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Abstract: Bronchial asthma is a chronic respiratory disease that poses a significant threat to the physical and mental health 
of children globally. Currently, pulmonary rehabilitation is a non-pharmacological intervention that has shown promise 
in treating chronic respiratory diseases. However, most studies related to pulmonary rehabilitation only focus on chronic 
conditions such as chronic obstructive pulmonary disease (COPD), lung cancer, and bronchiectasis. Research on bronchial 
asthma in children is still in the preliminary stages. This article reviews the concept, basic content, and application mode 
of pulmonary rehabilitation, to provide reference for the clinical research of pulmonary rehabilitation in children with 
bronchial asthma, and to carry out multimodal pulmonary rehabilitation to improve the disease control level and quality of 
life of asthma in children.

Keywords: Pulmonary rehabilitation; Children; Bronchial asthma

Online publication: February 26, 2024  

1. Introduction
Asthma is a chronic inflammatory disease that causes recurrent episodes of wheezing, coughing, shortness of 
breath, and chest tightness. These symptoms often occur at night and/or early in the morning [1]. The Seventh 
National Estimation Census [2] reported that approximately 8.1 million children in China have asthma, and 
more than 20% of them do not have good control over it. This indicates that the prevention and treatment 
of childhood asthma in China require serious attention. If childhood asthma is not controlled and treated 
effectively, it may persist into adulthood, increasing the incidence of chronic obstructive pulmonary disease 
(COPD) in adults [3]. Pulmonary rehabilitation has become a popular topic recently, and studies have confirmed 
its effectiveness as a non-pharmacological intervention for treating chronic respiratory diseases. Pulmonary 
rehabilitation has been applied in various areas such as COPD, lung cancer, and bronchiectasis in adults, both 
domestically and internationally. However, few studies have been conducted on the application of pulmonary 
rehabilitation in children with asthma. This paper reviews the fundamental concepts and contents of pulmonary 
rehabilitation, as well as its application in childhood asthma. The aim is to provide a reference for further study 
of pulmonary rehabilitation in childhood bronchial asthma.
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2. The concepts of pulmonary rehabilitation
Pulmonary rehabilitation (PR), also known as respiratory rehabilitation, was first proposed in 1972. In 2013, 
the European Respiratory Society (ERS) and the American Thoracic Society (ATS) updated the definition of 
pulmonary rehabilitation [4]. PR is a personalized, multidisciplinary, and comprehensive intervention based 
on a detailed assessment of the patient. This includes exercise, health education, and behavioral change. 
The intervention is tailored to the individual’s needs and is not limited to these components alone. With the 
rise of applied research on respiratory diseases and the introduction of pulmonary rehabilitation in China, 
Zheng [5] proposed at the 2016 Qing Group Nanning Conference that pulmonary rehabilitation comprises 
individualized, non-pharmacological integrated management measures. These measures are determined based 
on a comprehensive assessment of the patient’s health status, to prevent factors that lead to and/or exacerbate 
respiratory symptoms or improve respiratory symptoms. These measures include exercise, psychoeducation, 
and more.

3. The elements of pulmonary rehabilitation
PR is applied differently in children and adults due to significant differences in the development of their 
respiratory systems. Therefore, it is important to assess the disease, treatment, and specific diagnosis and 
treatment techniques selectively for children. This ensures that the rehabilitation program is tailored to their 
needs and is effective in improving their respiratory function. Currently, PR for children with asthma primarily 
involves respiratory training, exercise training, nutritional support, psychological support, and health education.

3.1. Respiratory training
Respiratory training is a method of instructing asthma patients to perform acute and efficient respiratory 
exercises, enhancing the function of the patient’s respiratory muscles and promoting the recovery of lung 
function. Asthma patients may be accustomed to respiratory inefficiency and chest breathing due to long-
term respiratory dysfunction [6]. Xu [7] employed a combination of respiratory gymnastics and lip-constriction 
abdominal respiratory training to manage and treat asthma in children. The results demonstrated that this 
combination enhanced the exercise tolerance of asthma patients, improved their respiratory function, and 
alleviated symptoms of respiratory distress. Li [8] investigated the effects of combining respiratory training 
with aerobic exercise on exercise tolerance and lung function in patients with stable asthma. The study found 
that this combination of therapies exhibited a more precise effect and significantly improved lung function and 
exercise tolerance. Furthermore, Li and Li [9] discovered that respiratory training, when used in conjunction 
with intermittent anaerobic exercise, enhanced lung function and alleviated dyspnea symptoms in children 
with asthma. However, it is worth noting that the studies mentioned above employed respiratory training as 
an adjunctive therapy alongside other treatments, which may not fully demonstrate the therapeutic benefits of 
respiratory training for asthmatic children. In this regard, Chinese scholar Ye Fang [10] used respiratory training 
as a single intervention for the treatment of asthmatic children, pointing out that respiratory training methods 
are simple and effective, which can relieve respiratory spasms, increase lung capacity, improve lung function, 
and have good efficacy in the treatment of bronchial asthma.

3.2. Exercise training
3.2.1. Exercise modalities
Recent studies have shown that exercise can reduce inflammation, promote growth and development, and 
also decrease the frequency and severity of bronchospasm during exercise. This makes exercise a non-
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pharmacological intervention for controlling clinical symptoms in children and adults with chronic respiratory 
diseases [11]. Yang [12] employed anaerobic exercise with high intensity and short duration, in an intermittent 
pattern, to control and treat mild asthma in children. Ge [12] pointed out that intermittent anaerobic exercise with 
anaerobic metabolism produced health benefits similar to continuous exercise while being more time-efficient 
and enjoyable. This approach may be beneficial for managing asthma symptoms in children. According to Liu [13], 
exercise rehabilitation training that included aerobic, anaerobic, or intermittent exercise modes improved the 
exercise capacity and quality of life of asthma patients. Additionally, it is believed that aerobic, anaerobic, and 
intermittent exercise can help alleviate asthma symptoms in children. However, it is important to differentiate 
between exercise modes for asthmatic children and choose the appropriate mode based on the patient’s 
preference or the severity of the disease. According to the American College of Sports Medicine (ACSM) 
Guidelines for Exercise Testing and Prescription [14], walking is the recommended form of physical activity 
for individuals with asthma. However, there is currently no standardized exercise modality for children with 
asthma, as indicated by national and international studies.

3.2.2. Exercise time
Wang [15] suggested that children with asthma should exercise daily for 20–60 minutes with continuous or 
intermittent physical activity. Simons et al. [16] found a negative correlation between the duration of walking 
and the risk of asthma where longer durations of walking were associated with lower risks of asthma attacks. 
According to the American College of Sports Medicine, children with asthma should adhere to the principle of 
gradual progression when increasing exercise time, based on their tolerance levels. The recommended goal is to 
reach 60 minutes per day, either through continuous exercise or intermittent exercise with cumulative time [14].

3.2.3. Exercise intensity
Asthmatic children can participate in sports like normal children. This is one of the asthma control goals 
proposed by the Global Initiative for Asthma (GINA) and is also an important part of the non-pharmacological 
control strategy for asthmatic children. Westergren et al. [17] indicated that exercise had the potential to induce 
exercise-induced asthma (EIA), which could cause many asthmatic children to reduce or even give up exercise, 
resulting in decreased fitness and developmental problems. However, Del Giacco et al. [18] concluded that it 
was safe for children with asthma to participate in high-intensity strenuous exercise as long as it was managed 
appropriately. Li [19] compared high-intensity intermittent exercise with moderate-intensity continuous exercise 
in managing asthma in children. The study noted that both types of exercise improved the condition of children 
with mild to moderate asthma and increased their exercise capacity. This provides strong clinical evidence 
supporting the claim that scientific and rational exercise can effectively control asthma in children.

3.3. Nutritional support
It is widely recognized that food allergies can trigger asthma in children. Furthermore, Hu [20] found that 
malnutrition could exacerbate asthma symptoms in children. Dong [21] noted that obese children receiving 
nebulized inhalation therapy for asthma may experience reduced efficacy compared to normal-weight children 
with asthma. According to Zhang [22], obesity could significantly impact asthma through various mechanisms, 
such as releasing pro-inflammatory adipokines and causing metabolic complications. Zhang [23] suggested that 
breastfeeding was a natural food source and could effectively reduce the likelihood of asthma in preschool 
children. Foreign countries currently use the dietary inflammation index as a tool to study the nutritional status 
of asthmatic children. The results indicated that the dietary inflammation index had a strong correlation with 
the nutritional status of asthmatic children. In the future clinical treatment of children with asthma, healthcare 
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professionals can use the dietary inflammation index as a tool for developing nutritional programs. This can 
be supplemented by weight control methods to avoid the impact of clinical treatment effects due to obesity. 
Additionally, it can provide new ideas and directions for the nutritional support of children with asthma.

3.4. Psychological support
Asthma has a significant impact on the physical and mental health of both children and parents due to its 
chronic and recurrent nature. According to Zhang and Hou [24], while psychological factors cannot directly 
cause asthma, they do have a noticeable impact on the occurrence, development, prevention, and treatment of 
the disease. Furthermore, children with asthma may experience negative emotions more frequently than their 
healthy peers due to the disease’s complications, long-term medication, and repeated hospitalizations. This 
can create a vicious cycle of negative emotions and asthma symptoms. Despite the large number of studies 
on the effects of psychological interventions on children with asthma, it is difficult to conclude their actual 
effectiveness due to the lack of evidence-based research, small sample sizes, poor study quality, and limitations 
and variability of the existing literature [25, 26].

3.5. Health education
Health education is a crucial component of asthma treatment. Numerous studies conducted both domestically 
and internationally have demonstrated that health education has a positive impact on the control and treatment 
of asthma in children. As such, it plays a vital role in treatment measures. Wang [27] conducted health education 
for children with asthma, covering knowledge, diet, medication, psychology, and other relevant aspects. The 
results indicate that enhanced health education for children with asthma improved disease control and enhanced 
the quality of life for both children and their parents. Studies conducted abroad have indicated that the primary 
hindrance to physical activity among asthmatic children is their fear of asthma attacks [28, 29]. Other factors 
include an unsafe environment and a lack of parental encouragement. Therefore, healthcare professionals can 
provide health education guidance on the benefits of exercise for children with asthma, in addition to disease-
related knowledge. According to Eisenberg et al. [30], health education for children and parents can increase their 
awareness of the health benefits of exercise, including better asthma control. This view is supported by some 
national scholars [31]. As the significance of health education for children with asthma has expanded, various 
health education models have been developed. Zhang [32] classified different education modes based on the 
location, target population, and format of education. They pointed out that in China, most health education for 
children with asthma was conducted within hospitals, with less emphasis on disease-related knowledge outside 
of the hospital setting. Furthermore, domestic scholars tend to overlook low-income families. Additionally, the 
duration of health education programs was insufficient to fully evaluate their impact on controlling and treating 
asthma in children. Moreover, an optimal educational model for managing childhood asthma has not yet been 
established [33].

4. The models of pulmonary rehabilitation applications
4.1. Hospital pulmonary rehabilitation
Hospital PR refers to the implementation of PR interventions for asthmatic children in hospitals. This model 
is currently the most widely used both domestically and internationally. The model involves pediatric medical 
staff, rehabilitation therapists, psychological counselors, and dietitians as the primary implementers, with the 
child’s family serving as auxiliary personnel to carry out PR interventions alongside medical workers. Ruan [34] 
and other scholars conducted PR interventions for children with asthma in remission and discovered that they 
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could effectively control asthma exacerbations. Furthermore, Yang [35] suggested that PR had positive effects 
on asthmatic children in remission, as well as reducing inflammatory responses and promoting lung function 
recovery in children with moderate-to-severe asthma. This aligns with the findings of Zampogna et al. [36]. Liu 
[37] observed the long-term efficacy of various modes of PR on asthmatic children. The results indicated that 
PR had a positive effect on asthmatic children and was worth promoting. Liu [38] conducted a dynamic study on 
the effects of PR in managing asthma in children, using the ‘timing theory’ as the basis. However, due to the 
short time frame of the study, it was not possible to explore the efficacy of PR in the later stages of asthmatic 
children.

4.2. Family pulmonary rehabilitation
A study conducted in Germany revealed that less than 5% of asthma patients received PR. The reason for this 
is due to the rejection of the hospital environment and personal reasons of the children’s families, as well as the 
remoteness of their home addresses. The promotion of PR for asthmatic children is also lacking in hospitals [39]. 
To ensure that most children with asthma can receive PR, foreign scholars have developed a home-based model. 
This model involves the child’s family as the main implementer, with healthcare personnel, rehabilitation 
therapists, psychological counselors, and dietitians as auxiliary personnel. The family implements the PR of the 
child, which is the opposite of the hospital-based model. Currently, family PR has been applied to asthmatic 
children in foreign countries [40], with better control efficacy. However, in China, the home PR model is mainly 
applied to adults with COPD and is rarely used for children with asthma. Che [41] developed a scientific home-
based PR program based on the evidence summary, but it has not been applied in clinical studies. Therefore, in 
future studies, healthcare professionals could implement the program in clinical research to observe the efficacy 
of home-based PR in asthmatic children. This could serve as a basis for creating a more targeted home-based 
PR program.

4.3. Remote pulmonary rehabilitation
With the world gradually entering the internet age, various treatment modalities have been combined using the 
internet as a supplementary tool. This has resulted in a new type of internet-based intervention to help asthma 
patients receive more professional and systematic treatment, even when limited by time and space. TelePR is a 
form of rehabilitation that includes communication with health professionals and/or other patients through various 
means such as phone calls, websites, mobile applications, or videoconferencing [42]. TelePR is a current research 
hot topic due to its ability to overcome limitations of time and space. In a study comparing telePR with traditional 
PR in patients with chronic respiratory disease, Narelle et al. [43] found that patients were more likely to adhere to 
telePR at a lower cost than traditional PR. These findings are consistent with those of Anne et al. [44]. However, 
telePR has not yet been applied to control asthmatic children’s disease in China due to technical imperfections 
and other factors. Furthermore, while foreign countries have established a comprehensive remote PR system, 
China is still in the initial exploration stage of remote PR. This study suggests that Chinese scholars can draw 
on foreign experience to design a more comprehensive, effective, and locally adapted remote home-based PR 
program in China.

5. Conclusion
PR is an important aspect of controlling and treating childhood asthma. While the therapeutic benefits of PR 
for children with asthma have been established, the duration and long-term effectiveness of PR for children 
with asthma remain uncertain. Furthermore, the implementation of PR in the treatment of childhood asthma 
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is influenced to some extent by medical personnel, family, and social factors. Therefore, future studies should 
focus on improving medical personnel’s knowledge and implementation of PR. Additionally, providing more 
channels for families and patients to learn about PR and conducting clinical studies on PR in children with 
asthma in the acute phase, under the premise of safety, can help construct a set of application models of PR 
suitable for Chinese children with asthma. To better understand the actual efficacy of PR on the control and 
treatment of asthmatic children, it is recommended to appropriately increase the intervention time and sample 
size in the study of the effect of PR on the treatment of asthma in children.

Funding
Shaanxi Provincial People’s Hospital In-Hospital Incubation Fund (2022HL-10)

Disclosure statement
The authors declare no conflict of interest.

References
[1]  Asthma Group of Chinese Thoracic Society, 2020, Guidelines for bronchial asthma prevention and management (2020 

edition). Chinese Combined Respiratory J, 43(12): 1023–1048. 
[2]  Hong, 2021, Review of and Reflections on the Current Status of Childhood Asthma Diagnosis and Treatment in 

China. J of Sichuan University (Medical Sciences), 52(5): 725–728. 
[3]  GBD 2015 Chronic Respiratory Disease Collaborators, 2017, Global, Regional, and National Deaths, Prevalence, 

Disability-Adjusted Life Years, and Years Lived with Disability for Chronic Obstructive Pulmonary Disease and 
Asthma, 1990–2015: A Systematic Analysis for the Global Burden of Disease Study 2015. J Lancet Respir Med, 
5(9): 691–706. 

[4]  Schraufnagel DE, Blasi F, Kraft M, et al., 2013, An Official American Thoracic Society and European Respiratory 
Society Policy Statement: Disparities in Respiratory Health. Eur Respir J, 42(4): 906–15.

[5]  Zeguang Z, Jieying H, Ni L, 2018, Progress in the Research of Respiratory Rehabilitation Therapy 2017. Chin J Pract 
Intern Med, 38(5): 393-396.

[6]  Sankar, J, Das, RR. 2018, Asthma – A Disease of How We Breathe: Role of Breathing Exercises and 
Pranayam. Indian J Pediatr, 85: 905–910.

[7]  Xu, 2021, Effects of Respiratory Gymnastics Combined with Lip-Contraction Abdominal Breathing Training on 
Lung Function and Exercise Tolerance in Patients with Asthma. J China Practical Medicine, 16(16): 191–193.

[8]  Li D, Shi YJ, 2021, The Effect of Respiratory Training Combined with Exercise Therapy on Exercise Endurance and 
Pulmonary Function of the Patients with Asthma in Stable Stages. J China Modern Doctor, 59(2): 29–32.

[9]  Li D, Li X, Gao X, 2021, Effectiveness of Intermittent Anaerobic Exercise Combined with Respiratory Function 
Training on Children with Stable Asthma. J Medical theory and Practice, 34(24): 4388–4389

[10]  Ye F, 2017, The Effect of Respiratory Training on Pulmonary Ventilation Function in Asthmatic Children. J 
Contemporary Nurses (Lower Decade), 2017(3): 88–89.

[11]  Cote A, Turmel J, Boulet LP, 2018, Exercise and Asthma. J Semin Respir Crit Care Med, 39 (1): 19–28.
[12]  Yang G, Yang Y, Mao LM, 2020, The Effect of 8-week Intermittent Anaerobic Exercise Training on Children with 

Mild Asthma. J Practical Clinical Medicine, 21(10): 45–47.
[13]  Liu F, Liu YR, Liu L, 2021, Effect of Exercise Rehabilitation on Exercise Capacity and Quality of Life in Children 



135 Volume 8; Issue 2

with Bronchial Asthma: A Systematic Review. Chinese J Of Contemporary Pediatrics, 23(10): 1050–1057.
[14]  Deborah R, Jonathan K, Ehrman, et al., 2018, ACSM’s Guidelines for Exercise Testing and Prescription, Wolters 

Kluwer Health, Philadelphia, 270–275 + 359–363.
[15]  Wang X, Wu C, Zhang J, et al., 2021, The Effect of Exercise on Asthma and the Progress of Research on Exercise 

Prescription for Children with Asthma. J Chinese Journal of Practical Pediatrics, 36(9): 714–720.
[16]  Simons E, Dell SD, Moineddin R, et al., 2018, Associations Between Neighborhood Walkability and Incident and 

Ongoing Asthma in Children. J Ann Am Thorac Soc, 15(6): 728–734.
[17]  Westergren T, Ommundsen Y, Lodrup CKC, et al., 2015, A Nested Case-Control Study: Personal, Social and 

Environmental Correlates of Vigorous Physical Activity in Adolescents with Asthma. J Asthma, 52 (2): 155–161．
[18]  Del Giacco SR, Firinu D, Bjermer L, et al., 2015, Exercise and Asthma: An Overview. Eur Clin Respir J. 2: e27984. 
[19]  Cao M, Tang Y, Li S, et al., 2021, Effects of High-Intensity Interval Training and Moderate-Intensity Continuous 

Training on Cardiometabolic Risk Factors in Overweight and Obesity Children and Adolescents: A Meta-Analysis of 
Randomized Controlled Trials. Int J Environ Res Public Health, 18(22): 11905.

[20]  Hu X, Bao Z, 2019, Investigation and Analysis of Risk Factors for the Development of Bronchial Asthma in 
Children. J of Chronic Disease, 20(12): 1835–1837. 

[21]  Li J, Liu C, Wang M, et al., 2023, Effects of Overweight and Obesity on Standardized Treatment and Pulmonary 
Function in Children with Bronchial Asthma. J China Medicine Herald, 20(6): 108–111.

[22]  Zhang G, Zhang W, 2019, Research Progress of Obese Asthma in Childhood. International Respiratory J, 39(16): 
1273–1276.

[23]  Zhang HW, 2020, A case-control study of factors influencing asthma in preschool children, dissertation, Wannan 
Medical College, https://doi.org/10.27374/d.cnki.gwnyy.2020.000166

[24]  Zhang Y, Hou W, 2019, Research Progress on Psychological and Behavioral Problems in Children with Bronchial 
Asthma. Chinese J of Child Health, 27(5): 523–526.

[25]  Ritz T, Meuret AE, Trueba AF, et al., 2013, Psychosocial Factors and Behavioral Medicine Interventions in Asthma. J 
Consult Clin Psychol, 81(2): 231–50. 

[26]  Booster GD, Oland AA, Bender BG, 2016, Psychosocial Factors in Severe Pediatric Asthma. Immunol Allergy Clin 
North Am, 36(3): 449–60.

[27]  Wang X, 2021, The Application Value of Health Management and Education in Improving the Quality of Paediatric 
Bronchial Asthma Care. J Jilin Medical, 42(7): 1783–1784.

[28]  Jago R, Searle A, Henderson A J, et al., 2017, Designing a Physical Activity Intervention for Children with Asthma: 
A Qualitative Study of the Views of Healthcare Professionals, Parents and Children with Asthma. J BMJ Open, 7(3): 
e014020.

[29]  Lu KD, Forno E, 2020, Exercise and Lifestyle Changes in Pediatric Asthma. J Curr Opin Pulm Med, 26(1): 103–111.
[30]  Eisenberg SR, Jelalian E, Farrow M, et al., 2020, Perceptions of Asthma and Exercise, and Associations with Weight 

Status and Asthma Morbidity in Urban Children. J Acad Pediatr, 20(1): 55–62.
[31]  Du L, 2021, Strengthening the Effect of Health Education on Pediatric Asthma Nursing. J China Medical Guide, 

19(12): 169–170.
[32]  Zhang J, Yin Y, 2020, Current Status of Family Education in Childhood Asthma. Chinese Journal of Practical 

Pediatrics, 35(3): 237–241.
[33]  Chen X, Zou J, Zheng G, 2021, Current Status of Research on Health Education Model of Childhood Asthma in 

China. Science and Technology Perspectives, 2021(13): 88–90.
[34]  Ruan J, Shao H, Zhu J, et al., 2021, Application of Pulmonary Rehabilitation Therapy in Children with Asthma in 

Remission. J Nursing and Rehabilitation, 20(12): 86–88.



136 Volume 8; Issue 2

[35]  Yang S, 2022, Application of Pulmonary Rehabilitation in School-Age Children with Moderate-to-Severe Bronchial 
Asthma. Massage and Rehabilitation Medicine, 13(12): 22–25.

[36]  Zampogna E, Centis R, Negri S, et al., 2020, Effectiveness of Pulmonary Rehabilitation in Severe Asthma: A 
Retrospective Data Analysis. J Asthma, 57(12): 1365–1371. 

[37]  Liu Y, Tang Y, Zhang L, 2022, A Randomized Controlled and Longitudinal Follow-Up Study on Medium-Long Term 
Efficacy of Multi-Modal Pulmonary Rehabilitation Program on Children with Asthma. J International Medical and 
Health Herald, 28(16): 2303–2306.

[38]  Chen M, Liang B, Lu H, 2020, The Efficacy of Pulmonary Rehabilitation Training and Nursing Care for Bronchial 
Asthma Based on “Timing Theory.” J of Qiqihar Medical College, 41(8): 1038–1040.

[39]  Majewski M, Dąbrowska G, Pawik M, et al., 2015, Evaluation of a Home-Based Pulmonary Rehabilitation Program 
for Older Females Suffering from Bronchial Asthma. Adv Clin Exp Med, 24(6): 1079–83. 

[40]  Zampogna E, Zappa M, Spanevello A, et al., 2020, Pulmonary Rehabilitation and Asthma. Front Pharmacol, 11: 542.
[41]  Che X, Liu Y, Yang F, et al., 2022, Construction of a Home Respiratory Rehabilitation Program for Children with 

Bronchial Asthma, dissertation, Chongqing Medical University, 39: 43.
[42]  Hou X, Fu R, Dai J, et al., 2022, Visual Analysis of Research Hotspots and Frontiers of Remote Lung Rehabilitation. 

J of Nursing, 29(17): 17–22.
[43]  Cox NS, McDonald CF, Alison JA, et al., 2018, Telerehabilitation versus Traditional Centre-Based Pulmonary 

Rehabilitation for People with Chronic Respiratory Disease: Protocol for a Randomized Controlled Trial. BMC Pulm 
Med. 18(1):71. 

[44]  Holland AE, Mahal A, Hill CJ, et al., 2013, Benefits and Costs of Home-Based Pulmonary Rehabilitation in Chronic 
Obstructive Pulmonary Disease - A Multi-Centre Randomized Controlled Equivalence Trial. BMC Pulm Med, 13: 
57. 

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


