinology clinic, while those with a typical phenotype 
may be seen in a genetics clinic. Respiratory involvement 
in MPS is common and can result from several factors, 
including airway obstruction (both upper and lower) due 
to GAG deposition and/or facial and spinal deformities; 
restrictive lung disease due to a small thoracic cage and/
or weak diaphragm. Sleep-disordered breathing may often 
lead these patients to consult otolaryngologists.[11] Lee et 
al.[12] presented the otorhinolaryngological perspective 
on the management of mucopolysaccharidosis in this 
issue. The impact of enzyme replacement therapy for 
mucopolysaccharidosis is an area of growing experience, 
and it remains to be seen how effectively it can improve 
respiratory problems.
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Editorial

Pediatric Respiratory Issues in Asia: A Mélange

The current issue of Pediatric Respirology and Critical 
Care Medicine features three compelling articles, each 
representing a distinct aspect of the specialty.

We begin with a narrative review of the changes observed 
in pediatric critical care in the post-coronavirus disease 
2019 (COVID-19) era.[1] This review examines the evolving 
disease patterns during and after the peak of the COVID-
19 pandemic. In many countries, respiratory illnesses 
unrelated to COVID-19, particularly severe infections, 
saw a significant decline during the peak of restrictions 
and the implementation of public health measures 
related to the pandemic. The psychosocial impact of 
these restrictions was evidenced by an increase in PICU 
admissions for self-harm. This was followed by a return 
to pre-COVID-19 illness patterns in most countries,[2-4] 
and within a few months, a resurgence in influenza and 
RSV infections was reported,[5] particularly in Australia. 
The author also discusses the impact of the pandemic on 
the workforce, including the loss of trained professionals, 
and the response of the healthcare sector in creating more 
resources and adapting technologies and strategies to 
maintain the productivity of critical healthcare staff.

Although the pandemic’s impact on global preparedness 
for managing severe respiratory illnesses has not been 
extensively documented, it is fair to say that most nations 
are now better equipped to face future challenges due 
to enhanced physical and institutional capacities. The 
pandemic also highlighted the importance of caring for 
healthcare workers, with an increased focus on resilience 
training and burnout prevention.[6,7] The heightened 
public awareness regarding hygiene measures for infection 
control, telemedicine, remote monitoring, and personal 
healthcare devices is likely to have lasting benefits, though 
these effects have not yet been fully documented.

In terms of our understanding of respiratory viruses, there 
is an ever-growing body of work documenting new viruses 
or their strains affecting children. Rhinovirus C has been 
implicated in severe acute respiratory infections (ARIs) 
and asthma exacerbations. Wang et al. from Taiwan 
presented a small study on the clinical characterization 
of human rhinovirus in hospitalized children with acute 
lower respiratory tract infections, comparing the features 
of HRV-C with those of non-HRV-C illnesses.[8] Although 
the study is somewhat dated, the findings remain relevant, 
and similar results have been reported by others.[9,10]

The evolution of health science is breaking new 
frontiers, covering everything from acute to chronic 

conditions and from pandemics to rare diseases like 
mucopolysaccharidosis (MPS). Many systemic diseases 
manifest in diverse ways, often leading affected children 
to seek help from various specialties. For example, a 
child with short stature might visit a general pediatric or 
endocrinology clinic, while those with a typical phenotype 
may be seen in a genetics clinic. Respiratory involvement 
in MPS is common and can result from several factors, 
including airway obstruction (both upper and lower) due 
to GAG deposition and/or facial and spinal deformities; 
restrictive lung disease due to a small thoracic cage and/
or weak diaphragm. Sleep-disordered breathing may often 
lead these patients to consult otolaryngologists.[11] Lee et 
al.[12] presented the otorhinolaryngological perspective 
on the management of mucopolysaccharidosis in this 
issue. The impact of enzyme replacement therapy for 
mucopolysaccharidosis is an area of growing experience, 
and it remains to be seen how effectively it can improve 
respiratory problems.
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Invited Commentary

The Greatest Challenges of Pediatric Critical Care Pulmonology 
in the After-COVID Era: A Narrative Review

Felix Oberender1,2

1Paediatric Intensive Care Unit, Monash Children’s Hospital, Melbourne, 2Department of Paediatrics, School of Clinical Sciences, Monash University, Melbourne, 
Australia

Abstract 

The COVID pandemic has had a profound effect on pediatric intensive care and especially on pediatric critical care pulmonology. The 
indirect impacts caused by the most profound global healthcare challenge in a generation continue to define the current post-COVID 
era. This era is characterized by postpandemic surges in acute pediatric respiratory illness, disruption of seasonal disease patterns, and 
an apparent increase in disease severity with a rise in complicated pneumonia as well as associated severe sepsis and septic shock. The 
consequent demand is met by pediatric intensive care units that are recovering from the strain of the pandemic but also building on 
progress made during a time of great challenges.

Keywords: Critical care, pediatric, pulmonology

IntroductIon
Clinicians and parents alike were given some relief  
when, even at the height of  the global pandemic, the 
direct impact of  COVID on children was comparatively 
small. Australia recorded 226 COVID-related 
admissions to pediatric intensive care units (PICUs) 
between 2020 and 2022 with less than a third requiring 
invasive ventilation.[1] By comparison, COVID led to 
over two thousand adults needing intensive care with 
50% requiring mechanical ventilation within little over a 
year of  the coronavirus reaching the country.[2] However, 
not only did the virus not completely spare the pediatric 
population but children were also subject to a range of 
indirect impacts of  the pandemic. The consequences 
of  what was one of  the most profoundly disruptive 
events in recent medical history reach well into the 
current post-COVID era. In this context, few fields are 
affected more than pediatric critical care pulmonology: 
the seasonal pattern of  acute respiratory disease seems 
to have disappeared, at least temporarily while critical 
pulmonary illness has returned with a vengeance, and 
the PICU, though superficially the same, is a changed 
place.

What happened to the seasons?
Concerns about indirect impacts of the COVID pandemic 
were first raised in the field of pediatric and adolescent 
mental health in early 2020 and later confirmed in a number 
of qualitative and quantitative studies.[3-5] At the severe end 
of this spectrum, we saw a significant rise of admissions of  
children and adolescents with deliberate self-harm to 
intensive care in Australia.[6] At the same time, our data 
also showed that this occurred on a background of a 
steep decline in the overall number of PICU admissions 
[Figure 1]. The strong public health measures put in 
place to control COVID had led to a near elimination 
of acute pediatric infectious diseases responsible for a 
large proportion of pediatric intensive care admissions. 
However, following the onset of the pandemic, it became 
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Abstract 

The COVID pandemic has had a profound effect on pediatric intensive care and especially on pediatric critical care pulmonology. The 
indirect impacts caused by the most profound global healthcare challenge in a generation continue to define the current post-COVID 
era. This era is characterized by postpandemic surges in acute pediatric respiratory illness, disruption of seasonal disease patterns, and 
an apparent increase in disease severity with a rise in complicated pneumonia as well as associated severe sepsis and septic shock. The 
consequent demand is met by pediatric intensive care units that are recovering from the strain of the pandemic but also building on 
progress made during a time of great challenges.

Keywords: Critical care, pediatric, pulmonology

IntroductIon
Clinicians and parents alike were given some relief  
when, even at the height of  the global pandemic, the 
direct impact of  COVID on children was comparatively 
small. Australia recorded 226 COVID-related 
admissions to pediatric intensive care units (PICUs) 
between 2020 and 2022 with less than a third requiring 
invasive ventilation.[1] By comparison, COVID led to 
over two thousand adults needing intensive care with 
50% requiring mechanical ventilation within little over a 
year of  the coronavirus reaching the country.[2] However, 
not only did the virus not completely spare the pediatric 
population but children were also subject to a range of 
indirect impacts of  the pandemic. The consequences 
of  what was one of  the most profoundly disruptive 
events in recent medical history reach well into the 
current post-COVID era. In this context, few fields are 
affected more than pediatric critical care pulmonology: 
the seasonal pattern of  acute respiratory disease seems 
to have disappeared, at least temporarily while critical 
pulmonary illness has returned with a vengeance, and 
the PICU, though superficially the same, is a changed 
place.

What happened to the seasons?
Concerns about indirect impacts of the COVID pandemic 
were first raised in the field of pediatric and adolescent 
mental health in early 2020 and later confirmed in a number 
of qualitative and quantitative studies.[3-5] At the severe end 
of this spectrum, we saw a significant rise of admissions of  
children and adolescents with deliberate self-harm to 
intensive care in Australia.[6] At the same time, our data 
also showed that this occurred on a background of a 
steep decline in the overall number of PICU admissions 
[Figure 1]. The strong public health measures put in 
place to control COVID had led to a near elimination 
of acute pediatric infectious diseases responsible for a 
large proportion of pediatric intensive care admissions. 
However, following the onset of the pandemic, it became 
evident that not only had there been an unprecedented 
trough, but also the well-established pattern of peaks 
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of nonelective PICU admissions during the winter 
months had disappeared. In 2020, PICU admissions in 
Australia were highest around October to December, the 
southern hemisphere spring and early summer. 2021 saw 
a big rise in April, corresponding to early autumn.[7] The 
seasonal pattern of acute critical pediatric disease—well-
established over decades with most being respiratory—
seemed to have vanished. It is only now, in early 2024, that 
there are early, tentative signs that the seasons of pediatric 
respiratory illness may be resuming.

The return of severe respiratory disease
The loss of seasonality was most impressively illustrated 
by the near disappearance of bronchiolitis in 2020.[8,9] By 
2021, however, this common cause of PICU admission 
in infants had returned, if  not to its rolling pattern but 
to prepandemic levels, and in 2022 Australia found itself  
in a veritable bronchiolitis epidemic, placing enormous 
pressure on pediatric pulmonology and critical care 
resources, a phenomenon replicated in several countries 
around the world.[10-12] Importantly, the severity of the 
illness was greater, reflected in increased hospital length 
of stay and increased admissions to intensive care.[13] The 
reasons for these changes are unclear and remain under 
intense debate.[14-16] More concerningly still, there has 
been a concomitant significant rise in severe bacterial 
pneumonia, including an increase in thoracic empyema 
with more frequent need for chest drainage, an experience 
also reported from other countries [Figure 2].[17-19]

Most worryingly, these increases in upper and lower 
respiratory tract infections were followed closely by an 
ongoing surge of children presenting with rapid-onset sepsis 
and septic shock. In August 2023, news outlets reported 
that ‘cases of flesh-eating invasive strep A bacteria surge 
in Australian children.[20] This trend had first been seen 
in Melbourne in 2022.[21] It was subsequently confirmed 
nationwide, mirroring the epidemiology in Europe.[22-25] 
The figures were nothing short of extraordinary with the 
state of Victoria recording a 50% rise in the number of 
invasive group A streptococcal (iGAS) diseases in the first 
6 months of 2023 compared with all of 2022, while cases 
in New South Wales more than doubled during the same 
time.[26] Severe pneumonia complicated by rapid-onset 
septic shock with multi-organ failure has since become a 

Figure 1: Temporal trend in all-cause Australian PICU admissions of 
children of all ages (0 to 17 years). Reprinted from Admissions of 
Children and Adolescents With Deliberate Self-harm to Intensive Care 
During the SARS-CoV-2 Outbreak in Australia, by C. Corrigan et al. 
JAMA Network Open 2022; 5(5). Copyright license CC-BY

Figure 2: Incidence and etiology of children with community-acquired pneumonia treated with chest tube drainage in 2022–2023 and the previous 
three decades, by U. Nygaard et al. Arch Dis Child 2023; 108(11). Copyright license CC-BY-NC 4.0
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common scenario and iGAS is now an urgent notifiable 
disease across Australia.[27]

Pediatric intensive care—A new space
If  pediatric intensive care looks very much the same 
as it did before the pandemic, appearances can be 
deceiving. It is a mature specialty that in high-income 
countries provides children with the full range of  life-
support technologies from high-flow oxygen therapy 
to extracorporeal membrane oxygenation.[23] The most 
important constituent of  any unit, however, is not 
technology but its staff. It is here that the pandemic 
took its toll. The extraordinary pressures on frontline 
professionals in both adult and pediatric intensive 
care were well recognized at the start of  the COVID 
pandemic.[28] This affected all levels of  staff  but none more 
so than the ICU nursing workforce.[29-31] As a consequence, 
intensive care nurses left the profession in large numbers, 
exacerbating prepandemic staffing challenges.[32] The 
impact on the PICU in the current post-COVID era is not 
only quantitative but also qualitative. As health services 
across the world are working hard to re-recruit and 
rebuild, the pediatric intensive care nursing workforce of 
2024 is considerably younger and less experienced than its 
prepandemic counterpart.[33,34] This places a heavy burden 
of  responsibility on the remaining senior nursing leaders 
as well as on nursing educators. It also shines a bright 
light on the strengths and weaknesses of  the mutual 
support network that exists between doctors and nurses 
in their daily work on the PICU floor where professionals 
complement each other with their respective experience 
and situational awareness, delivering complex care and 
protecting vulnerable young patients.[35]

While these challenges are real and ongoing, there has 
also been exceptional growth and progress in the PICU 
space, particularly with respect to pediatric critical care 
pulmonology. In contrast to Hong Kong, Singapore, or 
Canada where health care systems were exposed to and 
learned from the SARS-CoV-1 outbreak in the early 2000s, 
other jurisdictions, including Australia, were ill-equipped 
to deal with airborne infection in 2020.[36,37] Four years on, 
the admission of a COVID patient—or, more commonly, 
a child with symptoms that require COVID be ruled 
out—is routine in an Australian PICU. Teamwork is well-
honed and processes are well-tuned. Personal protective 
equipment that had been haphazard and untested is 
now standardized and fitted. Ventilation systems and 
administrative measures of infection control, once the 
niche of building engineers and hospital managers, have 
become central to critical care.[38] Intensive care resources, 
including PICU beds, are monitored and tracked in near 
real-time.[39,40] The flow-on effects of these changes in the 
PICU stand to benefit pediatric critical care and critical 
care pulmonology overall.

conclusIon
The COVID pandemic has left an indelible mark on 
pediatric critical care pulmonology and continues to 
impact the field in important ways in this current post-
COVID era. Pediatric respiratory disease has surged and 
previously well-established seasonal patterns disappeared. 
The severity of respiratory illness has increased and this 
is accompanied by a rise in complicated pneumonia as 
well as in severe sepsis and septic shock. The consequent 
growth in demand as well as in complexity is met by 
PICUs that are recovering from the severe strain of the 
pandemic years, but are also leveraging the progress made 
during times of extraordinary challenges.
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of nonelective PICU admissions during the winter 
months had disappeared. In 2020, PICU admissions in 
Australia were highest around October to December, the 
southern hemisphere spring and early summer. 2021 saw 
a big rise in April, corresponding to early autumn.[7] The 
seasonal pattern of acute critical pediatric disease—well-
established over decades with most being respiratory—
seemed to have vanished. It is only now, in early 2024, that 
there are early, tentative signs that the seasons of pediatric 
respiratory illness may be resuming.

The return of severe respiratory disease
The loss of seasonality was most impressively illustrated 
by the near disappearance of bronchiolitis in 2020.[8,9] By 
2021, however, this common cause of PICU admission 
in infants had returned, if  not to its rolling pattern but 
to prepandemic levels, and in 2022 Australia found itself  
in a veritable bronchiolitis epidemic, placing enormous 
pressure on pediatric pulmonology and critical care 
resources, a phenomenon replicated in several countries 
around the world.[10-12] Importantly, the severity of the 
illness was greater, reflected in increased hospital length 
of stay and increased admissions to intensive care.[13] The 
reasons for these changes are unclear and remain under 
intense debate.[14-16] More concerningly still, there has 
been a concomitant significant rise in severe bacterial 
pneumonia, including an increase in thoracic empyema 
with more frequent need for chest drainage, an experience 
also reported from other countries [Figure 2].[17-19]

Most worryingly, these increases in upper and lower 
respiratory tract infections were followed closely by an 
ongoing surge of children presenting with rapid-onset sepsis 
and septic shock. In August 2023, news outlets reported 
that ‘cases of flesh-eating invasive strep A bacteria surge 
in Australian children.[20] This trend had first been seen 
in Melbourne in 2022.[21] It was subsequently confirmed 
nationwide, mirroring the epidemiology in Europe.[22-25] 
The figures were nothing short of extraordinary with the 
state of Victoria recording a 50% rise in the number of 
invasive group A streptococcal (iGAS) diseases in the first 
6 months of 2023 compared with all of 2022, while cases 
in New South Wales more than doubled during the same 
time.[26] Severe pneumonia complicated by rapid-onset 
septic shock with multi-organ failure has since become a 

Figure 1: Temporal trend in all-cause Australian PICU admissions of 
children of all ages (0 to 17 years). Reprinted from Admissions of 
Children and Adolescents With Deliberate Self-harm to Intensive Care 
During the SARS-CoV-2 Outbreak in Australia, by C. Corrigan et al. 
JAMA Network Open 2022; 5(5). Copyright license CC-BY

Figure 2: Incidence and etiology of children with community-acquired pneumonia treated with chest tube drainage in 2022–2023 and the previous 
three decades, by U. Nygaard et al. Arch Dis Child 2023; 108(11). Copyright license CC-BY-NC 4.0
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common scenario and iGAS is now an urgent notifiable 
disease across Australia.[27]

Pediatric intensive care—A new space
If  pediatric intensive care looks very much the same 
as it did before the pandemic, appearances can be 
deceiving. It is a mature specialty that in high-income 
countries provides children with the full range of  life-
support technologies from high-flow oxygen therapy 
to extracorporeal membrane oxygenation.[23] The most 
important constituent of  any unit, however, is not 
technology but its staff. It is here that the pandemic 
took its toll. The extraordinary pressures on frontline 
professionals in both adult and pediatric intensive 
care were well recognized at the start of  the COVID 
pandemic.[28] This affected all levels of  staff  but none more 
so than the ICU nursing workforce.[29-31] As a consequence, 
intensive care nurses left the profession in large numbers, 
exacerbating prepandemic staffing challenges.[32] The 
impact on the PICU in the current post-COVID era is not 
only quantitative but also qualitative. As health services 
across the world are working hard to re-recruit and 
rebuild, the pediatric intensive care nursing workforce of 
2024 is considerably younger and less experienced than its 
prepandemic counterpart.[33,34] This places a heavy burden 
of  responsibility on the remaining senior nursing leaders 
as well as on nursing educators. It also shines a bright 
light on the strengths and weaknesses of  the mutual 
support network that exists between doctors and nurses 
in their daily work on the PICU floor where professionals 
complement each other with their respective experience 
and situational awareness, delivering complex care and 
protecting vulnerable young patients.[35]

While these challenges are real and ongoing, there has 
also been exceptional growth and progress in the PICU 
space, particularly with respect to pediatric critical care 
pulmonology. In contrast to Hong Kong, Singapore, or 
Canada where health care systems were exposed to and 
learned from the SARS-CoV-1 outbreak in the early 2000s, 
other jurisdictions, including Australia, were ill-equipped 
to deal with airborne infection in 2020.[36,37] Four years on, 
the admission of a COVID patient—or, more commonly, 
a child with symptoms that require COVID be ruled 
out—is routine in an Australian PICU. Teamwork is well-
honed and processes are well-tuned. Personal protective 
equipment that had been haphazard and untested is 
now standardized and fitted. Ventilation systems and 
administrative measures of infection control, once the 
niche of building engineers and hospital managers, have 
become central to critical care.[38] Intensive care resources, 
including PICU beds, are monitored and tracked in near 
real-time.[39,40] The flow-on effects of these changes in the 
PICU stand to benefit pediatric critical care and critical 
care pulmonology overall.

conclusIon
The COVID pandemic has left an indelible mark on 
pediatric critical care pulmonology and continues to 
impact the field in important ways in this current post-
COVID era. Pediatric respiratory disease has surged and 
previously well-established seasonal patterns disappeared. 
The severity of respiratory illness has increased and this 
is accompanied by a rise in complicated pneumonia as 
well as in severe sepsis and septic shock. The consequent 
growth in demand as well as in complexity is met by 
PICUs that are recovering from the severe strain of the 
pandemic years, but are also leveraging the progress made 
during times of extraordinary challenges.
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Abstract 

Mucopolysaccharidosis (MPS) is a group of  rare lysosomal storage disorders caused by a lack of  specific lysosomal enzymes, 
resulting in the accumulation of  glycosaminoglycans in various tissues and organs. Ear, nose, and throat disorders are frequently 
present as early and common symptoms in MPS patients, particularly in types I, II, and VI. These conditions include recurrent 
otitis media with effusion, hearing loss, chronic rhinosinusitis, nasal obstruction, adenotonsillar hypertrophy, and upper airway 
obstruction, which results in obstructive sleep apnea syndrome. Pediatric otolaryngologists are critical in enabling early diagnosis, 
initiating multidisciplinary treatment, and providing optimal perioperative care to MPS patients. This review examines the pediatric 
otolaryngologists’ involvement and role in managing MPS, respiratory complications that come with it, potential treatment 
options, such as novel surgical techniques and enzyme replacement therapy, and the significance of  hearing impairment as a critical 
diagnostic indicator for MPS. Furthermore, it emphasizes the importance of  a smooth transition from pediatric to adult care for 
MPS patients.

Keywords: Enzyme replacement therapy, mucopolysaccharidosis, otorhinolaryngological manifestations, respiratory complications, 
transition of care

Role of PediatRic otolaRyngologists in the 
ManageMent of MucoPolysacchaRidosis (MPs)
MPS is a rare lysosomal storage disorder caused by a lack 
of  enzymes needed to break down glycosaminoglycans 
(GAGs), resulting in their accumulation in various 
organs and tissues.[1,2] This accumulation leads to 
a variety of  progressive systemic dysfunctions and 
manifestations.

Ear, nose, and throat (ENT) complications are early 
and common clinical symptoms in MPS patients, 
particularly in types I, II, and VI.[2-6] This includes 
the following: (1) recurrent otitis media with effusion 
and resulting hearing loss; (2) chronic rhinosinusitis  
and nasal obstruction; (3) adenotonsillar enlargement; 

and (4) upper airway obstruction causes obstructive 
sleep apnea (OSA) syndrome. These ENT issues are 
typically the first symptoms that cause MPS patients to 
seek medical attention, often before the MPS diagnosis 
is confirmed.[5-8]
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Abstract 

Mucopolysaccharidosis (MPS) is a group of  rare lysosomal storage disorders caused by a lack of  specific lysosomal enzymes, 
resulting in the accumulation of  glycosaminoglycans in various tissues and organs. Ear, nose, and throat disorders are frequently 
present as early and common symptoms in MPS patients, particularly in types I, II, and VI. These conditions include recurrent 
otitis media with effusion, hearing loss, chronic rhinosinusitis, nasal obstruction, adenotonsillar hypertrophy, and upper airway 
obstruction, which results in obstructive sleep apnea syndrome. Pediatric otolaryngologists are critical in enabling early diagnosis, 
initiating multidisciplinary treatment, and providing optimal perioperative care to MPS patients. This review examines the pediatric 
otolaryngologists’ involvement and role in managing MPS, respiratory complications that come with it, potential treatment 
options, such as novel surgical techniques and enzyme replacement therapy, and the significance of  hearing impairment as a critical 
diagnostic indicator for MPS. Furthermore, it emphasizes the importance of  a smooth transition from pediatric to adult care for 
MPS patients.

Keywords: Enzyme replacement therapy, mucopolysaccharidosis, otorhinolaryngological manifestations, respiratory complications, 
transition of care

Role of PediatRic otolaRyngologists in the 
ManageMent of MucoPolysacchaRidosis (MPs)
MPS is a rare lysosomal storage disorder caused by a lack 
of  enzymes needed to break down glycosaminoglycans 
(GAGs), resulting in their accumulation in various 
organs and tissues.[1,2] This accumulation leads to 
a variety of  progressive systemic dysfunctions and 
manifestations.

Ear, nose, and throat (ENT) complications are early 
and common clinical symptoms in MPS patients, 
particularly in types I, II, and VI.[2-6] This includes 
the following: (1) recurrent otitis media with effusion 
and resulting hearing loss; (2) chronic rhinosinusitis  
and nasal obstruction; (3) adenotonsillar enlargement; 

and (4) upper airway obstruction causes obstructive 
sleep apnea (OSA) syndrome. These ENT issues are 
typically the first symptoms that cause MPS patients to 
seek medical attention, often before the MPS diagnosis 
is confirmed.[5-8]
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Otolaryngologists play a crucial role in identifying diseases 
early and initiating comprehensive management,[8,9] 
particularly types I and II. Many cases of MPS I/
II are initially identified during routine tonsillectomy 
procedures. The tonsils of MPS patients are often 
exceptionally large for the patient’s age, and these children 
may present with OSA earlier than their peers with similar 
living conditions.[6,10]

Otolaryngologists must remain vigilant when 
encountering cases of  unusual snoring or exceptionally 
enlarged tonsils in children. In such cases, sending 
tonsillar specimens for histopathological examination 
is of  utmost importance. The histopathological 
findings, such as the presence of  foam cells or increased 
glycosaminoglycan deposits, can provide valuable clues 
for the diagnosis of  MPS.[10]

This practice of routine histopathological examination 
of tonsil specimens in unusual cases can significantly 
contribute to the early detection of MPS, allowing for 
timely intervention and management of the disease.[10]

Early and accurate diagnosis is critical, as treatments like 
enzyme replacement therapy (ERT) and hematopoietic 
stem cell transplantation are most effective when started 
early before irreversible organ damage occurs.[11,12] Any 
delay in diagnosis can have serious consequences for the 
patient’s prognosis and quality of life.

Furthermore, managing MPS necessitates several 
ENT surgical interventions, which present significant 
anesthetic challenges due to the complexities of airway 
management.[13] Knowing the underlying MPS condition 
allows otolaryngologists to anticipate better and manage 
potential complications.

In conclusion, the prevalence and early onset of ENT 
symptoms in MPS necessitates that otolaryngologists be 
familiar with these manifestations. They play an essential 
role in prompt diagnosis, effective treatment management, 
and providing the best perioperative care through 
a multidisciplinary approach, ultimately improving 
outcomes for MPS patients.

ResPiRatoRy coMPlications in MPs
Respiratory complications are common with all types of 
MPS. These issues arise due to GAG accumulation, which 
causes anatomical distortions and functional impairments 
in the airways.[1,14-20] Individuals with MPS frequently 
have specific anatomical characteristics predisposing 
them to respiratory dysfunction.[21] As GAGs accumulate 
throughout the respiratory system, they cause extensive 
damage at all levels of the airway, from the lips to the 
lungs.[22,23]

OSA, recurrent respiratory infections, and structural 
abnormalities, such as adenoid and tonsillar hypertrophy 

[Figures 1 and 2], nasal septum irregularities, turbinate 
hypertrophy, and macroglossia [Figure 3] are among 
the respiratory problems seen in MPS. Additional 
complications include a thickened pharyngeal wall, 
laryngeal anomalies, tracheomalacia, tracheal stenosis, a 

Figure 1: Adenoid hypertrophy in a patient with mucopolysaccharidosis. 
Nasopharyngeal endoscopic view showing enlarged adenoid 
tissue (marked with arrow) obstructing the posterior choanae. This 
hypertrophy can lead to nasal obstruction and contribute to sleep-
disordered breathing in MPS patients

Figure 2: Tonsillar hypertrophy in a patient with mucopolysaccharidosis. 
Oropharyngeal view demonstrating significantly enlarged palatine tonsils 
(arrows), characteristic of MPS. Grade 3+ tonsillar hypertrophy is 
shown, nearly meeting at midline and potentially causing upper airway 
obstruction
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short neck, dyspnea, limited joint mobility, and skeletal 
deformities, as well as increased mucus production in 
both the upper and lower airways.[3,24-27] These structural 
changes can cause chronic rhinosinusitis and otitis media, 
resulting in hearing loss.[1,14,15] Excessive tissue growth on 
the arytenoid cartilages and aryepiglottic folds can cause 
prolapse into the laryngeal inlet, resulting in stridor, and 
severe airway obstruction.[3]

Hepatosplenomegaly can limit diaphragmatic movement, 
and GAG deposits in the lungs may impair gas exchange, 
resulting in diffusion abnormalities.[16] Thick, copious 
secretions throughout the respiratory tract are common, 
as are frequent infections in the upper and lower 
respiratory systems, with more than half  of patients 
suffering from recurring throat and ear infections.[28] 
However, the rarity of MPS makes it challenging to draw 
definitive conclusions about the prevalence and severity 
of respiratory complications in each subtype.[22]

Potential tReatMent aPPRoaches foR ResPiRatoRy 
conditions in MPs
The treatment of airway obstruction in MPS patients 
remains contentious, with only moderate success.[3] The 
therapeutic strategy frequently begins with surgical 
interventions to remove obstructions caused by GAG 
accumulation in the adenoids and tonsils, which 
leads to hypertrophy. These structures are frequently 
targeted for surgical removal in cases exhibiting upper 

airway obstruction symptoms, with varying rates of 
adenoidectomy and/or tonsillectomy reported in the 
literature.[3-6,8,15,23]

When simpler airway procedures are insufficient or there 
are significant tracheobronchial complications, continuous 
positive airway pressure (CPAP) is sometimes used while 
sleeping.[23] Although CPAP can provide temporary relief, 
it is frequently poorly tolerated in patients with behavioral 
issues and may become less effective as the airway 
condition deteriorates.[3,13]

If  less invasive measures fail to effectively manage upper 
airway obstruction, a tracheotomy may be necessary. This 
procedure is used for severe and persistent upper airway 
blockages to help with difficult airway management before 
other non-ENT surgical procedures in an emergency. 
Tracheotomy is reported in approximately 11% of cases, 
which is consistent with data from studies.[3,8,14,15,23,28] 
Before surgery, a computed tomography scan of the chest 
and airway is recommended to determine the extent of 
airway narrowing.[28]

Furthermore, tracheostomy is essential in managing 
complex cases of MPS II (Hunter’s syndrome), 
particularly when simpler treatments fail. Challenges 
and complications associated with tracheostomy in this 
patient population have been documented, emphasizing 
the importance of skilled multidisciplinary care and 
thorough preoperative discussions about the procedure’s 
implications.[29]

Recently, innovative surgical methods such as tracheal 
resection have been investigated for severe cases, such as 
in Morquio A syndrome (MPS IVA), where traditional 
methods are infective. A notable case involved a successful 
tracheal resection without cardiopulmonary bypass, 
which resulted in promising postoperative improvements 
in respiratory and overall health after 1 year.[30]

Tracheal resection is a complex surgical procedure that 
may be considered for severe cases of airway obstruction 
in MPS patients, particularly when other less invasive 
methods have failed.[31] Indications include severe and 
persistent upper airway obstruction, failure of conservative 
management and less invasive surgical interventions, 
and progressive tracheal stenosis unresponsive to other 
treatments. Potential complications include anastomotic 
dehiscence, restenosis, voice changes, tracheomalacia, and 
infection. The decision to perform a tracheal resection 
should be made by a multidisciplinary team, considering 
the patient’s overall health status, the extent of airway 
involvement, and the potential risks and benefits of the 
procedure. Close postoperative monitoring and long-term 
follow-up are essential to manage potential complications 
and ensure optimal outcomes.

(ERT is a newer treatment option that has shown 
significant benefits in alleviating respiratory symptoms 

Figure 3: Macroglossia in a patient with mucopolysaccharidosis. 
Clinical photograph showing an enlarged tongue (macroglossia) 
characteristic of MPS. Note how the tongue protrudes beyond the dental 
arch, potentially causing difficulties with speech, eating, and airway 
management. Note. Copyright: ©2024 Lee et al. Used with permission
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Otolaryngologists play a crucial role in identifying diseases 
early and initiating comprehensive management,[8,9] 
particularly types I and II. Many cases of MPS I/
II are initially identified during routine tonsillectomy 
procedures. The tonsils of MPS patients are often 
exceptionally large for the patient’s age, and these children 
may present with OSA earlier than their peers with similar 
living conditions.[6,10]

Otolaryngologists must remain vigilant when 
encountering cases of  unusual snoring or exceptionally 
enlarged tonsils in children. In such cases, sending 
tonsillar specimens for histopathological examination 
is of  utmost importance. The histopathological 
findings, such as the presence of  foam cells or increased 
glycosaminoglycan deposits, can provide valuable clues 
for the diagnosis of  MPS.[10]

This practice of routine histopathological examination 
of tonsil specimens in unusual cases can significantly 
contribute to the early detection of MPS, allowing for 
timely intervention and management of the disease.[10]

Early and accurate diagnosis is critical, as treatments like 
enzyme replacement therapy (ERT) and hematopoietic 
stem cell transplantation are most effective when started 
early before irreversible organ damage occurs.[11,12] Any 
delay in diagnosis can have serious consequences for the 
patient’s prognosis and quality of life.

Furthermore, managing MPS necessitates several 
ENT surgical interventions, which present significant 
anesthetic challenges due to the complexities of airway 
management.[13] Knowing the underlying MPS condition 
allows otolaryngologists to anticipate better and manage 
potential complications.

In conclusion, the prevalence and early onset of ENT 
symptoms in MPS necessitates that otolaryngologists be 
familiar with these manifestations. They play an essential 
role in prompt diagnosis, effective treatment management, 
and providing the best perioperative care through 
a multidisciplinary approach, ultimately improving 
outcomes for MPS patients.

ResPiRatoRy coMPlications in MPs
Respiratory complications are common with all types of 
MPS. These issues arise due to GAG accumulation, which 
causes anatomical distortions and functional impairments 
in the airways.[1,14-20] Individuals with MPS frequently 
have specific anatomical characteristics predisposing 
them to respiratory dysfunction.[21] As GAGs accumulate 
throughout the respiratory system, they cause extensive 
damage at all levels of the airway, from the lips to the 
lungs.[22,23]

OSA, recurrent respiratory infections, and structural 
abnormalities, such as adenoid and tonsillar hypertrophy 

[Figures 1 and 2], nasal septum irregularities, turbinate 
hypertrophy, and macroglossia [Figure 3] are among 
the respiratory problems seen in MPS. Additional 
complications include a thickened pharyngeal wall, 
laryngeal anomalies, tracheomalacia, tracheal stenosis, a 

Figure 1: Adenoid hypertrophy in a patient with mucopolysaccharidosis. 
Nasopharyngeal endoscopic view showing enlarged adenoid 
tissue (marked with arrow) obstructing the posterior choanae. This 
hypertrophy can lead to nasal obstruction and contribute to sleep-
disordered breathing in MPS patients

Figure 2: Tonsillar hypertrophy in a patient with mucopolysaccharidosis. 
Oropharyngeal view demonstrating significantly enlarged palatine tonsils 
(arrows), characteristic of MPS. Grade 3+ tonsillar hypertrophy is 
shown, nearly meeting at midline and potentially causing upper airway 
obstruction
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short neck, dyspnea, limited joint mobility, and skeletal 
deformities, as well as increased mucus production in 
both the upper and lower airways.[3,24-27] These structural 
changes can cause chronic rhinosinusitis and otitis media, 
resulting in hearing loss.[1,14,15] Excessive tissue growth on 
the arytenoid cartilages and aryepiglottic folds can cause 
prolapse into the laryngeal inlet, resulting in stridor, and 
severe airway obstruction.[3]

Hepatosplenomegaly can limit diaphragmatic movement, 
and GAG deposits in the lungs may impair gas exchange, 
resulting in diffusion abnormalities.[16] Thick, copious 
secretions throughout the respiratory tract are common, 
as are frequent infections in the upper and lower 
respiratory systems, with more than half  of patients 
suffering from recurring throat and ear infections.[28] 
However, the rarity of MPS makes it challenging to draw 
definitive conclusions about the prevalence and severity 
of respiratory complications in each subtype.[22]

Potential tReatMent aPPRoaches foR ResPiRatoRy 
conditions in MPs
The treatment of airway obstruction in MPS patients 
remains contentious, with only moderate success.[3] The 
therapeutic strategy frequently begins with surgical 
interventions to remove obstructions caused by GAG 
accumulation in the adenoids and tonsils, which 
leads to hypertrophy. These structures are frequently 
targeted for surgical removal in cases exhibiting upper 

airway obstruction symptoms, with varying rates of 
adenoidectomy and/or tonsillectomy reported in the 
literature.[3-6,8,15,23]

When simpler airway procedures are insufficient or there 
are significant tracheobronchial complications, continuous 
positive airway pressure (CPAP) is sometimes used while 
sleeping.[23] Although CPAP can provide temporary relief, 
it is frequently poorly tolerated in patients with behavioral 
issues and may become less effective as the airway 
condition deteriorates.[3,13]

If  less invasive measures fail to effectively manage upper 
airway obstruction, a tracheotomy may be necessary. This 
procedure is used for severe and persistent upper airway 
blockages to help with difficult airway management before 
other non-ENT surgical procedures in an emergency. 
Tracheotomy is reported in approximately 11% of cases, 
which is consistent with data from studies.[3,8,14,15,23,28] 
Before surgery, a computed tomography scan of the chest 
and airway is recommended to determine the extent of 
airway narrowing.[28]

Furthermore, tracheostomy is essential in managing 
complex cases of MPS II (Hunter’s syndrome), 
particularly when simpler treatments fail. Challenges 
and complications associated with tracheostomy in this 
patient population have been documented, emphasizing 
the importance of skilled multidisciplinary care and 
thorough preoperative discussions about the procedure’s 
implications.[29]

Recently, innovative surgical methods such as tracheal 
resection have been investigated for severe cases, such as 
in Morquio A syndrome (MPS IVA), where traditional 
methods are infective. A notable case involved a successful 
tracheal resection without cardiopulmonary bypass, 
which resulted in promising postoperative improvements 
in respiratory and overall health after 1 year.[30]

Tracheal resection is a complex surgical procedure that 
may be considered for severe cases of airway obstruction 
in MPS patients, particularly when other less invasive 
methods have failed.[31] Indications include severe and 
persistent upper airway obstruction, failure of conservative 
management and less invasive surgical interventions, 
and progressive tracheal stenosis unresponsive to other 
treatments. Potential complications include anastomotic 
dehiscence, restenosis, voice changes, tracheomalacia, and 
infection. The decision to perform a tracheal resection 
should be made by a multidisciplinary team, considering 
the patient’s overall health status, the extent of airway 
involvement, and the potential risks and benefits of the 
procedure. Close postoperative monitoring and long-term 
follow-up are essential to manage potential complications 
and ensure optimal outcomes.

(ERT is a newer treatment option that has shown 
significant benefits in alleviating respiratory symptoms 

Figure 3: Macroglossia in a patient with mucopolysaccharidosis. 
Clinical photograph showing an enlarged tongue (macroglossia) 
characteristic of MPS. Note how the tongue protrudes beyond the dental 
arch, potentially causing difficulties with speech, eating, and airway 
management. Note. Copyright: ©2024 Lee et al. Used with permission
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in MPS II and VI patients. ERT has been particularly 
effective in improving the sleep-disordered breathing 
conditions observed in these patients.[31,32] However, 
the efficacy of ERT varies by MPS type, with MPS III 
patients showing less respiratory improvement than those 
with MPS I, II, and VI.[33]

Given these findings, while ERT can alleviate many MPS 
symptoms, its application may be limited to certain types 
of the condition. It is still critical to assess the efficacy of 
ERT across different MPS types and consider alternative 
treatment options for patients who do not respond well 
to ERT.

heaRing iMPaiRMent as a diagnostic indicatoR foR 
MPs
Hearing impairment is a critical symptom in the diagnosis 
of MPS, and it is nearly universally among affected 
children, making early detection and intervention 
critical.[1-4] Hearing loss in MPS usually involves both 
conductive and sensorineural mechanisms.[5]

Conductive hearing loss in MPS patients is frequently 
caused by seromucous otitis media [Figure 4][6] or ossicular 
chain deformities,[7] which are caused by the accumulation 
of GAGs in middle ear structures, such as the mucosa, 
tympanic membrane, and ossicles.[1,8] Although surgical 
interventions, such as adenoidectomy and ventilation 
tubes, can help with conductive hearing loss, hearing aids 
are frequently required to treat residual sensorineural 
hearing loss.[5,6]

The sensorineural hearing loss component is thought to 
be caused by GAG deposition in the cochlea, auditory 

nerve, and brainstem,[5,7] which may be exacerbated by 
a reduction in cochlear hair cells.[9] Patients frequently 
exhibit mixed-type hearing loss that includes both 
conductive and sensorineural elements.[5]

Hearing loss occurs early in the course of MPS, 
particularly in types I, II, and VI, and has significant 
diagnostic implications.[3,11] According to the Hunter 
Outcome Survey, approximately 67% of people with 
MPS II have experienced hearing loss, with half  of 
these cases necessitating the installation of ventilation 
tubes.[13] Because of the significant impact on language 
development and overall quality of life, early and proactive 
otolaryngological evaluations are strongly advocated and 
recommended.[6,14]

Furthermore, a recent study found that hearing loss is often 
the first symptom in MPS II patients, appearing around 
the age of 6 months.[34] This emphasizes the importance of 
early detection and treatment of hearing impairment in 
MPS patients to allow for timely management and better 
outcomes.

eaRly syMPtoMs of MPs and the iMPoRtance of 
PRoMPt diagnosis
Recognizing MPS in its early stages necessitates careful 
observation of a variety of symptoms, many of which 
can be mistaken for common childhood illnesses.[2] 
Notably, hearing loss appears as an early and significant 
symptom in children with MPS, necessitating prompt 
otolaryngological evaluations and interventions.[21] 
Distinct clusters of symptoms, which are uncommon in 
unaffected children but appear together in those with 
MPS II [Table 1], can help raise clinical suspicion for the 
disorder.[7]

The size and appearance of tonsils can serve as an early 
diagnostic indicator for MPS. Exceptionally enlarged 
tonsils, especially when accompanied by early-onset OSA, 
should raise suspicion for MPS. Otolaryngologists should 
consider the possibility of MPS when encountering 

Figure 4: Seromucous otitis media in a patient with 
mucopolysaccharidosis. Otoscopic view of the tympanic membrane 
showing a cloudy, amber-colored appearance (arrow) indicative of 
middle ear effusion. This condition is common in MPS patients and can 
lead to conductive hearing loss if left untreated

Table 1: Clinical features that may suggest a diagnosis of 
mucopolysaccharidosis II

Clinical Features
Coarse facial features

Macrocephaly

Macroglossia

Short stature

Joint stiffness/contractures

Hernias

Hepatosplenomegaly

Recurrent ENT infections

Loud snoring/sleep apnea

Progressive cognitive impairment
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such cases, particularly if  the child’s tonsils are 
disproportionately large compared to their age and if  
OSA symptoms appear earlier than expected.[20]

In cases of unusual snoring or enlarged tonsils in children, 
it is recommended to perform a histopathological 
examination of tonsillar specimens following 
tonsillectomy. This practice can lead to early diagnosis of 
MPS, even in cases where the condition was not initially 
suspected.[20]

Aside from hearing loss, early symptoms of MPS 
include recurrent upper respiratory infections, chronic 
rhinosinusitis, nasal blockages, and adenotonsillar 
enlargement.[3,4,6] The coexistence of these symptoms 
should raise the possibility of MPS.[7,8] Early and 
proactive engagement by otolaryngologists is critical, as 
early diagnosis and treatment significantly improve life 
quality and slow disease progression.[8,9] Furthermore, 
ERT is effective in managing these early symptoms when 
initiated early.[30,33] Early detection and diagnosis by 
otolaryngologists are critical because they allow for more 
effective multidisciplinary management, ensuring that 
affected children receive the comprehensive care necessary 
for the best possible outcomes.[8,9]

tReatMent oPtions foR auditoRy and otologic 
issues in MPs Patients
Sensorineural and mixed conductive-sensorineural 
hearing loss are common in MPS patients, particularly in 
the first decade of life.[3,9] Ventilation tubes are commonly 
used to treat conductive hearing loss, which is often 
caused by persistent middle ear fluid. Long-lasting 
tympanostomy tubes are recommended for initial use to 
reduce anesthetic risks and the possibility of recurring 
middle ear effusions.[3] If  the hearing loss is progressive 
and neurosensory, postaural hearing aids may be the best 
option.[9] However, normalization of hearing following 
the insertion of transtympanic drainage tubes does not 
eliminate the need for regular audiological evaluation.[3,5]

Using hearing aids and transtympanic ventilation tubes 
has been shown to improve language development in 
children with moderate cognitive impairments.[6,9] As 
a result of the ongoing impact of hearing loss on their 
development and overall quality of life, these patients 
require routine follow-up assessments.[3,9] Management of 
auditory and otologic issues in MPS patients requires a 
comprehensive approach, taking into account the specific 
subtype of MPS and the individual patient’s needs.[35]

navigating the tRansition fRoM PediatRic to 
adult caRe foR MPs Patients
As more MPS patients live into adulthood thanks to 
advances in diagnostic and therapeutic techniques, it is 

critical to ensure a smooth transition from pediatric to adult 
care. Lampe et al.[36] investigate the critical considerations 
required to develop an effective transition strategy for 
patients with severe and progressive MPS symptoms. The 
study emphasizes the importance of starting transition 
planning early, giving patients and their families enough 
time in the adult care environment, and building rapport 
with the new medical team. It is critical to actively involve 
both patients and caregivers in educational activities to 
improve their understanding of the transition process and 
promote the development of self-care skills. The use of 
transition documents and checklists aids in assessing the 
patient’s readiness for the transition and identifying any 
potential obstacles. Furthermore, the participation of a 
well-coordinated multidisciplinary team with expertise in 
MPS is critical to ensure continuity of care and meeting 
these individuals’ complex health needs. The authors 
argue that transition plans should be detailed and tailored 
to each patient’s medical, social, and emotional needs.[35] 
By incorporating these critical components, healthcare 
providers can ensure a smooth and effective transition 
from pediatric to adult care for MPS patients, improving 
their overall disease management and quality of life.

conclusion
The prevalence and early presentation of  ENT 
symptoms in MPS conditions emphasize the need for 
otolaryngologists to be well-versed in these disorders 
to facilitate quick diagnosis, initiate appropriate 
management, and provide the best perioperative care 
through a team-based approach. Recent research studies 
have reaffirmed the importance of  pulmonary function 
and hearing loss as early diagnostics indicators for MPS. 
Innovative surgical methods, such as tracheal resection 
in severe airway blockages in MPS IVA cases, have 
produced promising results for carefully chosen patients. 
ERT has demonstrated varying degrees of  success 
in relieving respiratory symptoms across MPS types, 
emphasizing the importance of  individual treatment 
protocols. As MPS patients’ life expectancy increases, 
otolaryngologists and pulmonologists play increasingly 
important roles in the early detection and ongoing 
management of  these conditions. Additionally, a smooth 
transition from pediatric to adult care is critical for MPS 
patients’ health and quality of  life. Medical professionals 
can improve patient outcomes and disease management 
by developing and implementing comprehensive, tailored 
transition strategies. Otolaryngologists play a critical 
role in improving the quality of  care for MPS patients, 
and working with a multidisciplinary team is essential 
to providing the best possible care. Furthermore, the 
importance of  histopathological examination of  tonsillar 
specimens in cases of  unusual snoring or enlarged tonsils 
in children cannot be overstated, as it can lead to early 
diagnosis of  MPS and timely intervention.
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in MPS II and VI patients. ERT has been particularly 
effective in improving the sleep-disordered breathing 
conditions observed in these patients.[31,32] However, 
the efficacy of ERT varies by MPS type, with MPS III 
patients showing less respiratory improvement than those 
with MPS I, II, and VI.[33]

Given these findings, while ERT can alleviate many MPS 
symptoms, its application may be limited to certain types 
of the condition. It is still critical to assess the efficacy of 
ERT across different MPS types and consider alternative 
treatment options for patients who do not respond well 
to ERT.

heaRing iMPaiRMent as a diagnostic indicatoR foR 
MPs
Hearing impairment is a critical symptom in the diagnosis 
of MPS, and it is nearly universally among affected 
children, making early detection and intervention 
critical.[1-4] Hearing loss in MPS usually involves both 
conductive and sensorineural mechanisms.[5]

Conductive hearing loss in MPS patients is frequently 
caused by seromucous otitis media [Figure 4][6] or ossicular 
chain deformities,[7] which are caused by the accumulation 
of GAGs in middle ear structures, such as the mucosa, 
tympanic membrane, and ossicles.[1,8] Although surgical 
interventions, such as adenoidectomy and ventilation 
tubes, can help with conductive hearing loss, hearing aids 
are frequently required to treat residual sensorineural 
hearing loss.[5,6]

The sensorineural hearing loss component is thought to 
be caused by GAG deposition in the cochlea, auditory 

nerve, and brainstem,[5,7] which may be exacerbated by 
a reduction in cochlear hair cells.[9] Patients frequently 
exhibit mixed-type hearing loss that includes both 
conductive and sensorineural elements.[5]

Hearing loss occurs early in the course of MPS, 
particularly in types I, II, and VI, and has significant 
diagnostic implications.[3,11] According to the Hunter 
Outcome Survey, approximately 67% of people with 
MPS II have experienced hearing loss, with half  of 
these cases necessitating the installation of ventilation 
tubes.[13] Because of the significant impact on language 
development and overall quality of life, early and proactive 
otolaryngological evaluations are strongly advocated and 
recommended.[6,14]

Furthermore, a recent study found that hearing loss is often 
the first symptom in MPS II patients, appearing around 
the age of 6 months.[34] This emphasizes the importance of 
early detection and treatment of hearing impairment in 
MPS patients to allow for timely management and better 
outcomes.

eaRly syMPtoMs of MPs and the iMPoRtance of 
PRoMPt diagnosis
Recognizing MPS in its early stages necessitates careful 
observation of a variety of symptoms, many of which 
can be mistaken for common childhood illnesses.[2] 
Notably, hearing loss appears as an early and significant 
symptom in children with MPS, necessitating prompt 
otolaryngological evaluations and interventions.[21] 
Distinct clusters of symptoms, which are uncommon in 
unaffected children but appear together in those with 
MPS II [Table 1], can help raise clinical suspicion for the 
disorder.[7]

The size and appearance of tonsils can serve as an early 
diagnostic indicator for MPS. Exceptionally enlarged 
tonsils, especially when accompanied by early-onset OSA, 
should raise suspicion for MPS. Otolaryngologists should 
consider the possibility of MPS when encountering 

Figure 4: Seromucous otitis media in a patient with 
mucopolysaccharidosis. Otoscopic view of the tympanic membrane 
showing a cloudy, amber-colored appearance (arrow) indicative of 
middle ear effusion. This condition is common in MPS patients and can 
lead to conductive hearing loss if left untreated

Table 1: Clinical features that may suggest a diagnosis of 
mucopolysaccharidosis II

Clinical Features
Coarse facial features

Macrocephaly

Macroglossia

Short stature

Joint stiffness/contractures

Hernias

Hepatosplenomegaly

Recurrent ENT infections

Loud snoring/sleep apnea

Progressive cognitive impairment
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such cases, particularly if  the child’s tonsils are 
disproportionately large compared to their age and if  
OSA symptoms appear earlier than expected.[20]

In cases of unusual snoring or enlarged tonsils in children, 
it is recommended to perform a histopathological 
examination of tonsillar specimens following 
tonsillectomy. This practice can lead to early diagnosis of 
MPS, even in cases where the condition was not initially 
suspected.[20]

Aside from hearing loss, early symptoms of MPS 
include recurrent upper respiratory infections, chronic 
rhinosinusitis, nasal blockages, and adenotonsillar 
enlargement.[3,4,6] The coexistence of these symptoms 
should raise the possibility of MPS.[7,8] Early and 
proactive engagement by otolaryngologists is critical, as 
early diagnosis and treatment significantly improve life 
quality and slow disease progression.[8,9] Furthermore, 
ERT is effective in managing these early symptoms when 
initiated early.[30,33] Early detection and diagnosis by 
otolaryngologists are critical because they allow for more 
effective multidisciplinary management, ensuring that 
affected children receive the comprehensive care necessary 
for the best possible outcomes.[8,9]

tReatMent oPtions foR auditoRy and otologic 
issues in MPs Patients
Sensorineural and mixed conductive-sensorineural 
hearing loss are common in MPS patients, particularly in 
the first decade of life.[3,9] Ventilation tubes are commonly 
used to treat conductive hearing loss, which is often 
caused by persistent middle ear fluid. Long-lasting 
tympanostomy tubes are recommended for initial use to 
reduce anesthetic risks and the possibility of recurring 
middle ear effusions.[3] If  the hearing loss is progressive 
and neurosensory, postaural hearing aids may be the best 
option.[9] However, normalization of hearing following 
the insertion of transtympanic drainage tubes does not 
eliminate the need for regular audiological evaluation.[3,5]

Using hearing aids and transtympanic ventilation tubes 
has been shown to improve language development in 
children with moderate cognitive impairments.[6,9] As 
a result of the ongoing impact of hearing loss on their 
development and overall quality of life, these patients 
require routine follow-up assessments.[3,9] Management of 
auditory and otologic issues in MPS patients requires a 
comprehensive approach, taking into account the specific 
subtype of MPS and the individual patient’s needs.[35]

navigating the tRansition fRoM PediatRic to 
adult caRe foR MPs Patients
As more MPS patients live into adulthood thanks to 
advances in diagnostic and therapeutic techniques, it is 

critical to ensure a smooth transition from pediatric to adult 
care. Lampe et al.[36] investigate the critical considerations 
required to develop an effective transition strategy for 
patients with severe and progressive MPS symptoms. The 
study emphasizes the importance of starting transition 
planning early, giving patients and their families enough 
time in the adult care environment, and building rapport 
with the new medical team. It is critical to actively involve 
both patients and caregivers in educational activities to 
improve their understanding of the transition process and 
promote the development of self-care skills. The use of 
transition documents and checklists aids in assessing the 
patient’s readiness for the transition and identifying any 
potential obstacles. Furthermore, the participation of a 
well-coordinated multidisciplinary team with expertise in 
MPS is critical to ensure continuity of care and meeting 
these individuals’ complex health needs. The authors 
argue that transition plans should be detailed and tailored 
to each patient’s medical, social, and emotional needs.[35] 
By incorporating these critical components, healthcare 
providers can ensure a smooth and effective transition 
from pediatric to adult care for MPS patients, improving 
their overall disease management and quality of life.

conclusion
The prevalence and early presentation of  ENT 
symptoms in MPS conditions emphasize the need for 
otolaryngologists to be well-versed in these disorders 
to facilitate quick diagnosis, initiate appropriate 
management, and provide the best perioperative care 
through a team-based approach. Recent research studies 
have reaffirmed the importance of  pulmonary function 
and hearing loss as early diagnostics indicators for MPS. 
Innovative surgical methods, such as tracheal resection 
in severe airway blockages in MPS IVA cases, have 
produced promising results for carefully chosen patients. 
ERT has demonstrated varying degrees of  success 
in relieving respiratory symptoms across MPS types, 
emphasizing the importance of  individual treatment 
protocols. As MPS patients’ life expectancy increases, 
otolaryngologists and pulmonologists play increasingly 
important roles in the early detection and ongoing 
management of  these conditions. Additionally, a smooth 
transition from pediatric to adult care is critical for MPS 
patients’ health and quality of  life. Medical professionals 
can improve patient outcomes and disease management 
by developing and implementing comprehensive, tailored 
transition strategies. Otolaryngologists play a critical 
role in improving the quality of  care for MPS patients, 
and working with a multidisciplinary team is essential 
to providing the best possible care. Furthermore, the 
importance of  histopathological examination of  tonsillar 
specimens in cases of  unusual snoring or enlarged tonsils 
in children cannot be overstated, as it can lead to early 
diagnosis of  MPS and timely intervention.
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Prevalence and Clinical Characterization of Human Rhinovirus 
in Hospitalized Children with Acute Lower Respiratory Tract 
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Abstract 

Background: Human rhinovirus (HRV) and its species are the predominant viruses contributing to acute lower respiratory tract 
infection (ALRTI) in several countries. We explored their prevalence and clinical implications in hospitalized children with ALRTI in 
southern Taiwan. Materials and Methods: From 2011 to 2013, children with ALRTI younger than or 13 years admitted to the hospital 
were enrolled. Nasopharyngeal swab samples were collected to detect HRV, HRV species, and other common respiratory viruses. 
Participants were then categorized into HRV and non-HRV groups according to their virus test results. Results: A total of 55 children 
were enrolled: 21 in the HRV group and 34 in the non-HRV group. Respiratory viruses were found in 76.4% of the cases, including 
HRV (38.2%), enterovirus (18.2%), adenovirus (16.4%), and respiratory syncytial virus (7.3%). In the HRV group, HRV-C (57.1%) was 
predominant over HRV-A (23.8%) and HRV-B (19.0%). HRV and HRV-C were more common in spring and winter (P < 0.05). The 
diagnosis of bronchitis or bronchiolitis was significantly higher in the HRV group (52.4%) compared with the non-HRV group (17.6%, 
P = 0.009). The proportion of patients with comorbid asthma attack was higher in the HRV group than in the non-HRV group and 
higher in the HRV-C group than in the HRV-B or HRV-C group. Conclusions: HRV is the most predominant virus in hospitalized 
children because of ALRTI in southern Taiwan, and HRV-C is the predominant species. HRV and HRV-C are more common in spring 
and winter and are associated with asthma attacks in hospitalized children with ALRTI. 

Keywords: Asthma exacerbation, children, respiratory airway infection, rhinovirus, rhinovirus C

IntroductIon
Acute respiratory tract infections significantly contribute 
to morbidity and mortality among children.[1] Human 
rhinovirus (HRV), respiratory syncytial virus (RSV), 
influenza virus, enterovirus, human metapneumovirus, 
and parainfluenza virus are the most common viruses.[2,3] 
Research indicates that HRV significantly contributes 
to various clinical presentations in children, ranging 
from symptomless upper airway illness to serious lower 
respiratory tract infections. These include conditions 
such as the common cold, bronchiolitis/bronchitis, 
pneumonia, and asthma exacerbations (AEs).[3-5] Despite 
new developments in asthma treatment, managing 
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environmental triggers and maintaining regular low-dose 
medication are essential for most children with asthma.[6] 
Studies show that HRV leads to more severe symptoms 
than other viruses, particularly asthma attack, in countries 
such as Japan, Hong Kong, China, Korea, Thailand, 
Australia, and Canada.[4,5,7-13]

HRV, a member of the Picornaviridae family and 
enterovirus genus, is a nonenveloped virus with a single-
stranded ribonucleic acid (RNA) genome. Its viral capsid 
is composed of four viral proteins, VP1 to VP4.[14] More 
than 100 serotypes of HRV exist and are categorized 
into three species in accordance with their genetic 
classification: HRV-A, HRV-B, and HRV-C.[14] Different 
species of HRV are associated with differing severity of 
respiratory diseases.[15] HRV-C is associated with more 
severe conditions, including acute lower respiratory 
tract infections (ALRTIs) and AEs.[7,9,10] Iwane et al. and 
Xen et al.[12,16] suggested that the clinical manifestations 
of the three HRV species do not differ other than in 
the aforementioned manners. The relationship between 
clinical presentations and HRV species in children remains 
controversial and warrants investigation.

We hypothesized that HRV and various respiratory 
viruses cause ALRTIs with differing clinical severity. 
Consequently, this prospective study was undertaken to 
examine the prevalence and clinical manifestations of 
HRV and other respiratory viruses among hospitalized 
children with ALRTI. We also evaluated the clinical 
significance of  the three HRV species in southern Taiwan 
by examining their prevalence and clinical manifestations.

MaterIals and Methods

Patients
This was a prospective study. Children younger than 
13 years hospitalized with ALRTI at a medical center 
between 2011 and 2013 were enrolled [Figure 1]. ALRTI 
was diagnosed when the patient exhibited respiratory 
symptoms with abnormal lung sounds (e.g., wheezing, 
rales, or rhonchi), including bronchiolitis, bronchitis, 
bronchopneumonia, or pneumonia. When the chest 
X-ray (CXR) exclusively showed an infiltration pattern, 
bronchiolitis (<2 years old) or bronchitis (≥2 years old) 
was diagnosed. If  the CXR revealed an alveolar pattern, 
the diagnosis was bronchopneumonia or pneumonia. An 
AE was defined as bilateral wheeze that responds well to 
bronchodilator or corticosteroid, coupled with a prior 
asthma diagnosis. Nasopharyngeal swabs were collected 
and tested to determine the viruses. Participants were 
then classified into the HRV group if  their viral tests 
were positive for HRV and into the non-HRV group if  
their tests were negative for HRV. Informed consent was 
obtained from the parents or guardians of all children. 
The Hospital Ethical Review Committee approved this 
study protocol.

Viral culture
Samples were tested for respiratory viruses using 
conventional viral culture with MDCK, A549, LLC-MK2, 
and MRC-5 cell lines. Upon cytopathic effect observation, 
cells were stained for respiratory viruses, herpes simplex 
virus 1, pan enteroviruses, and cytomegalovirus, with HRV 
detection via real-time reverse transcription–polymerase 
chain reaction (RT-PCR).

One-step RT-PCR technique for HRV detection
RNA was extracted using a MagCore Viral Nucleic Acid 
Kit. HRV detection employed a one-step RT-PCR targeting 
the 5ʹ noncoding region with the AgPath-ID kit,[17] analyzed 
by using Bio-Rad CFX96 for threshold cycles.

VP4/VP2 sequencing for typing the HRV genome
The SuperScript III system was used for RT-PCR first-
strand synthesis, followed by VP4/VP2 amplification 
and seminested PCR, as previously described.[17] An ABI 
3130xl analyzer was used to analyze PCR products, with 
the Basic Local Alignment Search Tool for sequence 
analysis. HRV classification used the neighbor-joining 
method in MEGA version 5.0.

Statistical analysis
The features of both the HRV and non-HRV groups, 
as well as the HRV-A, HRV-B, and HRV-C groups, are 
presented as mean ± standard deviation (SD). To compare 
variables across the HRV and non-HRV groups and 
among the HRV-A, HRV-B, and HRV-C groups, we used 

Figure 1: Study flowchart. HRV, human rhinovirus
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Abstract 

Background: Human rhinovirus (HRV) and its species are the predominant viruses contributing to acute lower respiratory tract 
infection (ALRTI) in several countries. We explored their prevalence and clinical implications in hospitalized children with ALRTI in 
southern Taiwan. Materials and Methods: From 2011 to 2013, children with ALRTI younger than or 13 years admitted to the hospital 
were enrolled. Nasopharyngeal swab samples were collected to detect HRV, HRV species, and other common respiratory viruses. 
Participants were then categorized into HRV and non-HRV groups according to their virus test results. Results: A total of 55 children 
were enrolled: 21 in the HRV group and 34 in the non-HRV group. Respiratory viruses were found in 76.4% of the cases, including 
HRV (38.2%), enterovirus (18.2%), adenovirus (16.4%), and respiratory syncytial virus (7.3%). In the HRV group, HRV-C (57.1%) was 
predominant over HRV-A (23.8%) and HRV-B (19.0%). HRV and HRV-C were more common in spring and winter (P < 0.05). The 
diagnosis of bronchitis or bronchiolitis was significantly higher in the HRV group (52.4%) compared with the non-HRV group (17.6%, 
P = 0.009). The proportion of patients with comorbid asthma attack was higher in the HRV group than in the non-HRV group and 
higher in the HRV-C group than in the HRV-B or HRV-C group. Conclusions: HRV is the most predominant virus in hospitalized 
children because of ALRTI in southern Taiwan, and HRV-C is the predominant species. HRV and HRV-C are more common in spring 
and winter and are associated with asthma attacks in hospitalized children with ALRTI. 

Keywords: Asthma exacerbation, children, respiratory airway infection, rhinovirus, rhinovirus C

IntroductIon
Acute respiratory tract infections significantly contribute 
to morbidity and mortality among children.[1] Human 
rhinovirus (HRV), respiratory syncytial virus (RSV), 
influenza virus, enterovirus, human metapneumovirus, 
and parainfluenza virus are the most common viruses.[2,3] 
Research indicates that HRV significantly contributes 
to various clinical presentations in children, ranging 
from symptomless upper airway illness to serious lower 
respiratory tract infections. These include conditions 
such as the common cold, bronchiolitis/bronchitis, 
pneumonia, and asthma exacerbations (AEs).[3-5] Despite 
new developments in asthma treatment, managing 
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environmental triggers and maintaining regular low-dose 
medication are essential for most children with asthma.[6] 
Studies show that HRV leads to more severe symptoms 
than other viruses, particularly asthma attack, in countries 
such as Japan, Hong Kong, China, Korea, Thailand, 
Australia, and Canada.[4,5,7-13]

HRV, a member of the Picornaviridae family and 
enterovirus genus, is a nonenveloped virus with a single-
stranded ribonucleic acid (RNA) genome. Its viral capsid 
is composed of four viral proteins, VP1 to VP4.[14] More 
than 100 serotypes of HRV exist and are categorized 
into three species in accordance with their genetic 
classification: HRV-A, HRV-B, and HRV-C.[14] Different 
species of HRV are associated with differing severity of 
respiratory diseases.[15] HRV-C is associated with more 
severe conditions, including acute lower respiratory 
tract infections (ALRTIs) and AEs.[7,9,10] Iwane et al. and 
Xen et al.[12,16] suggested that the clinical manifestations 
of the three HRV species do not differ other than in 
the aforementioned manners. The relationship between 
clinical presentations and HRV species in children remains 
controversial and warrants investigation.

We hypothesized that HRV and various respiratory 
viruses cause ALRTIs with differing clinical severity. 
Consequently, this prospective study was undertaken to 
examine the prevalence and clinical manifestations of 
HRV and other respiratory viruses among hospitalized 
children with ALRTI. We also evaluated the clinical 
significance of  the three HRV species in southern Taiwan 
by examining their prevalence and clinical manifestations.

MaterIals and Methods

Patients
This was a prospective study. Children younger than 
13 years hospitalized with ALRTI at a medical center 
between 2011 and 2013 were enrolled [Figure 1]. ALRTI 
was diagnosed when the patient exhibited respiratory 
symptoms with abnormal lung sounds (e.g., wheezing, 
rales, or rhonchi), including bronchiolitis, bronchitis, 
bronchopneumonia, or pneumonia. When the chest 
X-ray (CXR) exclusively showed an infiltration pattern, 
bronchiolitis (<2 years old) or bronchitis (≥2 years old) 
was diagnosed. If  the CXR revealed an alveolar pattern, 
the diagnosis was bronchopneumonia or pneumonia. An 
AE was defined as bilateral wheeze that responds well to 
bronchodilator or corticosteroid, coupled with a prior 
asthma diagnosis. Nasopharyngeal swabs were collected 
and tested to determine the viruses. Participants were 
then classified into the HRV group if  their viral tests 
were positive for HRV and into the non-HRV group if  
their tests were negative for HRV. Informed consent was 
obtained from the parents or guardians of all children. 
The Hospital Ethical Review Committee approved this 
study protocol.

Viral culture
Samples were tested for respiratory viruses using 
conventional viral culture with MDCK, A549, LLC-MK2, 
and MRC-5 cell lines. Upon cytopathic effect observation, 
cells were stained for respiratory viruses, herpes simplex 
virus 1, pan enteroviruses, and cytomegalovirus, with HRV 
detection via real-time reverse transcription–polymerase 
chain reaction (RT-PCR).

One-step RT-PCR technique for HRV detection
RNA was extracted using a MagCore Viral Nucleic Acid 
Kit. HRV detection employed a one-step RT-PCR targeting 
the 5ʹ noncoding region with the AgPath-ID kit,[17] analyzed 
by using Bio-Rad CFX96 for threshold cycles.

VP4/VP2 sequencing for typing the HRV genome
The SuperScript III system was used for RT-PCR first-
strand synthesis, followed by VP4/VP2 amplification 
and seminested PCR, as previously described.[17] An ABI 
3130xl analyzer was used to analyze PCR products, with 
the Basic Local Alignment Search Tool for sequence 
analysis. HRV classification used the neighbor-joining 
method in MEGA version 5.0.

Statistical analysis
The features of both the HRV and non-HRV groups, 
as well as the HRV-A, HRV-B, and HRV-C groups, are 
presented as mean ± standard deviation (SD). To compare 
variables across the HRV and non-HRV groups and 
among the HRV-A, HRV-B, and HRV-C groups, we used 

Figure 1: Study flowchart. HRV, human rhinovirus
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two-sample t tests, chi-square tests, and the Fisher’s exact 
test. Data were analyzed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). A P value of <0.05 was used to 
establish statistical significance.

results

Patient characteristics
From 2011 to 2013, 55 children were recruited for the 
study, distributed into two groups: 21 in the HRV group 
and 34 in the non-HRV group, as detailed in [Table 1]. The 
average ages (mean ± SD) of the overall, HRV, and non-
HRV groups were 3.1 ± 3.1, 2.8 ± 3.5, and 3.3 ± 2.9 years, 
respectively. The proportion of boys in each group was 
63.6%, 71.4%, and 58.8%, respectively.

Detection of HRV and other respiratory viruses
The respiratory viruses detected in our patients are detailed 
in [Table 2]. Overall, the prevalence of the identified 
respiratory viruses was 76.4%. The most common virus 
was HRV (38.2%), followed by enterovirus (18.2%), 
adenovirus (16.4%), and RSV (7.3%). In the HRV group, 
the rate of single virus infection stood at 66.7%, compared 

with 50.0% in the non-HRV group. Among the HRV 
group, the most common comorbid virus was enterovirus 
(23.8%). In the non-HRV group, the most common viruses 
were adenovirus (23.8%), enterovirus (14.7%), and RSV 
(11.8%).

Epidemiology of HRV infection
As shown in [Table 1 and Figure 2], the majority of  HRV 
samples were detected during cold seasons (spring and 
winter; P < 0.05). The proportion of  HRV among ALRTI 
cases also peaked during winter (66.7%; Figure 3].

Clinical manifestations of HRV and non-HRV infection
The clinical presentations in the children in the HRV 
and non-HRV groups are listed in [Table 1]. The extents 
of comorbid asthma attack and corticosteroid use were 
higher in the HRV group than in the non-HRV group 
(28.6% vs 11.8% and 33.3% vs 11.8%, P = 0.156 and 0.082, 
respectively). The length of hospital stay was similar in the 
groups (5.2 vs 4.9 days, P = 0.520). Of diagnoses, 52.4% 
were of bronchitis/bronchiolitis in the HRV group, which 
was higher than the 17.6% rate in the non-HRV group 
(P = 0.009).

Table 1: Demographic and clinical features of HRV versus non-HRV infections in hospitalized children with acute lower 
respiratory tract infections

 All patients (n = 55) HRV group  
(n = 21) 

Non-HRV group 
(n = 34) 

P 
value 

Male sex, n (%) 35 (63.6) 15 (71.4) 20 (58.8) 0.399a

Age in years, mean ± SD, median (min, max) 3.1 ± 3.1
1.8 (0.1, 13.8)

2.8 ± 3.5
1.3 (0.1, 13.8)

3.3 ± 2.9
2.0 (0.1, 11.0)

0.284c

  <3 years, n (%) 37 (67.3) 16 (76.2) 21 (61.8) 0.318b

  3–6 years, n (%) 12 (21.8) 3 (14.3) 9 (26.5)
  7–13 years, n (%) 6 (10.9) 2 (9.5) 4 (11.8)
Length of hospitalization in days, mean ± SD, median (min, max) 5.0 ± 2.3

4.0 (2.0, 13.0)
5.2 ± 2.4

5.0 (2.0, 11.0)
4.9 ± 2.3

4.0 (3.0, 13.0)
0.520c

Asthma attack, n (%) 10 (18.2) 6 (28.6) 4 (11.8) 0.156b

Corticosteroids, n (%) 11 (20.0) 7 (33.3) 4 (11.8) 0.082b

Diagnosis, n (%) 0.009 a*

  Bronchitis or bronchiolitis 17 (30.9) 11 (52.4) 6 (17.6)
  Bronchopneumonia or pneumonia 38 (69.1) 10 (47.6) 28 (82.4)
Symptoms and signs, n (%)
  Fever 45 (81.8) 15 (71.4) 30 (88.2) 0.156b

  Dyspnea or tachypnea 30 (54.5) 14 (66.7) 16 (47.1) 0.177a

  Supplemental oxygen 16 (29.1) 8 (38.1) 8 (23.5) 0.360a

Season, n (%) 0.025a*

  Spring or winter 25 (45.5) 14 (66.7) 11 (32.4)
  Summer or autumn 30 (54.5) 7 (33.3) 23 (67.6)
HRV, human rhinovirus
Data are represented as number (percentage). The P values are for comparing the HRV group versus the non-HRV group
*P < 0.05
aPearson’s chi-squared test with Yates’ continuity correction
bFisher’s exact test
cMann–Whitney U test
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Prevalence and clinical manifestations of HRV-A, HRV-B,  
and HRV-C infection
As shown in [Table 3 and Figure 3], the number of  cases of 
each HRV species identified was 5 for HRV-A, 4 for HRV-
B, and 12 for HRV-C. The prevalence of  HRV-A, HRV-B, 
and HRV-C was 23.8%, 19.0%, and 57.1%, respectively. 
The length of  hospital stay was similar for HRV-A (4.6 
days), HRV-B (5.5 days), and HRV-C infection (5.4 
days). Comorbid asthma attack and corticosteroid use 
were more prevalent for HRV-C (41.7%, 50.0%) than for 
HRV-A (20.0%, 20.0%) or HRV-B (0.0%, 0.0%).

dIscussIon
Our prospective study investigated the clinical implication 
of HRV and other viruses on hospitalized children with 

ALRTI in southern Taiwan, and the clinical symptoms 
linked to various HRV species. We found that HRV 
was the most common virus, particularly in winter and 
spring. Moreover, HRV infection, especially those caused 
by HRV-C, tends to induce comorbid asthma attacks in 
hospitalized children with ALRTI.

Respiratory viruses cause various respiratory disorders. 
HRV infection vary from asymptomatic to severe 
respiratory distress. Our findings align with Daniel’s 
study,[13] which identified HRV as the predominant 
respiratory virus between September and February 
among hospitalized children with acute respiratory 
infections in Hong Kong. In Changsha, China, Zeng 
et al.[12] reported HRV to be the leading virus between 
September and December in hospitalized children with 
ALRTI.

Table 2: Distribution of respiratory viruses in HRV and non-HRV groups in hospitalized children with acute lower respiratory 
tract infections

Viral result All patients (n = 55) HRV (n = 21) Non-HRV (n = 34) P value 
Positive 42 (76.4) 21 (100) 21 (61.8) 0.001b*

Single infection 31 (56.4) 14 (66.7) 17 (50.0) 0.272a

HRV 21 (38.2) 21 (100) 0 (0.0) 0.001b*

Enterovirus 10 (18.2) 5 (23.8) 5 (14.7) 0.480a

Adenovirus 9 (16.4) 1 (4.8) 8 (23.5) 0.131b

RSV 4 (7.3) 0 (0.0) 4 (11.8) 0.286b

Influenza B 2 (3.6) 0 (0.0) 2 (5.9) 0.519b

Parainfluenza 3 (5.5) 1 (4.8) 2 (5.9) 1.000b

CMV 3 (5.5) 0 (0.0) 3 (8.8) 0.279b

HSV-1 1 (1.8) 0 (0.0) 1 (2.9) 1.000b

HRV, human rhinovirus; RSV, respiratory syncytial virus; CMV, cytomegalovirus; HSV, herpes simplex virus
Data are represented as number (percentage). The P values are for comparing the HRV group versus the non-HRV group
* P < 0.05
a Pearson’s chi-squared test with Yates’ continuity correction
b Fisher’s exact test

Figure 2: Seasonal distribution of HRV and other respiratory viruses. HRV, human rhinovirus; RSV, respiratory syncytial virus; CMV, cytomegalovirus; 
HSV, herpes simplex virus
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two-sample t tests, chi-square tests, and the Fisher’s exact 
test. Data were analyzed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). A P value of <0.05 was used to 
establish statistical significance.

results

Patient characteristics
From 2011 to 2013, 55 children were recruited for the 
study, distributed into two groups: 21 in the HRV group 
and 34 in the non-HRV group, as detailed in [Table 1]. The 
average ages (mean ± SD) of the overall, HRV, and non-
HRV groups were 3.1 ± 3.1, 2.8 ± 3.5, and 3.3 ± 2.9 years, 
respectively. The proportion of boys in each group was 
63.6%, 71.4%, and 58.8%, respectively.

Detection of HRV and other respiratory viruses
The respiratory viruses detected in our patients are detailed 
in [Table 2]. Overall, the prevalence of the identified 
respiratory viruses was 76.4%. The most common virus 
was HRV (38.2%), followed by enterovirus (18.2%), 
adenovirus (16.4%), and RSV (7.3%). In the HRV group, 
the rate of single virus infection stood at 66.7%, compared 

with 50.0% in the non-HRV group. Among the HRV 
group, the most common comorbid virus was enterovirus 
(23.8%). In the non-HRV group, the most common viruses 
were adenovirus (23.8%), enterovirus (14.7%), and RSV 
(11.8%).

Epidemiology of HRV infection
As shown in [Table 1 and Figure 2], the majority of  HRV 
samples were detected during cold seasons (spring and 
winter; P < 0.05). The proportion of  HRV among ALRTI 
cases also peaked during winter (66.7%; Figure 3].

Clinical manifestations of HRV and non-HRV infection
The clinical presentations in the children in the HRV 
and non-HRV groups are listed in [Table 1]. The extents 
of comorbid asthma attack and corticosteroid use were 
higher in the HRV group than in the non-HRV group 
(28.6% vs 11.8% and 33.3% vs 11.8%, P = 0.156 and 0.082, 
respectively). The length of hospital stay was similar in the 
groups (5.2 vs 4.9 days, P = 0.520). Of diagnoses, 52.4% 
were of bronchitis/bronchiolitis in the HRV group, which 
was higher than the 17.6% rate in the non-HRV group 
(P = 0.009).

Table 1: Demographic and clinical features of HRV versus non-HRV infections in hospitalized children with acute lower 
respiratory tract infections

 All patients (n = 55) HRV group  
(n = 21) 

Non-HRV group 
(n = 34) 

P 
value 

Male sex, n (%) 35 (63.6) 15 (71.4) 20 (58.8) 0.399a

Age in years, mean ± SD, median (min, max) 3.1 ± 3.1
1.8 (0.1, 13.8)

2.8 ± 3.5
1.3 (0.1, 13.8)

3.3 ± 2.9
2.0 (0.1, 11.0)

0.284c

  <3 years, n (%) 37 (67.3) 16 (76.2) 21 (61.8) 0.318b

  3–6 years, n (%) 12 (21.8) 3 (14.3) 9 (26.5)
  7–13 years, n (%) 6 (10.9) 2 (9.5) 4 (11.8)
Length of hospitalization in days, mean ± SD, median (min, max) 5.0 ± 2.3

4.0 (2.0, 13.0)
5.2 ± 2.4

5.0 (2.0, 11.0)
4.9 ± 2.3

4.0 (3.0, 13.0)
0.520c

Asthma attack, n (%) 10 (18.2) 6 (28.6) 4 (11.8) 0.156b

Corticosteroids, n (%) 11 (20.0) 7 (33.3) 4 (11.8) 0.082b

Diagnosis, n (%) 0.009 a*

  Bronchitis or bronchiolitis 17 (30.9) 11 (52.4) 6 (17.6)
  Bronchopneumonia or pneumonia 38 (69.1) 10 (47.6) 28 (82.4)
Symptoms and signs, n (%)
  Fever 45 (81.8) 15 (71.4) 30 (88.2) 0.156b

  Dyspnea or tachypnea 30 (54.5) 14 (66.7) 16 (47.1) 0.177a

  Supplemental oxygen 16 (29.1) 8 (38.1) 8 (23.5) 0.360a

Season, n (%) 0.025a*

  Spring or winter 25 (45.5) 14 (66.7) 11 (32.4)
  Summer or autumn 30 (54.5) 7 (33.3) 23 (67.6)
HRV, human rhinovirus
Data are represented as number (percentage). The P values are for comparing the HRV group versus the non-HRV group
*P < 0.05
aPearson’s chi-squared test with Yates’ continuity correction
bFisher’s exact test
cMann–Whitney U test
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Prevalence and clinical manifestations of HRV-A, HRV-B,  
and HRV-C infection
As shown in [Table 3 and Figure 3], the number of  cases of 
each HRV species identified was 5 for HRV-A, 4 for HRV-
B, and 12 for HRV-C. The prevalence of  HRV-A, HRV-B, 
and HRV-C was 23.8%, 19.0%, and 57.1%, respectively. 
The length of  hospital stay was similar for HRV-A (4.6 
days), HRV-B (5.5 days), and HRV-C infection (5.4 
days). Comorbid asthma attack and corticosteroid use 
were more prevalent for HRV-C (41.7%, 50.0%) than for 
HRV-A (20.0%, 20.0%) or HRV-B (0.0%, 0.0%).

dIscussIon
Our prospective study investigated the clinical implication 
of HRV and other viruses on hospitalized children with 

ALRTI in southern Taiwan, and the clinical symptoms 
linked to various HRV species. We found that HRV 
was the most common virus, particularly in winter and 
spring. Moreover, HRV infection, especially those caused 
by HRV-C, tends to induce comorbid asthma attacks in 
hospitalized children with ALRTI.

Respiratory viruses cause various respiratory disorders. 
HRV infection vary from asymptomatic to severe 
respiratory distress. Our findings align with Daniel’s 
study,[13] which identified HRV as the predominant 
respiratory virus between September and February 
among hospitalized children with acute respiratory 
infections in Hong Kong. In Changsha, China, Zeng 
et al.[12] reported HRV to be the leading virus between 
September and December in hospitalized children with 
ALRTI.

Table 2: Distribution of respiratory viruses in HRV and non-HRV groups in hospitalized children with acute lower respiratory 
tract infections

Viral result All patients (n = 55) HRV (n = 21) Non-HRV (n = 34) P value 
Positive 42 (76.4) 21 (100) 21 (61.8) 0.001b*

Single infection 31 (56.4) 14 (66.7) 17 (50.0) 0.272a

HRV 21 (38.2) 21 (100) 0 (0.0) 0.001b*

Enterovirus 10 (18.2) 5 (23.8) 5 (14.7) 0.480a

Adenovirus 9 (16.4) 1 (4.8) 8 (23.5) 0.131b

RSV 4 (7.3) 0 (0.0) 4 (11.8) 0.286b

Influenza B 2 (3.6) 0 (0.0) 2 (5.9) 0.519b

Parainfluenza 3 (5.5) 1 (4.8) 2 (5.9) 1.000b

CMV 3 (5.5) 0 (0.0) 3 (8.8) 0.279b

HSV-1 1 (1.8) 0 (0.0) 1 (2.9) 1.000b

HRV, human rhinovirus; RSV, respiratory syncytial virus; CMV, cytomegalovirus; HSV, herpes simplex virus
Data are represented as number (percentage). The P values are for comparing the HRV group versus the non-HRV group
* P < 0.05
a Pearson’s chi-squared test with Yates’ continuity correction
b Fisher’s exact test

Figure 2: Seasonal distribution of HRV and other respiratory viruses. HRV, human rhinovirus; RSV, respiratory syncytial virus; CMV, cytomegalovirus; 
HSV, herpes simplex virus
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In hospitalized children with ALRTI, the diagnosis of 
bronchitis/bronchiolitis was significantly predominant in 
the HRV group of this study, whereas the diagnosis of 
bronchopneumonia/pneumonia was predominant in the 
non-HRV group. Although the groups had similar lengths 
of hospital stay, the prevalence of comorbid asthma attack 
and corticosteroid use in the HRV group was more than 
twice that in the non-HRV group. Johnston et al. reported 
that viral infection contributed to AEs in approximately 
85% of children and that approximately 65% of AEs 

linked to viruses were due to rhinovirus in the United 
Kingdom.[18] In Japan, among children with a history 
of asthma or wheezing and undergoing acute wheezing 
episodes, 61.5% were found to be positive for HRV 
infection.[8] Gern et al.[19] reported that HRV was present 
in 48%–57% of children with asthma, versus 24%–45% of 
those with bronchiolitis and pneumonia. Th1 response, 
innate immune response, and viral load play important 
roles in patients with HRV-related AEs.[20-22] The close 
relationship between HRV and asthma attack in children 

Figure 3: Percentage of HRV infection and case numbers of HRV species in hospitalized children with acute lower respiratory tract infections over 
four seasons. HRV, human rhinovirus

Table 3: Demographic and clinical features of HRV-A, HRV-B, and HRV-C subgroups in hospitalized children with acute lower 
respiratory tract infections

 HRV-A HRV-B HRV-C p value 
Case number, n (%) 5 (23.8) 4 (19.0) 12 (57.1)

Male sex, n (%) 4 (80.0) 3 (75.0) 8 (66.7) 1.000b

Age in years, mean ± SD,
median (min, max)

3.2 ± 5.9
0.7 (0.1, 13.8)

1.2 ± 0.9
1.1 (0.3, 2.4)

3.1 ± 2.8
2.3 (0.4, 10.2)

0.175c

Length of hospitalization in days, mean ± SD, median (min, max) 4.6 ± 2.4
4.0 (2.0, 8.0)

5.5 ± 1.9
6.0 (3.0, 7.0)

5.4 ± 2.7
5.0 (2.0, 11.0)

0.770c

Asthma attack, n (%) 1 (20.0) 0 (0.0) 5 (41.7) 0.443b

Corticosteroids, n (%) 1 (20.0) 0 (0.0) 6 (50.0) 0.225b

Diagnosis, n (%) 0.708b

  Bronchitis or bronchiolitis 2 (40.0) 3 (75.0) 6 (50.0)

  Bronchopneumonia or pneumonia 3 (60.0) 1 (25.0) 6 (50.0)

Symptoms and signs, n (%)

  Fever 4 (80.0) 3 (75.0) 8 (66.7) 1.000b

  Dyspnea or tachypnea 2 (40.0) 3 (75.0) 9 (75.0) 0.452b

  Supplemental oxygen 1 (20.0) 1 (25.0) 6 (50.0) 0.484b

Season, n (%) 0.042b*

  Spring or winter 1 (20.0) 3 (75.0) 10 (83.3)

  Summer or autumn 4 (80.0) 1 (25.0) 2 (16.7)
HRV, human rhinovirus
Data are represented as number (percentage) unless specified otherwise
b Fisher’s exact test
c Kruskal–Wallis test
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has been addressed globally, and relevant findings were 
obtained in this study.

In the 21 children with HRV infection, HRV-C was 
more prevalent than was HRV-A or HRV-B (57.1% vs 
23.8% vs 19.0%, respectively). In Hong Kong, HRV-C 
constituted 80.8% of HRV-related acute respiratory 
illness in children,[23] and HRV-C also accounted for 55% 
of hospitalizations due to respiratory distress in American 
children with asthma who are younger than 5 years.[24] 
Bizzintino et al.[7] detected HRV in 87.5% of children 
with AEs and found that HRV-C contributed to the 
majority (59.4%) in Australia. Iwasaki et al.[25] studied the 
antibodies in children with AEs and found that the titers 
against HRV-C were lower than those against HRV-A 
or HRV-B. Our study found that a larger percentage 
of patients infected with HRV-C experienced dyspnea 
compared with those with HRV-A or HRV-B (50% vs 20% 
vs 25%, respectively).

This is the first evaluation of the epidemiology and 
clinical implications of HRV species in hospitalized 
children with ALRTI in southern Taiwan. However, this 
study has some limitations. First, we investigated the 
epidemiology of respiratory viruses in severe clinical cases 
of ALRTI requiring hospitalization; thus, the results do 
not represent the prevalence of the virus generally among 
all respiratory diseases. Second, it lacks testing for total 
or specific immunoglobulin E for allergens, omitting 
correlations between viral infection, allergic status, and 
clinical manifestation. Further studies should investigate 
these topics.

In conclusion, HRV was the most predominant virus 
in children admitted to hospital with ALRTI and was 
most common during spring and winter in southern 
Taiwan. HRV-C is more likely to induce an asthma 
attack in children with ALRTI than is HRV-B or HRV-C. 
Developing preventive and therapeutic strategies for HRV, 
especially HRV-C, may contribute to reducing the clinical 
impact of hospitalization of children with ALRTI.
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In hospitalized children with ALRTI, the diagnosis of 
bronchitis/bronchiolitis was significantly predominant in 
the HRV group of this study, whereas the diagnosis of 
bronchopneumonia/pneumonia was predominant in the 
non-HRV group. Although the groups had similar lengths 
of hospital stay, the prevalence of comorbid asthma attack 
and corticosteroid use in the HRV group was more than 
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in 48%–57% of children with asthma, versus 24%–45% of 
those with bronchiolitis and pneumonia. Th1 response, 
innate immune response, and viral load play important 
roles in patients with HRV-related AEs.[20-22] The close 
relationship between HRV and asthma attack in children 

Figure 3: Percentage of HRV infection and case numbers of HRV species in hospitalized children with acute lower respiratory tract infections over 
four seasons. HRV, human rhinovirus
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Case number, n (%) 5 (23.8) 4 (19.0) 12 (57.1)

Male sex, n (%) 4 (80.0) 3 (75.0) 8 (66.7) 1.000b

Age in years, mean ± SD,
median (min, max)

3.2 ± 5.9
0.7 (0.1, 13.8)

1.2 ± 0.9
1.1 (0.3, 2.4)

3.1 ± 2.8
2.3 (0.4, 10.2)
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Length of hospitalization in days, mean ± SD, median (min, max) 4.6 ± 2.4
4.0 (2.0, 8.0)

5.5 ± 1.9
6.0 (3.0, 7.0)

5.4 ± 2.7
5.0 (2.0, 11.0)

0.770c

Asthma attack, n (%) 1 (20.0) 0 (0.0) 5 (41.7) 0.443b

Corticosteroids, n (%) 1 (20.0) 0 (0.0) 6 (50.0) 0.225b

Diagnosis, n (%) 0.708b

  Bronchitis or bronchiolitis 2 (40.0) 3 (75.0) 6 (50.0)

  Bronchopneumonia or pneumonia 3 (60.0) 1 (25.0) 6 (50.0)

Symptoms and signs, n (%)

  Fever 4 (80.0) 3 (75.0) 8 (66.7) 1.000b

  Dyspnea or tachypnea 2 (40.0) 3 (75.0) 9 (75.0) 0.452b

  Supplemental oxygen 1 (20.0) 1 (25.0) 6 (50.0) 0.484b

Season, n (%) 0.042b*

  Spring or winter 1 (20.0) 3 (75.0) 10 (83.3)
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HRV, human rhinovirus
Data are represented as number (percentage) unless specified otherwise
b Fisher’s exact test
c Kruskal–Wallis test

Wang, et al.: Human rhinovirus in hospitalized children with lower respiratory infection

      Pediatric Respirology and Critical Care Medicine ¦ Volume 8 ¦ Issue 3 ¦ July-September 2024 65  

has been addressed globally, and relevant findings were 
obtained in this study.

In the 21 children with HRV infection, HRV-C was 
more prevalent than was HRV-A or HRV-B (57.1% vs 
23.8% vs 19.0%, respectively). In Hong Kong, HRV-C 
constituted 80.8% of HRV-related acute respiratory 
illness in children,[23] and HRV-C also accounted for 55% 
of hospitalizations due to respiratory distress in American 
children with asthma who are younger than 5 years.[24] 
Bizzintino et al.[7] detected HRV in 87.5% of children 
with AEs and found that HRV-C contributed to the 
majority (59.4%) in Australia. Iwasaki et al.[25] studied the 
antibodies in children with AEs and found that the titers 
against HRV-C were lower than those against HRV-A 
or HRV-B. Our study found that a larger percentage 
of patients infected with HRV-C experienced dyspnea 
compared with those with HRV-A or HRV-B (50% vs 20% 
vs 25%, respectively).

This is the first evaluation of the epidemiology and 
clinical implications of HRV species in hospitalized 
children with ALRTI in southern Taiwan. However, this 
study has some limitations. First, we investigated the 
epidemiology of respiratory viruses in severe clinical cases 
of ALRTI requiring hospitalization; thus, the results do 
not represent the prevalence of the virus generally among 
all respiratory diseases. Second, it lacks testing for total 
or specific immunoglobulin E for allergens, omitting 
correlations between viral infection, allergic status, and 
clinical manifestation. Further studies should investigate 
these topics.

In conclusion, HRV was the most predominant virus 
in children admitted to hospital with ALRTI and was 
most common during spring and winter in southern 
Taiwan. HRV-C is more likely to induce an asthma 
attack in children with ALRTI than is HRV-B or HRV-C. 
Developing preventive and therapeutic strategies for HRV, 
especially HRV-C, may contribute to reducing the clinical 
impact of hospitalization of children with ALRTI.

Data availability statement
The patients’ data were collected during the presence 
at E-Da hospital. According to the regulation of E-Da 
Hospital Ethical Review Committee and the “Personal 
Information Protection Act” in Taiwan, patients’ raw data 
cannot be made public. The interpretation of the analyzed 
results acquired from medical records been unlinked 
to patients’ identification and is available from the 
corresponding author upon request of the editorial staff.

Author contributions
Hsiu-Chuan Wang, Yu-Tsun Su, and Su-Boon Yong 
conceptualized the study, collected grants, and wrote the 
initial paper; Ching-Chung Tsai, Ting-I Lin, and Yu-Shen 

Chen contributed to data collection and data analysis; 
Ya-Ling Huang and Yi-Feng Su analyzed the blood and 
nasopharyngeal samples; and Jiu-Yao Wang and Yu-Tsun 
Su contributed to the study design, interpreted data, and 
edited the paper. All authors approved the final paper as 
submitted.

Ethics approval
The study was approved by the ethics committee/
Institutional Review Board of E-DA Hospital (IRB No.: 
EMRP-099-072).

Acknowledgments
We thank Tzu-Shan Chen and Jhen-Hong Wong for data 
collection, editing assistance, and general support.

Financial support and sponsorship
This study was supported by grants from E-Da 
Hospital (Grant Nos. EDAHP111014, EDAHP112021, 
EDAHS112034, and EDAHP113007).

Conflicts of interest
The authors declare that they have no conflicts of interest.

references
1. Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C. Estimates 

of world-wide distribution of child deaths from acute respiratory 
infections. Lancet Infect Dis 2002;2:25-32.

2. Nathan AM QY, Jafar FL, Chan YF, Eg KP, Thavagnanam S, et al. 
Viruses and hospitalization for childhood lower respiratory tract 
infection in Malaysia - A prospective study. Pediatr Respirol Crit 
Care Med 2017;1:46-51.

3. Nguyen TVT, Tran TA, Le VT, To KG. Virus infection and severe 
asthma exacerbations: A cross-sectional study in Children’s Hospital 
1, Ho Chi Minh City, Vietnam. Pediatr Respirol Crit Care Med 
2023;7:20-5.

4. Kwon JM, Shim JW, Kim DS, Jung HL, Park MS, Shim JY. 
Prevalence of respiratory viral infection in children hospitalized for 
acute lower respiratory tract diseases, and association of rhinovirus 
and influenza virus with asthma exacerbations. Korean J Pediatr 
2014;57:29-34.

5. Johnston NW, Johnston SL, Duncan JM, Greene JM, Kebadze T, 
Keith PK, et al. The September epidemic of asthma exacerbations 
in children: a search for etiology. J Allergy Clin Immunol 
2005;115:132-8.

6. Bush A. Update in paediatric asthma 2024. Pediatr Respirol Critical 
Care Med 2024;8:3-10.

7. Bizzintino J, Lee W-M, Laing IA, Vang F, Pappas T, Zhang G, et al. 
Association between human rhinovirus C and severity of acute 
asthma in children. Eur Respir J 2011;37:1037-42.

8. Fujitsuka A, Tsukagoshi H, Arakawa M, Goto-Sugai K, Ryo A, 
Okayama Y, et al. A molecular epidemiological study of respiratory 
viruses detected in Japanese children with acute wheezing illness. 
BMC Infect Dis 2011;11:168.

9. Mak RK, Tse LY, Lam WY, Wong GWK, Chan PKS, Leung TF. 
Clinical spectrum of human rhinovirus infections in hospitalized 
Hong Kong children. Pediatr Infect Dis J 2011;30:749-53.

10. Linsuwanon P, Payungporn S, Samransamruajkit R, Posuwan N, 
Makkoch J, Theanboonlers A, et al. High prevalence of human 
rhinovirus C infection in Thai children with acute lower respiratory 
tract disease. J Infect 2009;59:115-21.



Wang, et al.: Human rhinovirus in hospitalized children with lower respiratory infection

      66 66  Pediatric Respirology and Critical Care Medicine ¦ Volume 8 ¦ Issue 3 ¦ July-September 2024

11. Xiao Q, Zheng S, Zhou L, Ren L, Xie X, Deng Y, et al. Impact of 
human rhinovirus types and viral load on the severity of illness in 
hospitalized children with lower respiratory tract infections. Pediatr 
Infect Dis J 2015;34:1187-92.

12. Zeng SZ, Xiao N-G, Xie Z-P, Xie G-C, Zhong L-L, Wang J, et al. 
Prevalence of human rhinovirus in children admitted to hospital 
with acute lower respiratory tract infections in Changsha, China. J 
Med Virol 2014;86:1983-9.

13. Cheuk DK, Tang IWH, Chan KH, Woo PCY, Peiris MJS, Chiu 
SS. Rhinovirus infection in hospitalized children in Hong Kong: A 
prospective study. Pediatr Infect Dis J 2007;26:995-1000.

14. Turner RB. Rhinovirus: more than just a common cold virus. J 
Infect Dis 2007;195:765-6.

15. Calvo C, Casas I, García-García ML, Pozo F, Reyes N, Cruz N, 
et al. Role of rhinovirus C respiratory infections in sick and healthy 
children in Spain. Pediatr Infect Dis J 2010;29:717-20.

16. Iwane MK, Prill MM, Lu X, Miller EK, Edwards KM, Hall CB, 
et al. Human rhinovirus species associated with hospitalizations 
for acute respiratory illness in young US children. J Infect Dis 
2011;204:1702-10.

17. Lu X, Holloway B, Dare RK, Kuypers J, Yagi S, Williams JV, et al. 
Real-time reverse transcription-PCR assay for comprehensive 
detection of human rhinoviruses. J Clin Microbiol 2008;46:533-9.

18. Johnston SL, Pattemore PK, Sanderson G, Smith S, Lampe F, Josephs 
L, et al. Community study of role of viral infections in exacerbations 
of asthma in 9-11 year old children. BMJ 1995;310:1225-9.

19. Gern JE. The ABCs of rhinoviruses, wheezing, and asthma. J Virol 
2010;84:7418-26.

20. Wark PA, Johnston SL, Bucchieri F, Powell R, Puddicombe S, Laza-
Stanca V, et al. Asthmatic bronchial epithelial cells have a deficient 
innate immune response to infection with rhinovirus. J Exp Med 
2005;201:937-47.

21. Papadopoulos NG, Stanciu LA, Papi A, Holgate ST, Johnston SL. 
A defective type 1 response to rhinovirus in atopic asthma. Thorax 
2002;57:328-32.

22. Message SD, Laza-Stanca V, Mallia P, Parker HL, Zhu J, Kebadze 
T, et al. Rhinovirus-induced lower respiratory illness is increased 
in asthma and related to virus load and Th1/2 cytokine and IL-10 
production. Proc Natl Acad Sci U S A 2008;105:13562-7.

23. Lau SK, Yip CCY, Tsoi H-W, Lee RA, So L-Y, Lau Y-L, et al. 
Clinical features and complete genome characterization of a distinct 
human rhinovirus (HRV) genetic cluster, probably representing a 
previously undetected HRV species, HRV-C, associated with acute 
respiratory illness in children. J Clin Microbiol 2007;45:3655-64.

24. Miller EK, Edwards KM, Weinberg GA, Iwane MK, Griffin MR, 
Hall CB, et al; New Vaccine Surveillance Network. A novel group 
of rhinoviruses is associated with asthma hospitalizations. J Allergy 
Clin Immunol 2009;123:98-104.e1.

25. Iwasaki J, Smith W-A, Khoo S-K, Bizzintino J, Zhang G, Cox DW, 
et al. Comparison of rhinovirus antibody titers in children with 
asthma exacerbations and species-specific rhinovirus infection. J 
Allergy Clin Immunol 2014;134:25-32.



Wang, et al.: Human rhinovirus in hospitalized children with lower respiratory infection

      66 66  Pediatric Respirology and Critical Care Medicine ¦ Volume 8 ¦ Issue 3 ¦ July-September 2024

11. Xiao Q, Zheng S, Zhou L, Ren L, Xie X, Deng Y, et al. Impact of 
human rhinovirus types and viral load on the severity of illness in 
hospitalized children with lower respiratory tract infections. Pediatr 
Infect Dis J 2015;34:1187-92.

12. Zeng SZ, Xiao N-G, Xie Z-P, Xie G-C, Zhong L-L, Wang J, et al. 
Prevalence of human rhinovirus in children admitted to hospital 
with acute lower respiratory tract infections in Changsha, China. J 
Med Virol 2014;86:1983-9.

13. Cheuk DK, Tang IWH, Chan KH, Woo PCY, Peiris MJS, Chiu 
SS. Rhinovirus infection in hospitalized children in Hong Kong: A 
prospective study. Pediatr Infect Dis J 2007;26:995-1000.

14. Turner RB. Rhinovirus: more than just a common cold virus. J 
Infect Dis 2007;195:765-6.

15. Calvo C, Casas I, García-García ML, Pozo F, Reyes N, Cruz N, 
et al. Role of rhinovirus C respiratory infections in sick and healthy 
children in Spain. Pediatr Infect Dis J 2010;29:717-20.

16. Iwane MK, Prill MM, Lu X, Miller EK, Edwards KM, Hall CB, 
et al. Human rhinovirus species associated with hospitalizations 
for acute respiratory illness in young US children. J Infect Dis 
2011;204:1702-10.

17. Lu X, Holloway B, Dare RK, Kuypers J, Yagi S, Williams JV, et al. 
Real-time reverse transcription-PCR assay for comprehensive 
detection of human rhinoviruses. J Clin Microbiol 2008;46:533-9.

18. Johnston SL, Pattemore PK, Sanderson G, Smith S, Lampe F, Josephs 
L, et al. Community study of role of viral infections in exacerbations 
of asthma in 9-11 year old children. BMJ 1995;310:1225-9.

19. Gern JE. The ABCs of rhinoviruses, wheezing, and asthma. J Virol 
2010;84:7418-26.

20. Wark PA, Johnston SL, Bucchieri F, Powell R, Puddicombe S, Laza-
Stanca V, et al. Asthmatic bronchial epithelial cells have a deficient 
innate immune response to infection with rhinovirus. J Exp Med 
2005;201:937-47.

21. Papadopoulos NG, Stanciu LA, Papi A, Holgate ST, Johnston SL. 
A defective type 1 response to rhinovirus in atopic asthma. Thorax 
2002;57:328-32.

22. Message SD, Laza-Stanca V, Mallia P, Parker HL, Zhu J, Kebadze 
T, et al. Rhinovirus-induced lower respiratory illness is increased 
in asthma and related to virus load and Th1/2 cytokine and IL-10 
production. Proc Natl Acad Sci U S A 2008;105:13562-7.

23. Lau SK, Yip CCY, Tsoi H-W, Lee RA, So L-Y, Lau Y-L, et al. 
Clinical features and complete genome characterization of a distinct 
human rhinovirus (HRV) genetic cluster, probably representing a 
previously undetected HRV species, HRV-C, associated with acute 
respiratory illness in children. J Clin Microbiol 2007;45:3655-64.

24. Miller EK, Edwards KM, Weinberg GA, Iwane MK, Griffin MR, 
Hall CB, et al; New Vaccine Surveillance Network. A novel group 
of rhinoviruses is associated with asthma hospitalizations. J Allergy 
Clin Immunol 2009;123:98-104.e1.

25. Iwasaki J, Smith W-A, Khoo S-K, Bizzintino J, Zhang G, Cox DW, 
et al. Comparison of rhinovirus antibody titers in children with 
asthma exacerbations and species-specific rhinovirus infection. J 
Allergy Clin Immunol 2014;134:25-32.







Print ISSN : 2543-0343
Online ISSN : 2543-0351

Volume 8   Issue 3   July-September 2024


