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Background. Diagnostics to identify tuberculosis infection are limited. We aimed to assess the diagnostic accuracy and safety of 
ESAT6-CFP10 (EC) skin test for tuberculosis infection in Chinese adults.

Methods. We conducted 2 randomized, parallel-group clinical trials in healthy participants and tuberculosis patients. All par-
ticipants were tested with the T-SPOT.TB test, then received an EC skin test and tuberculin skin test (TST). The diameter of skin 
indurations and/or redness at injection sites were measured at different time periods. A bacillus Calmette Guerin (BCG) model was 
established to assess the diagnosis of tuberculosis infection using an EC skin test.

Results. In total, 777 healthy participants and 96 tuberculosis patients were allocated to receive EC skin test at 1.0 μg/0.1 mL 
or 0.5 μg/0.1 mL. The area under the curve was 0.95 (95% confidence interval [CI], .91–.97) for the EC skin test at 1.0 μg/0.1 mL at 
24–72 hours. Compared with the T-SPOT.TB test, the EC skin test demonstrated similar sensitivity (87.5, 95% CI, 77.8–97.2 vs 86.5, 
95% CI, 79.5–93.4) and specificity (98.9, 95% CI, 96.0–99.9 vs 96.1, 95% CI, 93.5–97.8). Among BCG vaccinated participants, the 
EC skin test had high consistency with the T-SPOT.TB test (96.3, 95% CI, 92.0–100.0). No serious adverse events related to the EC 
skin test were observed.

Conclusions. The EC skin test demonstrated both high specificity and sensitivity at a dose of 1.0 μg/0.1 mL, comparable to the 
T-SPOT.TB test. The diagnostic accuracy of the EC skin test was not impacted by BCG vaccination.

clinical Trials Registration. NCT02389322 and NCT02336542.
Keywords.  tuberculosis; ESAT6-CFP10; tuberculosis infection; diagnostics.

Approximately one-quarter of the world’s population are in-
fected with Mycobacterium tuberculosis, and more than 10 mil-
lion people develop tuberculosis each year [1, 2]. The lifetime 
risk of developing tuberculosis for persons with tuberculosis 
infection is estimated to be 5%–10% [3]. In order to achieve the 
World Health Organization End TB goal by 2035, dealing with 
the reservoir of tuberculosis infection is essential as it substan-
tially adds to the global tuberculosis burden [2].

Currently, the availability of direct detection methods for 
tuberculosis infection is limited. The tuberculin skin test 
(TST) and interferon-gamma release assays (IGRAs) are the 
most widely applied diagnostics for tuberculosis infection 
[4, 5]. However, both TST and IGRAs have limitations. The 
TST is a simple and low-cost test that uses tuberculin purified 
protein derivative with high sensitivity (approximately 75%–
90%) but poor specificity [6]. Previous bacillus Calmette 
Guerin (BCG) vaccination or environmental exposure to 
nontuberculous mycobacteria can result in false-positive 
TST results [7, 8]. IGRAs, including QuantiFERON-TB Gold 
In-Tube and T-SPOT.TB tests, are blood-based diagnostics 
on peptides covering tuberculosis-specific and BCG-deleted 
antigens with a specificity of 98%–100% [9]. Although IGRAs 
are less likely to be impacted by prior BCG vaccination or 
natural exposure [10, 11], the test is expensive and requires a 
well-established laboratory. Therefore, in countries with rou-
tine BCG immunization or with a high burden of tubercu-
losis, new diagnostic methods with high specificity and low 
cost are needed.
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We conducted 2 randomized diagnostic trials to assess the 
sensitivity, specificity, and safety of a novel ESAT6-CFP10 (EC) 
skin test for tuberculosis infection in Chinese adults. Compared 
with the QuantiFERON-TB Gold In-Tube and T-SPOT.TB 
tests, the EC skin test is performed by intradermal injection of 
recombinant ESAT-6 and CFP-10 antigens. We also aimed to 
establish a diagnostic cutoff point for this test and determine an 
optimal dose for future studies.

METHODS

Study Design and Participants

We conducted 2 randomized, parallel-group clinical trials that 
involved healthy participants in China to evaluate the sensitivity, 
specificity, and safety of a novel EC skin test for tuberculosis in-
fection and to assess the proper dose for future clinical trials.

Trial A was carried out at the Jiangsu Center for Disease Control 
and Prevention, Jiangsu province. Generally healthy participants 
were enrolled if they were aged between 18 and 65  years with 
normal chest X-ray results and no tuberculosis history. Only parti-
cipants with negative results on the T-SPOT.TB test, TST, and EC 
skin test were involved in the BCG vaccination model. Participants 
were randomly assigned to BCG and EC skin test (0.5 μg/0.1 mL), 
BCG and EC skin test (1.0 μg/0.1 mL), placebo and EC skin test 
(0.5 μg/0.1 mL), or placebo and EC skin test (1.0 μg/0.1 mL). The 
EC skin test and TST were performed 12 weeks after BCG or pla-
cebo vaccination, and the T-SPOT.TB test was performed before 
the skin tests.

Trial B was carried out at the Shanghai Public Health Clinical 
Center, Tianjin Haihe Hospital, and Wuhan Tuberculosis 
Prevention and Control Institute. Tuberculosis patients were 
enrolled according to China’s national diagnostic criteria for 
pulmonary tuberculosis, which was described previously in 
the phase 2a clinical trial article [12]. In addition, a group of 
nontuberculosis patients with other pulmonary diseases but no 
active tuberculosis were recruited (all pulmonary comorbidities 
are included in the Supplementary Materials). Enrolled patients 
were randomly assigned to the EC skin test at 0.5  μg/0.1  mL 
or at 1.0  μg/0.1  mL. Blood samples of patients in each group 
were collected for T-SPOT.TB test, and then the EC skin test 
and TST were performed. Tuberculosis patients were classi-
fied into bacteriological positive or negative subgroups on the 
basis of sputum smear microscopy tests or sputum culture 
(Supplementary Materials). Tuberculosis treatment history was 
collected for each tuberculosis patient through medical records. 
A full list of inclusion and exclusion criteria is provided in the 
Supplementary Materials.

We obtained approvals from institutional review boards of 
Jiangsu Provincial Center of Disease Control and Prevention 
and Shanghai Public Health Clinical Center. Written in-
formed consent was obtained from all participants. Trials were 

conducted in accordance with the Declaration of Helsinki and 
Good Clinical Practice.

Randomization and Masking

Healthy participants were enrolled and randomly assigned in a 
ratio of 1:1 to be screened with the EC skin test at 0.5 μg/0.1 mL 
or 1.0 μg/0.1 mL, along with the T-SPOT.TB test and TST. We 
randomly assigned healthy participants with 3 negative test re-
sults into 4 groups to receive BCG vaccination or placebo and 
EC skin tests. Tuberculosis and nontuberculosis patients were 
randomly allocated in a ratio of 1:1 to receive the EC skin test at 
0.5 μg/0.1 mL or 1.0 μg/0.1 mL.

BCG vaccination and placebo were identical in appearance. 
EC skin tests administered at different doses were also iden-
tical in appearance. A  randomization code number on each 
dose was the only identifier. Investigators and participants were 
masked to treatment allocations; therefore, both of these trials 
were double-blinded. Individuals involved in generation of the 
randomization list were not allowed to participate in any other 
trial activities. We did not record BCG vaccination history from 
healthy participants due to recall bias. We observed and re-
corded participants’ BCG scars.

Procedures

The EC antigen is a recombinant reagent of the ESAT-6 and 
CFP-10 tests, developed by Zhifei Longcom Biologic Pharmacy 
Company, China. 

Blood samples for the T-SPOT.TB test were drawn in partici-
pants before administrating the EC skin test or TST. Participants 
then received the EC skin test on the volar surface of one 
forearm and TST on the other forearm as a self-control. All par-
ticipants were observed for at least 30 minutes for acute adverse 
reactions after receiving each test. Vital signs were measured 
before and after receiving the skin tests. After leaving the clinic, 
participants were instructed to record adverse reactions during 
the following 72 hours. Digital photographs of injection sites 
were taken and the largest transverse diameter as well as the 
longitudinal diameter of skin indurations and/or redness at in-
jection sites were measured by investigators at 24, 48, and 72 
hours. Since participants received the EC skin test and TST on 
the same day, all systematic reactions following tests were re-
corded as related to the EC skin test.

The TST was manufactured by Beijing Gaoke Life and 
Technology, China, and administrated following the national 
standard guideline [13]. A positive TST result was defined as an 
induration reaction ≥5mm [12].

The T-SPOT.TB test was carried out using a commercial 
kit manufactured by Oxford Immunotec, Ltd, UK. Spots were 
counted with a magnifying glass and expressed as the number 
of spots per million peripheral blood mononuclear cells 
[14]. Two independent observers confirmed spot counts and 
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determined the results as positive, negative, or indeterminate 
without awareness of treatment allocation.

Statistical Analysis

Sample size calculations were conducted using PASS software 
(version 8; Supplementary Materials). The average diameter of 
the skin reactions (either redness or induration) for the EC skin 
test at different time points was calculated. We performed a bi-
nary classification, where the outcome variable had 2 possible 
values: negative or positive. The raw prediction of consistency 
from the model is defined as “(true positives + true negatives)/
sample size.” The areas under the curve (AUCs) of different EC 
skin test dose groups were estimated using receiver operating 
characteristic (ROC) curves to show the capability of distin-
guishing tuberculosis patients from healthy participants. The 
optimal diagnostic indicator was determined according to the 
highest estimated AUC. Cutoff values were chosen by com-
paring ROC curves at distinct thresholds. We calculated sen-
sitivity, specificity, overall diagnostic accuracy, and positive 
and negative predictive values of the EC skin test, TST, and 
T-SPOT.TB test [15]. Safety end points were adverse reactions 
and serious adverse events after injections in each group. All 
systemic and local adverse events were observed and recorded. 
Local skin reactions such as rash, pain, and itch as well as ad-
verse events such as anaphylactic shock, local tissue ulceration 
caused by a strong positive reaction, local necrosis and lique-
faction, systemic allergic rash, systemic urticaria, and allergic 
purpura were observed at every visit.

The primary analysis was conducted in the entire population, 
including all participants who received the EC skin test with at 
least 1 observation available. The Cochran-Mantel-Haenszel χ2 
test or paired χ2 test was used to compare categorical or paired 
categorical variables between groups. The t test or paired t test 
was used to analyze continuous data, when appropriate. We 
considered P values ≤ .05 as statistically significant. All sta-
tistical analyses were performed using SAS 9.3 software (SAS 
Institute, Inc, Cary, NC). 

RESULTS

Trial Population

We enrolled 1044 healthy participants, and 1035 (99%) were 
consented for screening in March 2015. A total of 777 (75.1%) 
participants were randomly assigned to the EC dose groups of 
0.5  μg/0.1  mL (n = 381) or 1.0  μg/0.1  mL (n = 396). Among 
them, 116 were positive and 661 were negative with the 
T-SPOT.TB test, 97 were positive and 680 were negative with 
the EC skin test, and 420 were positive and 357 were negative 
with the TST. A  total of 223 (28.7%) participants had nega-
tive results on the EC skin test, T-SPOT.TB test, and TST and 
were assigned to the BCG vaccination group (Figure 1). There 
were 169 healthy participants with 3 negative test results who 

were randomly allocated into 4 groups (n = 41, 42, 42, and 44, 
respectively). Participants were allocated to receive BCG or 
placebo vaccination and the EC skin test at 0.5  μg/0.1  mL or 
1.0  μg/0.1  mL 12 weeks after the vaccination along with the 
TST and T-SPOT.TB test. In November 2014, we enrolled 96 
tuberculosis patients and 95 nontuberculosis patients with pul-
monary diseases and equally assigned them to receive the EC 
skin test at 0.5 μg/0.1 mL or 1.0 μg/0.1 mL, respectively (Figure 
1). Demographic characteristics of recruited participants were 
comparable between the different groups (Table 1).

EC Skin Test Cut-Point Analysis

For T-SPOT.TB–/TST, healthy participants and tuberculosis 
patients were used to assess the diagnostic performance of the 
EC skin test. The reaction of redness or induration at the in-
jection site after receipt of the EC skin test at 0.5 μg/0.1 mL or 
1.0 μg/0.1 mL was observed in 6 participants. In tuberculosis 
patients, the median diameter of redness or induration at the 
injection site at 24, 48, and 72 hours following administration of 
the EC skin test was 22.5, 35.8, and 25.1 mm in the 0.5 μg/0.1 mL 
group and 23.6, 34.0, and 23.3 mm in the 1.0 μg/0.1 mL group. 
AUCs were higher at all measured time points for the EC skin 
test at a dose of 1.0  μg/0.1  mL compared with 0.5  μg/0.1  mL 
(Figure 2). We suggest that 1.0 μg/0.1 mL is the optimal dose 
based on these findings; however, this difference was not sta-
tistically distinct; therefore, both doses may be acceptable. The 
highest AUC was 0.95 (95% confidence interval [CI], .91–.97) 
for the EC skin test at 1.0 μg/0.1 mL at 24–72 hours using red-
ness or induration as indicators. The highest diagnostic values 
were achieved at a cutoff value of >3.5  mm (Supplementary 
Materials). The final positive determination criterion of the EC 
skin test was 1.0 μg/0.1 mL at 24–72 hours using an induration 
cutoff of ≥5 mm redness or induration for practical implemen-
tation purposes and was used in all subsequent analyses.

Sensitivity and Specificity of the EC Skin Test

Among tuberculosis patients, the EC skin test at a dose of 
1.0 μg/0.1 mL had a sensitivity of 87.5 (95% CI, 77.8–97.2), while 
the sensitivity of the T-SPOT.TB test was 86.5 (95% CI, 79.5–
93.4). The sensitivity of the TST at 5 mm and 10 mm cutoffs was 
86.5 (95% CI, 79.5–93.4) and 82.3 (95% CI, 74.5–90.1; Table 
2). High sensitivity was observed when the population was re-
stricted to bacteriologically confirmed tuberculosis (89.7, 95% 
CI, 77.9–100.0) or tuberculosis cases without bacteriological 
evidence (84.2, 95% CI, 66.2–100.0). The sensitivity among new 
and previously treated tuberculosis patients was 90.3 (95% CI, 
79.3–100.0) and 82.4 (95% CI, 62.1–100.0), respectively. In TST 
healthy participants, the EC skin test at 1.0 μg/0.1 mL showed 
a specificity of 98.4 (95% CI, 95.4–99.7). Among T-SPOT.TB– 
and T-SPOT.TB–/TST healthy participants, specificity was 95.5 
(95% CI, 92.7–97.4) and 98.9 (95% CI, 96.0–99.9; Table 2). The 
EC skin test showed diagnostic performance similar to that 
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of the T-SPOT.TB test in active tuberculosis (Supplementary 
Materials).

Diagnostic Agreement of the EC Skin Test, TST, and T-SPOT.TB Test

Diagnostic agreement between the EC skin test at 
1.0  μg/0.1  mL and the T-SPOT.TB was 85.4% (95% CI, 
75.1–95.8) in tuberculosis patients and 88.9% (95% CI, 
85.8–92.0) in general healthy participants. Diagnostic 
agreement between the EC skin test at 1.0  μg/0.1  mL and 

the TST (5  mm) was 81.3% (95% CI, 69.8–92.7) in tuber-
culosis patients and 58.6% (95% CI, 53.7–63.5) in healthy 
participants. Diagnostic agreement between the EC skin test 
at 1.0 μg/0.1 mL and the TST (in 10 mm cutoff ) was 77.1% 
(95% CI, 64.8–89.4) in tuberculosis patients and 70.5% 
(95% CI, 65.9–75.0) in healthy participants. Diagnostic 
agreement of the EC skin test at 1.0 μg/0.1 mL and the TST 
at either cutoff ranged from 77.1% to 81.3% for tuberculosis 
patients (Table 3).

Figure 1. Study profile of the pooled participants from healthy participants (A) and patients participants (B). Abbreviations: BCG, bacillus Calmette-Guerin; DBP, diastolic 
blood pressure; EC, ESAT6-CFP10; SBP, systolic blood pressure; TB, tuberculosis; TST, tuberculin skin test.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab472#supplementary-data
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Figure 2. Estimated AUC for diagnosis with the ESAT6-CFP10 skin test with different indicators at different doses and time points. Abbreviations: AUC, area under the 
curve; EC, ESAT6-CFP10.
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Diagnostic agreement between the EC skin test at 
0.5 μg/0.1 mL and the T-SPOT.TB was 81.3% (95% CI, 69.8–
92.7) in tuberculosis patients and 91.3% (95% CI, 88.5–94.2) 
in general healthy participants. However, in healthy partici-
pants 12 weeks after BCG vaccination, the EC skin test showed 
a significant superiority over the TST; the TST had high false 
positivity in BCG recipients. Consistency between the EC skin 
test and the T-SPOT.TB test was 96.3% (95% CI, 92.0–100.0) 
among healthy participants with negative results on all 3 tests. 
Diagnostic agreement with the TST was much lower (39.5%, 
95% CI, 29.0–50.1 and 52.3%, 95% CI, 41.6–63.1) with the 
T-SPOT.TB test. In the BCG vaccination group, the EC skin test 
showed high consistency (97.4%, 95% CI, 92.2–100.0) with the 
T-SPOT.TB test but low consistency with the TST (16.7%, 95% 
CI, 4.9–28.4; Supplementary Materials).

Safety of the EC Skin Test

In total, 333 (27.8%) adverse events were related to the EC 
skin test, while 198 (16.5%) were related to the TST (P < .001). 
For both the EC skin test and the TST, the most common ad-
verse reaction was pruritus at the injection site followed by 
pain at the injection site (Figure 3). The overall incidence of 
adverse reactions between different EC skin test dose groups 
was comparable with 26.8% and 28.7% for 0.5 μg/0.1 mL and 
1.0 μg/0.1 mL doses (Supplementary Materials). Pruritus at the 
injection site occurred more frequently in the 1.0 μg/0.1 mL 
group compared with the 0.5 μg/0.1 mL group (13.5% vs 8.4%; 
P = .005). Most adverse reactions were mild and self-lim-
iting, arising during the first 24 hours after injection and 
lasting less than 48 hours. Only 1 serious adverse event was 
reported. A fatal myocardial infarction episode occurred in a 

nontuberculosis patient with lung disease 1 day after receiving 
the 0.5 μg/0.1 mL EC skin test. Considering his medical history 
at enrollment, this event was determined to be not related to 
study procedures.

DISCUSSION

The antigens used in the traditional TST are not unique to 
M. tuberculosis and can be found in BCG and environmental 
nontuberculous mycobacteria [16, 17]. Therefore, TST 
testing often results in high false positivity in BCG vaccin-
ated populations, leading to unnecessary antibiotic treatment 
and causing risk of drug toxicity [18-20]. The T-SPOT.TB 
test is considered to have superior specificity compared with 
the TST [21]. However, due to high costs and laboratory re-
quirements to process the T-SPOT.TB test, the World Health 
Organization issued a “negative” policy statement with a 
caution against replacing the TST with the T-SPOT.TB test, 
especially in low- and middle-income settings [22]. Thus, 
there is an urgent need for efficient and reliable new tools 
to improve the ability to diagnose tuberculosis in resource-
poor settings. We conducted these trials to assess the efficacy 
and proper dose of a novel EC skin test compared with the 
reference standard (TST and T-SPOT.TB test). Our results 
indicate that the EC skin test at a dose of 1.0 μg/0.1 mL has 
satisfactory diagnostic accuracy and good agreement with 
the T-SPOT.TB test. This dose may be optimal for a phase 3 
trial, although both doses demonstrated satisfactory results. 
The EC skin test was unaffected by prior BCG vaccination, 
which is critical in countries with high levels of BCG vacci-
nation or in areas with high tuberculosis risk.

Figure 3. Incidence of adverse reactions at injection sites after receiving the ESAT6-CFP10 skin test and TST. Courbature means muscle aches. Abbreviations: EC, ESAT6-
CFP10; TST, tuberculin skin test. 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab472#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab472#supplementary-data
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We also noted a moderate diagnostic specificity of the 
1.0 μg/0.1 mL EC skin test in nontuberculosis patients with 
pulmonary diseases. This population was distinguished 
from tuberculosis patients based on China’s currently im-
plemented national diagnostic criteria for pulmonary tuber-
culosis [23]. However, clinically, it is difficult to determine 
whether persons had potential tuberculosis infection or not, 
thus misclassification of nontuberculosis patients with pul-
monary diseases may be possible. Nevertheless, the diag-
nostic consistency of the EC skin test at 1.0 μg/0.1 mL and 
the T-SPOT.TB test is still considerably high in this cohort, 
demonstrating a generally congruent specificity and sensi-
tivity. The EC skin test is easy to use programmatically, rel-
atively inexpensive, and convenient for administration in 
low-income countries.

Generally, the EC skin test was safe in participants from this 
cohort. Most adverse reactions were mild or moderate, and no 
related serious adverse reactions were found during follow-up. 
The incidence of adverse reactions observed in this study was in 
line with previous phase 1 trials of the EC skin test [24]. Our re-
sults suggests that the EC skin test may be a safe and potentially 
efficient tool for diagnosing tuberculosis infection.

Cost analyses will be important when evaluating novel diagnostic 
tests for tuberculosis infection. At present, the price of national cen-
tralized procurement is 4.68 dollars per person for EC, 50 cents 
per person for BCG-pure protein derivative (PPD), 2.1 dollars per 
person for TB-PPD, 31.2 dollars for QuantiFERON-TB Gold (QFT-
G) and 46.8 dollars for T-SPOT.TB Tests. The cost of the EC skin test 
is about one-seventh of the QFT-G and one-tenth of the T-SPOT.
TB test. Given the comparable diagnostic value suggested by our 
study, the EC skin test may be a more efficient method than QFT-G 
or T-SPOT.TB and more effective than the TST in populations that 
are BCG-vaccinated. However, diagnostic costs may be distinct be-
tween settings.

This study has limitations. First, the lack of a gold standard 
for diagnosing tuberculosis infection provides difficulties in 
determining the diagnostic accuracy of both the T-SPOT.TB 
test and the EC skin test, especially in nontuberculosis pa-
tients with pulmonary diseases [25, 26]. Second, the EC skin 
test was administered only in specific populations. Certain 
immunocompromised patients, such as persons living with 
human immunodeficiency virus, autoimmune diseases, sil-
icosis, or cancer, were not included. The diagnostic value of 
the EC skin test needs to be evaluated in other special popula-
tions (eg, those with extrapulmonary tuberculosis, pediatric 
tuberculosis). In addition, interactions between repeated ad-
ministration of EC skin test may also need to be evaluated. 
“Booster” responses from repeat TSTs within 1 year after an 
initially negative TST have been reported in previous studies 
[27, 28] and is commonly observed in individuals who have 
been BCG-vaccinated [29, 30]. In our study, among tuber-
culosis infection-free and healthy participants, 6 and 2 

participants became positive in the 0.5  µg/0.1  mL EC skin 
test and T-SPOT.TB test group, while 3 and 1 became posi-
tive in the 1 µg/0.1 mL EC and T-SPOT.TB test group after 
receiving vaccination. T-SPOT.TB conversion may suggest a 
novel exposure or tuberculosis infection. However, repeated 
skin tests may lead to false-positive results and overestima-
tion of tuberculosis infection [31].

In conclusion, the experimental EC skin test has a good 
safety profile and high diagnostic accuracy, with the potential to 
become an efficient tool for the diagnosis of tuberculosis infec-
tion. Based on our findings, 1.0 μg/0.1 mL EC was identified as 
the candidate formulation for a phase 3 trial (ClinicalTrials.gov, 
NCT02795260, NCT02623556, and NCT03027154 in progress) 
to further assess the diagnostic accuracy and safety in larger 
populations.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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