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In this issue of Pediatric Critical Care Medicine, Sanford et al (1) demonstrate the use of
whole genome sequencing (WGS) in the PICU on a clinically relevant time scale. Their
work shows that in a retrospective cohort of 49 pediatric intensive care patients from 4
months to 17 years old, a genetic diagnosis was identified in 45% of children using rapid
WGS. Notably, over 70% of cases were nominated for sequencing by their intensivist
demonstrating their ability to identify children with a high likelihood of harboring disease-
related mutations independent of consultant recommendations. Identified variants spanned a
wide scope of pathologies including epilepsy, encephalopathy, cardiomyopathy, ventricular
dysrhythmia, autoimmune, immunologic, and inflammatory disorders. In the neonatal
population, WGS has achieved a diagnostic rate of 30-50% with measurable time and cost
savings in approximately 50% of cases (2-5). The literature in older children is more
limited; however, this work corroborates the findings in a retrospective cohort of 24
critically ill children in the pediatric and cardiac ICU with a mean age of 16 months where
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molecular diagnoses were made in 42% of children, although with a higher fraction of
syndromic diagnoses (6).

Although many diseases commonly encountered in the PICU are influenced by genetic
factors, including cardiac arrest (7), status epilepticus (8), acute lung injury (9), sepsis and
shock (10), historically the precise loci conveying individual risk have been elusive. Under
the “common disease, common variant” hypothesis, many early genome-wide association
study efforts sought to link common “polymorphisms” with critical illness. Despite some
successes, these findings have limited clinical utility, identifying alleles that confer only
incremental risk for disease (11).

At the other end of the spectrum are low frequency (minor allele frequency [MAF] 1-5%)
and rare (MAF < 1%) genetic variants hypothesized to explain a portion of the missing
heritability not accounted for by polymorphisms. They are also posited to convey larger
effects with greater impact on the extreme phenotypes (11). Yet, prior to the development of
rapid, reliable and parallel next generation sequencing (NGS) alongside the informatic
resources for interpretation, technical barriers and time to result limited evaluation of rare
variants in ICU settings.

The promise of WGS to enable precision intensive care is only in its earliest stages.
Although technically sound, WGS is at risk of false negatives and positives in interpretation.
At the end of the informatic pipeline, false negatives occur as a result of atypical or
pleiotropic illness presentations. Additionally, WGS does not obviate the need for functional
verification of novel mutations. Individual patient results continue to be limited by the
challenges frequently encountered in the study of rare diseases using NGS. False positives
can occur due to erroneous classification of individual variants as pathogenic or likely
pathogenic on the basis of a handful of cases. As a result of the burgeoning nature of
precision medicine, currently, our diagnostic capacity far outstrips our prognostic ability.
Additionally, the current emphasis on precision medicine places clinicians at risk of
overemphasizing a single mutation and neglecting care environment, illness course, and
genetic background. Although NGS technologies offer the capacity to interrogate gene-gene
interactions, multigenic inheritance, and cases of epistasis and resilience (where the effect of
a single disease variant can be mitigated by another), current clinical practice largely
interprets individual variants in isolation. Therefore, clinicians should be careful not to make
decisions based on a genetic diagnosis without appraisal of the complete clinical context.

Still, WGS’ promises are apparent. Compared with whole exome sequencing, WGS reads
both protein-coding exons and regulatory regions, and avoids the time-consuming process of
exon-targeted polymerase chain reaction library synthesis. It is also less prone to error in
guanine-cytosine-rich regions and has been shown to be as reliable as gold standard Sanger
sequencing in well-covered regions. WGS also has the capacity to detect copy number and
intronic variants which have significant impact on disease (12). This allows for simultaneous
evaluation of genetically heterogeneous monogenic disorders and atypical presentations.
WGS can also extending beyond a priori differential diagnoses and be dynamically
interrogated as clinical course, and genetic knowledge evolves.
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The strength of the work by Sanford et al (1) is in their operationalization of a “targeted
phenotype-driven analysis,” that surmounts historical limitations of time to diagnosis and
diagnostic relevance. The bioinformatics workflow for variant identification and analysis
leverages the global efforts to sequence over 141,456 individuals to identify rare variants
(13) as well as peer-reviewed literature evaluating the functional impact of mutations in the
Human Phenotype Ontology and On Mendelian Inheritance in Man (14, 15). The protocol
thereby allows for the generation of patient-specific candidate gene lists that can be
evaluated for phenotypic similarity to the patient, limiting results to those genes reported in
human disease and consistent with patterns of inheritance.

As a result, the group achieved a median turnaround time of 10 days (mean, 13.6 d; range,
1-56 d) with six of 17 (35%) of positive tests being available within 1 week (Supplemental
Table 3 in [1]). Mestek-Boukhibar et al (6) reported similar results, with a median time to
diagnosis of 8.5 days. As 43% of PICU deaths occur after the first week (16), these
independent reports reproducibly show that turnaround time is no longer a practical barrier
in the intensive care setting. Further, authors were able to show that WGS diagnosis
impacted medical management of 14 children, one-third of all those tested. In four cases,
genome-informed management decisions regarding anti-arrhythmic agent, administration of
IV immunoglobulin, and pursuit of comfort measures were made during ICU stay. This is
consistent with previous reports.

Moving forward, further research will be required to define ICU populations in whom WGS
is indicated and expanding the roles of pharmacogenomics and complex genotype beyond
Mendelian disease and its effect on critical illness (17). Still, Sanford et al (1) show that
rapid WGS can be employed in the PICU to the direct clinical benefit of our patients and
families today, ushering in a new era of precision critical care.

REFERENCES

1. Sanford EF, Clark MM, Farnaes L, et al.; on behalf of the RCIGM Investigators: Rapid Whole
Genome Sequencing Has Clinical Utility in Children in the PICU. Pediatr Crit Care Med 2019;
20:1007-1020 [PubMed: 31246743]

2. Willig LK, Petrikin JE, Smith LD, et al.: Whole-genome sequencing for identification of Mendelian
disorders in critically ill infants: A retrospective analysis of diagnostic and clinical findings. Lancet
Respir Med 2015; 3:377-387 [PubMed: 25937001]

3. Meng L, Pammi M, Saronwala A, et al.: Use of exome sequencing for infants in intensive care units:
Ascertainment of severe single-gene disorders and effect on medical management. JAMA Pediatr
2017; 171:e173438 [PubMed: 28973083]

4. Petrikin JE, Cakici JA, Clark MM, et al.: The NSIGHT1-randomized controlled trial: Rapid whole-
genome sequencing for accelerated etiologic diagnosis in critically ill infants. NPJ Genom Med
2018; 3:6 [PubMed: 29449963]

5. Stark Z, Schofield D, Alam K, et al.: Prospective comparison of the cost-effectiveness of clinical
whole-exome sequencing with that of usual care overwhelmingly supports early use and
reimbursement. Genet Med 2017; 19:867-874 [PubMed: 28125081]

6. Mestek-Boukhibar L, Clement E, Jones WD, et al.: Rapid Paediatric Sequencing (RaPS):
Comprehensive real-life workflow for rapid diagnosis of critically ill children. J Med Genet 2018;
55:721-728 [PubMed: 30049826]

7. Giudicessi JR, Ackerman MJ: Determinants of incomplete penetrance and variable expressivity in
heritable cardiac arrhythmia syndromes. Transl Res 2013; 161:1-14 [PubMed: 22995932]

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 18.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kernan et al.

Page 4

8. Anderson E, Berkovic S, Dulac O, et al.: ILAE genetics commission conference report: Molecular

analysis of complex genetic epilepsies. Epilepsia 2002; 43:1262-1267 [PubMed: 12366744]

9. Christie JD, Wurfel MM, Feng R, et al.; Trauma ALI SNP Consortium (TASC) Investigators:

11.

12.

13.

14.

15.

16.

17.

Genome wide association identifies PPFIA1L as a candidate gene for acute lung injury risk following
major trauma. PLoS One 2012; 7:e28268 [PubMed: 22295056]

10.

Rautanen A, Mills TC, Gordon AC, et al.; ESICM/ECCRN GenOSept Investigators: Genome-wide
association study of survival from sepsis due to pneumonia: An observational cohort study. Lancet
Respir Med 2015; 3:53-60 [PubMed: 25533491]

Manolio TA, Collins FS, Cox NJ, et al.: Finding the missing heritability of complex diseases.
Nature 2009; 461:747-753 [PubMed: 19812666]

Meienberg J, Bruggmann R, Oexle K, et al.: Clinical sequencing: Is WGS the better WES? Hum
Genet 2016; 135:359-362 [PubMed: 26742503]

Lek M, Karczewski KJ, Minikel EV, et al.; Exome Aggregation Consortium: Analysis of protein-
coding genetic variation in 60,706 humans. Nature 2016; 536:285-291 [PubMed: 27535533]
Kohler S, Vasilevsky NA, Engelstad M, et al.: The human phenotype ontology in 2017. Nucleic
Acids Res 2017; 45:D865-D876 [PubMed: 27899602]

Amberger JS, Bocchini CA, Schiettecatte F, et al.: OMIM.org: Online Mendelian Inheritance in
Man (OMIM®), an online catalog of human genes and genetic disorders. Nucleic Acids Res 2015;
43:D789-D798 [PubMed: 25428349]

Burns JP, Sellers DE, Meyer EC, et al.: Epidemiology of death in the PICU at five U.S. teaching
hospitals*. Crit Care Med 2014; 42:2101-2108 [PubMed: 24979486]

Kernan KF, Ghaloul-Gonzalez L, Shakoory B, et al.: Adults with septic shock and extreme
hyperferritinemia exhibit pathogenic immune variation. Genes Immun 2018 7 6 [Epub ahead of
print]

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 18.



	References

