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The need for the expansion of genomic services has been at a record time high in the past decade. As technological advancement continues to strengthen the entire genetic and genomic pipeline and clinical operational workflow, the major challenge remains to be the speed of workforce development to meet service growth. In particular, the international expansion of genetic counselling (GC) services has been a topic of interest for the past few years. GC is an emerging profession in most of Asia, and in many countries the profession of GC often refers to physicians or front-line health workers with expertise in genetics to provide GC services rather than being a specific independent profession. As genetic and genomic services, especially pre-test and post-test GC, expand globally, the need to tackle the longstanding obstacles of GC personnel shortage and funding issues must not be overlooked. There is an urgent need internationally, and especially in Asia, where GC profession is comparatively less well-established, to seek alternative approaches to meet service demand. The present review examines the global development and feasibility of tele-genetics and tele-genetic counselling (TGC), and serves as the foundation to explore a possible roadmap in Hong Kong via the Hong Kong Genome Project.
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INTRODUCTION
In the past decade, telemedicine is being increasingly used in many areas of healthcare globally, particularly to improve cost efficiency and equitable access of health services in remote areas or for service-users experiencing difficulties in mobility, “in which interventions, diagnoses, therapeutic decisions, and subsequent treatment recommendations are based on patient data, documents and other information transmitted through telecommunication systems” (World Medical Association, 2022). With the increasing demand for clinical genetic services, lack of clinical geneticists and genetic counsellors, and the expertise of established genetic centers, telemedicine can be utilized in clinical genetics, an application that has been termed “tele-genetics” (Hilgart et al., 2012). It can serve as an effective method for GC and professional knowledge exchange. The coronavirus disease 2019 (COVID-19) pandemic has also catalyzed and accelerated the advancement and adoption of tele-genetics to minimize face-to-face interactions between healthcare providers and patients. This review aims to summarize the latest global evidence on tele-genetics and TGC, and to outline the background, current landscape, and aspirations of developing telemedicine and tele-genetics in Hong Kong China.
GLOBAL DEVELOPMENT AND ACCEPTANCE OF TELE-GENETICS
Tele-genetics and TGC were introduced in various medical disciplines since the past two decades. The first application of TGC was formally reported in a study conducted in the United Kingdom (UK) in 1998, which was a pilot project in Wales that aimed to deliver TGC services in cancer genetics for patients living in geographically distant and underserved areas (Iredale et al., 2002). The United States (US), the leading pioneer in the development of the GC profession with the establishment of the US National Society of Genetic Counsellors (NSGC) in 1979, has also started practicing TGC in 2005 to increase accessibility to genetics education and clinical services in Maine (Lea et al., 2005). Previous studies evaluating the feasibility and cost-effectiveness of tele-genetics and TGC were typically conducted in North America and Europe, covering a wide range of genetic services in different areas, including but not limited to rare diseases and hereditary cancers. With majority of the genetic services being accessible in urban areas, especially during the initial stage of service development, tele-genetics and TGC as alternative methods were primarily initiated by Western countries to improve service accessibility among patients living in remote areas.
In recent years, advances in diagnostic testing of genetic conditions have led to an increased demand for genetic services globally. Growing application of tele-genetics has been introduced in multiple countries, including Canada, Germany, Italy, and the Netherlands, to ensure equitable access to services and to improve cost-efficiency. In addition to GC services, clinical genetic consultation including morphology assessment of pediatric patients was also shown to be acceptable by both patients and physicians via videoconferencing in an Australian study (Hopper et al., 2011), suggesting the feasibility and utility of tele-consultation and physical examination. However, many of the applications were in the pilot phase, implementation of tele-genetics in routine clinical practice would require standardization of workflows with stringent data privacy and security plans from expert panels to promote wider public acceptance and trust.
SATISFACTION LEVEL OF TELE-GENETICS: USERS VS. SERVICE PROVIDERS
Tele-genetics and TGC can undoubtedly alleviate the problems of shortage of genetic counsellors, inaccessibility of GC service in remote areas, and inability of accessing in-person GC service among patients with mobility difficulties. However, it is important to evaluate their impact from the user’s and service provider’s perspective, including outcomes such as efficacy and satisfaction level. Table 1 summarizes patients’ and providers’ perspectives on tele-genetics and TGC. Regarding patients’ experiences in Western studies, the majority were satisfied with the quality of care from healthcare providers and reported significant knowledge gain post-TGC assessment. Genetic knowledge among patients was evaluated using an adapted six-item Cancer Genetics Knowledge scale in Bradbury et al.’s study of germline cancer genetics (Bradbury et al., 2018). Results indicated that patients who received TGC had a similar level of knowledge gain as compared to patients who received in-person GC, indicating TGC is reasonably a comparable alternative for knowledge exchange. Some studies also compared the economic and psychosocial outcomes from patients’ perspectives and reported TGC has no difference, or even preferable, to in-person GC. Chang et al. demonstrated a lower average cost of pre-test telephone GC ($120 USD) as compared to in-person GC ($270 USD) (Chang et al., 2016), providing evidence that TGC is beneficial for patients in saving costs for travelling, as well as saving time for accessing care (Jeganathan et al., 2020). In a study by Dratch et al., adult patients with neurological disorders declared a high level of satisfaction towards TGC, and expressed that their psychological concerns were alleviated after TGC, despite receiving a genetic diagnosis without available cure (Dratch et al., 2021). Bradbury et al. suggested that disclosure of genetic test results via telephone decreased patient’s state anxiety more than that of in-person disclosure (Bradbury et al., 2018). Interestingly, Farnè et al. have further compared the satisfaction levels of disclosing genetic test results via TGC in patients with different outcomes of genetic analysis (positive, negative, and variant of unknown significance (VUS)), and demonstrated that patients with VUS genetic test results have a greater interest for in-person GC, showing the need for them to be followed-up by the clinical geneticist or genetic counsellor face-to-face for the interpretation of their VUS variants, whose pathogenicity may change overtime (Farnè et al., 2023). Nevertheless, almost all patients expressed that they are willing to reuse TGC in the future (Farnè et al., 2023).
TABLE 1 | Patients’ and providers’ perspective on tele-genetics and tele-genetic counselling.
[image: Table 1]The successful implementation of any service depends on the service provider’s perception, expectations, and satisfaction level, which are determining factors for the long-term sustenance of service. Although high satisfaction level among patients utilizing tele-genetics or TGC services are validated by various patient-centric studies, few studies have incorporated the examination of expectations and satisfaction level from the healthcare provider’s perspective. In Australia, tele-genetics has been demonstrated to yield high satisfaction level among practitioners. Practitioners perceived that TGC offers several benefits including the improvement of service efficiency, the ability to adopt flexible working patterns such as working from home, and the reduction of travelling costs and time for outpatient service (Zilliacus et al., 2009; Gonzalez et al., 2022).
Despite gaining positive feedback from service users and providers, concerns have been raised by service providers in maintaining high quality tele-genetics or TGC services, which have caused variable levels of satisfaction among providers. A pilot study from the Netherlands reported experiences and concerns among genetic counsellors in online counselling sessions. Results particularly demonstrated a lower overall mean Telemedicine Satisfaction Questionnaire (TSQ) (Yip et al., 2003) score among genetic counsellors after online counselling session as compared to their baseline expectations (Otten et al., 2016a). In Australia, resolving technical issues, coordinating genetic testing remotely and managing patient work were also reported to have made tele-genetics or TGC more time-consuming as compared to in-person GC, which lowered the level of provider’s satisfaction (Gonzalez et al., 2022). Building rapport with patients, especially in assessing and detecting nonverbal cues and emotions can be difficult at times and are perceived as major hiccups for online counselling in the study by (Otten et al., 2016b). Nevertheless, this has not been observed as an obstacle to tele-genetics and TGC in a more recent study by Gonzalez et al. (Gonzalez et al., 2022). Genetic counsellors were satisfied with tele-genetics or TGC using videoconferencing and perceived high therapeutic alliance irrespective of appointment type, suggesting tele-genetics or TGC does not comprise the genetic counsellors’ ability to convey empathy for rapport building with patients. Besides, there is no difference in time assessment between tele-genetics and standard care including in-person and outreach telephone GC.
While tele-genetics or TGC is a comparable alternative method for delivering clinical genetics and GC services, strategic planning and other supports in building and strengthening therapeutic alliance during the GC sessions are also the indispensable prerequisites. For instance, training sessions can be provided to service providers to familiarize them with telecommunication tools and equipment to increase their confidence in adopting GC via virtual platforms. In addition, guidelines should be developed for assessing patients’ body language to minimize the chance of missing patients’ non-verbal cues and psychosocial needs.
TELE-GENETICS DEVELOPMENT IN ASIA
The development and adoption of tele-genetics is relatively slow in Asia in comparison to the West. Pilot studies have been conducted in India, Israel, Japan, Singapore, and the Philippines. The majority of these studies were published during the period of the COVID-19 pandemic to minimize face-to-face interaction and thus the risk of transmission between patients and providers. In Singapore, Sim et al. conducted a pilot study among 160 patients to assess their views and willingness towards the use of telemedicine in a cancer genetics service in 2019 and illustrated that most of the patients were willing to have genetic services by phone (71.3%) and videoconferencing (66.3%) (Sim et al., 2021). They were also satisfied with the quality of the services and felt comfortable when sharing information on the virtual platform. However, they preferred in-person GC for first (79.4%) and TGC for follow-up (60.6%) visits rather than telemedicine as an entire alternative model. A study from India also reported that 87% of the patients were satisfied with TGC services, but 74% of them preferred face-to-face appointment (Rao et al., 2021).
In general, patients from Asian countries such as Singapore and Japan, have a relatively lower preference for telemedicine models in comparison with patients from Western countries such as the US and Australia, even if they have confidence in the quality of care from healthcare providers. Potential factors and reasons have been suggested in multiple studies. For instance, cultural perception of confidence is instilled by meeting healthcare providers in person (Sim et al., 2021). They might be under the impression that it will be more difficult to build a connection with the healthcare providers via telemedicine, particularly verbalizing their psychosocial needs. Asian populations may be more conservative with the new approach and require time for adaptation. Unlike large countries such as the US where patients may need to travel to another city for health services, smaller regions like Hong Kong and Singapore have genetic services that are more reachable and accessible, usually within two to three hours of total commute time. Therefore, geographical constraints may not be the reason for utilizing tele-genetics services in smaller countries. Moreover, genetic and genomic services, including genetic screening, genetic health promotion, and GC, are still emerging professions with limited labor force and institutional providers in Asia (Dawood et al., 2019). As such, tele-genetics has not been widely implemented in the Asian healthcare systems when compared to Western countries. However, considering the impetus of the COVID-19 pandemic globally where social distancing is restricted, telemedicine and tele-genetics are alternative options for accessing care.
Participants’ age, socioeconomic status, health, and technological literacy were also found to be associated with receptivity to tele-genetics in a few studies. In the US, Buchanan et al. and Patrick-Miller et al. illustrated that non-attenders of TGC are mainly non-white, are more likely to have a household income of less than $50,000 USD, and are generally less comfortable with technology (Patrick-Miller et al., 2013; Buchanan et al., 2015). In Japan, Nishiyama et al. conducted a study on pregnant women’s opinions toward prenatal GC in different models (Nishiyama et al., 2021). While majority of the women preferred in-person GC rather than TGC, their preferences varied between different background characteristics, experiences, attitudes, and health literacy. Future studies should take account into patient’s characteristics, as well as appointment types and disease groups.
The above overview summarizes global development trends and outcomes of tele-genetics and TGC. Although tele-genetics has been widely utilized in some Western countries such as the US to improve cost-efficiency and equitable access, it has not been widely adopted in the context of the Asia-pacific region due to various reasons. Possible practical constraints and challenges include the lack of resources and professionals (Nishiyama et al., 2021). Consent and data confidentiality on the virtual platform is also a global growing concern. Supportive regulations and guidelines are needed for fostering the acceptance of tele-genetics in routine clinical praxis.
BACKGROUND AND CURRENT LANDSCAPE OF DEVELOPING TELEMEDICINE AND TELE-GENETICS IN HONG KONG
Since Hong Kong is a geographically small and densely populated city with well-established commute infrastructures, public hospitals and clinics are divided into designated district zones. Citizens can reach their designated public hospital within an hour from their living places. As such, the development of telemedicine and tele-genetic services has traditionally been slow in Hong Kong. To improve service accessibility for patients with mobility difficulties, the Hospital Authority (HA) has started to use videoconference to replace conventional face-to-face psychiatric services such as geriatric outreach and follow-up consultations for elderly patients who live in residential homes since 1998 (Cheng, 2021). The positive feedback and advantages have driven HA to extend the telemedicine network and establish the Community Health Call Centre in two hospitals to support not only elderly patients but also patients with chronic disease by telephone consultations (Hui et al., 2001; Hui, 2008; Chan et al., 2011; Kwong, 2018). The COVID-19 pandemic has further accelerated the adoption of telemedicine and tele-genetics in Hong Kong to minimize face-to-face interactions between healthcare providers and patients. As technological advancement provides solutions to escalating service demand, the “Smart Hospital Project” has been implemented in the 2019–20 Policy Address during the COVID-19 pandemic, coupling with the hospital navigation app “HA GO” considering its convenience and high accessibility nature (Food and Health Bureau, 2019; Cheng, 2021). Patients can make use of the online functions such as appointment booking and medication enquiry to facilitate hospital service efficiency.
The usage of telemedicine has also been growing in the private sector including private hospitals and clinics. For example, the Hong Kong Sanatorium Hospital has set up teleconsultation services in 2020 to cater for the needs of patients for outpatient services during the COVID-19 pandemic (Hong Kong Sanatorium and Hospital, 2020). On the other hand, “DrGo” provides telemedicine services through a mobile app partnering with serval private clinics such as Quality Healthcare and EC Healthcare (DrGo, 2023). In order to give proper guidance to medical practitioners taking part in telemedicine services, the Hong Kong Medical Council published the “Ethical Guidelines on Practice of Telemedicine in December 2019” (Medical Council of Hong Kong, 2019). In one of these guidelines, medical practitioners have been reminded to remain fully responsible for meeting all legal and ethical requirements when practicing telemedicine. Besides, doctors should align with the principles and standards guiding privacy, security of records, and informed consent. Since the ethical guidelines have not been clearly defined for specific conditions and procedures, doctors are cautious in adopting telemedicine services, which hinders broad adoption of telemedicine in Hong Kong as of to date. As such, ethical and practice guidelines should be formulated in different specialties to facilitate routine clinical application of telemedicine.
Although telemedicine has been successfully implemented in Hong Kong in various medical specialties in recent years, it has been lagging in its usage in clinical genetic services, including GC. Recently in 2022, telemedicine has been used in a genetic consultation with patient’s parents due to travel restrictions during the COVID-19 pandemic in Hong Kong. This is a piece of evidence that the practice of telemedicine can touch upon the clinical genetic services in Hong Kong, demonstrating the feasibility of implementing tele-genetics in health systems.
ASPIRATIONS FOR FUTURE DEVELOPMENT IN HONG KONG: HONG KONG GENOME PROJECT
As evidenced in the above, there is a trend in developing tele-genetics and TGC worldwide, with generally high satisfaction from the perspectives of patients and providers. According to the 2022 Professional Status Survey by the NSGC, tele-genetics (audio-visual) has become the most common service delivery model in 2021 in North America (82%), followed by in-person GC (81%) and telephone consultation (74%) (National Society of Genetic Counselors, 2022). While the driving force of development and perceived benefits of tele-genetics and TGC varied among places, it is commonly agreed that TGC can help to solve the problems of shortage of genetic counsellors.
With the perceived benefits of tele-genetics and TGC, large-scale genomic sequencing projects have also utilized tele-genetics and TGC in routine clinical care and for research purposes. For instance, Geisinger’s precision health project, MyCode, a health system-based biobanking program, has also integrated tele-genetics and TGC into their genetic research and counselling centers since 2015 (Bresnick, 2015; Carey et al., 2016). Telecommunication tools, such as videoconferencing, allows researchers, clinicians and patients in the Geisinger Health System to share their views and opinions on the impact of genetics on the development and treatment of diseases without geographical constraints. During the pandemic of the COVID-19, Geisinger expanded its telehealth services to include primary care and over 70 specialties including genetic and genomic services to provide the participants with continued access to health services. Another genomics research program, the NYCKidSeq, has launched the TeleKidSeq pilot study recently to use telemedicine as an alternative form of genomic service delivery model for participants from medically underserved populations to undergo genome sequencing (Sebastin et al., 2023). This study aims to evaluate the impact of TGC in communicating genome sequencing results to the participants, and assess participant outcomes including understanding, satisfaction, psychological and socio-economic implications. These large-scale projects provide evidence in the feasibility of integrating telemedicine in clinical genetics, which serves as the basis for health systems around the world to plan for future development of tele-genetics and TGC.
GC is an emerging profession in Hong Kong. It is estimated that Hong Kong currently has less than 15 full-time personnels practicing GC services in the public healthcare system. GC services led by the clinical geneticists, have been provided at the Clinical Genetic Service (CGS) of Department of Health in three genetic counselling clinics since 1981, where the patients or families are assessed and provided with appropriate genetic testing to substantiate the genetic diagnosis. CGS handles about 1,800 new cases every year, with a cumulative caseload involving more than 43,000 families (up to 2020) since its establishment. As genetic and genomic services expand, the number of genetic counsellors is still limited. With a profession still in its establishing stage, there are few reasons why face-to-face GC should remain as the major service delivery model in Hong Kong. Firstly, the general population is not familiar with GC and its scope and standard of practice. Traditional face-to-face GC facilitates the building of professional image of genetic counsellors and their understanding of GC profession. Secondly, face-to face GC allows the building of therapeutic alliance between the genetic counsellor and the patient/family members. Thirdly, newly trained genetic counsellor may also benefit from face-to-face GC sessions through observation and direct supervision by an experienced genetic counsellor and clinical geneticist.
Since there are limited genetic counsellors in Hong Kong, it is common for senior genetic counsellors and clinical geneticists to attend multiple hospitals/clinics to reach their patients or to provide supervision and trainings. Although geographical constraint may not be the major reason for using tele-genetics in Hong Kong as patients can access healthcare services within a few hours of commute, day-to-day travelling time of genetic counsellors between centers constitute a significant hindrance in service efficiency. A hybrid mode of GC service may be a feasible and sustainable option in the long run. The first GC session can be face-to-face to facilitate the building of therapeutic alliance, while for subsequent or follow-up sessions patients can be given the options to receive GC services face-to-face or via telemedicine. For result-disclosure, service providers may opt for TGC for disclosing negative results.
The commencement of the Hong Kong Genome Project, the first large-scale whole-genome sequencing project in Hong Kong, acts as a catalyst for the development of genomic medicine and provides a platform for developing GC profession (Chu et al., 2022; Chu et al., 2023). This creates an opportunity in developing and building necessary infrastructure in enhancing service provision to translate genetic and genomic research into clinical practices. The use of telemedicine in genetics and GC services is helpful in supporting service provision by improving the efficiency of the workforce, particularly in whole-genome sequencing result disclosure and post-test GC.
Although the development of tele-genetics and TGC service in Hong Kong is still at a conceptual stage, the current implementation of telemedicine in public and private healthcare sectors demonstrates its potential in clinical application. Along with this trend of implementation, the formulation of ethical, data security, and practice guidelines, standardization of workflows, and fostering of public engagement are needed to facilitate the process.
CONCLUSION AND FUTURE DIRECTIONS
This review provides a summary on the latest global development and feasibility of tele-genetics and TGC, and serves as the foundation to explore a possible roadmap in Hong Kong. Learning from the experience from other large-scale genomic sequencing projects worldwide such as the Geisinger’s precision health project and the TeleKidSeq pilot study, it sheds light on the possibility of integrating telemedicine into clinical genetics in Hong Kong, such as via the Hong Kong Genome Project. With the large-scale of patient recruits, and a team of trained genetic counsellors dedicating full-time in this project, the Hong Kong Genome Project can be a driving pioneer engaging important stakeholders in the industry to research, design, test, and implement a sustainable model of TGC in the foreseeable future.
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