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Ultrarapid Nanopore Genome Sequencing
in a Critical Care Setting

TO THE EDITOR: Rapid genetic diagnosis can guide
clinical management, improve prognosis, and
reduce costs in critically ill patients.»* Although
most critical care decisions must be made in
hours, traditional testing requires weeks and
rapid testing requires days. We have found that
nanopore genome sequencing can accurately and
rapidly provide genetic diagnoses. Our workflow
combines streamlined preparation of commer-
cial nanopore sequencing, distributed Cloud-
based bioinformatics, and a custom variant-prior-
itization approach (Fig. 1).

Between December 2020 and May 2021, at two
hospitals in Stanford, California, we enrolled 12
patients who were generally representative of
persons living in the United States with respect
to race, ethnic group, and sex (Tables S1 and S2
in the Supplementary Appendix, available with
the full text of this letter at NEJM.org). We ob-
tained an initial genetic diagnosis in 5 of the
patients (Table S3). The shortest time from ar-
rival of the blood sample in the laboratory to the
initial diagnosis was 7 hours 18 minutes.

After establishing a diagnosis in Patient 1, we
updated our bioinformatics framework to permit
the transfer of terabytes of raw signal data to
Cloud storage in real time and distributed the
data across multiple Cloud computing machines
to achieve near real-time base calling and align-
ment, a step that reduced the postsequencing run
time (base calling through alignment) by 93%,
from 7 hours 21 minutes to 34 minutes (the
average of postsequencing run times for Patients
2 to 12) (Table S5).

Flow cells were washed and reused until ex-
haustion to reduce the sequencing cost per
sample. Libraries were bar-coded in Patients 1
through 7 to prevent carryover from one sample
to the next. After processing the sample ob-
tained from Patient 7, we benchmarked and ad-
opted a bar-code—free method to rapidly gener-
ate genome sequences.> Removing the bar-coding
process accelerated sample preparation by 37
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minutes, to an average of 2.5 hours, and enabled
us to load a greater amount of patients’ DNA
into each flow cell (333 ng vs. 155 ng) and in-
crease pore occupancy (to 82% from 64%) (Figs.
S1 and S2 and Table S4). Our sequencing work-
flow generated 173 to 236 Gb of data per ge-
nome using 48 flow cells, with an alignment
identity of 94% (Fig. S3) and 46 to 64x autoso-
mal coverage (i.e., each base of each autosome
was represented in 46 to 64 sequence reads) (Fig.
S4). Half the sequencing throughput was in reads
that were 25 kb or longer (Table S6).

Small variants and structural variants were
called after the reads were aligned to the
GRCh37 human reference genome, which gener-
ated a median of 4,490,490 single-nucleotide vari-
ants and small insertions and deletions (indels).*>
Custom filtration and prioritization of variants
with an ultrarapid scoring system (Fig. S5) sub-
stantially decreased the number of candidate
variants for manual review to a median of 29
(range, 16 to 53) for small variants and 22 (range,
11 to 37) for structural variants (Table S2).

Each initial diagnosis was immediately re-
viewed by study and bedside physicians, and a
consensus was reached as to whether the pro-
posed variant represented the primary cause of
the patient’s presentation. Diagnostic variants
were identified in 5 of the 12 patients, who
ranged in age from 3 months to 57 years. The
findings were immediately confirmed by a labo-
ratory certified by the Clinical Laboratory Im-
provement Amendments (CLIA) process and
informed clinical management (including sym-
pathectomy, heart transplantation, screening, and
changes in medication) for each of the 5 patients
or their family members.

In one patient, a 3-month-old full-term infant
who presented in status epilepticus, seizure semi-
ology included right gaze deviation with bilateral
upper-extremity clonic jerking and perioral myo-
clonic twitching. Interictal electroencephalogra-
phy revealed abundant predominantly posterior
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A Ultrarapid Genome Sequencing Pipeline
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Figure 1. Workflow and Performance of Ultrarapid Nanopore Genome Sequencing.

Panel A shows the ultrarapid genome sequencing pipeline, indicating all processes from sample collection to a diagnosis. Vertically
stacked processes are run in parallel. Panel B shows the performance of the pipeline on samples obtained from the 12 study patients in
two phases. The run times of individual components are shown by colors that correspond to those in Panel A. The fastest run time was
7 hours 18 minutes (in Patient 11). Numbers in red indicate the 5 patients who received a genetic diagnosis (a positive finding).
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multifocal sharp waves. Magnetic resonance im-
aging of the brain revealed no abnormalities.
Eight hours 25 minutes after enrollment, we
identified a likely pathogenic heterozygous vari-
ant in CSNK2B (a variant and gene known to
cause a neurodevelopmental disorder with early-
onset epilepsy) and made a definitive diagnosis
of CSNK2B-related disorder, or Poirier-Bienvenu
neurodevelopmental syndrome. This result halted
further planned diagnostic testing, facilitated
disease-specific counseling and prognostication,
and aided in management of epilepsy by provid-
ing insight about reported seizure types and
treatment response to common antiseizure med-
ications. At the time of presentation, an epilepsy
gene panel (which did not include CSNK2B) had
been ordered, and results that were received
2 weeks later showed only multiple nondiagnostic
variants of uncertain significance.
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