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Abstract

OBJECTIVE: This study was conducted to evaluate the responses of 3,265 health professionals
who took a continuing education (CE) activity during June 2009 - April 2012 for a comprehensive
set of good laboratory practice recommendations for molecular genetic testing.

DESIGN: Participants completed an evaluation questionnaire as part of the CE activity.
Responses were summarized to assess the participants’ learning outcomes and commitment to
applying the knowledge gained.

PARTICIPANTS: Participants included nurses (47%), laboratory professionals (18%), physicians
(14%), health educators (4%), public health professionals (2%), office staff (1%), and other health
professionals (10%).
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RESULTS: Only 32% of all participants correctly answered all 12 open-book knowledge-check
questions, ranging from 4 to 42% among the different professional groups (A<0.0001). However,
over 80% of all participants expressed confidence in describing the practice recommendations, and
75% indicated the recommendations would improve the quality of their practice. Developing
health education materials and local practice guidelines represented the common areas in which
participants planned to use the knowledge gained (49% and 18% of all participants, respectively).

CONCLUSION: Despite perceived self-efficacy in most participants, as high as 68% did not fully
use the learning materials provided to answer the knowledge-check questions. These findings
suggest the need for improved CE activities that motivate effective learning and address the
specific needs of different health professions.

Keywords

Continuing education; molecular genetic testing; practice guidelines and recommendations;
evaluation

INTRODUCTION

Effective use of genetic laboratory services in health care requires quality practices not only
by laboratory professionals who provide the testing services, but also by healthcare
professionals and other users of laboratory services who are involved in the pre-analytic
activities (e.g., test selection and ordering, appropriate informed consent, specimen
collection and handling) and the post-analytic phase of testing (e.g., interpretation and use of
test results in patient care, retention of records and tested specimens).1=6 As applications of
molecular genetic testing increasingly impact most disciplines of medical practice, it is
critical that all professions involved in the performance, delivery, and use of molecular
genetic testing services comprehend the best practices applicable to their roles and
responsibilities.

In June 2009, the Centers for Disease Control and Prevention (CDC) published a
comprehensive guide of good laboratory practices in molecular genetic testing for heritable
diseases and conditions as a Morbidity and Mortality Weekly Report (MMWR) document.”
The document clarified applicable requirements of the Clinical Laboratory Improvement
Amendments of 1988 (CLIA) regulations,8 and provided additional quality management
recommendations aimed to improve the practices at the laboratory-clinician interfaces, or the
pre- and post-analytic phases of molecular genetic testing.”

To encourage learning of the recommended laboratory practices by the broader healthcare
community, CDC provided a continuing education (CE) activity for the primarily text-based
document through the CDC Training and Continuing Education Online (TCEO) system
from June 12, 2009 through April 11, 2012.9 CE credits were available for continuing
medical education, continuing nursing education, continuing education units, and continuing
education contact hours (CECH) for certified health education specialists.

While many resources have been devoted to developing and providing graduate,
postgraduate, and residency training in genetics and genomics,10-13 few studies have
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specifically evaluated feedback from CE activities addressing quality practices in molecular
genetic testing. This study evaluated the learning experiences of health professionals from
diverse professional backgrounds, with a specific focus on the CE participants’ ability to
correctly answer the knowledge-check questions and their perceived self-efficacy with the
recommended practices. The findings are intended to help improve the provision of future
CE activities that motivate effective learning and address the specific learning needs of
different health professions.

Design of the CE Activity

Participants were instructed to review either the print or the PDF version of the MMWR
document and complete a 29-question CE evaluation. The questionnaire included 1 question
on the participants’ primary professional activities, 12 knowledge-check questions based on
the good laboratory practice recommendations and CLIA requirements discussed in the
MMWR document, and 16 questions assessing the participants’ confidence in describing
what they learned, their perceived value and commitment to applying the knowledge gained,
and satisfaction with the learning activity (Table 1). The answer keys for the knowledge-
check questions were provided at the end of the questionnaire in both the print and the PDF
version of the MMWR document in accord with the standard practice of CE activities at the
time. Participants were instructed to answer all questions in the questionnaire to receive the
CE certificates in their requested categories. No minimum correct score was required on the
knowledge-check questions for completing the CE activity.

Collection of Participants’ Responses

The CE activity could be completed online via the CDC TCEO system website from June
12, 2009 through April 11, 2012 or by mail using the response form included in print copies
of the document from June 12, 2009 through September 30, 2010. Responses received by
mail were subsequently entered into the CDC TCEO system by CDC staff. Data collection
on CDC-provided CE activities through the TCEO system has received continued clearance
by the Office of Management and Budget (OMB) as required by the Paperwork Reduction
Act (OMB clearance #0920-0017). For the purpose of this study, individual identifiers were
removed so that no linkage could be made to any individual participant. This study was
determined to be a non-research evaluation by CDC.

Statistical Analyses

Participants were stratified according to the categories they selected to best describe their
professional activities. Responses were analyzed for all participants combined and for each
participant category. Only those participants who characterized themselves into a single
participant category were included in the respective professional group. Any individual
group that represented less than 1% of all participants was combined with the “Other”
category. Participants who did not select any professional category or selected more than one
category were included in all participants (N=3,265) but were excluded from the analyses
for any specific group. Data analyses were performed with Excel 2010 (Microsoft,
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Redmond, WA) and the Statistical Analysis System® (SAS®) Version 9.3 programs (SAS
Institute, Cary, NC).

For the knowledge-check questions, a correctly answered question was defined as selecting
all the correct and only the correct answer choice(s) provided for the question. The correct
responses were summed into Poisson variables representing the number of correct answers
given by each participant. Descriptive statistics were computed as counts and percentages
for the correct answers to the knowledge check questions and for the categorical responses
to the “yes/no’-type or the Likert-scale evaluation questions. Confidence intervals were
computed using binomial distributions, generally as 95%, 2-tailed binomial confidence
intervals if not otherwise noted. The bar charts in the figures display the confidence
intervals. Statistical comparisons and tests of significance included Chi-square tests,
Likelihood ratio, and Pearson correlations as appropriate and indicated for the result
analyses.

Participants’ Professional Activities

Of a total of 3,265 individuals who participated in the CE activity, 3,139 (96%)
characterized themselves in one of the provided participant categories, including 1,535
nurses, 572 laboratory professionals, 451 physicians, 133 health educators, 71 public health
professionals, 47 office staff, 7 payers of laboratory services, and 323 who selected the
“Other” category. Due to the small number of the payers of laboratory services, we
combined the last 2 categories as “Other professionals” for the purpose of this study (Table
2). The remaining 4% of participants, which included 8 individuals who did not select any
participant category and 118 who selected 2 or more categories, could not be included in the
analyses for the specific professional groups but were still accounted for in the analyses for
all participants (N=3,265).

Responses to the Knowledge-check Questions

Participants’ ability to use the knowledge and information provided in the CE activity to
correctly respond to the 12 knowledge-check questions is presented in Figure 1. The
proportion of participants correctly answering all 12 knowledge-check questions varied
significantly among the different professional groups, ranging from 4% for the office staff to
42% for the public health professionals (p<0.0001 by Chi-square analysis). Similarly,
participants who correctly answered 9 or more knowledge-check questions (corresponding
to a correct response rate of 75% or above) also varied significantly (19-65%, p<0.0001 by
Chi-square analysis). Overall, approximately 32% of all participants provided correct
responses to all 12, 21% to between 9 and 11, and 43% to only 0-8 of the knowledge-check
questions (Knowledge-check results were not calculated for the 4% participants who did not
select any participant category or selected 2 or more categories).

Confidence in Describing the Knowledge Gained

Participants expressed varying degrees of confidence in describing the 4 major areas of the
good laboratory practice recommendations upon completion of the CE activity (Figure 2).
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Among all participants who responded to these questions, 83% agreed or strongly agreed
that they were confident in describing the recommended practices for each of the three
phases of the molecular genetic testing process. The proportions selecting the “strongly
agree” or “agree” responses were 86% for the qualifications, responsibilities, and
competency of laboratory personnel; 81% for the issues to consider when planning to
introduce new molecular genetic tests; and 87% for ensuring confidentiality of patient
information in molecular genetic testing (Figure 2). For the first 2 areas of the recommended
practices, the differences among professional groups were generally not statistically
significant except for the office staff participants, which reported significantly lower levels
of confidence in these areas (72% and 72%; p=0.05 and respectively across all professional
groups but p=0.14 without office staff). No significant differences were observed among the
professional groups for planning to introduce new molecular genetic tests or ensuring
confidentiality of patient information (p=0.16 and 0.33 respectively) (Figure 2).

Perceived Value of the CE Activity and Commitment to Applying the Knowledge Gained

Satisfaction

Of all participants, 75% agreed or strongly agreed that the good laboratory practice
recommendations will improve the quality of their practice (Figure 3). Among the different
professional groups, the combined proportions of the “agree” or “strongly agree” responses
were 78% in nurses, 76% in laboratory professionals, 77% in health educators, 73% in office
staff, and 55% in public health professionals. The inter-group differences were statistically
significant (p<0.0001 by Chi-square analysis). In addition, public health professionals
presented the highest and significantly different (Chi-square p=0.0006) percentage
indicating they were undecided whether the recommendations would improve their practice
(38%), as compared with 18-25% in all other groups (Figure 3).

Health education materials represented the major intended application of the
recommendations by all participants (49%), followed by local practice guidelines (18%),
public policy (5%) and insurance reimbursement policies (5%) (Table 3). However the
responses from the different participant groups varied significantly for these intended uses
(Chi-square p<0.0001 for health education materials, public policy, and insurance
reimbursement policies; p=0.0007 for local practice guidelines). The proportion of
participants selecting the “other” uses option also showed significant inter-group differences
(Chi-square p<0.0001).

with the CE Activity

Overall, participants expressed high levels of satisfaction with the CE activity by agreeing or
strongly agreeing that the content was appropriate (92%), the content experts demonstrated
excellent expertise (93%), the learning objectives were relevant (91%), the MMWR format
was conducive to learning (91%), the instructional strategies were helpful (90%), and the
overall quality of the guideline was excellent (90%) (Figure 4A). Similar response patterns
were observed across the professional groups. No statistically significant differences were
found among physicians, nurses, laboratory professionals, and public health professionals
for any of the six satisfaction measures (p=0.27-0.83).
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The length of the document was considered appropriate by 64% of all participants, including
67% of the laboratory professionals and 71% of the other professionals. However, 42% of
the physician learners thought it was too long whereas 12% of the educator participants felt
it was too short. While the majority of the participants did not consider this learning activity
commercially biased, 11% of all participants and as high as 27% of office staff did think so
despite the fact that no reference was made to any commercial entity throughout the
document (data not shown). The CE activity did not include a space for the participants to
provide any explanation for this response.

Factors Influencing CE Participation

Approximately 89% of all participants agreed or strongly agreed that the availability of CE
credits influenced their decision to read the guideline document, with higher percentages
observed in public health professionals (94%) and nurses (91%) than the other participant
groups (82%—-89%) (Figure 4B). In addition, participants identified the internet as the major
source to be aware of this CE activity (44%), followed by coworker/supervisor (30%) and
MMWR subscription (14%). Laboratory professionals and office staff were more likely to
learn about this CE activity from coworkers or supervisors (53% and 40% respectively),
whereas MMWR subscription represented a more frequent source of awareness in
physicians (38%) and public health professionals (26%) (data not shown).

DISCUSSION

The overall results from this CE activity support the value of learning good laboratory
practice recommendations for molecular genetic testing by individuals from diverse
professional backgrounds, including laboratory and non-laboratory professionals. However,
while the overall satisfaction and immediate learning outcomes were evident, the differences
among the responses from the participants of different professional backgrounds regarding
their learning experiences, possible ways of using the knowledge gained, and factors
influencing their CE participation are worth noting. These observed differences are not
meant to be generalizable to the respective health professions because the participants in this
CE activity were self-selected and might also be subject to differences in awareness and
access to the MMWR publication and the CE activity. Nevertheless, the different responses
from the participants in this CE activity could reflect their different needs or expectations for
CE participation, different perceptions in how specific areas of the recommendations might
relate to their work settings or job responsibilities, different learning behavior, and different
degrees of familiarity with molecular genetic testing practices. It is important to consider
these needs in developing future learning activities for quality practices in genetic testing,
which may need to entail separate CE activities for the different health professions.

An interesting observation in this study is the differences between the participants’ perceived
self-efficacy with the good laboratory practice recommendations and their ability to
correctly answer the knowledge-check questions using the information provided in the CE
activity. This CE activity was provided during 2009-2012 in keeping with the standard CE
practice at that time to make the answer keys to the knowledge-check questions available
and to award CE credits to the participants with no minimum passing score as long as all
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questions were answered. The 12 open-book knowledge-check questions were intended to
reinforce the participants’ learning and correct answers were expected for all of the 12
questions, because the participants were instructed to refer to the learning material as needed
and also could use the answer keys as a self-check. However, only about 32% of all
participants provided correct answers to all knowledge-check questions and 53% correctly
answered 9 or more. In contrast, greater than 80% of all participants expressed confidence in
describing the key areas of the recommended practices. Discrepancies between self-efficacy
and applied skills in health professionals have been reported, suggesting while learners’
confidence in their capacity could encourage them to engage in activities requiring the
relevant knowledge and/or skills, further learning opportunities would be necessary to allow
knowledge enhancement, skill building, and incorporation of the learning experiences in
practice.1 In our study, it is likely that some participants did not use the instructional guides
provided because the format of the learning activity did not adequately motivate them to do
so. These findings however, did suggest the needs for developing further educational
materials and tools to improve understanding of the recommended molecular genetic testing
practices by laboratory as well as non-laboratory health professionals. CDC therefore
developed an online course in 2012 that includes simulated case scenarios, interactive
learning, and actual measurement of knowledge gain to help learners enhance competencies
in quality practices for molecular genetic testing.1®

Another lesson learned from this study was that no pre-test was administered in this CE
activity to ascertain the participants’ baseline knowledge of the good laboratory practices for
molecular genetic testing, therefore it is not possible to determine the degrees of knowledge
improvement for each individual participant after taking the CE activity. The differences
among the participant groups in providing correct answers to the knowledge-check questions
might also reflect their abilities or interest to use the learning tool provided in addition to
understanding the learning material. These findings could be used to improve future
competency-based learning and education efforts for the broader health professional
community. As an example, a pre-test component has been included in the current online
course to encourage participants to comprehend the instructional content and to provide
better means for measuring their learning.1® In addition, efforts are underway to follow up
with the participants to determine the extent of adoption and implementation of the
recommendations into practice.

CONCLUSION

One of the key lessons learned from this study is that CE learners’ perceived self-efficacy
may not reflect their actual ability to use or apply the knowledge gained. Therefore,
continuous learning opportunities are often necessary to facilitate knowledge enhancement,
skill building, and incorporation of the learning experiences into practice. It is also important
to consider the different backgrounds, perception, and learning needs of diverse health
professionals in developing effective shared learning activities. The inclusion of pre- and
post-learning assessments will be crucial for improved CE activities as well as any
competency-based professional development activity.16
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Cooperation of multiple healthcare disciplines to achieve effective implementation of
recommended practices is increasingly recognized as important in many healthcare settings.
17.18 1mplementation of best practice guidelines and recommendations, especially those
affecting the laboratory-user interfaces, requires the collaboration and cooperation of all
professions involved. While this CE activity did not provide a platform for interactive
learning among the participants, quality practice recommendations for processes in which
laboratory professionals, healthcare providers and other stakeholders have shared
responsibilities were imparted to the learners of diverse professional backgrounds.
Therefore, insights gained from this study also could be useful for developing future inter-
professional learning activities in genetic testing and other areas of laboratory medicine to
promote the quality and effective use of laboratory services in health care. 1920

ACKNOWLEDGEMENT

The authors thank Barbara A. Stallworth, Office of Public Health Scientific Services, CDC, for administering the
CE activity; Quang M. Doan, Office of Public Health Scientific Services, CDC, for making the anonymized data
available; Deborah Kuehl, MPH, MT(ASCP), Charlene Smith, Sherese J. Bleechington, DrPH, MPH, CHE, and Ira
M. Lubin, PhD, Division of Laboratory Systems, Center for Surveillance, Epidemiology, and Laboratory Services,
CDC, for providing critical help with data acquisition, statistical analyses, behavioral insights, and results
discussion; and for John Iskander, MD, and Mary Ari, PhD, Office of the Associate Director for Science, CDC, for
critically reviewing the manuscript and providing helpful comments.

ABBREVIATIONS:

CE Continuing education

CDC Centers for Disease Control and Prevention

MMWR Morbidity and Mortality Weekly Report

CLIA Clinical Laboratory Improvement Amendments of 1988

CDC TCEO CDC Training and Continuing Education Online

REFERENCES

1. U.S. Department of Health and Human Services Secretary’s Advisory Committee on Genetics
Health, and Society. Genetics Education and Training; Report of the Secretary’s Advisory
Committee on Genetics, Health, and Society 2011 http://osp.od.nih.gov/sites/default/files/
SACGHS_education_report_2011.pdf (accessed July 8, 2016).

2. Giardiello FM, Brensinger JD, Petersen GM, et al. The use and interpretation of commercial APC
gene testing for familial adenomatous polyposis. N Engl J Med 1997;336:823-7. [PubMed:
9062090]

3. Taylor MR, Edwards JG, Ku L. Lost in transition: challenges in the expanding field of adult
genetics. Am J Med Genet C Semin Med Genet 2006;142C:294-303. [PubMed: 17024669]

4. Hofgértner WT, Tait JF. Frequency of problems during clinical molecular-genetic testing. Am J Clin
Pathol 1999;112:14-21. [PubMed: 10396281]

5. Dequeker E, Cassiman JJ. Genetic testing and quality control in diagnostic laboratories. Nat Genet
2000;25:259-60. [PubMed: 10888869]

6. Plebani M Errors in laboratory medicine and patient safety: the road ahead. Clin Chem Lab Med
2007;45:700-7. [PubMed: 17579520]

7. Centers for Disease Control and Prevention. Good laboratory practices for molecular genetic testing
for heritable diseases and conditions. MMWR Recomm Rep 2009;58(RR-6):1-37.

Clin Lab Sci. Author manuscript; available in PMC 2019 April 23.


http://osp.od.nih.gov/sites/default/files/SACGHS_education_report_2011.pdf
http://osp.od.nih.gov/sites/default/files/SACGHS_education_report_2011.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chen et al.

Page 9

8. Centers for Medicare and Medicaid Services, Centers for Disease Control and Prevention. 42 CFR
Part 493 Medicare, Medicaid, and CLIA Programs; Laboratory Requirements Relating to Quality
Systems and Certain Personnel Qualifications; Final Rule. Federal Register 2003;68:3639-714.
[PubMed: 12545998]

9. Centers for Disease Control and Prevention. Training and Continuing Education Online 2014 http://
www?2a.cdc.gov/TCEOnline/ (accessed July 8, 2016).

10. Centers for Disease Control and Prevention. Public Health Genomics. Training Programs and
Courses http://www.cdc.gov/genomics/training/index.htm (accessed July 8, 2016).

11. Prows CA, Hetteberg C, Hopkins RJ, et al. Development of a web-based genetics institute for a
nursing audience. J Contin Educ Nurs 2004;35:223-31. [PubMed: 15481403]

12. Harvard Medical School. Genetics: Molecular Genetic Testing Methods http://
cmeonline.med.harvard.edu/course_descriptions.asp?Course_id=136 (accessed July 8, 2016).
Copyright © 2016 by Harvard College.

13. Dartmouth Medical School. Genetics in Clinical Practice: A Team Approach https://www.genetics-
cme.com/ (accessed July 8, 2016). Copyright © 2002, 2011 by Dartmouth College.

14. Robertson DS, Felicilda-Reynaldo RF. Evaluation of graduate nursing students’ information
literacy self-efficacy and applied skills. J Nurs Educ 2015 3 1;54(3 Suppl):S26-30. [PubMed:
25692245]

15. Centers for Disease Control and Prevention. CDC Laboratory Training. Good Laboratory Practices
for Molecular Genetics Testing Available at: http://www.cdc.gov/labtraining/cdc-labtraining-
courses/good_lab_practices_molecular_genetics_testing.html (accessed July 8, 2016).

16. Institute of Medicine (US) Committee on the Health Professions Education Summit. Health
Professions Education: A Bridge to Quality Editors: Greiner Ann C. and Knebel Elisa. Washington
(DC): National Academies Press (US); 2003 ©2003 by the National Academy of Sciences.

17. Chagpar A, Banez C, Lopez R, et al. Challenges of hand hygiene in healthcare: the development of
a tool kit to create supportive processes and environments. Healthc Q 2010;13(Spec):59-66.
[PubMed: 20959732]

18. McLean SD, Camp K. Newborn Metabolic Screening Integrated Project Team. Education Plan for
Uniform, Comprehensive Newborn Screening in Military Treatment Facilities 2006 https://
www.gmo.amedd.army.mil/Newborn/MHS_Ed_Plan_v2.2.pdf (accessed July 8, 2016).

19. Interprofessional Education Collaborative Expert Panel. Core Competencies for Interprofessional
Collaborative Practice: Report of an Expert Panel Washington, D.C. 2011 Available at: http://
www.aacn.nche.edu/education-resources/ipecreport.pdf (accessed July 8, 2016).

20. World Health Organization. Framework for Action on Interprofessional Education & Collaborative
Practice Geneva: World Health Organization 2010 Available at: http://apps.who.int/iris/bitstream/
10665/70185/1/WHO_HRH_HPN_10.3_eng.pdf (accessed July 8, 2016).

Clin Lab Sci. Author manuscript; available in PMC 2019 April 23.


http://www2a.cdc.gov/TCEOnline/
http://www2a.cdc.gov/TCEOnline/
http://www.cdc.gov/genomics/training/index.htm
http://cmeonline.med.harvard.edu/course_descriptions.asp?Course_id=136
http://cmeonline.med.harvard.edu/course_descriptions.asp?Course_id=136
https://www.genetics-cme.com/
https://www.genetics-cme.com/
http://www.cdc.gov/labtraining/cdc-labtraining-courses/good_lab_practices_molecular_genetics_testing.html
http://www.cdc.gov/labtraining/cdc-labtraining-courses/good_lab_practices_molecular_genetics_testing.html
https://www.qmo.amedd.army.mil/Newborn/MHS_Ed_Plan_v2.2.pdf
https://www.qmo.amedd.army.mil/Newborn/MHS_Ed_Plan_v2.2.pdf
http://www.aacn.nche.edu/education-resources/ipecreport.pdf
http://www.aacn.nche.edu/education-resources/ipecreport.pdf
http://apps.who.int/iris/bitstream/10665/70185/1/WHO_HRH_HPN_10.3_eng.pdf
http://apps.who.int/iris/bitstream/10665/70185/1/WHO_HRH_HPN_10.3_eng.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chen et al. Page 10

%

40 -] Nurses

20
P — L = —

fg: Laboratory Professionals

2 x —

0 1 . |

40 -} .

_ 20 Physicians
PI'OPOI'UOH of 0 f_= —_— {1
Participants ~ ,, _
in Each 0 0 Health Educators —
Professional @
s 40 - , .
Group 20 Public Health Professionals

el Office Staff

. |
0 | I I I | | 1

jg: Other Professionals
0 1 1 | 1 T 1 T T T T | 1 1

0 1 2 3 4 5 6 7 8 9 10 11 12
Number of Correctly Answered Knowledge-check Questions
Figure 1.
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Figure 4A. Responses from All Participants regarding the Content and Quality of the CE Activity
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Figure 4B. Influence of CE Credits on Learning

Responses to “The availability of continuing education credit influenced my decision to read this report.”
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