
On an average week in California

9,404

Births

376

Babies born with 1 of

8,000 genetic diseases

55

Babies die before 

1st birthday

Most adult disease is either genetic or has onset in childhood
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Youngest Infant: Opportunity for 
Biggest Impact

Goal of Rapid Whole Genome Sequencing in the ICU

Comprehensive genetic 
testing

Timely, targeted treatment

Better patient outcomes



• Children’s Mercy Kansas City

• Selected NICU infants

• Prior to precision medicine 
mentoring

NSIGHT1: First 35 NICU infants to receive rWGS

Lancet Respir Med. 2015 3:377-87

35 Received rWGS 

20 (57%) Genetic 
disease diagnoses

11 (31%) Changes in 
management

4 (11%) Favorable
change in outcome

35 Received standard 
tests

2 (6%) Genetic 
disease diagnosis

0 (0%) Change in 
management 

1 (3%) Life saved



Case #1 Infant with 
Seizures



1-day-old admitted Rady Children’s Hospital NICU          

within 24 hours of birth

 Prior to sequencing

 Treated with top 3 anti-seizure medications

No impact - seizures continued

Dec. 2016 Newborn with Seizures 



• Tonic and myoclonic seizures

• EEG shows burst suppression

• Standard anti-epileptics 

ineffective: phenobarbital, 

levetiracetam, topiramate

• Suspected Ohtahara Syndrome 

or Early Myoclonic 

Encephalopthy

DOL 2: Admitted to NICU



Day 1
Consent, 

enrollment 

and blood 

draw(s)

Day 2
DNA isolation 

and library 

preparation

Day 3
Sequencing 

started

At Rady Children’s Hospital NICU

Seizing Baby – Case Evolution

Day 4
Genome 

analysis and 

interpretation



c.875T>C (p.Leu292Pro) in KCNQ2 – de novo

• Rare variant – not seen in population databases

• Not reported in literature

• LP variant found at same position

• Mutation hotspot in gene

• Classified as likely pathogenic

Variant of Interest Identified



Targeted medication change 

• Promptly stopped seizures on  

4th day of life

• Baby went home 12 days after 

diagnosis - in time for Christmas

Molecular diagnosis - Ohtahara Sydrome



One year earlier, before RCIGM begins rWGS…

 Baby with seizures admitted to Rady Children’s NICU

• Same burst suppression seizures

• Standard genetic testing 

• Same diagnosis: Ohtahara Syndrome, KCNQ2 mutation

Time to diagnosis: 6 weeks

Result: Neurological devastation

Case Comparison 2015



rWGS Enables Precision Care and 
Improves Outcomes

42 Received trio rWGS 

18 (43%) Genetic disease 
diagnoses

13 (31%) Changes in 
management

11 (26%) Changes in 
outcome

33 Received standard 
tests, as clinically indicated

4 (12%) Genetic disease 
diagnosis

0 (0%) Change in 
management 

42 Inpatient Infants
Subset of our clinical trial has…

Standard testing Rady Children’s rWGS



Sequencing 

Infants only:

$ 256,200

$ 547,000

Conservative Estimate Shows Near Term Cost 
Savings Outweigh Cost of rWGS Testing

Does not include lifetime costs for treated condition, Severe ID Family cost   60K GBP, Disability Services 60K GBP PMID 22339044  



NSIGHT2



Randomized controlled 
trial

• Broad enrollment
 Determine prevalence 

of genetic diseases in a 
regional NICU

 Indications for 
testing/not testing

• Early enrollment
 Maximize potential 

impact of genomic 
medicine

• End-points
 Clinical utility, outcomes 

& cost effectiveness
 rWGS vs rWES
 Singleton vs Trio

NSIGHT2: Started July 2017

Acutely ill NICU infant <4 months 

Within 96 hours of admission

Infection with normal response to therapy

Isolated prematurity

Isolated unconjugated hyperbilirubinemia

Hypoxic Ischemic Encephalopathy

Confirmed genetic diagnosis explains illness

Isolated Transient Neonatal Tachypnea 

Nonviable neonates 

Rapid whole genome 
sequencing (proband)

Rapid whole exome 
sequencing (proband)

Rapid whole genome 
sequencing (trio)

Rapid whole exome 
sequencing (trio)

Exclusion Criteria

Inclusion Criteria

Randomization

If no diagnosis

Ultra-rapid 

trio WGS

Very ill; unethical to randomize



Want to maximize number of patients

Rapid WGS (rWGS)
• Average is ~5 days; positives tend to be quicker but negatives take longer

• Average interpretation time is 10 hours per case

• Comprehensive Clinical notes enable rapid TAT

• If findings suggest clinically significant care implications, preliminary report is provided post haste

• All reportable findings are orthogonally confirmed

Ultra Rapid WGS (urWGS)
• May be requested by clinician when patient’s status is expected to deteriorate quickly

• Will load on flow cell on same day if sample received by 8AM

• Interpretation team will starts as soon as alignment is done (weekends, middle of night)

• Trios are sequenced in UR cases to allow for most efficient path to diagnosis

• Verbal preliminary reports (when potential care implications are identified) are provided one or two days 
sooner than in the standard rapid scenario.   

Strategy/Guidance for Rapid vs Ultra-Rapid



Prescreening

• Census Review of All Newborns Under 4 Months of Age Admitted 

to ICU (NICU, PICU, CVICU)

• 1,022 Patients Prescreened as of July 30, 2018 (~97% of 

admissions)

• 52.5% Ineligible

• 39% Isolated Sepsis/Infection

• 20% Isolated Prematurity

• 12% Isolated unconjugated hyperbilirubinemia

• 7%   HIE with Precipitating Event



Prescreening

• 485 (47.5%) Eligible Patients

• 187 (38.6%) Patients Enrolled in NSIGHT2

• 83 Randomized to rWGS 

• 82 Randomized to rWES

• 21 Not Randomized- Received Ultra-Rapid WGS

• 24 Patients Enrolled in General Biorepository Plus Sx-Driven Dx

Study

• Greater than 96 hours



Another Case of 
Infantile Seizures



• 8 day old ♂ admitted from emergency department

• PC: status epilepticus

• HPC:
• 23 yo G2P1 healthy mother

• Fetal ventriculomegaly detected by ultrasound during pregnancy

• Delivery at outside hospital by uncomplicated C-section at 39 1/7 weeks

• Breast-feeding well, discharged home at day of life 3

The Patient



• Electroencephalogram –
seizures & background burst 
supppression

• No change after trial of 100  
mg IV pyridoxine

• Brain computed tomography 
scan: negative for bleed or 
acute injury

• Infectious workup: negative

• Cerebrospinal fluid lactic acid 
6.3 mmol/L (normal 1.1-2.8)

• Serum creatinine kinase     
1,195 U/L (normal 13-80,       
not in rhabdomyolysis range)

Initial NICU Workup



• “Unfortunately last night was rough with ongoing…multifocal seizures that 
continued despite…levetiracetam or phenobarbital” 

• Maximal antiepileptic drugs

• Worsening seizures

• No response to phenytoin, carbamazepine

• Midazolam drip increased until respiratory failure, emergent intubation

“I discussed with his parents the range of outcomes I have seen with Neonatal 
Burst Suppression encephalopathy which usually entails limited life expectancy 
and at least moderate to severe developmental disabilities. ”

Disease Progression Overnight Led to
Poor Prognosis Without a Genetic Diagnosis



Provisional Diagnosis



Restrict dietary lysine

Supplement Vitamin B6



• Triple therapy with pyridoxine, L-arginine 
supplementation and dietary lysine restriction

• Electroencaphalogram normalized

• Seizures stopped
• All anti-epileptic drugs stopped                                                               

within 36 hours

• Extubated within 36 hours

• Discharged home

• Meeting milestones @ 7 months of age

Impact of Diagnosis in 55 Hours



Enrollment Update (9/20/18)

Rate 

(of 

Diagnosed)

External rWGS 152 152 0 94 91 41 45% 31 76% 31 76% 3

Western IRB 

(rWGS)
133 133 0 55 55 22 40% 18 82% 12 55% 3

RCHSD babies 

(BIoRepos)
483 483 0 223 223 79 35% 53 67% 33 42% 3.3

RCT (WES, WGS) 533 288 245 203 203 48 24% 35 73% 20 42% 4

NeuroGenomics 99 100 0 45 45 13 29% 10 77% 5 38% 6

NeuroOncology 31 31 0 26 24 16 67% 7 44% 1 6% N/A

Total 1431 1187 245 646 641 219 34% 154 70% 102 47% 3.86

Diagnosed Change in Management Break the Glass

Project # GN+EX Seq Genomes Exomes Enrollment
Completed 

Testing
# Rate # Rate # TAT (days)



Clinician Survey Post- Results



Clinician Survey Post- Results



Clinician Survey Post- Results



Clinician Survey Post- Results



Post-Results Parent Surveys



Parent Post-Results



Parent Post-Results



Parent Post-Results



• RCIGM retained Milliman to provide a benchmark for the number 
of infants in a standard commercial population that may be good 
candidates for rapid whole genome sequencing (rWGS) using 
retrospective claims-based criteria

• Found that about 4% of infants had one or more NICU or PICU 
admissions, and of these 15% would be potential candidates for 
rWGS testing

• For the State of California or England & Wales:

• 400,000 live births/year => 2,400 likely to benefit from rWGS

How many patients would benefit?



The Near Future



• $2M State appropriation, in collaboration with Illumina

• MediCal patients in 4 California Children’s Services-certified NICUs 
and PICUs

• Pilot project of rapid whole genome sequencing
• Clinical utility, Cost effectiveness

• Press Event September 26th Carly’s Garden:
• State Sen. President pro Tem Toni Atkins (D-39)

• Asm. Brian Maienschein (R-77)

• Asm. Todd Gloria (D-78)

• Michael Wilkening, Secretary, California Health and Human Services Agency 



• Population: 53 million

• July 2018: 70th anniversary of 
National Health Service

• 100,000 Genomes Project, UK 
Strategy for Rare Diseases 

• Spring 2019: rapid whole genome 
sequencing of acutely ill children

• Centralized testing, 7 day results





Phenotyping automated by Natural Language 
Processing of EMR: 20 sec



In most NICU patients, there is little overlap 
between the observed clinical features and the 
classical textbook description of that disease

76 children with genetic diseases; cNLP: natural language processing of EMR; OMIM: Mendelian Inheritance in Man



Type

Subject 6124 3003

Method Auto. Auto. Auto. Auto. Auto. Std. Auto. Std. Auto. Std. Auto. Std. Auto. Std. Auto. Std.

Number of Phenotypes 115 148 14 2 257 4 103 4 65 1 112 6 124 3

Molecular Diagnosis

Glycogen 

Storage 

Disease V

Dopa-

Responsive 

Dystonia

Gene, Causative Variant(s)

PYGM 

c.2262delA 

c.1726C>T

TH 

c.785C>G 

c.541C>T

n.a. n.a. n.a. n.a.

Sample/Library Prep (hours) 3:20 2:55 2:24 2:22 2:10 23:54 2:12 22:05 2:13 15:42 2:31 18:30 3:30 10:10 4:30 12:10

NovaSeq Loading (hours) 0:20 0:17 0:16 0:20 1:38* 0:20 0:29 0:22 0:30 0:53 0:15 2:30 0:45 0:35 1:00 1:00

2x101 nt Sequencing (hours) 15:36 15:31 15:34 15:27 15:26 24:13 15:25 24:08 15:21 22:44 15:17 33:36 15:17 21:07 15:19 22:46

10 & 20 Analysis (hours) 1:03 1:02 0:59 0:59 1:07 3:05 1:00 1:57 1:01 2:30 1:02 2:30 1:02 2:30 1:09 2:25

30 Analysis Processing (hours) 0:06 0:05 0:07 0:05 0:06 0:15 0:08 0:14 0:06 0:15 0:05 0:15 10:28** 0:16 0:06 0:16

Total (hours) 20:25 19:56 19:20 19:14 20:42 56:03 19:29 48:46 19:11 42:04 19:10 57:21 31:02 34:38 22:04 38:37

3526194 290

51

Early Infantile 

Epileptic 

Encephalopathy 

7

Diabetes 

mellitus, 

permanent 

neonatal

INS          

c.26C>G

None

263

KCNQ2   

c.727C>G

Retrospective

7052

X-linked 

agamma-

globulinemia

BTK  

c.974+2T>C 

Prospective

None

n.a.

362

None

374

None

n.a.



?


