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APRESENTACAO

Esse Trabalho de Conclusédo de Curso foi redigido sob a forma de artigo
ao qual foi elaborado segundo as normas da revista Journal of Microbiological

Methods, apresentadas em anexo.
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ABSTRACT
ARTICLEINFO

Nonfermenting Gram negative bacilli, such as Pseudomonas aeruginosa and Acinetobacter baumannii are important

Keywords:

nosocomial pathogens listed as critical among the World Health Organization priorities of pathogens which urgently

require n e w antibiotics. The right empiric antibiotic prescription can contribute to a more successful treatment, seeing

antimicrobial resistance,
carbapenemase, carbapenem-
resistance, rapid detection

that these two known pathogen s are often found with resistance to antibiotics that are commonly used across the world.
In this experiment, the use of a new method for detecting carbapenem-resistance in Acinetobacter baumannii, called
the Rapid Resalmipinem/ Acinetobacter NP test, was tested if it could be applied also for P. aeruginosa. It was shown that

exactly how it was projected for A. baumannii doesn't work for P. aeruginosa and it was suggested that testing further

conditions, this technique might be implemented to detect P. aeruginosa resistance to carbapenems as well.

1. Introduction
Pseudomonas aeruginosa is one of the most frequent nosocomial
opportunistic pathogens (1,2), commonly affecting hospitalized patients,
especially those suffering with immunodeficiency, requiring ventilation, as
well as patients with chronic obstructive pulmonary disease (COPD), among
other predisposing conditions. These bacteria contributes to morbidity and
mortality of patients with cystic fibrosis (3,4,5). Moreover, carbapenem
resistance in P. aeruginosa and Acinetobacter baumannii was the main
reason why both were listed in the “Priority 1: Critical” category of the World
Health Organization (WHO) global priorities to which new antibiotics are
urgently needed (6).
B-lactams are one of the most effective drugs against P. aeruginosa. They act
inhibiting the peptidoglycan-assembling transpeptidases, avoiding adequate
formation of cell wall. The carbapenem imipenem is one of the most effective
drug against P. aeruginosa, however, the incidence of imipenem resistance is
a major issue of concern. Carbapenem resistance among P. aeruginosa may
include (i) derepression of the chromosomal AMPc cephalosporinase; (ii)
production of carbapenemase belonging to class A, class D and/or class B;
(iii) loss of outer membrane porin (OprD); (iv) overexpression of active efflux
systems with a broad substrate profiles (1,6,7,8,9,10,11).
It is well recognized that there is a linear increased mortality associated with
a first antibiotic administration delay in patients with severe septic shock, for
example. In this concern, the early identification and treatment of infections
with appropriate antibiotic therapy has an important impact on the outcome
of patients with sepsis and septic shock (12). Therefore, an accurate and
rapid method to detect carbapenem resistance is desirable to prescribe a
more efficient treatment, rather than using an empirical treatment that
might not work properly due to antibiotic resistance, which might be life
threatening for patients. Indeed, the determination of minimum inhibitory
concentrations (MICs) by the broth microdilution (BMD) has become
unacceptably slow in the context of resistance to most antibiotics used as
empiric therapy (13).

Rapid Resalmipenem/Acinetobacter NP test was developed to
determine carbapenem susceptibility/resistance among A. baumannii. It is
based on a colorimetric reaction, the reduction of resazurin to resorufin, by
the metabolic activity of bacterial cells, detecting their growth in the
presence of carbapenem (13). The main objective of this work was to
evaluate the applicability of Rapid Resalmipenem/ Acinetobacter NP test
among our collection of Acinetobacter spp, as well as P. aeruginosa, in
detecting carbapenem resistance.

2. Materials and methods

2.1. Bacterial strains:
Overall, 9 P. aeruginosa and 55 A. baumannii recovered from two different
hospitals of Porto Alegre, Brazil, were included in the study. Isolates were
maintained at the Bacteriology Laboratory (LABAC) from the Federal
University of Rio Grande do Sul, Brazil.

2.2 Susceptibility test:
Susceptibility test: Resistance to imipenem was defined by determining MIC
values by broth microdilution in duplicate, interpreted according to EUCAST
breakpoints (P. aeruginosa isolates were categorized as susceptible when
MICs using imipenem were < 0.001mg/L and resistant when MICs were
>4mg/L; A. baumanii isolates were categorized as susceptible when MICs
using imipenem were <2mg/L and resistant when MICs were >4mg/L).

2.2 Rapid Resalmipinem/Acinetobacter NP test:
The test was performed as previously described (13). P. aeruginosa ATCC
27853 was used as a negative control. The resazurin aqueous solution was
prepared at a concentration of

0.02%, filtered with a polytetrafluoroethylene filter (0,22 pm pore size).
Experiment was performed as follows:

- In columns A, D and G it was added 180uL of Mueller Hinton Broth;

- In columns B, E and H it was added 180pL of Mueller Hinton Broth plus
6.67pg/mL of imipenem to get a final concentration of 6pg/mL;

- 20uL of bacterial suspension (using a 3.0 McFarland standard) was added to
each well;

- 20puL of resazurin 0.02% solution were added to each well.

The tray was incubated for 5 hours, with visual inspections every 30 minutes
to detect any color change (blue to purple/pink).

3. Results

RESULTS: Overall, 64 clinical isolates were evaluated: 9 P. aeruginosa and 55
A. baumannii. Table 1, figure 1 present results of Resalmipinem/Acinetobacter
NP test for both P. aeruginosa and A. baumannii. The test presented 100%
sensitivity (for known resistant strains). Isolates susceptible to imipenem
(defined by the gold-standard BMD method) were considered resistant by
the Resalmipinem/Acinetobacter NP test. Considering species, the test for A.
baumannii presented 100% sensitivity and specificity. On the other hand,
although all P. aeruginosa resistant to imipenem were correctly characterized,
susceptible isolates presented false positive results.

Table 1: Results of Resalmipinem/Acinetobacter NP among clinical
isolates of P. aeruginosa and A. baumanni

BMD Resalmipenem/ Acinetobacter
IDENTIFICATION IMIPENEM NP test
Sampled INTERPRETATI
HNF 0 Material ON Mmic Time Result
Tracheal
1 P. aeruginosa Aspirate R 64 Sh00 Positive
2 P. ceruginosa Urine R 64 5h0o0 Positive
Tracheal
3 P. aeruginosa Aspirate R >256 Shoo Positive
4 P. seruginosa Urine R 16 5h00 Positive
6 P. aeruginosa LBA S 1 Shoo Positive
7 P. oeruginosa Urine R 32 5h00 Positive
8 P. aeruginosa Urine R 8 Shoo Positive
Tracheal
9 P. oeruginosa Aspirate | 4 4h00 Positive
Tracheal
10 P. aeruginosa Aspirate S 1 ShO0 Positive
278 A, boumannii Sputum R 8 2h00 Positive
279 A. boumonnil Sputum R 8 3h00 Positive
Tracheal
281 A. boumannil Aspirate R 16 2h30 Positive
282 A. boumannii Soft Tissue R 8 2h30 Positive
283 A. boumonnii Sputum R 8 3h00 Positive
284 A, baumannii Abscess R 8 2h30 Positive
285 A, baumonnil Abscess R 8 2h00 Positive
Tracheal
286 A. boumennil Asplrate R 32 3h00 Positive



Table 1 (continuation)
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4. Discussion: Because of the emergence and spread of carbapenem
resistance among gram-negative bacilli, the need for rapid methodology to
detect this resistance has become even more important (13). Resazurin is
an atoxic purple phenoxazine dye, weakly fluorescent that is converted to
resorufin (pink) in the presence of amines present in cellular
oxidoreductases, that causes the deoxygenation of the N-oxide group and
drags down the pH below turning point 6.5. The concentration of the
suspension containing resazurin directly determines the time-point for a
visible irreversible conversion from blue (above pH 6.5) to a highly
fluorescent pink (pH 6.5 to 3.8), noting that when the medium becomes
more acidic than pH 3.8 the dye is reversibly reduced to the colorless
dihydroresorufin by deoxygenation and further reduction by organic
compounds produced through bacterial metabolism, which was observed
20 hours after the tray incubation (14,15,16).

In this experience resazurin was used as the indicator, using a 6pug/mL
concentration of imipenem-cilastatin, a value that is subtly above that
defines imipenem resistance. (17).

Resistance to carbapenems among these non-fermenting bacteria are
endemic in Brazil and, in our setting, isolates presenting susceptibility to
carbapenem has become a minority group (18,19), therefore no sensitive
A. baumannii strain was found when the tests were being conducted.
Therefore, new combinations of B-lactams and B-lactamase inhibitors are
being used to treat infections caused by carbapenem-resistant strains
(20).

The test showed rapid (around 2h30 after tray incubation) and well
defined results for all of the A. baumannii isolates, whilst not the same
was observed on P. aeruginosa isolates, which required approximately 5
hours to start showing results, including a high rate of false positives, as
described on Table 1, where the turning point to positive was similar for
both resistant and sensitive strains (5h00). This happened probably due to
the prolonged incubation time necessary to offer any result. Reducing the
broth pH slightly was a condition tested in an attempt to improve to
reduce the incubation time to get a turning point for P. aeruginosa but it
didn’t help to promote better results. P. aeruginosa expresses cytochrome
¢ oxidase (oxidase positive), while A. baumannii doesn't (oxidase
negative). This might be a key metabolism difference between the species
that affects the applicability of the Resalmipinem /Acinetobacter NP test
for P. aeruginosa. Different types of cytochrome c are expressed under
different conditions, such as oxygen level and nutrient starvation, others
are constitutive (21).

5. Conclusion: The Resalmipinem /Acinetobacter NP test seemed to be
viable, rapid and accurate for Acinetobacter baumannii but not for P.
aeruginosa. Further conditions and different dyes can be tested in order to
obtain optimal results for P. aeruginosa as well. We recommend to use a
larger number of samples tested.
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ANEXOS

Trabalho de conclusdo de curso apresentado em modelo de artigo da Journal of
Microbiological Methods. O guia para autores publicado pela prépria revista, utilizado
para a escrita desse trabalho segue no endereco eletrénico:
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g Introduction

The journal publishes full-length articles describing original work, notes (short concise
communications), and review articles on methods, including their development,
applicability, and present status. Microbiologists are encouraged to submit to the editors
product information and a summary of articles published elsewhere with relevance to the
readers of the journal. This information is subject to editorial approval. Articles describing
the use of computers with software description are welcome. Submissions of a paper to
this journal is understood to imply that it has not previously been published and that it is
not being considered for publication elsewhere.

Types of paper
Full length Original Research Articles: Describing original work.

Review Articles: Reviews that do not contain experimental (hands-on) establishment of
a method, but instead concern a summary or an evaluation of previously described
methods, are welcome. Generally, the author should contact an editorial board member
or editor familiar with the area who would then act as a sponsor. The name and address
of the sponsor should be listed on the front page of the manuscript and will appear in the
front page of the published article. Unsolicited articles may be sent to an Editor or Editor-
in-Chief but it is preferred that approval of the topic area is obtained before the review is
written.

Short Communications: A " Short Communication " is intended for the presentation of
brief observations that do not warrant full-length papers. A Short Communication should
be brief descriptions of novel apparatus or techniques, requiring real ingenuity on the
author's part, that offer definite advantages over those already available. The abstract
should be no more than 50 words, have no section headings in the body and report
methods, results, and discussion in a single section. The text should be kept to a
minimum and if possible should not exceed 1,000 words; the number of figures and
tables should also be kept to a minimum (2-3 maximum). Materials and methods should
be described in the text, not in figure legends or table footnotes. Acknowledgments
should be presented as in full-length papers, but no separate heading is used. The
References section is identical to the full-length papers.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for

more details.

Ensure that the following items are present:



One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

 Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa
» Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

» A competing interests statement is provided, even if the authors have no competing
interests to declare

« Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

a Before You Begin

Language and language services

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors whose primary language is not English, are strongly
encouraged to submit manuscripts after their being edited for correct English. This will
speed up and increase the likelihood of acceptance of an article during the reviewing
process. Authors who require information about language editing and copyediting
services pre- and post-submission please visit https://webshop.elsevier.com/language-
editing-services/language-editing/ or our customer support site

at https://service.elsevier.com for more information.

Ethics in publishing

Please see our information on Ethics in publishing.

Declaration of competing interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. Authors
should complete the declaration of competing interest statement using this template and
upload to the submission system at the Attach/Upload Files step. Note: Please do not
convert the .docx template to another file type. Author signatures are not
required. If there are no interests to declare, please choose the first option in the
template. More information.
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Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried
out, and that, if accepted, it will not be published elsewhere in the same form, in English
or in any other language, including electronically without the written consent of the
copyright-holder. To verify compliance, your article may be checked by Crossref
Similarity Check and other originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with

Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not count as
prior publication (see 'Multiple, redundant or concurrent publication' for more
information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Content should make no assumptions
about the beliefs or commitments of any reader; contain nothing which might imply that
one individual is superior to another on the grounds of age, gender, race, ethnicity,
culture, sexual orientation, disability or health condition; and use inclusive language
throughout. Authors should ensure that writing is free from bias, stereotypes, slang,
reference to dominant culture and/or cultural assumptions. We advise to seek gender
neutrality by using plural nouns (“"clinicians, patients/clients”) as default/wherever
possible to avoid using "he, she,” or "he/she." We recommend avoiding the use of
descriptors that refer to personal attributes such as age, gender, race, ethnicity, culture,
sexual orientation, disability or health condition unless they are relevant and valid. When
coding terminology is used, we recommend to avoid offensive or exclusionary terms
such as "master"”, "slave", "blacklist" and "whitelist". We suggest using alternatives that
are more appropriate and (self-) explanatory such as "primary", "secondary”, "blocklist"
and "allowlist". These guidelines are meant as a point of reference to help identify
appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization;
Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization;
Roles/Writing - original draft; Writing - review & editing. Authorship statements should be
formatted with the names of authors first and CRediT role(s) following. More details and

an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship
list should be made only before the manuscript has been accepted and only if approved
by the journal Editor. To request such a change, the Editor must receive the following
from the corresponding author: (a) the reason for the change in author list and (b)
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written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript
has already been published in an online issue, any requests approved by the Editor will
result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your
manuscript. This means that if an editor feels your manuscript is more suitable for an
alternative journal, you might be asked to consider transferring the manuscript to such a
journal. The recommendation might be provided by a Journal Editor, a

dedicated Scientific Managing Editor, a tool assisted recommendation, or a combination.
If you agree, your manuscript will be transferred, though you will have the opportunity to
make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative works,
including compilations and translations. If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and
credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete a 'License Agreement' (more information). Permitted third party reuse of gold
open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; in
the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement, it is recommended to state this.
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Open access

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable guides
and resources to guide you through the process of writing for research and going
through peer review. Feel free to use these free resources to improve your submission
and navigate the publication process with ease.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required
to typeset your article for final publication. All correspondence, including notification of
the Editor's decision and requests for revision, is sent by e-mail.

g Preparation

Queries

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts your
files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript
as a single file to be used in the refereeing process. This can be a PDF file or a Word
document, in any format or lay-out that can be used by referees to evaluate your
manuscript. It should contain high enough quality figures for refereeing. If you prefer to
do so, you may still provide all or some of the source files at the initial submission.
Please note that individual figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract, Keywords,
Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with
Captions.

If your article includes any Videos and/or other Supplementary material, this should be
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included in your initial submission for peer review purposes.
Divide the article into clearly defined sections.

*Please ensure your paper has consecutive line numbering - this is an essential
peer review requirement.

*Also the manuscript should be double line spaced

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable are
then typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. Editors are not involved
in decisions about papers which they have written themselves or have been written by
family members or colleagues or which relate to products or services in which the editor
has an interest. Any such submission is subject to all of the journal's usual procedures,
with peer review handled independently of the relevant editor and their research
groups. More information on types of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with an editable file of the entire article. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. The
electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section on
Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
‘grammar-check’ functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on
its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated by
a reference. If quoting directly from a previously published method, use quotation marks
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and also cite the source. Any modifications to existing methods should also be
described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a Calculation
section represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations
and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion
section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your
article.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eg. (B.1) and so on. Similarly for tables and figures: Table
A.l; Fig. A1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each
author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-mail
address is given and that contact details are kept up to date by the corresponding
author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address’ (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.



Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your
article via search engines. They consist of a short collection of bullet points that capture
the novel results of your research as well as new methods that were used during the
study (if any). Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

For 'Notes' Abstract should be no longer than 50 words

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328
pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13
cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or
MS Office files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's lllustration Services to ensure the best presentation
of their images and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly established
in the field may be eligible. These keywords will be used for indexing purposes.

US or GB spelling 3-6 (Alphabetized)

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.qg.,
providing language help, writing assistance or proof reading the article, etc.).
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Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
XXXX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, it is recommended to include the
following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors build footnotes into the text, and this feature may be used.
Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse
and will be dealt with accordingly. For graphical images, this journal is applying the
following policy: no specific feature within an image may be enhanced, obscured,
moved, removed, or introduced. Adjustments of brightness, contrast, or color balance
are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be
disclosed in the figure legend.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate
source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
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TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

» Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the
preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. If you are
working with LaTeX and have such features embedded in the text, these can be left. See
further under Electronic artwork.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented
in them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules and shading in table cells.

Tables should be compiled on separate pages with a short descriptive title, and legend if
required, and numbered consecutively.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but
may be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a substitution
of the publication date with either 'Unpublished results' or 'Personal communication'.
Citation of a reference as 'in press' implies that the item has been accepted for
publication.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, Crossref and PubMed, please ensure that data provided in
the references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is highly
encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue is:
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of
such citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication,
the formal publication should be used as the reference. If there are preprints that are
central to your work or that cover crucial developments in the topic, but are not yet
formally published, these may be referenced. Preprints should be clearly marked as
such, for example by including the word preprint, or the name of the preprint server, as
part of the reference. The preprint DOI should also be provided.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins from
these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically
formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes
before submitting the electronic manuscript. More information on how to remove field
codes from different reference management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself
they should be arranged according to the following examples:

References should be listed by author name and year of publication in parentheses in
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the body of the text [i.e.(Crissman and Hadley, 1995) two authors; (Crissman et al.,
1998) more than two authors} and listed alphabetically in the reference section.
References to journals should contain the names and initials of all authors, the year of
publication, the title of the paper, the title of the periodical abbreviated according to List
of Serial Title Word Abbreviations (available from the International Serials Data System,
20 rue Bachaumont, 75002 Paris, France. ISBN 2-904938-02-8), the volume number,
and page number. References to books should also include the title of the book, the
editors, and publishers. See examples below.

Schiuler, D., Uhl, R., Bauerlein, E., 1995. A simple light scattering method to assay
magnetism in Magnetospirillum gryphiswaldense. FEMS Microbiol. Lett. 132, 139--145.

Tyssen, P., 1993. Hybridization with nucleic acid probes. In: Laboratory Techniques in
Biochemistry and Molecular Biology, Vol. 24, Elsevier, Amsterdam, pp. 375-436.

Shockman, G.D., Holtje, J.-V., 1994. Microbial peptidoglycan (murein) hydrolase. In:
Ghuysen, J.-M.,Hakenbeck, R.(Eds.), Bacterial Cell Wall. Elsevier, Amsterdam, pp. 131-
166.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references can be listed
either first alphabetically, then chronologically, or vice versa.

Examples: ‘as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or,
as demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b’, 'c', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59. https://doi.org/10.1016/}.S5¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc.,
New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://lwww.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13
March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1.



https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini,
G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S.,
Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version
0.88). Zenodo. https://doi.org/10.5281/zenodo.3727209.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide
the file in one of our recommended file formats with a preferred maximum size of

150 MB per file, 1 GB in total. Video and animation files supplied will be published online
in the electronic version of your article in Elsevier Web products,

including ScienceDirect. Please supply 'stills' with your files: you can choose any frame
from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the "Track Changes' option in
Microsoft Office files as these will appear in the published version.

Research data

This journal requires and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
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There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
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editorially reviewed, published open access and linked to your research article on
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