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To the Editor:

International societies and expert
groups recommend using sex-specific
upper reference limits (URLs)1 for
interpretation of high-sensitivity
cardiac troponin (hs-cTnI/T) assays
(1, 2 ). Despite advances in our un-
derstanding of cTn in adults, the ef-
fect of age and sex on cTn in pediat-
ric populations is less understood.
The Canadian Laboratory Initiative
on Pediatric Reference Intervals
(CALIPER) previously determined
97.5th and 99th percentiles for the
Abbott hs-cTnI assay in a healthy
pediatric cohort (3 ). These data rep-
resented the first attempt to charac-
terize hs-cTnI in healthy children
but did not include neonates nor
were sex-specific differences evident.
It is unclear, however, what cTnT
URLs would be in this population
because cTnT is a different protein
and there are differences in analyti-
cal sensitivity and specificity be-
tween hs-cTnT and hs-cTnI assays
(1–4). Establishing pediatric refer-
ence values for cTn is important be-
cause its measurement has several
clinical indications in pediatrics, in-
cluding monitoring children with
postoperative myocarditis and con-
genital pediatric heart disease.

Serum samples from 598 chil-
dren and adolescents were selected
from the CALIPER biobank. Sam-
ples from participants �1 year were

obtained from apparently healthy
infants at local maternity wards or
outpatient clinics. Samples were
measured with the Roche hs-cTnT
(Gen 5 assay) STAT assay on the co-
bas 8000 e602 analyzer and reported
in whole numbers per laboratory
practice recommendations (2 ), with
3 ng/L used to designate undetect-
able concentrations (4 ). Any result
�3 ng/L was reported as 3 ng/L,
consistent with prior work (4 ). Data
were visually inspected, and parti-
tions were confirmed by the Harris
and Boyd method, as previously de-
scribed (3 ). Although hs-cTnT con-
centrations from 0 to �1 year were
normally distributed, hs-cTnT con-
centrations for both sexes of age 1 to
�19 years were highly skewed and
could not be normalized via trans-
formation (3 ). No outliers were
identified by the Reed method (3 ).
The URLs were calculated with the
nonparametric method (�120 par-
ticipants) or robust method (�40
and �120 participants) (3 ), with
90% CIs determined according to
Clinical and Laboratory Standards
Institute guidelines (Fig. 1).

hs-cTnT concentrations were
markedly increased from 0 to �6
months and subsequently decreased
and narrowed at 1 year. The sex-
specific 99th percentiles from 1 to
�19 years were 14 ng/L for boys
and 11 ng/L for girls. Fig. 1 reports
the percentage of hs-cTnT results
detectable (�3 ng/L and �5 ng/L).
Although the sensitivity of the
Roche hs-cTnT and Abbott hs-cTnI
assays in CALIPER could not be di-
rectly compared because different
samples were measured, the percent
detectable (hs-cTnI �1 ng/L) was
markedly higher in the hs-cTnI study
(3) as illustrated in Fig. 1.

The clinical value of using sex-
specific 99th percentiles for hs-cTn
has been recently debated (1, 2 ).
Several groups suggest that owing to
intrinsic sex-specific pathophysio-
logical differences in adults, sex-
specific URLs would improve the
accuracy of hs-cTn result interpreta-

tion, especially in the acute coronary
syndrome setting (1, 2, 4 ). How-
ever, the pathophysiological reasons
for increased cTn in children are not
the same as those in adults (3 ). Im-
portantly, the data illustrate a time-
dependent decrease in hs-cTnT over
the first year of life, with age-specific
URLs being important in this pop-
ulation to identify myocardial in-
jury. The higher concentrations in
this age group could be a partial re-
sult of transient hypoxia at parturi-
tion and/or fetal cTn expression
in skeletal muscle; however, more
studies are needed to further investi-
gate this finding. After 1 year, hs-
cTnT 99th percentiles (girls � 11
ng/L; boys � 14 ng/L) are similar to
what has been reported for the
AACC Universal Sample Bank (USB)
99th percentiles (females � 10 ng/L;
males � 16 ng/L) but lower than the
US 5th-generation cTnT package in-
sert cutoffs (females � 14 ng/L;
males � 22 ng/L) for which the pop-
ulation selection criteria were not
stated (4). In this regard, the lower
CALIPER 99th percentiles for hs-
cTnT, especially for boys, may be pre-
ferred in the pediatric population to
prevent misdiagnoses.

An important study limitation
to consider is that there were fewer
than 300 individuals in each sub-
group after partitioning (2 ). It has
been reported that 300 samples are
required to attain a 95% probability
that 99% of results will not exceed
the estimated URL (i.e., tolerance
level) (5 ). Thus, owing to smaller
sample sizes in this study, reported
99th percentiles should be inter-
preted cautiously. However, at study
onset, we had nearly 600 individu-
als, which would have been suffi-
ciently powered to derive the 99th
percentile, if there was no further
partitioning required, similar to hs-
cTnI (3 ). Another limitation was
the lack of imaging or other cardiac
biomarkers to confirm participant
cardiovascular health. However, the
similarity of CALIPER and AACC
USB 99th percentiles suggests
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that this population was, in fact, a
healthy population in a cardiovascu-
lar sense. In summary, the current
study provides novel and useful in-
formation regarding the effect of age
and sex on hs-cTnT concentrations
in healthy children and fills an im-
portant gap for laboratories offering
hs-cTnT testing by providing age-
and sex-specific URLs.
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Fig. 1. Scatter plots of hs-cTnT results reported in whole numbers (ng/L) for boys (blue) and girls (pink); 97.5th and 99th percentiles
and corresponding CIs for hs-cTnT in ng/L.
Percentage of detectable hs-cTnT results based on Roche package insert limit of blank (3 ng/L) and limit of detection (5 ng/L) and Abbott
hs-cTnI limit of detection (1 ng/L) from the International Federation of Clinical Chemistry Committee on Clinical Applications of Cardiac
Bio-Markers (http://www.ifcc.org/media/477441/high-sensitivity-cardiac-troponin-i-and-t-assay-analytical-characteristics-designated-
by-manufacturer-v08232018.pdf).
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Room Temperature
Detection of Plasma
Epstein–Barr Virus DNA
with CRISPR–Cas13

To the Editor:

Detection of plasma Epstein–Barr vi-
rus (EBV)1 DNA is useful for screen-

ing and monitoring nasopharyngeal
carcinoma (NPC) and other EBV-
associated diseases (1–3). However,
quantitative PCR requires complex
and expensive instrumentation, re-
stricting its use in point-of-care testing
and remote regions (4). Thus, a sim-
ple, portable, and inexpensive EBV
DNA detection assay is needed.

Prokaryotic clustered regularly
interspaced short palindromic repeats
(CRISPR) and CRISPR-associated
adaptive immune systems contain
programmable endonucleases that can
be used for CRISPR-based diagnostics
(4, 5). Recently, the CRISPR effector
Cas13a was combined with recombi-
nase polymerase amplification (RPA)
to establish a molecular detection
platform, termed specific high-
sensitivity enzymatic reporter un-
locking (SHERLOCK), providing
rapid and analytically sensitive nu-
cleic acid detection (4, 5 ).

To establish a SHERLOCK
platform for the detection of EBV
DNA, we first purified Leptotrichia
wadei Cas13a (LwCas13a) protein.
According to a previous study (5 ),
the SHERLOCK platform works
at 37 °C. We optimized the RPA
primers and occasionally observed
that the SHERLOCK platform could
work at 25 °C.

The SHERLOCK detection as-
say was carried out according to a pre-
vious study with modifications (5). A
single 100-�L combined reaction as-
say consisted of 0.48 �mol/L forward
primer, 0.48 �mol/L reverse primer,
1� RPA rehydration buffer (TwistDx),
varying amounts of input DNA, 22.5
nmol/L CRISPR RNA (crRNA), 45
nmol/L LwCas13a recombinant pro-
tein, 2.5 �L of murine RNase inhibi-
tor (New England Biolabs), 125
nmol/L substrate reporter (RNase
alert v2), 2 mmol/L ATP, 2 mmol/L
GTP, 2 mmol/L UTP, 2 mmol/L
CTP (Yeasen), 1 �L of T7 polymerase

(New England Biolabs), 14 mmol/L
MgAc (TwistDx), and 5 mmol/L
MgCl2 (Invitrogen). EBV DNA stan-
dards were purchased from BDS Bio-
logical Technology. The RPA primers
for the room temperature SHER-
LOCK assay were designed to target
the BamHI-W region. RPA primer
BamHI-W-F: AATTCTAATACG-
ACTCACTATAGGCCTAAGAA-
GGCACCGGTCGCCCAGTC-
CTACC; RPA primer BamHI-W-R:
TGAACCGCTTACCACCTC-
CTCTTCTTGCTGGA; crRNA:
GGGGAUUUAGACUACCCCA-
AAAACGAAGGGGACUAAA-
ACUCUACGGACUCGUCUGG-
GUUCUUGGCCC. Reactions were
allowed to proceed for 2 h at 25 °C.

Because this was the first time
that the SHERLOCK platform was
reported to have been carried out
at room temperature, which could
make the SHERLOCK platform
simpler, less expensive, and more
convenient, we aimed to detect
plasma EBV DNA with the room
temperature SHERLOCK platform.
The clinical serum samples used for
this study were from Sun Yat-Sen
University Cancer Center, and this
study was approved by the Ethics
Committee of Sun Yat-Sen Univer-
sity Cancer Center. Plasma cell-free
DNA was isolated with the QIAamp
Blood Mini Kit (Qiagen). Forty-
eight EBV-positive plasma DNA
samples from patients with NPC
and 50 EBV-negative control plasma
DNA samples were analyzed with
the room temperature SHERLOCK
platform. Cell-free EBV DNA was
detectable in 96% (46 of 48) of the
EBV-positive NPC samples and 0%
(0 of 50) of the controls. The results
showed a Pearson correlation coeffi-
cient of R2 � 0.9314, P � 0.0001
(Fig. 1) with the quantitative PCR
data, supporting that the perfor-
mance of the room temperature
SHERLOCK platform is compara-
ble with that of quantitative PCR.

Because the SHERLOCK plat-
form could be carried out at room
temperature, the instruments used
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