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assay was used to measure CK-MM concentration in 26 135 newborns as part of a
consented pilot study to screen for DMD in New York State. Mean and median levels
of CK-MM based on age of collection, in addition to the 2.5th, 50th, 97.5th, and
99.5th percentiles, were recalculated using the validation and screening data sets.
Results: Median CK-MM within 1 hour of birth was 109 ng/mL, rose to a high of
499 ng/mL at 25 hours of age, and then declined to 200 ng/mL at 2 days of life. The
median continued to decline more slowly and then stabilized at approximately 40 ng/mL
at 1 week of life.

Discussion: Because of the marked variability and elevated CK-MM levels observed
within the first days of life, it is important to set multiple CK-MM age-related cut-offs
when screening for DMD in newborns.
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INTRODUCTION

In December 2019 the US Food and Drug Administration (FDA)
approved an assay to aid in the detection of Duchenne muscular dystro-
phy (DMD) in newborns, paving the way for a consented pilot study for
DMD as a first step to demonstrate feasibility for newborn screening.*
Although there are currently no curative treatments for DMD, research
has led to the availability of treatments that slow the decline of muscle
strength and there are many more in the pipeline.?® Clinical trials have
generally been conducted in patients over 4 years of age, and thus
there are few data on the outcomes of early implementation of therapy.
Detection of presymptomatic patients in the newborn period will allow
inclusion of these patients in clinical trials and appropriate therapy ser-
vices to determine effectiveness of early treatment.

DMD and Becker muscular dystrophy (BMD) are dystrophinopathies
presenting with a spectrum of phenotypes caused by mutations in the dys-
trophin gene, which result in either a deficiency, in BMD, or absence, in
DMD, of the dystrophin protein. This deficiency leads to the loss of muscle
integrity, weakening, and rupturing of the sarcolemma and, as a result, pas-
sive leakage of muscle enzymes including creatine kinase (CK) from muscle
into the blood. Since the 1970s there have been several pilot studies to
detect DMD in newborns**? and most have used assays that measure
total CK enzyme activity in blood, which is elevated in boys with
DMD.?3** Determination of total CK level to detect DMD suffers from a
lack of specificity because CK consists of three isoenzyme forms (CK-MM,
CK-BB, and CK-MB). CK-MM s the isoform found predominantly in skele-
tal muscle and is increased in patients with DMD and other muscular dys-
trophies.*>'” Although CK-MM is a more specific marker than total CK; it
is not a diagnostic marker. In addition, serum CK changes with disease pro-
gression. It is highest in 3- to 5-year-old patients and decreases with age
and disease progression, potentially reflecting the rate of muscle decay.8%?

The New York State (NYS) Newborn Screening (NBS) Program, in
partnership with Parent Project Muscular Dystrophy and the DMD
Steering Committee, initiated a consented pilot study to screen new-
borns in NYS for DMD in October 2019. A 2-tier approach using the
CK-MM immunoassay as a first-tier screen followed by reflex genetic
analysis of the DMD gene to minimize false positive results was
implemented.'© Because of the novelty of the first-tier assay, there was
a paucity of published information regarding CK-MM measurement in
dried blood spots (DBS). Two reports of newborn screening for DMD
using the newly FDA-approved assay noted that CK-MM concentration
decreased with age at sampling in unaffected newborns.??° Here we
expand on those studies by examining CK-MM concentration in DBS
from over 33 000 specimens submitted to the NYS NBS Program and
propose age-related cut-offs for the CK-MM assay.

METHODS

In the assay validation process, CK-MM concentration was measured in
8584 3 mm de-identified DBS specimens from 8265 newborns using
the GSP Neonatal Creatine Kinase-MM kit and analyzer (PerkinElmer)
as per the manufacturer’s protocol. The assay is a solid phase, two-site
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immunofluorometric assay. CK-MM results are reported in nanograms
per milliliter of blood. The majority of de-identified specimens were
tested for CK-MM on day of receipt at the NBS Program. Specimens
from random plates were duplicate punched each day and demographic
information such as age at time of specimen collection, sex, birthweight,
and neonatal intensive care unit (NICU) status were captured. In addi-
tion to testing deidentified specimens, consent was obtained to retro-
spectively screen newborn DBS from 15 boys who were known DMD
patients to ensure that appropriate cut-offs were selected to differenti-
ate confirmed DMD newborns from the general population. The
affected boys were born between 2008 and 2015, and the 15 speci-
mens were all collected when the boys were 1 to 3 days of age. DMD
was confirmed by the treating physicians by molecular genetic testing
and clinical features. CK-MM testing for the specimens from confirmed
patients was performed in 2019, on specimens that had been in storage
at 4°C with desiccant for between 4 and 11 years before this study.

Data from de-identified specimens screened during the assay vali-
dation process were analyzed. Factors influencing CK-MM levels were
investigated. Mean, median, and 99.5th percentile were calculated
and cut-offs for the assay were determined.

The consented pilot study was initiated on October 1, 2019 at select
hospitals in NYS. The institutional review boards of the NYS Department
of Health and participating hospitals approved the study. Informed con-
sent was obtained from the parents or guardians of the newborns partici-
pating in the study. CK-MM screening was performed on the DBS
specimens that were collected for routine NBS. In general, CK-MM test-
ing was performed on the day of specimen receipt. However, occasion-
ally, testing was done up to 4 weeks later mainly due to late consents. In
these cases, specimens were stored at 4°C with desiccant before testing.
After 18 months of the pilot study, CK-MM measurements were available
for 28 495 specimens from 26 135 newborns. A repeat specimen was
requested for any specimen that was collected when the newborn was
less than 24 hours of age even though the specimen was tested, per rou-
tine newborn screening procedures in NYS.2* Similarly, a repeat specimen
was requested if a specimen was considered suboptimal for testing (eg,
those with blood clots or serum rings) even though these specimens were
also tested. Exclusion criteria for the study included newborns whose
families did not understand English, Spanish, or Chinese (due to
unavailability of translation services), families who did not consent to the
study and newborns in the NICU who had congenital anomalies or com-
plex medical concerns. Other newborns in the NICU had the opportunity
to participate in the study.

Data analysis was performed using 37 079 CK-MM values from
two data sets: (1) 8584 de-identified specimens screened during the
assay validation process in 2019; and (2) 28 495 specimens from con-
sented newborns received from October 1, 2019 to March 31, 2021
and screened for DMD.

RESULTS

Demographic information of babies whose specimens were included

in the data analysis are tabulated in Table 1. During the assay
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validation stage of the pilot, the influence of several variables, includ-
ing age at collection, sex, and weight, on CK-MM concentration were
investigated based on testing over 8000 specimens. It was determined
the time of specimen collection had the greatest influence on CK-MM
concentration. Therefore, normal ranges were established based on
age of collection (Table 2). The cut-off for the normal range was based
on the 99.5th percentile, a conservative cut-off that would lead to a
recall rate of approximately 1 in 200 newborns. A higher cut-off was
set for referrals to reduce the number of families requiring genetic
counseling and the need for second-tier molecular testing. The cut-off
for referrals was based on the CK-MM results of newborns with con-
firmed DMD, the CK-MM frequency distribution of the de-identified
specimens included in the validation (with 7 of 8584 specimens at
referral level), and the expected frequency of DMD in the general
population (approximately 1 in 5000 males'®). Of the 15 confirmed
newborns tested during the validation phase, 2 had a CK-MM value
of approximately 2000 ng/mL, 3 were in the range of 3600 to

TABLE 1 Demographics of babies whose specimens were
included in the data analysis
Number (%?)
Total specimens 37079
Gender
Male 18 903 (51.0%)
Female 18 023 (48.6%)
Weight
<2500 g 3850 (10.4%)
22500 g 33198 (89.5%)
Gestation age
<37 weeks 4426 (11.9%)
237 weeks 32 615 (88.0%)
NICU status
NICU 2963 (8.0%)
Non-NICU 34012 (91.7%)

Abbreviation: NICU, neonatal intensive care unit.
#The numbers in each category do not add to 100% due to submission of
incomplete demographic information to the NBS Program.

6000 ng/mL, and 10 had a CK-MM value of greater than 6800 ng/
mL. The highest CK-MM
19,000 ng/mL.

Once the pilot was initiated, specimens in the normal range were

concentration was approximately

reported as screen negative. Specimens within the borderline range
(above the normal range and below the referral cut-off) were reported
as borderline and an additional specimen was requested for repeat
CK-MM testing. The presumption was that if the newborn was unaf-
fected the CK-MM concentration would normalize, and, if the baby
was affected, the CK-MM would remain elevated. Last, newborns
with elevated CK-MM above the referral cut-off were referred for
genetic counseling and second-tier genetic testing.

After 18 months of the pilot study, the CK-MM data from the
pilot screening and validation data were analyzed together (total,
37 079 specimens). The CK-MM concentration distribution for the
specimens was determined (Figure 1).

The 2.5th, 50th, 97.5th, and 99.5th percentiles were calculated
based on age at specimen collection for the entire data set (Figure 2A).
When the 99.5th percentile was calculated for each age category for
the entire data set, the 99.5th percentile value for the O- to 47-hour
category had increased from 2050 to 2390 ng/mL (Table 2). This cate-
gory includes most newborn specimens submitted to the program
(33 774 of 37 079 = 91.1%). The 99.5th percentile CK-MM value had
decreased for the other three age categories (Table 2).

The mean and median CK-MM were determined based on the age
of newborn at specimen collection (Figure 2B). CK-MM was marginally
elevated at 1 hour after birth (median, 109 ng/mL), increased consider-
ably within the first 25 hours of life to a high of 499 ng/mL, and
decreased precipitously to 47 hour of life (median, 200 ng/mL). CK-MM
continued to decrease more gradually and then stabilize at approxi-
mately 1 week of life (median of approximately 40 ng/mL) (Figure 2A).

Because the specimens used in validation were de-identified, the
babies with elevated CK-MM were not followed up and there is no
information as to the outcome for these babies. Of the babies in the
pilot study, 237 had borderline results and 29 were referred. Of the
babies with borderline results, CK-MM values had normalized in
repeat specimens from 220 babies. Repeats were not received for
15 babies. Two babies were referred after elevated CK-MM was

observed on testing the repeat specimens (CK-MM of 1958 and

TABLE 2 CK-MM mean, median, 99.5th percentile, and reference ranges based on age at specimen collection

Reference ranges based
on validation specimens

Specimens used in validation

Total specimens used
in validation and routine

Age of No. Median Normal
collection  specimens  Mean CK- CK-MM  99.5% range
(hours) analyzed MM (ng/mL) (ng/mL) (ng/mL) (ng/mL)
0-47 7304 466.1 382 2050 <1990
48-71 497 209.2 151 1430 <1430
72-167 342 1014 60.1 860 <571
2168 441 61.1 41.8 571 <571

Abbreviation: CK-MM, creatine kinase.

screening
Referral Mean Median
cut-off No. specimens CK-MM CK-MM  99.5%
(ng/mL) analyzed (ng/mL)  (ng/mL)  (ng/ml)
>4000 33774 520.3 431.0 2390
>4000 1083 190.5 130.5 1330
>860 551 92.7 56.9 842.7
>571 1671 54.1 43.4 294.5
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FIGURE 2 A, Trendline of 2.5th, 50th, 97.5th, and 99.5th percentiles of CK-MM based on age at specimen collection. Data from 1 to
120 hours of age are presented. B, CK-MM mean, and median based on age at specimen collection. CK-MM, creatine kinase-MM

993 ng/mL; normal range, <571 ng/mL). After molecular testing, one
baby was confirmed with a deletion in the DMD gene consistent with
DMD/BMD, and the second baby was found to be a carrier. Of the
remaining 27 referred babies, 3 had deletions or duplications consis-
tent with DMD/BMD (CK-MM between 6384 and 18,574 ng/mL;
normal range, <1990 ng/mL), some families refused follow-up testing,

and other babies are being followed.

DISCUSSION

Our data indicate that, in normal newborns, CK-MM is elevated soon
after birth, declines, and then stabilizes at 1 week of life. The fraction
of specimens (8.9%) submitted for older newborns (248 hours) was
considerably smaller than for those submitted from newborns within

the first 2 days of life and, therefore, mean, median, and 99.5th
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percentile may not be as accurate. Additional data from a greater
number of specimens collected at later time-points will assist in con-
firming our results. The NYS NBS Program requests specimen collec-
tion between 24 and 36 hours after birth and, even though a high
percentage of specimens in this study were collected during this
period (82.3%), a substantial number (17.7%) were also collected out-
side this period. Most NBS programs in the United States recommend
specimen collection at 24 to 48 hours after birth, but worldwide spec-
imen collection times vary widely,?? and invariably NBS programs
receive specimens collected between minutes to several days or even
several weeks after birth. Our data indicate that one set CK-MM
referral cut-off for all newborns is not appropriate. Such a strategy
would lead to false negative results or an inordinate number of recalls.
In most specimens in our study (73.2%) the CK-MM concentration
was less than 600 ng/ml. For specimens with higher CK-MM concen-
trations (eg, 2571 ng/mL which is the most conservative CK-MM cut-
off in our program [Table 2]), it is important to determine whether the
elevated CK-MM is due to early specimen collection or due to a neu-
romuscular abnormality. If 571 ng/mL had been selected as a cut-off
for all specimens, then 10 912 of 37 079 (29.4%) results would have
led to a referral or a request for a repeat specimen, whereas using the
age-adjusted cut-offs would lead to 320 of 37 079 (0.86%) results
requiring any follow-up. Timonen et al used a cut-off of the 99.5th
percentile (675 ng/mL) for screening a Danish population whose spec-
imens were collected at 2 to 3 days of age or later.?° Ke et al reported
a pilot study from the Zhejiang Province of China using the CK-MM
assay and used a set cut-off of 700 ng/mL of blood.!? They reported
that NBS specimens were collected at 3 to 7 days of age.'? Unlike
those two studies, we used age-adjusted cut-offs due to the variability
of age of collection of the specimens submitted to our program. It
should be noted that, in a pilot study performed in Ohio from 2007 to
2011 using CK activity as a first-tier screen for DMD, age of collection
had little effect on enzyme activity out to 5 days.2® This is in stark
contrast to the variability we observed in CK-MM concentration in
DBS within the first days of life, possibly underscoring differences
between measuring total CK activity and measuring CK-MM concen-
tration in DBS.

Determination of outcomes of borderline and referred infants
through additional CK-MM testing of borderline infants and second-
tier genetic testing of referred infants will assist in evaluating the
assay cut-offs and aid in reassigning cut-offs, if necessary. Each NBS
program will need to establish its own range of normal concentration
for the birth population for which screening is performed. The cut-offs
selected by our program were based on the NYS population. The NYS
NBS Program automatically requests a repeat for any baby who had a
specimen collected at less than 24 hours of age and therefore we
chose not to have a lower cut-off for this group of newborns. We
lowered the initial borderline cut-off of 1990 ng/mL in three stages to
mirror the decrease in mean and median CK-MM based on age at
specimen collection. In addition, having retrospectively screened DBS
specimens from confirmed DMD patients, we selected cut-offs that
would flag the confirmed newborn with the lowest CK-MM. There
were two confirmed newborns with CK-MM values of approximately

2000 ng/mL. One specimen was 6 years old when tested for CK-MM
and was collected when the newborn was 71 hours old. The other
specimen was 10 years old when tested and the accurate age of col-
lection is unknown, but it is in the range 25 to 71 hours. Both speci-
mens had been stored at 4°C before testing, but it is possible that
CK-MM may have degraded over time and the measured CK-MM
values may be underestimated. Sample stability studies show that
CK-MM degrades at high temperature and high humidity.?® Further-
more, CK-MM degradation has also been observed in samples that
were frozen for over 7 years.?° Data from additional screening will
show whether freshly collected specimens from confirmed DMD
newborns, as opposed to 6- to 10-year-old specimens, will have CK-
MM concentrations in the 2000-ng/mL range for specimens collected
at up to 47 hours of age. Thus far, none have been detected in this pilot
study. The remaining 13 specimens from confirmed DMD patients with
CK-MM values over 3600 ng/mL were clearly elevated compared with
most specimens screened and well above the 99.5th percentile.

Before development of the CK-MM assay, other programs used
CK activity as a marker for DMD.*** Several groups have reported on
normal CK activity in both adults and newborns.*?42% |n a study mea-
suring normal serum CK activities in 663 normal Brazilian individuals
in three age categories (newborns, children <15 years old, adults),
activity was significantly higher in newborns than in the young chil-
dren and adults.?* Bodensteiner and Zellweger reported CK activity
was highest during the first day of life and gradually decreased, but
may remain slightly elevated for the first year of life.?° In a study of
70 newborns, blood was collected from 10 minutes to 10 weeks of
life and serum CK activity was measured and found to be highest dur-
ing the first 24 hours after delivery.? There was a gradual decline of
CK activity during the next 3 days.?® A study from New Zealand also
showed that CK was elevated on the first day of life and, by day
4, decreased to within three times the upper limit of normal range for
adults.* In addition, in 10-day-old full-term newborns, serum CK activ-
ity levels similar to adults were observed.?” Our data on CK-MM con-
centration in DBS from newborns support the elevated CK activity
data reported previously in the first days of life.#2>2%28 We also
observed an increase in CK-MM concentration from 1 to 25 hours of
age. Notably, babies whose specimens are collected before 24 hours
of age are generally cared for in the NICU. The lower CK-MM in the
newborns of less than 24 hours compared with 25-hour-old newborns
may also be attributed to low birthweight, prematurity, or illness, not
only age of specimen collection. To prevent false negative results in
low birthweight, premature, and ill infants, repeat DBS collection and
CK-MM screening at a later time-point is warranted. A serial screen-
ing protocol is recommended for this special population because the
newborn screen results for several disorders are unreliable using a sin-
gle DBS specimen.?’

Limitations of this study include the variability introduced by ana-
lyzing data from newborns with different weight, gestational age, eth-
nicity, sex, mode of delivery, and tested at various time-points after
specimen collection. The majority of specimens were screened on day
of receipt at the NBS program. However, specimens from confirmed
DMD patients were tested for CK-MM after 4 to 11 years of storage
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at 4°C. CK-MM values for these specimens may be an underestima-
tion. Other limitations of the study include the need for additional
CK-MM data at later ages of collection (ie, sequentially after 48 hours
of age), as well as from non-NICU, healthy babies at less than
24 hours of age. In addition, not all specimens included in our data
analysis underwent genetic testing and follow-up (in particular, the
de-identified cohort), and therefore the DMD status of all the new-
borns is unknown. We are not aware of any newborns with false neg-
ative results.

The elevation of CK-MM in non-DMD newborns indicates a need
for refining confirmatory testing for newborns with elevated CK-MM,
and management of newborns who are identified with non-DMD muscu-
lar dystrophies.>° Because CK is an indirect marker of DMD, the mea-
surement of CK levels inevitably results in the identification of other
muscular dystrophies, which may not have treatment options available.3!
In contrast, the increase in CK activity in normal newborns is transient
and a consequence of the trauma experienced by the newborn during
the birth process.*?43? This increase could lead to false positive DMD
screen results if serum CK activity is used for the screen. One option for
DMD screening would be to postpone CK screening beyond the neonatal
period as previously proposed.?® As an example, a group in Italy plan to
screen male infants aged between 6 and 42 months using a two-step
CK/DNA screening process.® This option would not be practical for NBS
programs, especially in the United States where specimens are collected
within the first 2 days of life. In addition, it would lead to diagnostic
delays. Careful consideration of cut-off values is warranted based on the
elevation and variability of CK-MM values within the first week of life.
We propose using multiple age-adjusted cut-offs based on age at speci-
men collection to prevent unreasonably high recall rates in newborns
whose specimens are collected within the first 2 days of life, as well as
false negative results in older newborns.

ACKNOWLEDGMENTS

The authors thank the DMD Steering Committee for valuable input
throughout the pilot study. We also thank Ms Kelly Howard for per-
forming validation experiments, Dr Emma Ciafaloni, Ms Stephanie
Tang, and hospital coordinators for obtaining consent, and Mr Jordan
Palmer for assistance with figures. This study was funded by Parent
Project Muscular Dystrophy, PerkinElmer, Inc (in-kind support), Pfizer,
PTC Therapeutics, Sarepta Therapeutics, Solid Biosciences, and Wave

Life Sciences.

CONFLICT OF INTEREST

The authors declare no potential conflict of interest.

ETHICAL PUBLICATION STATEMENT

We confirm that we have read the Journal's position on issues
involved in ethical publication and affirm that this report is consistent
with those guidelines.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

&NERVE R0 AR

ORCID

Norma P. Tavakoli "= https://orcid.org/0000-0001-7758-820X

REFERENCES

1. US Food and Drug Administration. FDA authorizes first test to aid
in newborn screening for Duchenne muscular dystrophy. https://
www.fda.gov/news-events/press-announcements/fda-authorizes-first-
test-aid-newborn-screening-duchenne-muscular-dystrophy. Accessed
November 29, 2021.

2. Verhaart IEC, Aartsma-Rus A. Therapeutic developments for
Duchenne muscular dystrophy. Nat Rev Neurol. 2019;15:373-386.

3. Sun C, Shen L, Zhang Z, Xie X. Therapeutic strategies for Duchenne
muscular dystrophy: an update. Genes (Basel). 2020;11:837.

4. Drummond LM. Creatine phosphokinase levels in the newborn and
their use in screening for Duchenne muscular dystrophy. Arch Dis
Child. 1979;54:362-366.

5. Scheuerbrandt G, Lundin A, Lévgren T, Mortier W. Screening for
Duchenne muscular dystrophy: an improved screening test for crea-
tine kinase and its application in an infant screening program. Muscle
Nerve. 1986;9:11-23.

6. Greenberg CR, Rohringer M, Jacobs HK, et al. Gene studies in new-
born males with Duchenne muscular dystrophy detected by neonatal
screening. Lancet. 1988;2:425-427.

7. Plauchu H, Dorche C, Cordier MP, Guibaud P, Robert JM. Duchenne
muscular dystrophy: neonatal screening and prenatal diagnosis. Lan-
cet. 1989;1:669.

8. Drousiotou A, loannou P, Georgiou T, et al. Neonatal screening for
Duchenne muscular dystrophy: a novel semiquantitative application
of the bioluminescence test for creatine kinase in a pilot national pro-
gram in Cyprus. Genet Test. 1998;2:55-60.

9. Eyskens F, Philips E. Newborn screening for Duchenne muscular dys-
trophy. The experience in the province of Antwerp. Neuromuscul Dis-
ord. 2006;16:721.

10. Mendell JR, Shilling C, Leslie ND, et al. Evidence-based path to new-
born screening for Duchenne muscular dystrophy. Ann Neurol. 2012;
71:304-313.

11. Moat SJ, Bradley DM, Salmon R, Clarke A, Hartley L. Newborn
bloodspot screening for Duchenne muscular dystrophy: 21 years
experience in Wales (UK). Eur J Hum Genet. 2013;21:1049-1053.

12. Ke Q, Zhao ZY, Griggs R, et al. Newborn screening for Duchenne
muscular dystrophy in China: follow-up diagnosis and subsequent
treatment. World J Pediatr. 2017;13:197-201.

13. Pearce JM, Pennington RJ, Walton JN. Serum enzyme studies in mus-
cle disease. Il. Serum creatine kinase activity in muscular dystrophy
and in other myopathic and neuropathic disorders. J Neurol Neurosurg
Psychiatry. 1964;27:96-99.

14. Zellweger H, Antonik A. Newborn screening for Duchenne muscular
dystrophy. Pediatrics. 1975;55:30-34.

15. Arenas J, Diaz V, Liras G, et al. Activities of creatine kinase and its iso-
enzymes in serum in various skeletal muscle disorders. Clin Chem.
1988;34:2460-2462.

16. Mokuno K, Riku S, Sugimura K, Takahashi A, Kato K, Osugi S. Serum
creatine kinase isoenzymes in Duchenne muscular dystrophy deter-
mined by sensitive enzyme immunoassay methods. Muscle Nerve.
1987;10:459-463.

17. Hathout Y, Brody E, Clemens PR, et al. Large-scale serum protein bio-
marker discovery in Duchenne muscular dystrophy. Proc Natl Acad Sci
USA. 2015;112:7153-7158.

18. Sun SC, Peng YS, He JB. Changes of serum creatine kinase levels in
children with Duchenne muscular dystrophy [in Chinese]. Chin J Con-
temp Pediatr. 2008;10:35-37.

19. Bing Q, Hu J, Zhao Z, et al. Clinical analysis of 155 patients with
Duchenne muscular dystrophy [in Chinese]. Chin J Contemp Neurol
Neurosurg. 2015;15:380-386.


https://orcid.org/0000-0001-7758-820X
https://orcid.org/0000-0001-7758-820X
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-test-aid-newborn-screening-duchenne-muscular-dystrophy
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-test-aid-newborn-screening-duchenne-muscular-dystrophy
https://www.fda.gov/news-events/press-announcements/fda-authorizes-first-test-aid-newborn-screening-duchenne-muscular-dystrophy

| WILEY &NERVE

20.

21.
22.

23.
24.

25.
26.

27.

28.

PARK ET AL.

Timonen A, Lloyd-Puryear M, Hougaard DM, et al. Duchenne muscu-
lar dystrophy newborn screening: evaluation of a new GSP® neonatal
Creatine Kinase-MM kit in a US and Danish population. Int J Neonatal
Screen. 2019;5:27.

McMahon R, DeMartino L, Sowizral M, et al. The impact of seasonal
changes on thyroxine and thyroid-stimulating hormone in newborns.
Int J Neonatal Screen. 2021,7:8.

Clinical and Laboratory Standards Institute. Dried Blood Spot Specimen
Collection for Newborn Screening. 7th ed. CLSI Standard NBSO1.
Wayne, PA: Clinical and Laboratory Standards Institute; 2021.

Moat SJ, Korpiméki T, Furu P, et al. Characterization of a blood spot
creatine kinase skeletal muscle isoform immunoassay for high-
throughput newborn screening of Duchenne muscular dystrophy. Clin
Chem. 2017;63:908-914.

Zatz M, Vainzof M, Passos-Bueno MR. Serum creatine kinase in pro-
gressive muscular dystrophies. In: Bushby KM, Anderson LV, eds.
Muscular Dystrophy. Methods in Molecular Medicine. Vol 43. Totowa,
NJ: Humana Press; 2001:31-49.

Bodensteiner JB, Zellweger H. Utilization of capillary blood for serum
enzyme analysis. Helv Paediatr Acta. 1970;25:397-401.

Gilboa N, Swanson JR. Serum creatine phosphokinase in normal new-
borns. Arch Dis Child. 1976;51:283-285.

Cao A, Trabalza N, DeVirgiliis S, et al. Serum creatine kinase activity
and serum creatine kinase isoenzymes in newborn infants. Biol Neo-
nate. 1971;17:126-134.

Cuestas RA Jr. Creatine kinase isoenzymes in high-risk infants. Pediatr
Res. 1980;14:935-938.

29.

30.

31

32.

33.

Clinical and Laboratory Standards Institute. Newborn Screening for Pre-
term, Low Birth Weight, and Sick Newborns. 2nd ed. CLSI Guideline
NBS03. Wayne, PA: Clinical and Laboratory Standards Institute;
2019.

Chrzanowski SM, McAnally MM, Kang PB. An opportune time for
newborn screening in Duchenne muscular dystrophy. JAMA Neurol.
2021;78:901-902.

Gatheridge MA, Kwon JM, Mendell JM, et al. Identifying non-
Duchenne muscular dystrophy-positive and false negative results in
prior Duchenne muscular dystrophy newborn screening programs: a
review. JAMA Neurol. 2016;73:111-116.

Rudolph N, Gross RT. Creatine phosphokinase activity in serum of
newborn infants as an indicator of fetal trauma during birth. Pediat-
rics. 1966;38:1039-1046.

Vita GL, Vita G. Is it the right time for an infant screening for
Duchenne muscular dystrophy? Neurol Sci. 2020;41:1677-1683.

How to cite this article: Park S, Maloney B, Caggana M,
Tavakoli NP. Creatine kinase-MM concentration in dried blood
spots from newborns and implications for newborn screening
for Duchenne muscular dystrophy. Muscle & Nerve. 2022;
65(6):652-658. doi:10.1002/mus.27533


info:doi/10.1002/mus.27533

	Creatine kinase-MM concentration in dried blood spots from newborns and implications for newborn screening for Duchenne mus...
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ETHICAL PUBLICATION STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


