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Abstract

:

Symptomatology in patients with the diagnosis of autism spectrum disorder (ASD) is very heterogeneous. The symptoms they present include communication difficulties, behavior problems, upbringing problems from their parents, and comorbidities (e.g., epilepsy, intellectual disability). A predictable and stable environment and the continuity of therapeutic interactions are crucial in this population. The COVID-19 pandemic has created much concern, and the need for home isolation to limit the spread of the virus has disrupted the functioning routine of children/adolescents with ASD. Are there effective diagnostic and therapeutic alternatives to limit the consequences of disturbing the daily routine of young patients during the unpredictable times of the pandemic? Modern technology and telemedicine have come to the rescue. This narrative review aims to present a change in the impact profile in the era of isolation and assess the directions of changes that specialists may choose when dealing with patients with ASD.
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1. Autism Spectrum Disorder (ASD)—Multicausality, Heterogeneous Picture, Long-Term Consequences


ASD is a concept defined as a constellation of deficits that appear in early life, involving social communication and repetitive patterns of sensory-motor behavior [1]. It is estimated that 1 in 44 children currently meets the criteria for spectrum disorder, which may represent about 1% of the child population in Western societies [2,3]. More and more studies are clarifying the causes of the disorder. The estimated heritability of ASD is as high as 90% [3]. Up to 40% of children with a diagnosis of ASD have a diagnosis of a genetic syndrome or have chromosomal abnormalities [3]. A number of variants of genetic abnormalities make up the clinical picture of the disorders’ heterogeneity [4]. Confirmation of the important role of genetic factors in the development of ASD does not facilitate clinical management, and we currently do not have a dedicated algorithm for the therapeutic management of this disorder. The contribution of molecular genetics to the overall prognosis remains moderate due to the complex interaction between heredity and environmental factors [5]. Although therapeutic methods for people with ASD continue to develop, it is virtually impossible to eliminate all symptoms of the spectrum [6]. In particular, difficulties in social communication mean that a child or adolescent with a diagnosis of ASD will be a future adult with a strain at professional or relational levels. Mental health problems are also not excluded, although statistics on this problem are not precise [1,7].




2. Appropriate Diagnosis and Treatment


The diagnosis of ASD requires the involvement of a multidisciplinary team of experts [8]. It is established based on the diagnostic criteria for ASD contained, respectively, in the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) for the United States and the International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10) for other countries. It should be mentioned that World Health Organization (WHO) member states, as of 1st of January 2022, can use the next, 11th version of the classification (ICD-11), in which the criteria for diagnosis, as well as the nomenclature of ASD itself, has changed noticeably [9,10]. In several countries, e.g., Poland, preparations to implement the ICD-11 criteria are still underway.



The latest versions of the DSM and ICD allow better specification of a patient’s difficulties with a diagnosis of ASD, which is inherently heterogeneous [9]. Both classifications mention the existence of four different profiles in the verbal part of ASD, describing them as combinations of either spared or impaired functional language and intellectual abilities [11]. Asperger Syndrome and Rett syndrome diagnoses are also disappearing from the nomenclature in ICD-11, which was already contained in the DSM in 2013 [12].



During the ASD diagnostic process, dedicated tools are used in addition to the knowledge and experience of clinicians. These include the Autism Diagnostic Interview-Revised (ADI-R), the Gilliam Autism Rating Scale—Third Edition (GARS-3), the Diagnostic Interview for Social and Communication Disorder (DISCO), the Developmental, Dimensional, and Diagnostic Interview (3di), the Autism Diagnostic Observation Schedule—Second Edition (ADOS-2), and the Childhood Autism Rating Scale—Second Edition (CARS-2) [13]. ADOS and its 2nd edition—a semi-structured, standardized assessment tool for people with suspected ASD—is considered part of the gold standard for diagnostic assessment [14]. It helps in diagnosing but also in assessments of the symptoms’ severity and the dynamics of responses to therapeutic interventions.



One of the critical clinical problems concerning ASD is the lack of dedicated treatment; then, symptomatic treatment is commonly employed. The importance of both pharmacological and non-pharmacological treatment should be emphasized [15]. Pharmacological treatments include psychostimulants, atypical antipsychotics, antidepressants, and alpha-2 adrenergic receptor agonists [15,16]. The use of medications provides an opportunity to quickly control acute symptoms, including aggressive or auto-aggressive behavior. Yet, non-pharmacological interactions are the key. Among the most common is cognitive-behavioral therapy (CBT) [15], which works especially well for patients with a pronounced anxiety component [17]. Among the well-known and widely used therapeutic methods with good results in patients with ASD, we can also include music therapy, animal therapy, or mind–body therapies [18,19,20]. Long-used, yet controversial, treatments include intervention methods informed by the principles of applied behavior analysis (ABA) [21]. The use of medical cannabis still seems contentious [22]. While there is evidence for the efficacy of pure cannabinoids (cannabidiol, CBD), commonly used remedies also contain Δ9-tetrahydrocannabinol (THC), which, especially in the child and adolescent population, may be associated with an "entourage effect", and thus, recreational use of cannabinoids might follow [23]. Also promising appears to be the administration of intranasal oxytocin, for which effectiveness in improving social functioning has been shown in recent studies [24]. According to studies, dietary supplements or nutritional interventions do not produce noticeable results [25]. The effectiveness of interventions in the microbiota still requires further research [26]. With the rapid development of clinical genetics and the emphasis on the genetic etiology of ASD, gene therapies seem promising [27]. Nevertheless, the polygenic inheritance of ASD may prove to be a problem [28].



The wide range of therapeutic methods reflects the diversity of the population of children with an ASD diagnosis and highlights the need for more structured algorithm treatment [29].




3. The Importance of Environmental Stability


The early diagnosis of ASD in children is crucial since the brain neuroplasticity during this developmental period allows effective interventions to alleviate the symptoms [30]. A child’s condition cannot be described in isolation from the family system [31]. Studies on a population of children without ASD suggest that stressful events in childhood can cause structural and biochemical changes in the brain, which consequently cause cognitive impairment in children and, further, in adults [32]. Children with neurodevelopmental disorders have been shown to be statistically more likely to have negative experiences in childhood [33]. It has also been shown in children with ASD that environmental factors, such as financial instability, can contribute to cognitive problems [33]. A stable relationship with a parent for any child is a protective factor [34]. Studies show that parents of children with ASD present higher levels of stress, exhibit lower parental efficacy, are more likely to face mental and physical health problems, and are more likely to divorce [35,36]. Deficits in social skills are one of the main features of ASD. At the same time, participation in the daily activities of the family system or the school community is fundamental to the child’s more appropriate development [37]. Expectations of parents with ASD children focus on hopes for independence, happiness, and improved skills for their children (language and speech abilities, dealing with their own emotions (e.g., anxiety, frustration), controlling difficult behaviors, incl. aggression), increased authentic, socially meaningful relationships, and future employment [38]. Studies show that reduced emotionality in the neurodevelopmental child population is associated with a lower risk of behavioral or emotional problems [39]. In turn, lower levels of social competence may generate anxiety disorders more frequently than in the general population [40]. Research has shown that parents’ attitudes toward the socialization of a child with ASD are not insignificant—the more parents are focused on correcting emotional experiences, the higher the child’s anxiety level [41]. Statistics also report higher levels of stress in parents with ASD themselves compared to other groups of parents [42]. U.S. researchers have also demonstrated the different nature of communication by parents of neurodevelopmental twins compared to parents of typically developing (TD) children. Caregivers of children with ASD produced less causal talk and proportionally less desire and cognitive interaction than caregivers of TD children [43].




4. Difficulties during the COVID-19 Pandemic


Previous research indicates that children and adolescents tend to have a mild COVID-19 course with a good prognosis [44]. However, it is important to lean into the indirect, long-term effects of the pandemic on the child and adolescent population. It has to be mentioned that the mental health and well-being risks, family income disruption, and attendant stressors, including increased family violence, delayed medical care, and the critical issue of prolonged loss of face-to-face learning in a regular school environment cause a number of serious health, social, and economic consequences [45]. Difficulties in social communication can simultaneously strain the parent–child relationship [31]. Difficulties and facilities for children/youth diagnosed with ASD during the COVID-19 pandemic are detailed in Table 1.



Epidemiological restrictions during the pandemic led to a disruption in daily routines and a reduction in the availability of facilities attended for treatment; children with ASD are particularly affected by these changes [46]. In addition, it is essential to remember the co-occurrence of psychopathological symptoms/syndromes in children and adolescents with a diagnosis of ASD. A study in the U.S. state of Maryland found that 59% of children with a neurodevelopmental issue experienced worsening of their pre-pandemic psychiatric diagnosis (irritability (28%), sleep problems (24%), anxiety (12%), and disruptive behavior (11%)) and developed new psychiatric symptoms during the pandemic (irritability (26%), anxiety (22%), and sleep problems (19%)) [47]. Brazilian researchers have attempted to summarize the impact of isolation during the pandemic on psychopathological symptoms in children/youth with ASD. The analysis of data from 8610 patients with ASD showed that behavioral disorders and disturbed sleep patterns increased during the pandemic [48]. Data from before the COVID-19 isolation period indicate that two-thirds of the pediatric population suffers from chronic insomnia [49]. The results collected by French researchers from 239 ASD patients under the age of 21 confirmed an increase in sleep problems and behavioral disorders, as well as provided information on the deterioration of social functioning in this pool of patients [50]. The statistics on the hospitalization parameters (admission risk, its prolonged duration) of young patients with a diagnosis of ASD with comorbid intellectual disabilities (ID) seem disturbing [51]. Qatari data collected from 58 caregivers of children with ASD during the social constraints of isolation in the pandemic era (reduced availability of therapeutic facilities, need for greater parental involvement) indicate that 41% of parents surveyed felt an increase in the burden of caring for their children. Interestingly, a slight decrease in aggression levels in ASD patients was also observed [52]. Statistics provided by the Italians also seem optimistic. No significant worsening in adaptive functioning or problematic and repetitive behaviors emerged after the compulsory home confinement. In the population of school-aged children, stability in clinical status was observed, while in the preschool group, improvement in adaptability was even noted. The main limitation of this data is the small study group, which included only 85 Italian ASD children [53].



Are adults prepared to help the younger generation with neurodevelopmental difficulties?




5. Diagnostic and Therapeutic Innovations Useful during Isolation


Despite the social isolation, the intensification of parental interactions, the continuation of therapeutic interventions in the online form, as well as the crisis intervention itself available in the form of remote telemedicine—despite earlier availability—has now significantly accelerated [53]. The use of telemedicine in ASD diagnosis was estimated to increase from 6 to 78% [54]. Although, prior to the pandemic period, there were attempts to use telemedicine in the diagnosis of children with ASD, this was rather limited to laboratory settings. The pandemic is changing the approach and stimulating research into new tools. It turns out that it is possible to make a diagnosis even based on amateur videos recorded by parents [55]. The use of technology to make a diagnosis is possible, with a sensitivity of 96%, and it also allows for the immediate implementation of therapeutic interventions [55]. One of the new helpful tools is TELE-ASD-PEDS (TAP) [56]. TAP is an application designed for use by providers and families during a telehealth assessment for autism. Statistics were based on 197 ASD diagnostic teleassessments, demonstrating the diagnostic utility of this tool [54]. The usefulness of another diagnostic tool is currently being tested by the Italians. The Web Italian Network for Autism Spectrum Disorder (WIN4ASD) is the first Italian online web-based screening tool. A screening-scoring algorithm was integrated into the web platform, which can generate an automatic and immediate individual patient output that significantly speeds up the diagnosis. Currently, the application has over 450 registered pediatricians and is experiencing exponential growth [57]. Beginning and continuing therapeutic interventions (especially CBT therapy) has proven crucial. Anxiety disorders very often co-occur with a diagnosis of ASD. The introduction of the necessary modifications, in the form of conducting therapy (telemedicine) as well as the updating of the goals of treatment (pandemic as a new source of anxiety), has allowed for the continuation of therapeutic interactions in reality and adapted to isolation—without breaking the continuity and thus worsening of the mental state of children [58]. Clinical practice has shown that even judo lessons could be conducted remotely. This experiment was conducted with 9 high school students from the state of Florida in the US. All of them expressed satisfaction with the maintained routine as well as the enjoyment of the physical activity. The lack of space turned out to be the main disadvantage. However, the home isolation itself only required a change in the form of instruction, without having to change the operating pattern [59]. Low-income families were hopeful about receiving benefits through future online services [60]. Despite the many difficulties experienced by parents of children with ASD during home isolation, it can be concluded that the COVID-19 pandemic may be an opportunity to practice parenting skills, improve the quality of communication, or strengthen family ties [61].




6. Change the Form of Assistance during the COVID-19 Pandemic and Other Situations with Limitations on the Availability of Classical Medical Assistance


Statistics show that nearly half of the caregivers of children with ASD used telemedicine services during the COVID-19 pandemic for the first time [62]. Services provided via telehealth included diagnostic assessments, preference assessments, early intervention and follow-up, applied behavior analysis (ABA), functional assessment, functional communication training, and parent training (Figure 1) [63]. It is also important to remember the patients for whom pharmacotherapy is necessary—due to serious behavioral disturbances (e.g., irritability), including severe tantrums, aggression, and self-injury—and should be continued and supervised in a telemedicine setting to maintain the reduction in the symptoms presented [64].



Public awareness is increasing, so more and more parents are seeking help from diagnostic specialists. Isolation during the pandemic has forced the health sector to look for diagnostic alternatives. ASD diagnosis has also found its place in the online space. Studies conducted in the U.S. show that the change in the diagnostic format is accepted by both parents of children with neurodevelopmental problems as well as specialists leading the diagnosis process, but it might be less accepted by younger preschool children [65]. Regular therapeutic interactions are also necessary, as well as crisis intervention. An Italian team has undertaken the development of a model that allows both lines of action to be carried out in remote conditions. An attempt was made to transfer already known intervention models to remote needs. It was proven that this form of intervention not only helped to maintain the stable psychological state of children/young adults with ASD but also strengthened parents’ sense of competence and increased the relevance of their interventions [66]. Geographic or economic conditions are not insignificant. Based on the work of speech-language therapists (SLTs), researchers at the University of South Africa have attempted to evaluate the effectiveness of the continuation of therapeutic interventions for children/youth with ASD. It was shown that a form of remote therapy not only reduced the travel costs associated with getting to the site of therapy services but also increased the satisfaction of both caregivers and clinicians with the effects of the activities provided [67]. Above all, it allows for an increase in the reach of the services offered, which is not insignificant, especially in developing countries [65,67]. The active participation of parents in the therapeutic process is essential. An international team of researchers attempted to evaluate the effectiveness of behavioral interventions through video conferencing, during which parents were given guidance. They noted an increase in self-efficacy in all participants whose parents faithfully followed the therapists’ comments. Yet, these results should be carefully considered, as the study group was comprised of only 4 participants [68]. In the U.S., an online survey of nearly 2000 parents examined whether broad access to information about ASD symptoms increases parental awareness and thus speeds up diagnosis [69]. The key, therefore, is free access to information and the exchange between parents and specialists, which is definitely accelerated by online communication [70]. Long before the COVID-19 pandemic, Canadian researchers hypothesized the importance of online support groups for parents of children with ASD, showing significant levels of satisfaction with this form of support in these parent groups [71]. The need for online parental support during the COVID-19 pandemic is confirmed by reports from Saudi Arabia [72]. Colleagues from Italy who decided to examine the essence of multidisciplinary therapeutic interactions necessary in caring for children/adolescents with ASD, launched the “Sistema Unitario in una Plataforma Educativa e Riabilitativa” (SUPER) program to facilitate communication between parents, teachers, and therapists using an online platform. The initial usability studies of the platform, carried out with a group of 30 adults involved in helping children with ASD, are very promising. Assessments using the System Usability Scale (SUS) showed that both parents and therapists rated the app as “excellent”. Researchers emphasized the utility of the tool as a space for communication, pointing out specialized recommendations and mutual support for parents, as well as a platform for collecting patient data [73]. Not uncommon in the era of the pandemic was the phenomenon of placing the burden of both the education and therapy of children with ASD on their parents at home. It turns out that, with this level of burden, online consultation is not enough. In Iran, a two-month, online internet course was conducted for a group of more than 300 parents of children with ASD to provide regular guidance and support. A range of online materials were used, including videotapes as well as synchronous recordings with instant instruction. The survey showed that 93% of parents were satisfied with this form of training and support. The remainder pointed out flaws, i.e., technical problems, poor quality of the internet connection, or costs associated with the use of modern technology [74]. Similar results are provided by research from China, where an online program for parents of children with an ASD diagnosis, Parent Education and Training (PET), has been introduced. Feedback from 294 PET users shows that virtual sessions conducted by trainers through the platform provided parents with information on how to better intervene when difficult symptoms occur, but also provided information on how to nurture a support network, especially given the multicultural nature of the Chinese population [75].



The usefulness of technological solutions—live video consultations, video recordings, or phone calls—can greatly facilitate, in the future, both diagnosis and therapeutic interactions. This is not only beneficial in the case of the need for home isolation of families where there are children with neurodevelopmental disabilities but also for those for whom the availability of specialists is limited, for example, due to the place of residence (rural area) [76,77]. Nevertheless, it is crucial to conduct further research on the use of telemedicine for ASD patients in a larger study group and in different geographic areas. A study on a subgroup of one of the largest US cohorts of children with ASD (SPARK) provides information about the need to combine remote and stationary impacts in the event of another crisis similar to the COVID-19 pandemic. The researchers emphasize that remote actions turn out to be insufficiently effective, especially in the cases of families with young children, a significant intensification of ASD symptoms, and those of low economic status [60]. It is important to remember that there are still interventions that are impossible to perform remotely. These include, for example, crisis intervention during agitation or aggression/autoaggression episodes. It is not possible to administer emergency medication online or to use coercive measures in the case of an immediate threat to the health and life of a young patient [78]. The ethical context of the services provided in this way is also not insignificant (the limitations of non-verbal communication in the patient–doctor dyad and limited opportunities to build and strengthen the therapeutic relationship) [79].




7. Conclusions


The COVID-19 pandemic has brought many changes to the health sector. Although most often children and adolescents underwent coronavirus infection in a mild symptomatic form, the impact of the pandemic on the youngest population may still be discernible in long-term observations [80]. Children/adolescents with a diagnosis of ASD are a specific patient group requiring the participation of a multidisciplinary treatment team as well as parental involvement [81,82]. In a situation where the level of anxiety due to the uncertainty of the scale of the threat in society is increasing, and home isolation is the primary protective measure, the quality of assistance for patients with ASD cannot be reduced. Available studies indicate that psychopathological symptoms (anxiety, affective disorders, self-destructive behavior, and sleep disorders) are increasing in the youngest population with ASD [83]. It is crucial to continue therapeutic interventions and provide access to diagnostic services for all psychiatric patients—children and adolescents with a diagnosis of ASD, in particular [84]. In this era of pandemics, telemedicine comes to the rescue [85]. In addition, increasing the outreach to ASD patients as well as collecting records in online accessibility can greatly accelerate the building of a research base with which to develop better and more effective forms of assistance. However, one should remember to use adequate and proven research tools and control the selection of the research sample as well as its dynamics [86]. Previous studies show that it is an effective alternative not only in the era of pandemics; thanks to its advantages, it can also be successfully used after the epidemiological crisis [87]. There is a need to continue research into the use of telemedicine to better refine algorithms based on it that can be used in usual life as well as in future crisis situations with children and adolescents with neurodevelopmental issues [88].







Author Contributions


Literature search—J.G.; writing—original draft preparation, J.G.; writing—review and editing—J.G., D.S., A.G. (Agata Gabryelska) and A.G. (Agnieszka Gmitrowicz); Supervision—D.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


Authors declare no conflict of interest.




References


	



Lord, C.; Elsabbagh, M.; Baird, G.; Veenstra-Vanderweele, J. Autism spectrum disorder. Lancet 2018, 392, 508–520. [Google Scholar] [CrossRef] [PubMed]

	



Kodak, T.; Bergmann, S. Autism Spectrum Disorder. Pediatr. Clin. N. Am. 2020, 67, 525–535. [Google Scholar] [CrossRef] [PubMed]

	



Genovese, A.; Butler, M. Clinical Assessment, Genetics, and Treatment Approaches in Autism Spectrum Disorder (ASD). Int. J. Mol. Sci. 2020, 21, 4726. [Google Scholar] [CrossRef] [PubMed]

	



Manoli, D.S.; State, M.W. Autism Spectrum Disorder Genetics and the Search for Pathological Mechanisms. Am. J. Psychiatry 2021, 178, 30–38. [Google Scholar] [CrossRef]

	



Gyawali, S.; Patra, B.N. Autism spectrum disorder: Trends in research exploring etiopathogenesis. Psychiatry Clin. Neurosci. 2019, 73, 466–475. [Google Scholar] [CrossRef]

	



Reynoso, C.; Rangel, M.; Melgar, V. Autism spectrum disorder: Etiological, diagnostic and therapeutic aspects. Rev. Méd. Inst. Mex. Seguro Soc. 2017, 55, 214–222. [Google Scholar] [PubMed]

	



Howlin, P.; Magiati, I. Autism spectrum disorder. Curr. Opin. Psychiatry 2017, 30, 69–76. [Google Scholar] [CrossRef]

	



Mukherjee, S.B. Autism Spectrum Disorders—Diagnosis and Management. Indian J. Pediatr. 2017, 84, 307–314. [Google Scholar] [CrossRef]

	



E Sanchack, K.; A Thomas, C. Autism Spectrum Disorder: Primary Care Principles. Am. Fam. Physician 2016, 94, 972–979. [Google Scholar]

	



Freitag, C.M. Von den tiefgreifenden Entwicklungsstörungen in ICD-10 zur Autismus-Spektrum-Störung in ICD-11. Z. Kinder Jugendpsychiatr. Psychother. 2021, 49, 437–441. [Google Scholar] [CrossRef]

	



Silleresi, S.; Prévost, P.; Zebib, R.; Bonnet-Brilhault, F.; Conte, D.; Tuller, L. Identifying Language and Cognitive Profiles in Children With ASD via a Cluster Analysis Exploration: Implications for the New ICD-11. Autism Res. 2020, 13, 1155–1167. [Google Scholar] [CrossRef] [PubMed]

	



Hosseini, S.A.; Molla, M. Asperger Syndrome. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2022. [Google Scholar] [PubMed]

	



Randall, M.; Egberts, K.J.; Samtani, A.; Scholten, R.J.; Hooft, L.; Livingstone, N.; Sterling-Levis, K.; Woolfenden, S.; Williams, K. Diagnostic tests for autism spectrum disorder (ASD) in preschool children. Cochrane Database Syst. Rev. 2018, 2018, CD009044. [Google Scholar] [CrossRef]

	



Kamp-Becker, I.; Albertowski, K.; Becker, J.; Ghahreman, M.; Langmann, A.; Mingebach, T.; Poustka, L.; Weber, L.; Schmidt, H.; Smidt, J.; et al. Diagnostic accuracy of the ADOS and ADOS-2 in clinical practice. Eur. Child Adolesc. Psychiatry 2018, 27, 1193–1207. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, S.R.; Gonda, X.; Tarazi, F.I. Autism Spectrum Disorder: Classification, diagnosis and therapy. J. Pharmacol. Ther. 2018, 190, 91–104. [Google Scholar] [CrossRef]

	



Zhou, M.S.; Nasir, M.; Farhat, L.C.; Kook, M.; Artukoglu, B.B.; Bloch, M.H. Meta-analysis: Pharmacologic Treatment of Restricted and Repetitive Behaviors in Autism Spectrum Disorders. J. Am. Acad. Child Adolesc. Psychiatry 2021, 60, 35–45. [Google Scholar] [CrossRef]

	



Wood, J.J.; Kendall, P.C.; Wood, K.S.; Kerns, C.M.; Seltzer, M.; Small, B.J.; Lewin, A.B.; Storch, E.A. Cognitive Behavioral Treatments for Anxiety in Children With Autism Spectrum Disorder. JAMA Psychiatry 2020, 77, 474–483. [Google Scholar] [CrossRef]

	



Geretsegger, M.; Elefant, C.; A Mössler, K.; Gold, C. Music therapy for people with autism spectrum disorder. Cochrane Database Syst. Rev. 2014, 2016, CD004381. [Google Scholar] [CrossRef] [PubMed]

	



O’Haire, M.E. Animal-Assisted Intervention for Autism Spectrum Disorder: A Systematic Literature Review. J. Autism Dev. Disord. 2013, 43, 1606–1622. [Google Scholar] [CrossRef]

	



Hourston, S.; Atchley, R. Autism and Mind–Body Therapies: A Systematic Review. J. Altern. Complement. Med. 2017, 23, 331–339. [Google Scholar] [CrossRef]

	



Leaf, J.B.; Cihon, J.H.; Leaf, R.; McEachin, J.; Liu, N.; Russell, N.; Unumb, L.; Shapiro, S.; Khosrowshahi, D. Concerns About ABA-Based Intervention: An Evaluation and Recommendations. J. Autism Dev. Disord. 2022, 52, 2838–2853. [Google Scholar] [CrossRef]

	



Pretzsch, C.M.; Voinescu, B.; A Mendez, M.; Wichers, R.; Ajram, L.; Ivin, G.; Heasman, M.; Williams, S.; Murphy, D.G.; Daly, E.; et al. The effect of cannabidiol (CBD) on low-frequency activity and functional connectivity in the brain of adults with and without autism spectrum disorder (ASD). J. Psychopharmacol. 2019, 33, 1141–1148. [Google Scholar] [CrossRef]

	



Aran, A.; Cayam-Rand, D. Medical Cannabis in Children. Rambam Maimonides Med. J. 2020, 11, e0003. [Google Scholar] [CrossRef] [PubMed]

	



Huang, Y.; Huang, X.; Ebstein, R.P.; Yu, R. Intranasal oxytocin in the treatment of autism spectrum disorders: A multilevel meta-analysis. Neurosci. Biobehav. Rev. 2021, 122, 18–27. [Google Scholar] [CrossRef]

	



Sathe, N.; Andrews, J.C.; McPheeters, M.L.; Warren, Z.E. Nutritional and Dietary Interventions for Autism Spectrum Disorder: A Systematic Review. Pediatrics 2017, 139, e20170346. [Google Scholar] [CrossRef] [PubMed]

	



Tu, T.; Zhao, C. Treating autism spectrum disorder by intervening with gut microbiota. J. Med. Microbiol. 2021, 70, 001469. [Google Scholar] [CrossRef] [PubMed]

	



Basilico, B.; Morandell, J.; Novarino, G. Molecular mechanisms for targeted ASD treatments. Curr. Opin. Genet. Dev. 2020, 65, 126–137. [Google Scholar] [CrossRef] [PubMed]

	



Benger, M.; Kinali, M.; Mazarakis, N.D. Autism spectrum disorder: Prospects for treatment using gene therapy. Mol. Autism 2018, 9, 39. [Google Scholar] [CrossRef] [PubMed]

	



Dickson, K.S.; Lind, T.; Jobin, A.; Kinnear, M.; Lok, H.; Brookman-Frazee, L. A Systematic Review of Mental Health Interventions for ASD: Characterizing Interventions, Intervention Adaptations, and Implementation Outcomes. Adm. Policy Ment. Health Ment. Health Serv. Res. 2021, 48, 857–883. [Google Scholar] [CrossRef] [PubMed]

	



Rojas, V.; Rivera, A.; Nilo, N. Actualización en diagnóstico e intervención temprana del Trastorno del Espectro Autista. Rev. Chil. Pediatr. 2019, 90, 478–484. [Google Scholar] [CrossRef]

	



Crowell, J.A.; Keluskar, J.; Gorecki, A. Parenting behavior and the development of children with autism spectrum disorder. Compr. Psychiatry 2019, 90, 21–29. [Google Scholar] [CrossRef] [PubMed]

	



Matte-Landry, A.; Collin-Vézina, D. Cognitive outcomes of children who have experienced complex trauma. JBI Evid. Synth. 2020, 18, 543–552. [Google Scholar] [CrossRef]

	



Kuenzel, E.; Seguin, D.; Nicolson, R.; Duerden, E.G. Early adversity and positive parenting: Association with cognitive outcomes in children with autism spectrum disorder. Autism Res. 2021, 14, 2654–2662. [Google Scholar] [CrossRef] [PubMed]

	



Ventola, P.; Lei, J.; Paisley, C.; Lebowitz, E.; Silverman, W. Parenting a Child with ASD: Comparison of Parenting Style Between ASD, Anxiety, and Typical Development. J. Autism Dev. Disord. 2017, 47, 2873–2884. [Google Scholar] [CrossRef] [PubMed]

	



Karst, J.S.; Van Hecke, A.V. Parent and Family Impact of Autism Spectrum Disorders: A Review and Proposed Model for Intervention Evaluation. Clin. Child Fam. Psychol. Rev. 2012, 15, 247–277. [Google Scholar] [CrossRef] [PubMed]

	



Putney, J.M.; Greenlee, J.L.; Hartley, S.L. Use and Benefit of Dyadic Coping for Couple Relationship Satisfaction in Parents of Children with Autism. Fam. Process. 2021, 60, 1331–1346. [Google Scholar] [CrossRef] [PubMed]

	



Khalifa, G.; Rosenbaum, P.; Georgiades, K.; Duku, E.; Di Rezze, B. Exploring the Participation Patterns and Impact of Environment in Preschool Children with ASD. Int. J. Environ. Res. Public Health 2020, 17, 5677. [Google Scholar] [CrossRef]

	



Finke, E.H.; Kremkow, J.M.D.; Drager, K.D.R.; Murillo, A.; Richardson, L.; Serpentine, E.C. “I Would Like for My Child to be Happy with His Life”: Parental Hopes for Their Children with ASD Across the Lifespan. J. Autism Dev. Disord. 2019, 49, 2049–2068. [Google Scholar] [CrossRef]

	



Reyes, N.M.; Factor, R.; Scarpa, A. Emotion regulation, emotionality, and expression of emotions: A link between social skills, behavior, and emotion problems in children with ASD and their peers. Res. Dev. Disabil. 2020, 106, 103770. [Google Scholar] [CrossRef]

	



Delli, C.K.S.; Polychronopoulou, S.A.; Kolaitis, G.A.; Antoniou, A.-S.G. Review of interventions for the management of anxiety symptoms in children with ASD. Neurosci. Biobehav. Rev. 2018, 95, 449–463. [Google Scholar] [CrossRef]

	



Jordan, R.; Kalvin, C.B.; Ibrahim, K.; Sukhodolsky, D.G. Parent Emotion Socialization in Children with Autism Spectrum Disorder and Co-Occurring Anxiety. Res. Child Adolesc. Psychopathol. 2021, 49, 125–137. [Google Scholar] [CrossRef]

	



Bonis, S. Stress and Parents of Children with Autism: A Review of Literature. Issues Ment. Health Nurs. 2016, 37, 153–163. [Google Scholar] [CrossRef]

	



Hutchins, T.L.; Deraway, C.; Prelock, P.; O’Neill, A. Mothers’ and Children’s Story-Telling: A Study of Dyads with Typically Developing Children and Children with ASD. J. Autism Dev. Disord. 2017, 47, 1288–1304. [Google Scholar] [CrossRef] [PubMed]

	



Mantovani, A.; Rinaldi, E.; Zusi, C.; Beatrice, G.; Saccomani, M.D.; Dalbeni, A. Coronavirus disease 2019 (COVID-19) in children and/or adolescents: A meta-analysis. Pediatr. Res. 2021, 89, 733–737. [Google Scholar] [CrossRef] [PubMed]

	



Howard-Jones, A.R.; Bowen, A.C.; Danchin, M.; Koirala, A.; Sharma, K.; Yeoh, D.K.; Burgner, D.P.; Crawford, N.W.; Goeman, E.; E Gray, P.; et al. COVID-19 in children: I. Epidemiology, prevention and indirect impacts. J. Paediatr. Child Health 2022, 58, 39–45. [Google Scholar] [CrossRef]

	



Brondino, N.; Damiani, S.; Politi, P. Effective Strategies for Managing COVID-19 Emergency Restrictions for Adults with Severe ASD in a Daycare Center in Italy. Brain Sci. 2020, 10, 436. [Google Scholar] [CrossRef] [PubMed]

	



Vasa, R.A.; Singh, V.; Holingue, C.; Kalb, L.G.; Jang, Y.; Keefer, A. Psychiatric problems during the COVID-19 pandemic in children with autism spectrum disorder. Autism Res. 2021, 14, 2113–2119. [Google Scholar] [CrossRef] [PubMed]

	



Pai, J.D.; Wolff, C.G.; Aranchipe, C.S.; Kepler, C.K.; dos Santos, G.A.; Canton, L.A.L.; de Carvalho, A.B.; Richter, S.A.; Nunes, M.L. COVID-19 Pandemic and Autism Spectrum Disorder, Consequences to Children and Adolescents—A Systematic Review. Rev. J. Autism Dev. Disord. 2022, 1–26. [Google Scholar] [CrossRef]

	



Souders, M.C.; Zavodny, S.; Eriksen, W.; Sinko, R.; Connell, J.; Kerns, C.; Schaaf, R.; Pinto-Martin, J. Sleep in Children with Autism Spectrum Disorder. Curr. Psychiatry Rep. 2017, 19, 34. [Google Scholar] [CrossRef]

	



Berard, M.; Rattaz, C.; Peries, M.; Loubersac, J.; Munir, K.; Baghdadli, A. Impact of containment and mitigation measures on children and youth with ASD during the COVID-19 pandemic: Report from the ELENA cohort. J. Psychiatr. Res. 2021, 137, 73–80. [Google Scholar] [CrossRef]

	



Karpur, A.; Vasudevan, V.; Shih, A.; Frazier, T. Brief Report: Impact of COVID-19 in Individuals with Autism Spectrum Disorders: Analysis of a National Private Claims Insurance Database. J. Autism Dev. Disord. 2022, 52, 2350–2356. [Google Scholar] [CrossRef]

	



Khan, Y.S.; Khan, A.W.; El Tahir, M.; Hammoudeh, S.; Al Shamlawi, M.; Alabdulla, M. The impact of COVID-19 pandemic social restrictions on individuals with autism spectrum disorder and their caregivers in the Stateof Qatar: A cross-sectional study. Res. Dev. Disabil. 2021, 119, 104090. [Google Scholar] [CrossRef] [PubMed]

	



Siracusano, M.; Segatori, E.; Riccioni, A.; Gialloreti, L.E.; Curatolo, P.; Mazzone, L. The Impact of COVID-19 on the Adaptive Functioning, Behavioral Problems, and Repetitive Behaviors of Italian Children with Autism Spectrum Disorder: An Observational Study. Children 2021, 8, 96. [Google Scholar] [CrossRef] [PubMed]

	



Wagner, L.; Weitlauf, A.S.; Hine, J.; Corona, L.L.; Berman, A.F.; Nicholson, A.; Allen, W.; Black, M.; Warren, Z. Transitioning to Telemedicine During COVID-19: Impact on Perceptions and Use of Telemedicine Procedures for the Diagnosis of Autism in Toddlers. J. Autism Dev. Disord. 2022, 52, 2247–2257. [Google Scholar] [CrossRef]

	



Washington, P.; Tariq, Q.; Leblanc, E.; Chrisman, B.; Dunlap, K.; Kline, A.; Kalantarian, H.; Penev, Y.; Paskov, K.; Voss, C.; et al. Crowdsourced privacy-preserved feature tagging of short home videos for machine learning ASD detection. Sci. Rep. 2021, 11, 7620. [Google Scholar] [CrossRef]

	



Wagner, L.; Corona, L.L.; Weitlauf, A.S.; Marsh, K.L.; Berman, A.F.; Broderick, N.A.; Francis, S.; Hine, J.; Nicholson, A.; Stone, C.; et al. Use of the TELE-ASD-PEDS for Autism Evaluations in Response to COVID-19: Preliminary Outcomes and Clinician Acceptability. J. Autism Dev. Disord. 2021, 51, 3063–3072. [Google Scholar] [CrossRef] [PubMed]

	



Colombo, P.; Buo, N.; Ceccarelli, S.B.; Molteni, M. Integrating a New Online Platform in Primary Care for Early Detection, Referral, and Intervention in Autism Spectrum Disorder: The First Italian Pivotal Project. Brain Sci. 2022, 12, 256. [Google Scholar] [CrossRef] [PubMed]

	



Kalvin, C.B.; Jordan, R.P.; Rowley, S.N.; Weis, A.; Wood, K.S.; Wood, J.J.; Ibrahim, K.; Sukhodolsky, D.G. Conducting CBT for Anxiety in Children with Autism Spectrum Disorder During COVID-19 Pandemic. J. Autism Dev. Disord. 2021, 51, 4239–4247. [Google Scholar] [CrossRef] [PubMed]

	



Garcia, J.M.; Cathy, B.S.; Garcia, A.V.; Shurack, R.; Brazendale, K.; Leahy, N.; Fukuda, D.; Lawrence, S. Transition of a Judo Program from In-Person to Remote Delivery During COVID-19 for Youth with Autism Spectrum Disorder. Adv. Neurodev. Disord. 2021, 5, 227–232. [Google Scholar] [CrossRef] [PubMed]

	



Bhat, A. Analysis of the SPARK study COVID-19 parent survey: Early impact of the pandemic on access to services, child/parent mental health, and benefits of online services. Autism Res. 2021, 14, 2454–2470. [Google Scholar] [CrossRef] [PubMed]

	



Arazi, A.; Koller, J.; Zachor, D.A.; Golan, O.; Sadaka, Y.; Eytan, D.; Stolar, O.; Atzaba-Poria, N.; Golan, H.; Menashe, I.; et al. Home-quarantine during the initial Covid-19 outbreak in Israel: Parent perceived impact on children with ASD. Heliyon 2022, 8, e09681. [Google Scholar] [CrossRef]

	



White, S.W.; Stoppelbein, L.; Scott, H.; Spain, D. It took a pandemic: Perspectives on impact, stress, and telehealth from caregivers of people with autism. Res. Dev. Disabil. 2021, 113, 103938. [Google Scholar] [CrossRef] [PubMed]

	



Ellison, K.S.; Guidry, J.; Picou, P.; Adenuga, P.; Davis, T.E. Telehealth and Autism Prior to and in the Age of COVID-19: A Systematic and Critical Review of the Last Decade. Clin. Child Fam. Psychol. Rev. 2021, 24, 599–630. [Google Scholar] [CrossRef] [PubMed]

	



Stigler, K.A. Psychopharmacologic Management of Serious Behavioral Disturbance in ASD. Child Adolesc. Psychiatr. Clin. N. Am. 2014, 23, 73–82. [Google Scholar] [CrossRef] [PubMed]

	



Matthews, N.L.; Skepnek, E.; Mammen, M.A.; James, J.S.; Malligo, A.; Lyon, A.; Mitchell, M.; Kiefer, S.L.; Smith, C.J. Feasibility and acceptability of a telehealth model for autism diagnostic evaluations in children, adolescents, and adults. Autism Res. 2021, 14, 2564–2579. [Google Scholar] [CrossRef]

	



Narzisi, A. Phase 2 and Later of COVID-19 Lockdown: Is it Possible to Perform Remote Diagnosis and Intervention for Autism Spectrum Disorder? An Online-Mediated Approach. J. Clin. Med. 2020, 9, 1850. [Google Scholar] [CrossRef]

	



Karrim, S.B.; Flack, P.S.; Naidoo, U.; Beagle, S.; Pontin, A. The experiences of speech-language therapists providing telerehabilitation services to children with autism spectrum disorder. S. Afr. J. Commun. Disord. 2022, 69, 12. [Google Scholar] [CrossRef]

	



Gerow, S.; Radhakrishnan, S.; Akers, J.; McGinnis, K.; Swensson, R. Telehealth parent coaching to improve daily living skills for children with ASD. J. Appl. Behav. Anal. 2021, 54, 566–581. [Google Scholar] [CrossRef]

	



Sicherman, N.; Law, K.; Lipkin, P.H.; Loewenstein, G.; Marvin, A.R.; Buxbaum, J.D. Information Avoidance and Information Seeking Among Parents of Children With ASD. Am. J. Intellect. Dev. Disabil. 2021, 126, 249–259. [Google Scholar] [CrossRef]

	



Colizzi, M.; Sironi, E.; Antonini, F.; Ciceri, M.L.; Bovo, C.; Zoccante, L. Psychosocial and Behavioral Impact of COVID-19 in Autism Spectrum Disorder: An Online Parent Survey. Brain Sci. 2020, 10, 341. [Google Scholar] [CrossRef]

	



Clifford, T.; Minnes, P. Logging On: Evaluating an Online Support Group for Parents of Children with Autism Spectrum Disorders. J. Autism Dev. Disord. 2013, 43, 1662–1675. [Google Scholar] [CrossRef]

	



Althiabi, Y. Attitude, anxiety and perceived mental health care needs among parents of children with Autism Spectrum Disorder (ASD) in Saudi Arabia during COVID-19 pandemic. Res. Dev. Disabil. 2021, 111, 103873. [Google Scholar] [CrossRef]

	



Vallefuoco, E.; Purpura, G.; Gison, G.; Bonifacio, A.; Tagliabue, L.; Broggi, F.; Scuccimarra, G.; Pepino, A.; Nacinovich, R. A Multidisciplinary Telerehabilitation Approach for Supporting Social Interaction in Autism Spectrum Disorder Families: An Italian Digital Platform in Response to COVID-19. Brain Sci. 2021, 11, 1404. [Google Scholar] [CrossRef] [PubMed]

	



Samadi, S.A.; Bakhshalizadeh-Moradi, S.; Khandani, F.; Foladgar, M.; Poursaid-Mohammad, M.; McConkey, R. Using Hybrid Telepractice for Supporting Parents of Children with ASD during the COVID-19 Lockdown: A Feasibility Study in Iran. Brain Sci. 2020, 10, 892. [Google Scholar] [CrossRef]

	



McDevitt, S.E. While quarantined: An online parent education and training model for families of children with autism in China. Res. Dev. Disabil. 2021, 109, 103851. [Google Scholar] [CrossRef]

	



Dahiya, A.V.; DeLucia, E.; McDonnell, C.G.; Scarpa, A. A systematic review of technological approaches for autism spectrum disorder assessment in children: Implications for the COVID-19 pandemic. Res. Dev. Disabil. 2021, 109, 103852. [Google Scholar] [CrossRef] [PubMed]

	



Keehn, R.M.; Enneking, B.; James, C.; Tang, Q.; Rouse, M.; Hines, E.; Raches, C.; Etling, A. Telehealth Evaluation of Pediatric Neurodevelopmental Disabilities During the COVID-19 Pandemic: Clinician and Caregiver Perspectives. J. Dev. Behav. Pediatr. 2022, 43, 262–272. [Google Scholar] [CrossRef] [PubMed]

	



Stavropoulos, K.K.-M.; Bolourian, Y.; Blacher, J. A scoping review of telehealth diagnosis of autism spectrum disorder. PLoS ONE 2022, 17, e0263062. [Google Scholar] [CrossRef]

	



Doyen, C.; Kaye, K. COVID-19: Pratique et éthique de l’évaluation par vidéoconsultation des enfants avec trouble du spectre de l’autisme. Ethique Sante 2021, 18, 74–80. [Google Scholar] [CrossRef]

	



de Figueiredo, C.S.; Sandre, P.C.; Portugal, L.C.L.; Mázala-De-Oliveira, T.; da Silva Chagas, L.; Raony, Í.; Ferreira, E.S.; Giestal-De-Araujo, E.; dos Santos, A.A.; Bomfim, P.O.-S. COVID-19 pandemic impact on children and adolescents’ mental health: Biological, environmental, and social factors. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2021, 106, 110171. [Google Scholar] [CrossRef]

	



Taresh, S.M.; Ahmad, N.A.; Roslan, S.; Ma’Rof, A.M.; Zaid, S.M. Mainstream Preschool Teachers’ Skills at Identifying and Referring Children with Autism Spectrum Disorder (ASD). Int. J. Environ. Res. Public Health 2020, 17, 4284. [Google Scholar] [CrossRef]

	



Yoshida, H.; Cirino, P.; Mire, S.S.; Burling, J.M.; Lee, S. Parents’ gesture adaptations to children with autism spectrum disorder. J. Child Lang. 2020, 47, 205–224. [Google Scholar] [CrossRef] [PubMed]

	



Amorim, R.; Catarino, S.; Miragaia, P.; Ferreras, C.; Viana, V.; Guardiano, M. Impacto de la COVID-19 en niños con trastorno del espectro autista. Rev. Neurol. 2020, 71, 285–291. [Google Scholar] [CrossRef] [PubMed]

	



Tarbox, C.M.; Silverman, E.A.; Chastain, A.N.; Little, A.; Bermudez, T.L.; Tarbox, J. Taking ACTion: 18 Simple Strategies for Supporting Children With Autism During the COVID-19 Pandemic. Behav. Anal. Pr. 2021, 14, 1099–1127. [Google Scholar] [CrossRef] [PubMed]

	



Corona, L.L.; Stainbrook, J.A.; Simcoe, K.; Wagner, L.; Fowler, B.; Weitlauf, A.S.; Juárez, A.P.; Warren, Z. Utilization of telemedicine to support caregivers of young children with ASD and their Part C service providers: A comparison of intervention outcomes across three models of service delivery. J. Neurodev. Disord. 2021, 13, 38. [Google Scholar] [CrossRef]

	



Carter, S.M.; Shih, P.; Williams, J.; Degeling, C.; Mooney-Somers, J. Conducting Qualitative Research Online: Challenges and Solutions. Patient-Patient-Cent. Outcomes Res. 2021, 14, 711–718. [Google Scholar] [CrossRef]

	



Nohelty, K.; Bradford, C.B.; Hirschfeld, L.; Miyake, C.; Novack, M.N. Effectiveness of Telehealth Direct Therapy for Individuals with Autism Spectrum Disorder. Behav. Anal. Pr. 2021, 15, 643–658. [Google Scholar] [CrossRef] [PubMed]

	



Summers, J.; Baribeau, D.; Mockford, M.; Goldhopf, L.; Ambrozewicz, P.; Szatmari, P.; Vorstman, J. Supporting Children With Neurodevelopmental Disorders During the COVID-19 Pandemic. J. Am. Acad. Child Adolesc. Psychiatry 2021, 60, 2–6. [Google Scholar] [CrossRef]








[image: Diagnostics 13 00407 g001 550] 





Figure 1. The use of telemedicine in children/adolescents diagnosed with ASD. Abbreviations: ASD, autism spectrum disorder; ABA, applied behavioral analysis. The figure shows the areas of use for telemedicine in children/adolescents with ASD and their caregivers, indicating its usefulness not only in the diagnostic or interventional processes but also in a wide therapeutic range or in assessing satisfaction with the provided hearing. 
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Table 1. Difficulties and facilities for children/adolescents diagnosed with ASD during the COVID-19 pandemic.






Table 1. Difficulties and facilities for children/adolescents diagnosed with ASD during the COVID-19 pandemic.









	Difficulties
	Facilities





	
	
disruption of the current plan of the day



	
closure of inpatient therapeutic centers



	
limited availability of diagnosticians



	
limited availability of technology in less affluent families





	
	
limiting social contacts



	
limiting social contacts’ access to therapeutic methods in a remote form—a greater range of services



	
reduction of access to diagnostic /therapeutic centers among less affluent families



	
a known constant environment of interaction



	
easier communication with a multidisciplinary therapist team, parents
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