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Advances in the speed and accessibility of genomic sequencing are broadening the application of this technology to rapid, acute care diagnostics and
pre-conception carrier screening. In both circumstances, genetic counselling plays a critical role in preparing couples for the strengths and limitations of
the testing. For pre-conception carrier screening in particular, it is important that parents and clinicians are aware that even in the absence of an identi-
fied risk for recessive disease, a baby with a genetic condition may still be conceived. As an example, we present the genomic journey of a couple who
underwent pre-conception carrier screening and following a low-risk result, delivered a baby boy who was diagnosed with Type 1 Bartter syndrome.
Ultra-rapid, post-natal, trio whole genome sequencing resolved both parents as carriers of pathogenic variants in SLC12A1, a gene not included in the
original pre-conception screening panel. This family’s story highlights (i) the intricacy of gene selection for pre-conception screening panels, (ii) the bene-
fits of high-quality pre-test genetic counselling in supporting families through adverse genomic findings and (iii) the role rapid genomics can play in resolv-
ing uncertainty for families and clinicians in circumstances where suspicion of genetic disease exists. This article is accompanied by a Patient Voice
perspective written by the child’s parents, placing emphasis on the essential role genetic counselling played in their journey.

Genomic sequencing is becoming established as a powerful first-

tier test in the diagnosis of rare disease. It is increasingly deliver-

able with rapid turnaround times, with results available within

hours and days for critically ill patients, expediting what would

have traditionally been a prolonged or invasive diagnostic odys-

sey lasting many months or years.1,2 Beyond diagnostics, geno-

mic sequencing is also increasingly used for screening, in

particular for expanded carrier screening (ECS) of couples plan-

ning or in the early stages of pregnancy. Prior to the routine clini-

cal use of genomic sequencing, reproductive carrier screening

was often limited to, for example, common variants in the CFTR

gene or gene variants already established within a family. ECS

uses genomic sequencing to identify the risk of a couple conceiv-

ing a baby affected by a defined panel of recessive and X-linked

disease genes. In the screening context, only gene variants where

there is strong evidence for pathogenicity are reported. As such,

ECS cannot resolve all risk of conceiving a child with a genetic

disease.

Here, we present a case of neonatal onset, Type 1 Bartter syn-

drome (due to compound heterozygous variants in SLC12A1) born

to parents following low-risk pre-conception ECS. Bartter syndrome

is a rare autosomal recessive tubulopathy with five genetic sub-

types.3 Severely affected neonates present with profound poly-

hydramnios and life-threatening post-natal urinary free water and

electrolyte losses requiring aggressive supplementation. The genetic

diagnosis was made on day 7 of life using an ultra-rapid, diagnostic

genomic testing. On reflection, SLC12A1 was not included in the

gene panel used by the laboratory providing the ECS service.

Throughout their journey, the couple was supported by genetic

counselling which framed the limitations of the tests provided and

supported them through their adjustment to the unexpected

diagnosis.

This case highlights the clinical utility of these emerging geno-

mic programs and highlights the importance of genomic literacy

for clinicians involved in the assessment of antenatally detected

fetal abnormalities. A glossary of novel genomic terms is provided

in Table 1.

Case Report

Ahead of trying for their first child, a couple sought referral to a

public clinical genetic service for pre-conception carrier screening.

There was a personal history of Hashimoto’s thyroiditis and a

family history of autoimmune lymphoproliferative syndrome for

the prospective mother. Her partner was healthy with no family

history of genetic conditions. They saw a genetic counsellor who

discussed the potential benefits and limitations of the available

tests. This included a three gene screen limited to cystic fibrosis,

spinal muscular atrophy and fragile X syndrome, and a larger

screen of 288 genes associated with predominantly recessive dis-

eases. The couple self-funded the larger screen and received a

low-risk result which was returned by the genetic counsellor.

The couple conceived 2 months later. A non-invasive prenatal test

returned a low risk for aneuploidies at 10 weeks gestation. The preg-

nancy remained uncomplicated until 23 weeks gestation when the
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mother developed progressive and painful polyhydramnios (amniotic

fluid index up to 63 cm; normal <18 cm) in the context of an ana-

tomically unremarkable fetal ultrasound. Two amnioreductions were

performed at 28 weeks draining 4.0 L of amniotic fluid over 3 days.

Fluorescent in situ hybridisation (for trisomy) and chromosomal

microarray were normal. No clear cause for the polyhydramnios was

identified. Shortly after the second amnioreduction, onset of prema-

ture labour resulted in the delivery of a boy, weighing 1000 g, who

developed mild respiratory distress and was transferred to neonatal

intensive care.

The baby passed over 6 mL/kg of urine over the first 4 h of life.

His serum sodium dropped from 143 to 135 mmol/L and his

haematocrit of 0.72 (normal: 0.45–0.65) suggested haemo-

concentration from excessive diuresis. He suffered an acute kidney

injury (Cr 133 μmol/L, normal 53–97) related to dehydration and

gentamicin toxicity. On day 4, he was transferred to a quaternary

paediatric hospital and was managed with aggressive intravenous

fluids (up to 750 mL/kg/day) and electrolyte supplementation. Bar-

tter syndrome appeared a reasonable differential diagnosis and

review of the pre-conception gene panel revealed that only one of

the six established genes for Bartter syndrome was included. The

couple were again counselled by a clinical geneticist and a genetic

counsellor and consented for rapid trio whole genome sequencing

(WGS) through the Acute Care Genomics study.4 Trio WGS identi-

fied compound heterozygous, pathogenic variants in SLC12A1

(c.1432G>A; pGly478Arg and c.1966C>T; pGln656*) with a turn-

around of 3 days. These results were returned to the parents by a

genetic counsellor and paediatric nephrologist.

As he recovered from his acute kidney injury, the classical

Bartter-type biochemical phenotype evolved, including hypo-

natraemia, hypochloraemia, hypokalaemia and metabolic alkalo-

sis. He received inpatient treatment with gradual transition from

parenteral to enteral fluids and nutrition and commenced ibupro-

fen for prostaglandin synthesis inhibition, a recognised patho-

genic phenomenon in Bartter syndrome.3

Discussion

Genomic testing is quickly becoming part of mainstream health

care. Beyond diagnostic uses, genomic technologies are increas-

ingly being applied in pre-conception screening, providing pro-

spective parents with information on the likelihood of having a

child with a genetic condition. Many laboratories offer privately

funded pre-conception ECS panels, with no unifying national or

international guidance. These tests are increasingly performed on

an exome or genome backbone with all variants analysed, but

only pathogenic and likely pathogenic variants reported. In this

case, however, the disease-causing gene was not included in the

screening panel offered. The panel of genes analysed differs

between services depending on many internally governed factors

including: (i) frequency of disease; (ii) severity of disease;

(iii) ability to adequately sequence the gene and (iv) cost among

others. Generally, genes chosen for inclusion in ECS are those in

which pathogenic variants cause autosomal and X-linked reces-

sive conditions and which result in childhood onset conditions.

Only pathogenic and likely pathogenic variants should be

reported.5

Additionally, genetic disease may arise due to de novo (i.e. not

inherited) variants and therefore cannot be screened for. Finally,

variants of unknown significance may not reach a threshold for

reporting in the screening setting, but some will be disease associ-

ated. It follows that ECS cannot eliminate all risk of genetic dis-

ease in the offspring of parents with low-risk results. It is

important that clinicians are aware of these limitations and are

comfortable integrating ECS results into their diagnostic formula-

tions, especially in the context of a fetus with classical presenta-

tions of genetic disease.

Mackenzie’s Mission is an Australian research study examining

the utility of ECS for 10 000 couples across Australia with the

aim of defining the ideal delivery of ECS to Australian couples.

This study was not open at the time our parents were consulted.

Table 1 Genomics glossary

Term Definition

Pre-conception genetic
screening (aka reproductive
carrier screening)

Prior to conception, a couple undertake genetic testing to determine their risk of conceiving a baby with
autosomal recessive or X-linked recessive genetic disease.

Expanded carrier screening Pre-conception genetic screening has previously been able to inform a couple of their risk of conceiving a
baby with (i) a genetic condition that is known to be inherited within their family or (ii) screening for common
conditions such as cystic fibrosis, spinal muscular atrophy and Fragile X syndrome. Expanded carrier
screening is a novel approach that utilises genomic sequencing to screen for hundreds of autosomal
recessive and X-linked inherited diseases which are known to cause disease in childhood.

Whole exome sequencing
(WES)

Genetic testing by massive parallel sequencing of all the coding regions (exons) of a person’s DNA,
which typically accounts for 1% of the genome.

Whole genome sequencing
(WGS)

Genetic testing by massive parallel sequencing of all the coding regions (exons) and non-coding regions
(introns, promoters and others) of a patient’s DNA, that is the entire genome.

Trio WES/WGS Sequencing (either WES or WGS) is simultaneously performed for the child and both parents. This improves
efficiency of analysis and reporting by reducing the number of variants to be considered and establishing
their inheritance.

Acute care genomics (aka
Rapid diagnostic genomics)

Expedited WES or WGS testing performed with turnaround times ranging from 2 to 3 weeks (rapid testing) to
<5 days (ultra-rapid testing). Typically, the cost is much higher compared with conventional WES/WGS, which
has turnaround times of 3–6 months.
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The process for selecting the 1300 genes selected for the

Mackenzie’s Mission panel included review of OMIM and

23 available gene lists by 16 clinical geneticists and a multi-

disciplinary committee including geneticists, genetic counsellors,

an ethicist and the parents of an affected child.6 Selected genes

represent disabling or life-limiting diseases for which early diag-

nosis and treatment would change outcome or pregnancy

planning.6

Genomic testing has also established itself as a powerful tool in

paediatric rare disease diagnosis, not only ending many a diag-

nostic odyssey, but also deliverable in ‘real time’ to influence

medical management in critically ill babies.4,7 The first published

feasibility report from the Australian Acute Care Genomics study

identified a molecular diagnosis in 51% of critically unwell

patients with a median turnaround time of 3 days from sample

receipt.4 This diagnosis facilitated targeted treatment (11%), palli-

ative care decision-making (13%) and focused investigation for

known associated features (18%).4 In our case, Bartter syndrome

was astutely recognised as a differential diagnosis from the

moment the baby was delivered, despite the low-risk ECS and

normal antenatal microarray. Rapid trio WGS was able to quickly

secure a post-natal diagnosis, identifying compound heterozygous

pathogenic variants in SLC12A1 (OMIM: 600839).

Whilst in this case the premature delivery occurred too soon to

allow a genetic diagnosis to impact immediate management post-

delivery, rapid genomic testing on prenatal samples will increas-

ingly inform antenatal diagnoses in future. Hypothetically, an

earlier antenatal diagnosis may have allowed earlier specialist

consultation and earlier initiation of the extraordinary intrave-

nous fluid administration this baby required (as high as 750 mL/

kg/day, normal 60–120) which may have reduced his risk of

acute kidney injury. Prospectively, the PreGen Study (www.

pregen.neura.edu.au) is an Australian research study that aims to

examine the role of genomic sequencing as an antenatal diagnos-

tic tool in the setting of a fetus with a suspected genetic

abnormality.

The understanding and perception of the utility of genomic

sequencing approaches among paediatricians, midwives and obstetri-

cians is variable.8–10 Given the rapidly evolving nature of the field, it

is imperative that both families and clinicians have a good under-

standing of the purpose, strengths and limitations of different types of

genomic tests so that these are appropriately integrated into clinical

care. Additionally, genomic testing should include ready access to

clinical geneticists and genetic counsellors, not only in returning pre-

natal results, but also to support clinicians and families to optimise

the investigation of suspected genetic disease in the antenatal and

post-natal periods, including the reanalysis of existing genomic data

as the clinical situation evolves.

Beyond providing resolution of a genetic diagnosis for our

family, rapid genomic testing allowed the clinical team to proceed

with confidence in treating the child’s Bartter syndrome. This

included expediting the collection of international sub-specialist

opinions, ruling out differential diagnoses (e.g. other

tubulopathies, polyuric recovery phase of acute tubular necrosis),

and increased confidence in using medications that were not

without risk in a premature neonate (e.g. risk of necrotising

enterocolitis and potentiated acute kidney injury with ibuprofen).

The trio rapid WGS in this case was funded through the Acute

Care Genomics study, which has been running since 2018 and

recruits from all the states and territories.4 The alternative routine

genomic sequencing typically carries a turnaround time of

between 3 and 4 months, where the cost has typically been cov-

ered by hospitals and clinical services. In Australia, public health-

care system funding is gradually becoming available for routine

genomic sequencing from a mixture of federal and state govern-

ment sources as the evidence for diagnostic yield, clinical utility

and cost-effectiveness builds. Currently, the Australian Medicare

Benefits Schedule supports genomic testing in children with syn-

dromic and non-syndromic intellectual disability. Additional item

numbers for cardiac and renal disorders are expected to become

available in the near future providing greater equity of access.

Daniel and Kimberley’s reflections on their experience high-

light the essential role genetic counselling played throughout

their journey, especially with respect to adjusting to the challeng-

ing post-natal environment they found themselves in (ref Patient

Voice article). This is consistent with recent, published experience

of parents receiving genetic counselling for rapid genomic test-

ing.11 Genetic counsellors possess a skillset that is adaptable to

support parents in the critical care setting, and are increasingly

playing an extended role as part of rapid genomic testing pro-

grams.12 These supports are crucial as families navigate the com-

plexities of genomic testing, as evidenced by Daniel and

Kimberley’s experience during the return of genetic results as

one of relief and resolution, rather than shock, regret or grief.

Conclusion

The clinical applications of genomic sequencing are rapidly

expanding within paediatric and obstetric care. While low-risk

ECS reduces the chance of genetic conditions, it does not elimi-

nate it. As for any medical test, clinicians require an under-

standing of the limitations of genomic sequencing and

reporting to prepare families for a variety of potential out-

comes. Rapid genomic testing is playing an increasing role in

expediting diagnosis and reducing the financial and emotional

cost of the diagnostic odyssey in critically unwell infants. Of

utmost importance, genetic counsellors are a critical component

of any team providing genomic testing, in both the pre- and

post-test consultation. Together with the accompanying Patient

Voice, this case illustrates the benefits and challenges of clinical

genomic testing in resolving an unexpected diagnosis for a criti-

cally ill newborn.
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