
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Clinical Virology 138 (2021) 104817

Available online 1 April 2021
1386-6532/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Performance of the RT-LAMP-based eazyplex® SARS-CoV-2 as a novel 
rapid diagnostic test 

Renate Egerer a, Birgit Edel a, Bettina Löffler a, Andreas Henke b, Jürgen Rödel a,* 
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A B S T R A C T   

Background: Diagnostic assays for severe acute respiratory syndrome Coronavirus-2 (SARS-CoV-2) that are easy 
to perform and produce fast results are essential for timely decision making regarding the isolation of contagious 
individuals. 
Objective: We evaluated the CE-approved eazyplex® SARS-CoV-2, a ready-to-use real time RT-LAMP assay for 
identification of the SARS-CoV-2 N and ORF8 genes from swabs in less than 30 min without RNA extraction. 
Study design: Oropharyngeal and nasal swabs from 100 positive and 50 negative patients were inoculated into 0.9 
% saline and tested by NeuMoDx™ RT-PCR. An aliquot was diluted fivefold in Copan sputum liquefying (SL) 
solution and directly analyzed by eazyplex® SARS-CoV-2. In addition, 130 patient swabs were prospectively 
tested with both methods in parallel. Analytical sensitivity of the assay was determined using virus stock 
dilutions. 
Results: Positive percent agreement (PPA) between the eazyplex® SARS-CoV-2 and RT-PCR was 74 % for samples 
with Ct values < 35. When using a Ct cut-off ≤ 28 the PPA increased to 97.4 %. In the prospective part of the 
study overall PPA of the eazyplex® kit was 66.7 % but increased to 100 % when only Ct values ≤ 28 were 
considered. There were no false positive results. The median time to positivity was 12.5 min for the N gene and 
16.75 min for ORF8. Analytical sensitivity was 3.75 TCID50/mL. 105 virus copies/mL were reproducibly 
detected. 
Conclusion: The eazyplex® SARS-CoV-2 is a rapid assay that accurately identifies samples with high viral loads. It 
may be useful for near-patient testing outside of a molecular diagnostic laboratory.   

1. Background 

Reverse transcription (RT)-PCR is considered the reference standard 
method for the diagnosis of severe acute respiratory syndrome 
Coronavirus-2 (SARS-CoV-2) infection and provides high sensitivity and 
specificity [1–3]. However, the ongoing severe pandemic and the ability 
of the virus to spread easily through the population have also confronted 
us with limitations of PCR-based diagnostics in terms of a rapid on-site 
identification of positive individuals in order to break chains of infection 
in hospitals, care homes etc. [4]. RT-PCR is often labor-intensive, takes 
several hours to generate results, and requires special equipment and 
well-trained personnel [5,6]. In consequence delays in generating 
diagnostic reports can result from transporting samples to a centralized 
microbiological laboratory and testing samples in batches [4,7]. 
Recurring shortages in the supply of RNA extraction and RT-PCR kits 

during the pandemic are additional problems. There is a need to more 
rapidly identify individuals with a high viral load and increased risk to 
transmit the virus [8–10]. In the case of rapid diagnostic tests a lower 
sensitivity compared to RT-PCR may be acceptable when it is compen
sated by easy performance and fast results. The increasing use of rapid 
antigen tests (RAT) at vulnerable sites such as care homes underlines the 
change in diagnostic needs and strategies [4]. There are a large number 
of RATs that demonstrate significant differences in sensitivity and 
specificity, and not all tests are reliable [5,8,11–14]. Fully automated 
point-of-care (POC) RT-PCR assays are expensive and often in limited 
supply [2]. An alternative molecular technique is available by 
loop-mediated isothermal amplification (LAMP) [10]. The LAMP 
chemistry uses a robust Bst DNA polymerase with strand displacement 
activity, catalyzing high-speed amplification at constant temperature in 
less than half an hour. In combination with a reverse transcriptase this 
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method offers the potential to test samples directly without RNA 
extraction in a very short turn-around time. Numerous RT-LAMP pro
tocols for identification of SARS-CoV-2 have been published but most of 
them are in-house methods that rely on liquid reagents and cause too 
much hands-on time [7,10,15–18]. The recently introduced CE-labeled 
RT-LAMP assay eazyplex® SARS-CoV-2 (Amplex Diagnostics, Gars 
Bahnhof, Germany) is based on ready-to-use lyophilized master mixes 
and intended for testing samples without RNA extraction. 

2. Objectives 

In this study we evaluated the eazyplex® SARS-CoV-2 as a rapid 
diagnostic assay using oropharyngeal and nasal swabs. The aim was to 
examine whether the test reliably identifies samples with high viral 
loads that are indicative for infectious persons. As reference method the 
NeuMoDx™ SARS-CoV-2 assay (Qiagen, Hilden, Germany), a fully 
automated RT-PCR performed on a random-access platform, was used 
[3,19]. 

3. Study design 

3.1. Virus stock and RNA standard 

The SARS-CoV-2 strain Jena/2020/5159 was isolated from a respi
ratory patient sample in our laboratory in April 2020 and used to 
initially assess the analytical sensitivity of the eazyplex® assay [20]. The 
titer of the stock was 107 TCID50/mL. Two-fold serial dilutions starting 
at 30 TCID50/mL were prepared with 0.9 % saline and Copan sputum 
liquefying (SL) solution, a phosphate buffer solution containing dithio
threitol (DTT). 

The INSTAND reference standard Ch07470 (strain BetaCoV/ 
Munich/ChVir984/2020) was used to determine the limit of detection in 
relation to RNA copies/mL (INSTAND e.V., Scientific Medical Society for 
Promotion of Quality Assurance in Medical Laboratories, Düsseldorf, 
Germany). This standard contained a viral load of 106 RNA copies/mL. 
Virus concentrations of 105 and 104 copies/mL were prepared in 0.9 % 
saline and the samples were diluted fivefold in Copan SL solution before 
testing by eazyplex® RT-LAMP. 

3.2. Clinical samples 

Clinical samples were oropharyngeal and nasal swabs from symp
tomatic patients and oropharyngeal swabs from asymptomatic in
dividuals collected for screening purposes. For the retrospective part of 
the study 150 samples with a positive or negative RT-PCR result were 
evaluated by the eazyplex® SARS-CoV-2 assay. For the prospective part 
of the study 130 samples were tested in parallel with both assays. Due to 
shortages in the supply of swab systems with virus transport media, 
patient samples were collected with dry cotton, rayon, and nylon- 
flocked swabs purchased from Greiner Bio-One (Frickenhausen, Ger
many) and Copan (distributed by Mast Diagnostica, Reinfeld, Germany). 
The swabs were discharged into 1 mL 0.9 % saline and kept at 4 ◦C until 
testing. 

3.3. eazyplex® SARS-CoV-2 RT-LAMP assay and NeuMoDx™ reference 
RT-PCR 

The eazyplex® SARS-CoV-2 RT-LAMP assay is a ready-to-use test 
strip containing lyophilized master mixes for SARS-CoV-2 N gene, SARS- 
CoV-2 ORF8 gene, inhibition control, sample control and a lysis control 
(exclusion of unspecific fluorescence during amplification) in one well 
each. The test kit also contains ready-to-use tubes with resuspension and 
lysis fluid (RALF) as reaction buffer. Because we could not use swabs 
with virus transport medium the samples were prediluted fivefold in 
Copan SL solution and an aliquot of 25 μl was mixed with 500 μl RALF 
instead of using 5 μl of the original sample directly as recommended by 

the manufacturer. 25 μl of the prepared suspension was immediately 
pipetted into each well and the test strip was gently knocked to remove 
air bubbles. Tests were run on a Genie II Mk2A device (Amplex Di
agnostics) at 65 ◦C for 25 min. Amplification was measured by real-time 
fluorescence detection using an intercalating dye. Test results were 
automatically calculated and reported by the integrated eazyReport™ 
software on the Genie II instrument. A sample was positive if either the N 
or ORF8 gene or both were detected. 

For NeuMoDx™, 700 μl of undiluted original sample was loaded onto 
the NeuMoDx™ 96 Molecular System. The NeuMoDx™ SARS-CoV-2 
assay (Ref. 300,800) targeting the N and Nsp2 gene was used as 
instructed by the manufacturer’s protocol. 

3.4. Statistical analysis 

The qualitative performance of the assays was assessed by calcu
lating the positive and negative percent agreement (PPA and NPA) as 
well as positive and negative predictive values (PPV and NPV). Neu
MoDx™ test results were defined as the reference. Concordance of the 
two diagnostic tests was examined by Cohen’s κ coefficient analysis. 

4. Results 

Prior to testing the clinical samples the analytical sensitivity of the 
eazyplex® assay was examined using two-fold TCID50 dilution series of a 
virus stock. Dilutions were made in 0.9 % saline which was also used for 
the elution of clinical specimens from dry swabs and in Copan SL solu
tion which has proven to be a reagent well suited for RT-LAMP sample 
preparation in a previous study [20]. The eazyplex® SARS-CoV-2 ach
ieved reliable detection of SARS-CoV-2 at 3.75 TCID50/mL, corre
sponding to 0.004 TCID50/reaction (Table 1). This finding was in good 
agreement with the analytical sensitivity of an earlier version of this 
assay based on liquid master mix reagents [20]. 

The manufacturer of the eazyplex® assay recommends to elute dry 
swabs in Copan SL solution and to use 25 μl as sample volume for mixing 
with the RALF reaction buffer. When using the same volume from swabs 
with saline we observed that several oropharyngeal samples containing 
a high viral load (RT-PCR Ct values < 25) were inhibitory to RT-LAMP. 
This could be repealed when samples were five-fold diluted in Copan SL 
solution and 25 μl of this preparation was mixed with the RALF reaction 
buffer. This procedure resulted in a sample volume input of 5 μl for 
testing, corresponding to the manufacturer’s instructions for the use of 
swabs with viral transport medium. 

To assess the diagnostic performance 100 RT-PCR-positive and 50 
negative swab samples were retrospectively tested by RT-LAMP within 
24 h. A sample was interpreted as positive if at least one of the two target 
genes was detected. The eazyplex® assay showed 100 % NPA and 74 % 
PPA, compared to NeuMoDx™ reference RT-PCR whereby only samples 
with Ct ≤ 35 were included in this part of the test evaluation (Table 2). 
PPA increased to 84.1 and 97.4 % when Ct cut-offs of 30 and 28 were 
defined, respectively (Table 2). At Ct values ≤ 28 an almost perfect 
agreement with RT-PCR was achieved as indicated by a Cohen’s k of 
0.97. The median threshold time of positive signals was only 12.5 min 
for the N gene and 14.25 min for the ORF8 gene (Table 3). There was no 
correlation of the RT-LAMP threshold time with RT-PCR Ct values; 
however, samples that yielded a positive signal for only one gene in the 
eazyplex® assay had higher median Ct values [26.7 (IQR 24.4–27.2) for 
N and 27 (IQR 25.8–28.3) for Nsp2] than those tested positive for both 
targets [21.3 (IQR 19.6–23.6) for N and 22.5 (20.6–24.8) for Nsp2]. 

To calculate PPVs and NPVs we prospectively tested 130 swabs in 
parallel to NeuMoDx™. It should be noted that in our laboratory this 
fully-automated and rapid RT-PCR is preferentially used for symptom
atic patients who have to be hospitalized and contact persons of positive 
individuals but not for broad screening purposes. The RT-PCR positivity 
rate of the samples was 12.3 %. Regardless of the RT-PCR Ct values the 
eazyplex® SARS-CoV-2 showed a PPA of 66.7 % and a NPA of 100 % 
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(Table 4). When Ct values of 30 and 28 were defined as cut-offs PPAs 
increased to 84 % and 100 %, respectively (Table 4). The corresponding 
NPVs were 97.2 % and 100 % (Table 4). In combination with a PPV of 
100 % the eazyplex® assay showed a high accuracy of test results for 
samples containing a high viral load. 

When positive and negative eazyplex® results from both parts of the 
study were combined, the median RT-PCR Ct values of samples detected 
positive by RT-LAMP were 23 (IQR 20.3–25.2) for N and 23.9 (IQR 
21.3–26.3) for Nsp2 whereas RT-LAMP-negative samples had median Ct 
values of 30.2 (IQR 29.1–33.9) for N and 30.7 (IQR 30–33.2) for Nsp2 

(Fig. 1). To establish a relationship between these values and virus RNA 
copies/mL a laboratory reference standard provided by INSTAND was 
examined. This standard was processed in the same manner as a clinical 
sample. At a concentration of 105 RNA copies/mL the eazyplex® assay 
was reliable to identify all parallels at least by a positive signal for one of 
the two targets. The corresponding median Ct values of NeuMoDx™ RT- 
PCR were 25.7 for N and 25.9 for Nsp2 (Table 5). 

5. Discussion 

The ongoing SARS-CoV-2 pandemic with high incidences in many 
countries stresses the urgent need for rapid diagnostic tests that can be 
performed on-site or at least technically independent of laboratories 
with specialized molecular testing facilities. POC-qualified tests may be 
useful to control the spread of infections if they are reliable to rapidly 
identify symptomatic and asymptomatic patients who carry a high viral 
load in the upper respiratory tract (URT) and pose a high risk of trans
mitting the virus. 

The results of this study show that the eazyplex® SARS-CoV-2 is a 
suitable assay to identify samples with a high viral load in less than 

Table 1 
Limits of detection of the eazyplex® SARS-CoV-2 assay directly conducted on virus stock dilutions without RNA isolation.  

Virus concentration Dilution buffer: Copan SL solution Dilution buffer: 0.9 % saline 

TCID50/mL TCID50/reaction 
Positive replicates, median threshold time, min (IQR) Positive replicates, median threshold time, min (IQR) 

N gene ORF8 gene N gene ORF8 gene 

30 0.036 7/7, 10.5 (10− 13.5) 7/7, 11.5 (11− 12.25) 5/5, 12 (10.25− 12.5) 5/5, 14 (12.75− 14.75) 
15 0.018 7/7, 12.25 (10.75− 17.5) 7/7, 14.25 (12.75− 18) 5/5, 12 (11.25− 14.75) 5/5, 15.25 (14.5− 15.75) 
7.5 0.009 7/7, 11.25 (10.5− 14.5) 7/7, 14 (13.75− 17.75) 5/5, 17.75 (13.25− 20.25) 5/5, 18.75 (15.5− 20.75) 
3.75 0.004 7/7, 16 (13.75− 17.5) 7/7, 19 (18− 23) 5/5, 12.75 (12.5− 18) 5/5, 18.5 (15.25− 21.5) 
1.875 0.002 5/7, 17.5 (13.25− 23) 6/7, 19 (16− 24) 2/5, 22.5/23 1/5, 22 
0.9375 0.001 1/7, 24.5 0/7 0/7 0/7 

IQR, interquartile range. 

Table 2 
Results of the eazyplex® SARS-CoV-2 assay for samples retrospectively tested in comparison to NeuMoDx™ RT-PCR.  

NeuMoDx™ 
eazyplex® 

PPA, % (CI) NPA, % (CI) Cohen’s κ (CI) 
Positive Negative Total 

Ct values <35a Positive 74 26 100 74 (64.3− 82.3) 100 (92.9− 100) 0.65 (0.54− 0.77)  
Negative 0 50 50     
Total 74 76 150    

Ct values ≤30a Positive 74 14 88 84.1 (74.8− 91) 100 (92.9− 100) 0.79 (0.69− 0.89)  
Negative 0 50 50     
Total 74 64 138    

Ct values ≤28a Positive 74 2 76 97.4 (90.8− 99.7) 100 (92.9− 100) 0.97 (0.92− 1)  
Negative 0 50 50     
Total 74 52 126    

PPA, positive percent agreement; NPA, negative percent agreement; CI, 95 % confidence interval. 
a for N or/and Nsp2 gene. 

Table 3 
Time to positivity of the eazyplex® SARS-CoV-2 for clinical samples.  

Target Median threshold time, min (IQR) 

N gene 12.5 (10.1− 16) 
ORF8 gene 14.25 (10.75− 18) 
Sample control (human DNA) 15.5 (12− 18.75) 
Inhibition control 8.25 (7.75− 8.5) 

IQR, interquartile range. 

Table 4 
Diagnostic performance of the eazyplex® SARS-CoV-2 assay for prospective analysis of nasal and oropharyngeal swabs in comparison to NeuMoDx™ RT-PCR.  

NeuMoDx™ 
eazyplex® 

PPA, % (CI) NPA, % (CI) PPV, % NPV, % (CI) 
Positive Negative Total 

All Ct values Positive 16 8 24 66.7 (44.7− 84.4) 100 (98.8− 100) 100 93 (88.3− 95.9)  
Negative 0 106 106      
Total 16 114 130     

Ct values ≤30a Positive 16 3 19 84.2 (60.4− 96.6) 100 (96.6− 100) 100 97.2 (92.6− 99)  
Negative 0 106 106      
Total 16 109 125     

Ct values ≤28a Positive 13 0 13 100 (76.8− 100) 100 (96.6− 100) 100 100  
Negative 0 106 106      
Total 13 106 119     

PPA, positive percent agreement; NPA, negative percent agreement; CI, 95 % confidence interval; PPV, positive predictive value; NPV, negative predictive value. 
a for N or/and Nsp2 gene. 
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30 min. It detected SARS-CoV-2-positive samples with NeuMoDx™ RT- 
PCR Ct values ≤28 with a PPA (sensitivity) of 97 %. Absolute Ct 
values cannot be used to exactly define a general cut-off for virus con
centrations that are characteristic for infectious patients [6]. The esti
mation of infectivity from the Ct value is dependent on variables of the 
RT-PCR test system and target genes, and studies that evaluated RT-PCR 
and virus culture in parallel have produced divergent findings [4,21,22]. 
The eazyplex® assay reliably detected about 105 virus copies/mL. This 
sensitivity may be sufficient for identifying infectious individuals 
because several studies have shown that SARS-CoV-2 isolation in culture 
is typically positive for specimens containing ≥106 virus copies/mL [23, 
24]. This concentration was detected by NeuMoDx™ RT-PCR with Ct 
values ≤ 24, corresponding to Ct thresholds for infectivity suggested by 
a recent study [22]. 

The eazyplex® SARS-CoV-2 reliably detected ≤ 24 virus copies/re
action. Therefore, it can be concluded that the lower sensitivity of the 
assay for clinical samples compared to RT-PCR is not due to the RT- 
LAMP amplification reaction itself but to the use of a substantially 
smaller sample volume for testing. The eazyplex® SARS-CoV-2 opens 
the possibility to test swab samples without RNA extraction and a 
minimum of hands-on time that takes less than 5 min for a single spec
imen. However, although the Bst polymerase is very robust the addi
tional reverse transcriptase as a compound of the master mix may be the 
Achilles heel because inhibitory effects were observed in some samples 
when used undiluted. This may be due to tissue compounds such as 
increased sugar and salt concentrations [17]. Similar effects have been 
described when conducting RT-PCR on raw samples [25,26]. A limita
tion of this study was that no optimal swab system could be defined and 
evaluated due the limited availability of several transport systems. 
Therefore, a compromise for the test performance had to be found and 
samples were diluted in Copan SL solution before being tested. Unfor
tunately, the internal and sample control included in the test strip only 
check the activity of the polymerase and the presence of DNA, 
respectively. 

In principle, the eazyplex® SARS-CoV-2 may be used as a viable 
alternative to RAT. However, widespread use in POC diagnostics may be 
hampered by the need for a special device even though the Genie II is a 
small battery-loaded portable machine and sample preparation does not 
require any additional equipment other than a calibrated pipette. 

There may be two applications in diagnostic workflows. For symp
tomatic hospitalized patients the test might be used as a first-step 
screening assay for fast diagnosis of COVID-19 whereby eazyplex® 
assay should be performed preferentially within the first week of 
symptoms when high virus concentrations in the URT can be expected. 
Because the eazyplex SARS-CoV-2 shows a lower sensitivity (PPA) 
compared to RT-PCR a negative test result for symptomatic patients has 
to be verified by RT-PCR. A more important application may be the 
testing of mildly symptomatic individuals who do not need to be hos
pitalized and asymptomatic contact persons. When it can be assumed 
that higher infectious viral loads would be reliably identified a negative 
eazyplex® results would preclude further testing when symptoms do not 
increase [4]. 

The eazyplex® SARS-CoV-2 targets two viral genes. As shown here 
sensitivity was thereby improved [2]. However, it should be noted that 
one target, the ORF8 gene, is frequently affected by mutations in coro
naviruses, occasionally leading to milder infections [27]. The recently 
emerged SARS-CoV-2 variant B.1.1.7 shows mutations not only in the 
gene of the spike protein but also in other genes including N and ORF8, 
but these mutations are not relevant for primer binding (in silico anal
ysis, personal information by Amplex Diagnostics) [28]. 

In conclusion this study demonstrates the ability of the eazyplex® 
assay to reliably and quickly detect SARS-CoV-2 from swabs containing 
high viral loads. The test is robust, easy to perform, and can be used 
outside a molecular diagnostic laboratory. 
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Table 5 
Detection of different virus concentrations by the eazyplex® SARS-CoV-2 using the INSTAND reference standard.  

Copies/mL 

eazyplex®  NeuMoDx™ 

Copies/reaction 
Positive replicates, median threshold time, min (IQR) Positive replicates, 

N or/and ORF8-positive 

Positive replicates, median Ct 

N gene ORF8 gene N gene Nsp2 gene 

106 240 6/6, 13 (12.75− 13.75) 6/6, 15.5 (13.75− 20.25) 6/6 4/4, 22.2 4/4, 23 
105 24 4/6, 19.5 (16.5− 20.25) 4/6, 24.5 (23.5− 24.75) 6/6 4/4, 25.7 4/4, 25.9 
104 3 1/6, 24.5 0/6 1/6 4/4, 29.1 4/4, 29.8 

IQR, interquartile range. 

R. Egerer et al.                                                                                                                                                                                                                                  



Journal of Clinical Virology 138 (2021) 104817

5

Writing - review & editing, Project administration. 

Declaration of Competing Interest 

The authors declare no conflicts of interest. 

Acknowledgments 

We are grateful to Amplex Diagnostics for providing the eazyplex® 
SARS-CoV-2 kits. We thank Beate Haschke, Christina Gödicke, Birgit 
Jahn, Beatrice Sommer-Schmid, and Peggy Plötner for excellent tech
nical assistance. The study was supported by internal funding. 

References 

[1] Z.C. Brooks, S. Das, COVID-19 testing: impact of prevalence, sensitivity, and 
specificity on patient risk and cost, Am. J. Clin. Pathol. 154 (2020) 575–584, 
https://doi.org/10.1093/ajcp/aqaa141. 

[2] H.H. Mostafa, J. Hardick, E. Morehead, et al., Comparison of the analytical 
sensitivity of seven commonly used commercial SARS-CoV-2 automated molecular 
assays, J. Clin. Virol. 130 (2020), https://doi.org/10.1016/j.jcv.2020.104578, 
104578. 

[3] H.H. Mostafa, D.M. Lamson, K. Uhteg, et al., Multicenter evaluation of the 
NeuMoDx™ SARS-CoV-2 test, J. Clin. Virol. 130 (2020), https://doi.org/10.1016/ 
j.jcv.2020.104583, 104583. 

[4] F.J. Candel, P. Barreiro, J. San Román, et al., Recommendations for use of antigenic 
tests in the diagnosis of acute SARS-CoV-2 infection in the second pandemic wave: 
attitude in different clinical settings, Rev. Esp. Quimioter. 33 (2020) 466–484, 
https://doi.org/10.37201/req/120.2020. 

[5] F.M. Liotti, G. Menchinelli, E. Lalle, et al., Performance of a novel diagnostic assay 
for rapid SARS-CoV-2 antigen detection in nasopharynx samples, Clin. Microbiol. 
Infect. (2020), https://doi.org/10.1016/j.cmi.2020.09.030. 

[6] Y.-P. Tu, T.J. O’Leary, Testing for severe acute respiratory syndrome-coronavirus 
2: challenges in getting good specimens, choosing the right test, and interpreting 
the results, Crit. Care Med. 48 (2020) 1680–1689, https://doi.org/10.1097/ 
CCM.0000000000004594. 
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