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Abstract

Background: To assess how authors would describe their contribution to the submitted manuscript without
reference to or requirement to satisfy authorship criteria of the International Committee of Medical Journal Editors
(ICMJE), we analyzed responses of authors to an open-ended question “Why do you think you should be the author
on this manuscript?”.

Methods: Responses of authors (n=1425) who submitted their manuscripts (n=345) to the Croatian Medical Journal,
an international general medical journal, from March 2009 until July 2010 were transcribed and matched to ICMJE
criteria. Statements that could not be matched were separately categorized. Responses according to the number of
authors or their byline position on the manuscript were analyzed using Mann–Whitney U test and Moses test of
extreme reactions.

Results: The number of authors per manuscript ranged from 1 to 26 (median=4, IQR=3-6), with the median of 2
contributions per author (IQR=2-3). Authors’ responses could be matched to the ICMJE criteria in 1116 (87.0%)
cases. Among these, only 15.6% clearly declared contributions from all 3 ICMJE criteria; however, if signing of the
authorship form was taken as the fulfillment of the third ICMJE criterion, overall fraction of deserving authorship
was 54.2%. Non-ICMJE contributions were declared by 98 (7.6%) authors whose other contributions could be
matched to ICMJE criteria, and by 116 (13.0%) authors whose contributions could not be matched to ICMJE criteria.
The most frequently reported non-ICMJE contribution was literature review. Authors on manuscripts with more
than 8 authors declared more contributions than those on manuscript with 8 or fewer authors: median 2, IQR 1–4,
vs. median 2, IQR 1–3, respectively (Mann Whitney U test, p=0.001; Moses Test of Extreme Reactions, p<0.001).
Almost a third of single authors (n=9; 31.0%) reported contributions that could not be matched to any ICMJE
criterion.

Conclusions: In cases of multi-author collaborative efforts but not in manuscripts with fewer authors open-ended
authorship declaration without instructions on ICMJE criteria elicited responses from authors that were similar to
responses when ICMJE criteria were explicitly required. Current authorship criteria and the practice of contribution
declaration should be revised in order to capture deserving authorship in biomedical research.
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Background
Authorship is perhaps the most important aspect of
research – it recognizes the credit for research and, what
is important for individual scientists, it is the primary
criterion for career advancement. Although it may seem
that giving credit for research would be a straightforward
decision, authorship is burdened by many problems in all
research disciplines [1]. In biomedicine, there is ample
evidence that the authorship criteria widely accepted by
journals and publishers – those from the International
Committee of Medical Journal Editors (ICMJE) [2] are not
well understood or followed by both the medical students
and experienced researchers [3-5], resulting in a high
prevalence of authors of published articles who do not
satisfy the ICMJE criteria [6-9].
Our research group has shown in a number of studies in

our own and other journals that forms used by journals
for contribution declaration for authorship are not a
reliable way of judging authorship [8-12], and that author-
ship does not seem to be only a normative issue subjective
to categorization into criteria, but also a very personal
view of the importance and value of one's contributions
[13]. Based on this body of evidence, we hypothesized that
authors who were asked to describe in their own words
why they think they deserve authorship on a submitted
manuscript may differ in their contribution declaration
then the authors who were instructed about standard
authorship criteria or asked to declare authorship using
checklists with ICMJE-eligible contributions.

Methods
Participants
All authors (n=1425) who submitted manuscripts (n=345)
to the Croatian Medical Journal (CMJ) from March 2009
until July 2010 were included in the study. Individual
forms with a question about authorship and other infor-
mation (contact address, copyright and participation in
editorial research) for each author of the manuscript were
sent by e-mail to the corresponding authors, who were
asked to distribute these to their coauthors. Completed
and signed documents were returned to the editorial office
by the individual or corresponding authors.

Ethical considerations
The participation in the study was voluntary and did not
influence the editor's decision to accept or reject the arti-
cles submitted. As the full information on the study could
influence the response of the authors, authors were asked
to accept the participation in research of editorial and
peer-review issues [9-12]. This information was provided
in the authorship form and the authors were offered an
opt-out option for the participation in the journal's
research. The study was approved by the Ethics Commit-
tee of the Zagreb University School of Medicine under the
grant from the Ministry of Science and Technology of the
Republic of Croatia No. 108-1080314-0140 to MMar.

Authorship form
The form started with the general definition of an author:
“An AUTHOR of a scientific article is considered to be
someone who has made substantive contribution to the
submitted work.” There was no reference to any author-
ship criteria. We then asked the authors about their
contribution to the submitted work in the following way:
“The CMJ requests from the authors of submitted manu-
scripts to describe their contribution to the research
described in the manuscript by answering the following
question: Why do you think you should be the author on
this manuscript?”

Analysis of responses
All responses were transcribed into an Excel spread-
sheet, including the authors byline position in the sub-
mitted manuscript, and the manuscripts submission
number. Wording the ICMJE used for defining author-
ship credit formed the basis of variables (criteria) to
which the authors’ statements were manually matched
[2]: “Authorship credit should be based on 1) substantial
contributions to conception and design, acquisition of
data, or analysis and interpretation of data; 2) drafting
the article or revising it critically for important intellec-
tual content; and 3) final approval of the version to be
published. Authors should meet conditions 1, 2, and 3.”
Authorship statements that could not be matched to any
of the above ICMJE criteria, such as translation of the
article, supervision/mentorship or literature search, were
separately categorized.

Statistical analysis
Frequencies and percentages were used for the description
of qualitative variables. Depending on the distribution of
data, following descriptors were used for quantitative
variables: mean and standard deviation, median and inter-
quartile range (IQR). Pearson's chi-square test was used to
compare qualitative data frequencies. The distributions of
total authors on paper according to identical responses by
authors were contrasted using the Mann–Whitney U test
and the Moses test of extreme reactions, to analyze diffe-
rences in central tendency and dispersion, respectively.
The same two tests were used to compare the number of
declared contributions per author by total author count or
by author’s byline. A 95% confidence interval (CI) for
median, estimated by the bias-corrected and accelerated
bootstrapping method with 2000 replications, was also
reported in order to complement hypothesis testing. The
level of significance for all statistical tests was 0.05. Data
were analyzed with SPSS statistical package 19.0 (SPSS;
Chicago, Illinois, USA).
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Results
We analyzed responses from 1282 (90.0%) authors of
335 submitted manuscripts; 140 (9.8%) authors signed
their acceptance to participate in research but did not
write an answer to the authorship question; 1 form was
not readable, and 2 referred to attachments which were
not available for analysis. The number of authors per
article ranged from 1 to 26 (median=4, IQR=3-6). The
median number of declared contributions per author
was 2 (IQR=2-3).
Authors’ responses could be matched to ICMJE cri-

teria in 1116 (87.0%) cases (Table 1). Among these
authors, only 15.6% clearly declared contributions from
all three ICMJE categories, whereas 3 authors (0.3%)
explicitly stated that they satisfied ICMJE criteria. More
than a third (38.6%) satisfied the first two ICMJE criteria
(research and writing), while the rest declared a
single ICMJE contribution, either to research execution
(31.8%) or writing (9.4%) (Table 1). Authors whose
contributions could be matched to the ICMJE criteria
used the wording that was similar to the terminology
used in the ICMJE definition (Table 2). The frequency of
the terminology identical to that from the ICMJE defi-
nition ranged from 52.8% for “data collection” to 98.0%
for “study design”. Other declarations used words or
phrases that described the activity covered by the ICMJE
criteria.
Table 1 Number (%) of authors (n=1116) whose authorship s

Criteria

Full criteria (1 and 2 and 3)

Criteria 1 and 2 not 3

Criteria 1 and 3 not 2

Criteria 2 and 3 not 1

Criterion 1 only:

“conception”

“design”

“acquisition of data”

“analysis of data”

“interpretation of data”

any 2 contributions

any 3 contributions

any 4 contributions

all 5 contributions

Criterion 2 only:

“drafting of the article”

“revising of the article”

both contributions

Criterion 3 only

Statement: “Because I contributed to the submitted article as an author acco

*Percentages for contributions specified in an individual authorship criterion are to
The responses of 166 (13.0%) authors could not be
matched to ICMJE criteria (Table 3). Among them
56.3% stated that they made a significant contribution,
without listing what that contribution was, while others
declared the importance of the submitted case, employ-
ment in a health care institution, or just wrote “Yes”.
Some also reported mentorship/supervision, literature
search and translation, administrative/technical/statis-
tical support and other professional contributions as
valid reasons for authorship. Three authors stated that
the submitted work was a part of their master thesis –
they were the first authors on manuscripts with 3 (2
manuscripts) and 6 authors. Non-ICMJE contributions
were also declared by 98 (8.8%) authors whose other
contributions could be matched to ICMJE criteria
(Additional file 1: Table S1). Among these authors,
additional contributions were declared most often by
those who also declared contributions to the first two
ICMJE criteria (50.0%), while the most frequently
reported contribution was literature review, in 52.0%
cases.
For all respondents, open-ended declarations were mostly

in the form of a full or partial sentence: 655 authors (55.1%)
used the sentence starting with “I . . .”, 108 (8.4%) authors
started with “Because . . .”, and 15 (1.2%) with “My . . .”.
The rest of the respondents (n=401, 31.3%) just listed their
contributions (Additional file 2: Table S2).
tatement could be matched to ICMJE criteria

No. (%) of authors*

174 (15.6)

431 (38.6)

26 (2.3)

17 (1.5)

355 (31.8)

12 (3.4)

13 (3.7)

161 (45.3)

24 (6.8)

9 (2.5)

92 (25.9)

34 (9.6)

9 (2.5)

1 (0.3)

105 (9.4)

45 (42.8)

49 (46.7)

11 (10.5)

5 (0.5)

rding to the ICMJE criteria” 3 (0.3)

the total sum of responses within that criterion.



Table 2 Expressions used by authors (n=1116) in
statements that could be matched to the ICMJE criteria

Expression categories No. (%) of authors

Criterion 1 – Conception:

“planned/planning” 129 (43.7)

“conception” 118 (40.0)

“my idea“ 32 (10.1)

“organized research” 5 (2.0)

“hypothesis” 5 (2.0)

Other* 6 (2.2)

Criterion 1 – Design:

“design/designing” 347 (98.0)

“chose proper methodology” 3 (0.9)

“experiment construction” 2 (0.5)

Other† 3 (0.6)

Criterion 1 – Acquisition of data:

“data collection” 183 (31.1)

“data acquisition” 128 (21.7)

“did the experiments” 77 (13.1)

“conducted the study” 52 (8.8)

“treatment” 32 (5.4)

“diagnosis” 30 (5.1)

Other‡ 87 (14.8)

Criterion 1 – Analysis of data:

“analysis made/analyzed” 257 (73.7)

“statistical analysis” 87 (24.9)

“processed data” 5 (1.4)

Criterion 1 – Interpretation of data:

“interpretation” 255 (91.8)

“presentation” 19 (6.8)

“draw conclusion” 3 (1.4)

Criterion 2 – Drafting of the article:

“writing” 247 (46.9)

“drafting” 182 (34.5)

“manuscript preparation” 84 (15.8)

“wrote discussion” 7 (1.4)

Other§ 7 (1.4)

Criterion 2 – Revising the article:

“revision/revising” 219 (73.5)

“intellectual contribution” 54 (18.1)

“edited” 18 (6.0)

“made final copy/version” 5 (1.6)

“made corrections” 3 (1.0)

Other ∥ 5 (1.6)

Table 2 Expressions used by authors (n=1116) in
statements that could be matched to the ICMJE criteria
(Continued)

Criterion 3 – Final approval:

“final approval” 215 (91.8)

“agree with the version published” 5 (2.1)

*Statements containing terms such as “inception”; “initiation”; “developed the
project”.
†Statements containing terms such as “depicted the original scheme”;
“protocol construction”.
‡Statements containing terms such as “obtained data”; “gathered data”; “did
research”; “patient management”.
§Statements containing terms such as “wrote introduction”; “wrote results”;
“wrote abstract”.
∥Statements containing terms such as “second draft”; ”completion”;
“polishing”.
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We separately analyzed the distribution of authors with
ICMJE matching and non-matching contributions in rela-
tion to their position on the byline and the total number
of authors on the submitted manuscript. Single authors on
a manuscript (n=29) most often reported contributions
that satisfied all 3 ICMJE criteria (n=12; 41.4%), while 8
(27.6%) of them reported a single ICMJE contribution.
Almost a third of single authors (n=9; 31.0%) reported
contribution(s) that could not be matched to any ICMJE
criterion. The reasons for authorship they declared could
be grouped into 2 distinctive sets: a) significant contribu-
tion to the reported work, without specification of contri-
bution(s) and b) professional competence in the field from
which the research was reported. Similar declarations were
observed for manuscripts with 3 authors (31 out of 161
authors, 19.3%, declared non-ICMJE matching contribu-
tions). In manuscripts with 2 authors, authors whose
contributions could not be matched to the ICMJE criteria
(10 out of 66, 15.2%) reported significant (unspecified)
contributions. The fraction of authors with ICMJE non-
matching contributions decreased with more authors on a
manuscript, as well as with the ascending position on the
byline (Figure 1). Authors with all 3 ICMJE criteria ful-
filled (considering their signature as the fulfillment of the
third criterion) predominated in all manuscripts, regard-
less of the number of authors or of their position on the
byline, except for authors on the 3rd to the 5th byline pos-
ition, who more often reported a single ICMJE matching
contribution (Figure 1). In relation to their byline position,
there was no difference between ICMJE matching and
non-matching contributions declared on manuscripts with
2 or 3 authors (p>0.05 for all comparisons, Pearson’s chi-
square). We observed a difference in the number of con-
tributions declared by ICMJE matching and non-matching
statements. In general, authors on manuscripts with more
than 8 authors declared more contributions than those on
manuscript with 8 or fewer authors: median 2, IQR 1–4
(95% CI for median 2–3), vs. median 2, IQR 1–3 (95% CI
2–2), respectively (Mann Whitney U test, p=0.001; Moses



Table 3 Number (%) of authors (n=166) whose authorship statement could not be matched to ICMJE criteria for
authorship

Stated contribution No. (%) of authors*

Substantial/direct contribution 94 (56.6)

“Yes” 9 (5.4)

This (case) is interesting 8 (4.8)

We work/collaborate together 8 (4.8)

I am a specialist of/I work in the department for 7 (4.2)

“I am interested in this topic/field” 6 (3.6)

“It was my master degree thesis” 3 (1.8)

“The study carries scientific value” 3 (1.8)

Literature search 3 (1.8)

“I have participated sufficiently to take public responsibility for appropriate portions of the content” 3 (1.8)

Chief of the project/department 3 (1.8)

Supervisor 2 (1.2)

Coordinator 2 (1.2)

Bibliographical search, administrative and logistic support 2 (1.2)

“I have other related publications as a biostatistician“ 2 (1.2)

Signature of the author 2 (1.2)

“My participation in the contribution was administrative and technical support.” 1 (0.6)

“I was responsible for translation of the article.” 1 (0.6)

“I have especially taken part in collecting the literature data, translation.” 1 (0.6)

“This is the first study of its kind.” 1 (0.6)

“On the basis of operational practice and clinical experience which led to this work.” 1 (0.6)

“Because I want to present process of treatment in our institute.” 1 (0.6)

“I am an investigator in scientific project with similar problems.” 1 (0.6)

“Because I believe this is a proper treatment in this situation.” 1 (0.6)

“I was scientific consultant of this research” 1 (0.6)

*Percentages do not add up to 100 because of rounding.
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Test of Extreme Reactions, p<0.001). This difference was
still observed in the subsequent analysis when we com-
pared the number of ICMJE matching contributions by
authors between manuscripts with more than 8 authors
(median 3, IQR 2–4, 95% CI 2–3), and less or equal to 8
authors (median 2, IQR 1–4, 95% CI 2–2) (Mann Whitney
U test, p=0.061; Moses Test of Extreme Reactions,
p<0.001). The difference in the number of contributions
in manuscripts authored by researchers whose contribu-
tions could not be matched to the ICMJE criteria was in-
conclusive as the analysis was underpowered (only 17 out
of 166 authors (10.2%) were authors on manuscripts with
more than 8 authors). The position of those authors on
the byline was not associated with the number of contri-
bution declarations. Those with the byline position higher
than 8th had a median of 2 contributions, IQR 1–3 (95%
CI 2–2), similar to authors with lesser or equal to the 8th

byline position which also contributed a median of 2 con-
tributions, IQR 1–3 (95% CI 1.5–3) (Mann Whitney U
test, p=0.762; Moses Test of Extreme Reactions, p=0.065).
There were 95 manuscripts where contribution declara-
tions had identical wording for 2 or more authors. Such
manuscripts tended to have a greater total number
of authors than the whole population of manuscripts
(Additional file 3: Figure S1): whereas all manuscripts had
median of 4 authors (IQR=4-6), manuscripts with identical
declarations had a median of 6 authors (IQR=4-8). Signifi-
cant differences were found both in the central tendency
(Mann Whitney U test, p<0.001) and the dispersion
(Moses Test of Extreme Reactions, p<0.001) between the
two groups of manuscripts.

Discussion
Our study showed that authors, when asked about
authorship in a non-instructional way, i.e. without refer-
ence to the ICMJE criteria as a standard in biomedicine
[2], mostly declared contributions that could be matched
to the first two ICMJE criteria (executing research and
writing the manuscript), but not to the third ICMJE
criterion (approving of the final manuscript version).



Figure 1 Distribution of authors’ declared contributions according to their position on the byline (A) and the total number of authors
on a manuscript (B). ICMJE 0 – authors whose contributions could not be matched to ICMJE criteria, ICMJE 1, 2 or 3 – authors whose
contributions could be matched to one, two or all three ICMJE criteria, respectively.

Malički et al. BMC Medical Research Methodology 2012, 12:189 Page 6 of 8
http://www.biomedcentral.com/1471-2288/12/189
The authors also most often used the wording of the
ICMJE definition to describe their contributions. The
declarations from 13% of the authors could not be
matched to any ICMJE criterion. The fraction of such
authors decreased with the increasing number of authors
and their remoteness from the first byline position.
Our study is limited by its cross-sectional design, but

our findings are strengthened by a high response
rate, since filling out authorship forms is mandatory
for manuscript processing in most science journals.
Generalizability of the findings to other medical journals
and research and academic settings can also be ques-
tioned as the study was performed in a single journal.
However, the results are consistent with the previous
finding from authorship studies in our journal, which
included both survey and randomized study designs
[9-12], as well as with studies from other journals or
academic settings [3,4,6-8].
Despite the fact that we asked an open-ended question

and did not provide instruction on ICMJE definition as
accepted authorship criteria in biomedicine, most of the
reported contributions matched those described in the
ICMJE definition of authorship. However, only 15.6% of
the authors whose contributions could be matched to
ICMJE definition satisfied all three ICMJE criteria. Fur-
ther 38.6% declared contributions exclusively to the first
two ICMJE criteria (research and writing). As authors
made this declaration on a signed statement after manu-
script submission, it can be assumed that they gave
approval to the manuscript submitted to the journal. If
their signature is then taken as a fulfillment of the third
ICMJE criterion, the overall fraction of deserving author-
ship according to the ICMJE increases to 54.2%, which is
similar to the results of our previous studies (range from
39% to 75%) that were based on the ICMJE definition
and which had different study designs [9-12]. Approval
of the manuscript can be regarded as something that is
outside of the creative effort of researchers, and it can
even be impossible to obtain in cases when one of the
researches dies before the final version of the manuscript
is finished. Today many journals require contact e-mails
from all of the listed authors, subsequently informing
them that the corresponding author had submitted an
article in their name. Consequently, this makes the final
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approval a procedural requirement, and not necessarily a
criterion for authorship contribution.
The lack of regard for final approval as a criterion for

deserved authorship observed in this study, which had a
cross-sectional design and did not refer to the ICMJE
criteria, confirms the results of our previous study where
we showed in a randomized study design that the “final
approval of the article” was an inherently different
category from other contributions and that it should be
considered rather as an administrative requirement simi-
lar to signing of a copyright transfer [11]. Furthermore,
our recent analysis of journals from different research
fields, including social sciences and humanities, also
demonstrated that authorship definitions by journals,
publisher and professional organizations or associations
mostly addressed research and/or writing as contribu-
tions necessary for authorship [14]. In our study, authors
who declared a single contribution that could be
matched to an ICMJE criterion, declared research
contribution more often (in 31.8% cases) than writing
contribution (in 9.4% cases).
The “fractionation” of authorship into more contribu-

tion categories was evident in multi-authored articles,
where the number of contributions declared increased in
manuscripts with more than 8 authors and specifically
in those where authors declared ICMJE matching contri-
butions. Taken together with the finding that overall,
non-ICMJE matching contributions were more frequent
in manuscripts with few authors (1–3 per byline), this
indicates that authors from smaller research collabora-
tions do not see the need to elaborate on their contribu-
tions, as their role in research presented is clear. In
larger collaborative groups, contribution declaration
seems to require a coordinated effort, particularization
and careful distribution of contributions. Our study was
not designed to check whether each individual author
really filled in the form (although each was separately
signed by individual authors), but the finding that manu-
scripts with more than 6 authors had more declaration
forms with identical wording of the declarations indi-
cates that filling in the forms could either be a centra-
lized effort to formally satisfy journal’s requirements or
that authors simply copied from each other, without
engaging in truthful elaboration of their contributions.
Different behavior in authorship declaration with in-
creasing number of authors on manuscripts can also be
related to the current publishing practices in biomedi-
cine, where the number of authors was not perceived as
an important issue for academic performance, in con-
trast to the position on the byline and the journal’s
impact factor, explaining at least in part the increase in
the number of authors per publication [15].
Single authors or authors of manuscripts with 2 to 4

authors had most ICMJE non-matching contribution
statements. These authors usually stated that they made
a significant contribution, without any specification, or
they disclosed their professional expertise in the field.
These statements, however, cannot be taken to imply
undeserved authorship; they rather suggest differences
in perceptions of the authors to the established criteria
for authorship and the means of their reporting.
Despite the fact that our authorship forms had a

required line where the authors had to sign their name if
they agreed to be listed as an author in the submitted
manuscript; a small number of authors, who answered
our authorship question with only a “Yes”, most likely
perceived that question as just another required con-
firmation of their authorship. Perception of authorship
declarations as a form of external check-list necessary
for manuscript submission is also supported by the fin-
ding that almost a third of the respondents in our study
did not use full or partial sentences to a question that
required an answer in the form of a sentence. Providing
a list of contributions instead of a sentence may be the
result of authors’ experience and familiarity with the
prevalent practice in biomedical journals to formulate
their contribution declarations as checklists.
Conclusion
Based on our previous research into authorship [9-12],
particularly our finding that authorship is not a norma-
tive issue subjective to categorization into criteria, but a
very personal view of the importance and value of one's
contributions [13], we hypothesized that journals should
ask the authors a simple questions “Why do you think
you deserve to be the author of this manuscript?” [9].
The current study demonstrated that such an open-
ended authorship declaration without instructions on
any available authorship criteria elicits responses from
authors that are similar to responses when the ICMJE
criteria are explicitly required. Contribution declaration
is especially problematic in multi-authored collaborative
research efforts. Taken together with the results of our
recent systematic review on authorship research [1], par-
ticularly the disappointing findings that the practice of
contribution declaration has not reduced the number of
authors on the byline [16,17], there is enough evidence
that current authorship criteria in medicine are not
adequate and that they should be revised to capture
those deserving authorship in biomedical research. We
believe that obligatory inclusion of authorship issues in
research education, as well as planning of authorship
during the development of research protocols would
enable fair recognition of all contributions to the
research effort. The task of journal editors in this system
would not be that of regulating authorship criteria and
monitoring authorship eligibility, but that of maintaining
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public trust in the research enterprise by ensuring the
transparency of the authorship decision process.
Additional files
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whose free text authorship statements included both ICMJE matching
and non-matching contributions.

Additional file 2: Table S2. Sentence structure of authors’ answers
(n=1282) to the open-ended question: Why do you think you should be
the author on this manuscript?

Additional file 3: Figure S1. Distribution of manuscripts with (closed
bars) or without (open bars) identical contribution declarations from at
least 2 authors according to the number of authors on the manuscript.
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