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Abstract

We describe our experiences with organizing pro bono medical genetics and neurology outreach 

programs on several different resource-limited islands in the West Indies. Due to geographic 

isolation, small population sizes, and socioeconomic disparities, most Caribbean islands lack 

medical services for managing, diagnosing, and counseling individuals with genetic disorders. 

From 2015 to 2019, we organized 2–3 clinics per year on various islands in the Caribbean. 

We also organized a week-long clinic to provide evaluations for children suspected of having 

autism spectrum disorder. Consultations for over 100 different individuals with suspected genetic 

disorders were performed in clinics or during home visits following referral by locally registered 

physicians. When possible, follow-up visits were attempted. When available and appropriate, 

clinical samples were shipped to collaborating laboratories for molecular analysis. Laboratory 

tests included karyotyping, cytogenomic microarray analysis, exome sequencing, triplet repeat 

expansion testing, blood amino acid level determination, biochemical assaying, and metabolomic 

profiling. We believe that significant contributions to healthcare by genetics professionals can 

be made even if availability is limited. Visiting geneticists may help by providing continuing 

medical education seminars. Clinical teaching rounds help to inform local physicians regarding 

the management of genetic disorders with the aim of generating awareness of genetic conditions. 

Even when only periodically available, a visiting geneticist may benefit affected individuals, their 

families, their local physicians, and the community at large.

Keywords

Caribbean; clinical genetic testing; West Indies

1 ∣ INTRODUCTION

Disparities in access to healthcare are not uncommon. In countries with developed 

economies where specialty medical healthcare is generally available, socioeconomic status, 

location, and level of education affect the availability of genetic medicine and diagnostic 

services (Allford, Qureshi, Barwell, Lewis, & Kai, 2014; Hui, Barclay, Poulton, Hutchinson, 

& Halliday, 2018; Mikat-Stevens, Larson, & Tarini, 2015; Shea, Newschaffer, Xie, Myers, 

& Mandell, 2014). Small, resource-limited, and isolated islands have barriers to access 

due to their small population sizes, relatively low gross national product, and geographical 

isolation. Depending on how the region is defined, there are over 700 islands with 26 

island nations in the West Indies or Caribbean region (Gibson, Fitzpatrick, Stone, Noel, & 

Macpherson, 2016). Most of these countries are geographically small, with small population 

sizes and a predominant dependence on the tourism industry (de Albuquerque & McElroy, 
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1992). They are described by the International Monetary Fund World Economic Outlook as 

emerging markets with a developing economy (https://www.imf.org, accessed Oct 01, 2020).

Most of the main islands, if their population is large enough, have a local hospital. 

Otherwise, healthcare is offered at community health centers or via privately practicing 

physicians. Many services that are taken for granted in resource-rich countries have either 

limited or periodic availability or are not available at all. Examples include computed 

tomography (CT) scanning, magnetic resonance imaging (MRI), retinal examination via 

optical coherence tomography (OCT), and electroencephalography (EEG). Because of low 

demand and/or cost, some standard medical testing is difficult to obtain. For example, 

tests for vitamin B12, lactate, serum ammonia, serum amino acid/organic acid, or alpha-

fetoprotein levels might not be available. Imaging, such as MRI, when available, is usually 

at low resolution. Additionally, because of the lack of redundancy (if an island has only one 

MRI or CT service), technical issues may cause the service to be unavailable. Even when 

set up as an international collaboration, there are logistical challenges due to geographical 

distance and shipping resources, as some samples must be shipped frozen, or are difficult to 

batch because of rapid decay rates.

In general, genetic testing and specialist medical care for individuals with chronic 

neurodegenerative conditions or congenital anomalies are either difficult or almost 

impossible to obtain. In the general hospital, patients with neurologic disorders are typically 

referred to a generalist (internal medicine), and individuals with congenital disorders are 

managed by pediatricians. Alternatively, for those who have the resources, the patient 

and family must travel to a more developed country to seek additional care. Hospital 

medical care costs are often covered by nationalized government insurance plans or other 

arrangements. However, nonurgent testing, most prescription drugs, and imaging that is not 

part of a hospital admission are often covered out-of-pocket by the patient and family or by 

private insurance.

Genetic diagnosis is important at many levels, and outcomes are improved when a diagnosis 

is obtained (Malinowski et al., 2020). Ending the diagnostic odyssey, informing appropriate 

actions, avoiding costly (and sometimes dangerous) procedures and tests, and providing 

recurrence risk assessments are all benefits of a molecular diagnosis (Sawyer et al., 2016; 

Symonds & McTague, 2020). Here, we describe our efforts to provide genetic consultation 

and testing for individuals with rare disorders who live in the Caribbean region where these 

services are otherwise not available. We provide a summary of the laboratory testing we 

obtained from 2015 to 2019 and present five brief case reports to illustrate our activities.

2 ∣ METHODS

Clinical evaluations were performed at pro bono clinics under the auspices of locally 

registered consulting physicians. Due to the small population size of most Caribbean islands, 

our institutional review board (IRB) stipulated that we do not reveal the nationality or 

geographic locations of any affected individuals. All testing was initiated at the request of 

locally registered physicians. All individuals (if of consenting age), or their parents or legal 

guardians provided written informed consent for genetic testing and anonymous publication 
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of results. The consenting process was approved by a local IRB to help ensure that the 

needs and values of the local population were respected. All individuals who provided 

samples for exome sequencing also underwent the consenting process of the collaborating 

laboratory. Biological samples, including whole blood, plasma, urine, purified DNA, saliva, 

and leukocytes were express-shipped to collaborating laboratories. Saliva was collected with 

DNA Genotek kits (Ontario, Canada). DNA was isolated from whole blood using Qiagen 

Puregene (Venlo, Netherlands).

Research exome sequencing and variant analyses were performed as previously described 

(Li et al., 2016). Identified variants with a minor allele frequency of >1% as established 

by public databases (dbSNP, 1,000 Genomes Project, NHLBI ESP6500SI, gnomAD, and 

Kaviar) and an in-house database of >10,000 exomes were filtered out. Variant prioritization 

based on deleterious prediction and biological relevance was done with reference to the 

HGMD and OMIM databases. Copy number variant (CNV) analyses were done using 

ExomeDepth (Plagnol et al., 2012).

The number of repeats in ATN1, ATXN1, ATXN2, ATXN3, CACNA1A, ATXN7, ATXN10, 

PPP2R2B, TBP, HTT, JPH3, AR, C9orf72, and FXN were determined using multiplex 

polymerase chain reaction (PCR), followed by capillary electrophoresis with internal 

standards. CEPH control samples were verified using Sanger sequencing for cross laboratory 

standardization (Ashizawa et al., 2013; Gan et al., 2017; Moscovich et al., 2015).

To test for fragile X syndrome, FMR1 CGG repeat quantification was obtained with a 

CGG repeat-primed PCR approach (Chen et al., 2010; Filipovic-Sadic et al., 2010). Global 

Metabolomics Assisted Pathway Screen (Global MAPS), an untargeted clinical metabolic 

analysis that included relative quantification of small molecules in plasma or urine was 

based on established protocols (Ford et al., 2020; Kennedy et al., 2018). Cytogenomic 

microarray analyses (CMA), karyotyping, Sanger sequencing, and dried blood spot amino 

acid (DBS AA) profiling were obtained using standard protocols.

Evaluations for autism spectrum disorder (ASD) were conducted using the Autism 

Diagnostic Observation Schedule, second edition (Lord et al., 2012). All ASD assessments 

included parental interview to obtain developmental history and assessment of adaptive 

functioning as well as record review. Cognitive and/or behavioral functioning was 

determined either by standardized cognitive assessment or by requesting that parents 

complete appropriate questionnaires. Clinicians came to a consensus about ASD diagnosis 

in all patients using an evidenced-based team evaluation model (Gerdts et al., 2018).

3 ∣ RESULTS

3.1 ∣ Laboratory testing

To date, we have obtained exome sequencing for 31 affected individuals. Of these, we 

found a pathogenic, or likely pathogenic variant in 13 individuals, a variant of unknown 

significance (VUS) in 2, and uninformative results in 12 when classified by ACMG criteria 

(Richards et al., 2015). Four additional exomes await analysis. We believe the VUS found 

in exome 6 explains the pathology of the individual due to supportive biochemical evidence 
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(manuscript submitted). Among the 13 exomes that contain a variant that explains the 

pathology of the affected individual, only two required trio sequencing, while a pathogenic 

or likely pathogenic variant was identified in the remaining 11 via proband-only exome 

sequencing (Table 1). In each case diagnosed via proband-only sequencing, we verified the 

genotypes of available parents by Sanger sequencing. Of the 12 exome sequences that were 

uninformative, six were of trios, one was a duo, and five were singletons.

In total, we completed the exome analysis of 27 individuals and identified the genetic cause 

of their condition in 14 for a diagnosis rate of approximately 50%, similar to reported rates 

in well-resourced countries (Helbig et al., 2016; Ngo et al., 2020; Sawyer et al., 2016; 

Wright, FitzPatrick, & Firth, 2018). Currently, we have 11 additional exomes that await 

sequencing (Table 2). Among the cohort of 14 individuals whose diagnosis was informative 

via exome sequencing, 13 were children/adolescents and 1 was an adult. Of the 13 unsolved 

exomes, 6 were from children/adolescents, and 7 were from adults. Of the 15 that await 

sequence obtainment or analysis, 12 are from children/adolescents and 3 are from adults.

We also obtained 24 karyotypes, 18 CMA tests, 15 FRX tests, and 12 other triplet 

repeat expansion tests (on a 14-gene panel). We have carried out three metabolic profiles 

(Global MAPS), with several additional Global MAPS analyses underway. Triplet repeat 

testing revealed two extended families with Huntington disease (HD), a large family with 

spinocerebellar ataxia 3 (SCA3) and one additional individual with SCA3. Karyotypes were 

used to confirm clinical diagnoses of Down syndrome (DS) and to rule out a familial 

translocation. Of 19 individuals suspected to have DS, 18 were confirmed. Trio exome 

for the one individual who did not have DS was uninformative. We did not identify any 

individuals who had DS caused by Robertsonian translocation, but we found one apparently 

unaffected female who had trisomy 21 mosaicism. All individuals who presented with 

suspected ASD in our clinics were tested for FRX, with none being positive.

Using karyotyping we identified an apparently de novo unbalanced translocation that 

resulted in deletion and duplication in one individual. The approximate breakpoints of 

the translocation were confirmed by CMA (Table 3). In two other unrelated individuals, a 

CNV was identified on the proband's exome sequence and confirmed with CMA. One of 

these CNVs was considered pathogenic as it involves a 7.4 megabase (Mb) duplication on 

chromosome 6. Karyotyping was not performed on this individual. The other CNV was a 

deletion which we classified as a VUS because it is approximately 0.3 Mb in size, and we 

could not predict if haploinsufficiency of any genes in the region would be pathogenic.

3.2 ∣ Case reports

3.2.1 ∣ Individual 1—Individual 1 was a 4-year-old female with developmental delay 

(DD). Pregnancy was complicated by gestational diabetes diagnosed at 6 months of 

pregnancy. She started walking at about 1.5 years and did not use expressive language. 

She was able to understand commands, request objects by pointing or reaching, but she 

did not verbalize. The mother reported that she was active while in daycare, and she 

slept well at night, usually 12 hr without waking. Her head circumference at age 4 was 

49 cm (35th centile), inner canthal distance was 3 cm, and outer canthal distance 9 cm 

(IPD >95th centile). A formal evaluation by a medical geneticist is pending but based on 

Sobering et al. Page 5

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2021 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analysis of photographs she had apparently deeply set and widely spaced eyes, a flat mid-

face, and maloccluded large-appearing incisors (Figure 1a,b). Exome sequencing revealed 

a previously described c.1165C > T; p. (Arg389Cys) variant in SATB2 (Jiao et al., 2019; 

Zarate et al., 2018). This variant was not detected in her mother. Her father was not available 

for testing, but we were told that neither he nor other family members had similar features.

3.2.2 ∣ Individual 2—Individual 2 was a 6-year-old female who initially presented with 

DD and hyperactivity. She first began walking when she was 20 months old. Developmental 

regression was first noted when she was 2 years, 7 months. At this time, she also 

began to have seizures, up to nine per day. The seizures lasted approximately 1 min 

and were characterized by initially swaying from left to right and then falling to the 

ground with generalized hypertonicity with extended legs and plantar-flexed toes. During 

the seizures, she did not have urinary nor fecal incontinence. Her seizures have been 

managed with carbamazepine with relatively good control. EEGs performed initially and 

at age 4 years showed generalized and focal (parasagittal cerebral cortex) epileptogenic 

discharges with mild diffuse cerebral dysfunction. At age 5 years she displayed the repetitive 

hand movements characteristic of Rett syndrome (Banerjee, Miller, Li, Sur, & Kaufmann, 

2019). (Figure 1c,d). At the age of 6 years, her head circumference was 48 cm (first 

centile). Currently, she does not speak and is not toilet trained. Exome sequencing showed a 

previously reported variant in MECP2; c.455C > G; p.(Pro152Arg) (Hoffbuhr et al., 2001). 

Sanger sequencing showed that neither parent had the variant suggesting an apparent de 

novo event.

3.2.3 ∣ Individual 3—Individual 3 was a 4-year-old male born to parents who were both 

approximately 40 years old at the time of his birth. He had an uneventful first year of 

life, achieving all milestones on time. By 13 months he could speak over 20 words and by 

15 months he could say a few phrases. However, at approximately 18 months he showed 

regression of speech and at 25 months of age he had only a few garbled words. The loss of 

speech was associated with regression of social skills; for example, he began to prefer being 

alone with an electronic tablet device. His parents enrolled him in daycare but because of his 

lack of social skills he was removed. His hearing and vision appeared normal. He responded 

to electronic screens (iPad), video, and sound. In his fourth year of life he began eating a 

more restricted variety of foods, and to gain weight.

During an examination by a pediatrician at the age of 3 years, he appeared uncooperative 

and irritable. He did not use words, had poor social skills, and was hitting, biting, 

crying inappropriately, and was combative at times. At 3 years and 5 months, his head 

circumference was 51 cm (80th centile), inner canthal distance was 3 cm, and outer canthal 

distance was 10.5 cm (IPD 90th centile). Review of photographs by a medical geneticist 

suggested that he did not have dysmorphic features. A brain MRI demonstrated bilateral 

deep posterior parietal periventricular white matter hyperintensities in Figure 1e. He was 

formally diagnosed with autism at the age of 4 years. At 5 years of age, he can walk but 

he is completely nonverbal. Exome sequencing showed a novel hemizygous c.1112G > T; p. 

(Arg371Leu) variant in USP9X with the mother being a carrier. By the ACMG classification 

criteria, this variant is described as a VUS (Richards et al., 2015). No other variants that 
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might explain the condition in this child were found. No other affected family members are 

known to be affected.

3.2.4 ∣ Individual 4—Individual 4 was a 5-year-old female who first came to our 

attention because of neonatal hypotonia. Her development has been delayed, she was 

nonverbal, and was not toilet trained. At the age of 4, she was diagnosed with 

ASD. Subsequently, proband-only exome sequencing showed that she had compound 

heterozygosity for known variants in PAH; c.1315 + 1G > A; c.740G > A; p. (Gly247Val) 

(Razipour et al., 2017; Zurflüh et al., 2008). Sanger sequencing showed that both parents 

are heterozygous. Phenylketonuria (PKU) was confirmed by DBS AA profiling with a 

blood phenylalanine level of 11.16 mg/dl (normal <2 mg/dl) and a blood tyrosine level 

of 0.58 mg/dl (normal <4.98 mg/dl). The phenylalanine/tyrosine molar ratio was 21.28 

(normal <2.50). Two months before her fifth birthday her head circumference was 48.25 

cm (20th centile). Currently, her diet is not controlled for reduced phenylalanine intake. 

After discussions about the diagnosis of PKU, her parents reported that she avoids red meat, 

chicken, and fish.

3.2.5 ∣ Individual 5—Individual 5 was a 43-year-old female with a 14-year history 

of progressively worsening ataxia. She had disconjugate eye movements with abnormal 

adduction of both eyes and extreme photosensitivity. Her gait was wide-based, and she was 

unable to walk unsupported. Brain MRI obtained approximately 10 years after symptom 

onset showed cerebellar atrophy but a normal cerebral cortex and basal ganglia (Figure 1f,g). 

She had a family history of HD with a maternal great-aunt and a maternal first cousin once 

removed both confirmed to be affected. Her mother, now deceased, had sickle cell disease, 

and her father was unavailable for evaluation. She had two maternal aunts who reportedly 

have some type of abnormal movements but attempts to locate them have been unsuccessful 

(Figure 2).

Repeat expansion testing for the following chorea and ataxia neurodegenerative disorders 

was negative: dentatorubral-pallidoluysian atrophy, Friedreich ataxia, HD, HD-like 2, spinal 

and bulbar muscular atrophy, and SCA types 1, 2, 3, 6, 7, 10, 12, and 17. Exome sequencing 

for this woman was uninformative and no other immediate family members are available for 

genetic testing.

4 ∣ DISCUSSION

In this report we present five brief case reports representative of our clinical encounters and 

summarize the testing that we have offered to date. Individuals 1 and 2 had dysmorphic 

features, ID, and DD. By exome sequencing we were able to determine that the cause of 

their disorder was due to known variants. The features of Individual 1 were explained by 

a previously described likely pathogenic variant in SATB2 (Bengani et al., 2017; Zarate 

et al., 2018). Individual 2 had Rett syndrome (Banerjee et al., 2019) due to a previously 

described apparent de novo pathogenic variant in MECP2 (Hoffbuhr et al., 2001). Obtaining 

the diagnosis for these individuals has given the parents an explanation for the disorder in 

their children. Following the diagnoses, we were able to suggest to the parents that they 
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contact appropriate family support and patient advocacy groups. Individual 3 had DD and 

ID. Exome analysis revealed a VUS in USP9X with the mother being a carrier.

The X-linked USP9X gene encodes a substrate-specific deubiquitylating enzyme (Homan 

et al., 2014); complete loss of function of this gene is lethal in the mouse (Stegeman 

et al., 2013). Pathogenic de novo variants in USP9X cause congenital malformation in 

females, DD, ID, and brain abnormalities on MRI (Reijnders et al., 2016). Males with 

likely pathogenic USP9X variants have similar features including brain malformations and 

a more variable facial dysmorphology. Additionally, several males with USP9X VUSs were 

described who have a similar, but more variable phenotype, with observable features found 

at a reduced frequency (Johnson et al., 2020). Because of the absence of functional data for 

the USP9X c.1112G > T; p.(Arg371Leu) variant, and its classification as a VUS, we have 

not discussed this variant with the family.

We formally diagnosed Individual 4 with ASD during a pro bono clinic. Subsequent exome 

analysis showed her to have compound heterozygosity for known pathogenic variants in 

PAH (Razipour et al., 2017; Zurflüh et al., 2008). Follow-up biochemical testing with DBS 

AA analysis showed elevated serum phenylalanine, with depressed tyrosine confirming 

PKU. Unfortunately, the absence of a newborn screening program for inborn errors of 

metabolism allowed the PKU in this individual to remain undetected until exome sequencing 

indicated that she had the disorder.

Having the molecular diagnosis with blood amino acid measurement confirmation has 

allowed us to begin an effort to obtain PKU formula and train a medical nutritionist 

to oversee a low-protein, phenylalanine restricted diet. Difficulties in implementing this 

treatment include obtaining legal affidavits from the family absolving anybody who donates 

PKU formula from liability due to the possibility of secondary nutritional deficiencies 

or malnourishment (van Wegberg et al., 2017). Coordinating appropriate training of the 

local medical nutritionist to help oversee the dietary restriction therapy is also a challenge. 

However, our biggest obstacle has been organizing donations of the PKU formula which is 

needed by this child to slow her neurological decline.

We also learned that this individual has a pathogenic variant that was associated with 

benefit from administration of sapropterin dihydrochloride (Zurflüh et al., 2008), and we are 

currently looking into the possibility of obtaining the drug. Another possible positive impact, 

albeit in the future, is that the diagnosis will allow us to provide education to the parents and 

the local physician about the potential for maternal PKU syndrome (Hoeks, den Heijer, & 

Janssen, 2009).

Individual 5 presented with ataxia, cerebellar degeneration, unusual eye movements, and 

photosensitivity. She had two relatives confirmed to have HD, however, this diagnosis 

was excluded, as was SCA3 which we previously had diagnosed in a different family 

in this small population (Yearwood, Rethi, Figueroa, Walker, & Sobering, 2018). Other 

spinocerebellar ataxias (types, 2, 3, 6, 7, 10, 12, and 17) were also excluded. Proband exome 

sequencing was also uninformative, and she remains undiagnosed. Difficulties in obtaining 

care were experienced with Individual 5. After coordination with a visiting eye clinic, we 
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were unable to obtain OCT because of outdated equipment, and so she was left with dilated 

eyes and no retinal scan, which we needed to help us understand her unusual symptoms.

In addition to the five individuals described above, we were able to have an impact on 

several other patients. Among the individuals whose exomes are currently being analyzed 

is an adult male with primary microcephaly. His mother expressed her appreciation to us 

because we helped her to consider genetic reasons for her son's condition. As her child 

was growing up, she had to endure years of others telling her the reason that she had a 

child with microcephaly was that she “looked at a turtle” when she was pregnant. Sequence-

based testing with a research panel for approximately 70 genes known to be involved with 

microcephaly was negative, but with exome sequencing we hope to give this mother a 

definitive explanation for her son's condition.

Another example is that of a patient in whom the physician initially suspected a metabolic 

disorder but had concerns about the inability to obtain testing for blood ammonia levels. 

With the aid of a medical geneticist, we were able to quickly learn that the disorder in 

the child was neurological and not a urea cycle defect. Follow-up testing helped to direct 

management for this individual and her affected sibling (Ope et al., 2020). In yet another 

individual, we helped a parent understand that her child's ataxia was due to SCA3 (Mitchell, 

LaTouche, Nelson, Figueroa, & Walker, 2019) and have been able to coordinate continuing 

community support to this family.

Neurological consultations may also help to redirect the focus of disorder causation away 

from a neurological, or genetics etiology, and refine the differential diagnosis. As an 

example, we saw a young boy who had ataxia which at first appeared to be of neurological 

cause. By quickly obtaining a brain MRI, and an evaluation by a neurologist, we were 

able to determine that a neurological cause for the ataxia was less likely. It transpired that 

the child had pseudo-ataxia caused by an osteoid osteoma which was cured with surgery 

(McKenzie, Oettel-Flaherty, Noel, Walker, & Sobering, 2019).

We have also received evidence of intangible benefits to our patients and their physicians. 

We have had unanimous positive feedback from the physicians with whom we interacted. 

Although non-systematically obtained, comments included appreciation for our efforts 

which have helped them to understand some of their most challenging patients. Without 

our efforts, they would be left without answers. From casual discussion with parents we 

also find a general sense of appreciation and gratitude. One mother told us how she now 

has additional peace of mind knowing that her child has a specific disorder and not some 

unknown disease entity. In the words of one parent after we diagnosed an ID syndrome in 

her child, “Thank you, now I know what I am dealing with.” She expressed relief to have 

the diagnosis and that her child's condition was understood, and she no longer felt guilt that 

she did something to cause the disorder. This is an example of how we helped to end the 

diagnostic odyssey for this family (Sawyer et al., 2016). In the future we hope to formally 

study the impact of our efforts in this community.

Visiting geneticists, neurologists, and psychologists who have expertise in ASD and various 

other specialties can offer additional benefits to medical practitioners by helping with 
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continuing medical education (CME). Over the past 7 years, we have facilitated annual 

CME seminars to help physicians understand, diagnose, and manage their patients who 

have genetic and neurodegenerative disorders. Additionally, we have offered public seminars 

to help parents understand ASD. One of these events was attended by over 40 interested 

parents showing that there is a need for more educational outreach to the community. We 

believe that these educational seminars are a small step toward the acceptance of individuals 

with genetic disorders into the general community.

We view each patient encounter as an opportunity to educate the physicians with whom we 

are working in addition to ourselves. We learn more about how peoples in countries outside 

of our own manage genetic disorders, and we may be able to advise local physicians on 

current best practices for disease management. We ensure that a locally registered physician 

is present at any patient encounter where clinical information is discussed. This is important 

to maintain trust and ensure that the encounter is appropriately recorded in the patient's 

medical record. Having a local physician is also important to ensure that licensure and 

liability are not an issue. The role of the visiting medical geneticist or neurologist then 

becomes defined as an advisor. Local clinicians also help with communication because the 

accent and idioms that are sometimes used may lead to difficulties during discussions.

Since inception of this project, we have organized one formal video consultation clinic, 

and many impromptu brief video calls to answer emergent questions. These experiences 

have raised our awareness of telemedicine (Duis et al., 2019; Otten, Birnie, Lucassen, 

Ranchor, & Van Langen, 2016; Srinivasan et al., 2020). We hope to increase the use of 

video consultations specifically to support our genetics outreach program (Hilgart, Hayward, 

Coles, & Iredale, 2012). Telemedicine is becoming even more important in the face of the 

interruptions to our program during the global response to the COVID-19 pandemic (Mann, 

Chen, Chunara, Testa, & Nov, 2020).

Because of high shipping costs, samples are typically collected and batched together to 

save money. Having a local laboratory to purify DNA is, therefore, indispensable for this 

project, since not all individuals are able to give a saliva sample. Additionally, in cases 

where DNA must be sent to more than one lab, a blood draw is important. Delays imposed 

by periodic shipping, in combination with the typically longer turn-around times associated 

with research-based testing, leads to excessive wait times. However, even when results are 

delayed, all who are involved appreciate our efforts. The lack of an organized system for 

the entire project means that the coordinating individuals often must put in much of their 

effort during their spare time, and that they are unremunerated. Difficulties associated with 

this type of project are compounded by the need for air travel. Unexpected interruptions 

occurred in early 2020 and unfortunately, planned adult neurology, pediatric genetics, and 

ASD evaluation clinics were canceled due to the COVID-19 pandemic.

Individuals from diverse populations tend to be underrepresented in the medical literature, 

leading to difficulties in identifying human malformation syndromes (Muenke, Adeyemo, & 

Kruszka, 2016). Increased representation of individuals from diverse ancestry is therefore 

important. The genetic makeup of the Caribbean population is particularly interesting in that 
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it is composed of a broad assortment of ancestral genetic contributions, from West African, 

European, Asian, and Amerindian populations (Murray et al., 2010).

5 ∣ CONCLUSION

This project was enabled by several different successful collaborations between physicians 

and researchers in a country of low socioeconomic status and several USA-based research 

laboratories. Without our efforts, the individuals we encountered who are affected with 

genetic disorders would have remained without a molecular diagnosis. Even when only 

available for a few days per year, visiting medical geneticists and neurologists may offer 

benefits to under-served communities. Some people might consider genetic testing a low 

priority with so many other pressing issues in global medicine, especially in the infectious 

disease realm, but when appropriately implemented, this resource can have positive long-

reaching effects for individuals, families, and the health care system.
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FIGURE 1. 
Facial dysmorphology, clinical signs, and brain MRI of affected individuals. (a, b) A 

4-year-old girl who has a known likely pathogenic SATB2; c.1165C > T; p.(Arg389Cys) 

variant. (c, d) A 5-year-old girl who has a known pathogenic MECP2; c.455C > G; p.

(Pro152Arg) variant displaying the repetitive hand motions characteristic of Rett syndrome. 

(e) Transverse brain MRI showing white matter intensities (arrows) in a 4-year-old boy with 

a hemizygous novel USP9X; c.1112G > T; p.(Arg371Leu) VUS. (f–g) Sagittal brain MRI 

showing cerebellar atrophy in a 39-year-old woman with ataxia of unknown etiology

Sobering et al. Page 16

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2021 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Pedigree of Individual 5. This family has two individuals affected with HD and one 

individual affected with ataxia and cerebellar degeneration of unknown etiology. Filled in 

symbols indicate individuals who were evaluated by a neurologist. Partially shaded symbols 

indicate individuals suggested to have a movement disorder by a family member but who 

have not been formally evaluated
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