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Abstract: Detection of polymyxins susceptibility by clinical laboratories is a nightmare
mainly because of physicochemical properties of the drug. The aim of this study was to
evaluate accuracy of Polymyxin B Broth Disk Elution (PBDE), as screening test, compared
to Broth Microdilution (BMD). We evaluated 196 Enterobacterales resistant to
carbapenems. BMD was performed as standardized by EUCAST and CLSI. PBDE was
performed in 15-mL cation-adjusted Mueller-Hinton broth where one polymyxin B disk
(300 1U) was eluted (2 pg/mL). Results were interpreted based on visual turbidity.
Categorical Agreement (CA) was 99.5%, sensitivity and specificity were 98.9% and100%,
respectively, after 16-20 hours of incubation. Sensitivity of PBDE with shorter incubation
time were 63.6%, 69.7% and 78.8% after 6h, 7h and 8h, respectively. Those sensitivities
were mainly compromised by isolates presenting borderline MICs. PBDE is a cheap and
easy to perform methodology as reliable as BMD to evaluate the susceptibility to

polymyxin B among Enterobacterales.

Keywords: Polymyxin B, Polymyxin Broth Disk Elution, antimicrobial susceptibility

testing.



1. Introduction

Enterobacterales are the biggest and most heterogeneous group of clinically
relevant gram-negative bacilli. They are responsible for 30 to 35% of sepsis cases and

more than 70% of urinary tract infections, among other infections (Wilson et al., 2004).

In the last few years, it has been observed the emergence of carbapenem-
resistant gram-negative bacteria, which may be quite difficult to treat (Satlin, 2010) and
search for new therapeutical options has been challenging (WHO, 2014). In this context,
there has been a renaissance in the use of both polymyxin B and colistin (polymyxin E)
over the last decade (Vasoo, 2017), years after they were abandoned as systemic
antimicrobial agents because of their high nephrotoxicity and neurotoxicity (Falagas and

Kasiakou, 2005; Koch-Weser et al., 1970).

Polymyxins were first recognized to have broad-spectrum activity against gram-
negative bacteria in the 1940s (Falagas and Kasiakou, 2005; Koch-Weser et al., 1970).
These molecules, which are large polycationic peptide, bind to the negatively charged
lipopolysaccharide (LPS) of gram-negative bacteria, causing disruption of the outer

membrane, eventually leading to cell death (Olaitan et al., 2014).

However, the widespread use of polymyxins, which are considered the last line
drugs for treatment of infections caused by carbapenem-resistant gram-negative
bacteria, lead to increasing prevalence of resistance to this antimicrobial. This resistance
may be intrinsic or acquired, with the most common mechanism resulting from
alterations in genes that lead to limited polymyxins binding to the outer membrane due
to reduction of overall negative charge of LPS. Furthermore, after the first plasmid-
mediated colistin resistance gene (mcr-1) was described in 2015, resistance to
polymyxins became an even more worrying public health problem, given their potential
to readily disseminate among clinical pathogens (AbuOun et al., 2017; Borowiak et al.,
2017; Carattoli et al., 2017; Pogue et al., 2017; van Dorp et al., 2018; Xavier et al., 2016;
Yang et al., 2018; Yin et al., 2017; Zhou et al., 2018).

The physicochemical properties of the drug turn the detection of susceptibility

to polymyxins a challenging task for laboratories. Techniques based on disc-diffusion are



not recommended by either Clinical and Laboratory Standards Institute (CLSI) or
European Committee on Antimicrobial Susceptibility Testing (EUCAST) and gradient-
based methods are not sufficiently accurate to evaluate susceptibility to polymyxins
(Poirel et al., 2017). Instead, both CLSI and EUCAST recommend Broth Microdilution
(BMD) as reference method to determine the Minimal Inhibitory Concentration (MIC)

and evaluate susceptibility to polymyxins.

BMD, however, is laborious and not performed in many clinical microbiology
laboratories, which often rely on diffusion or automated systems for susceptibility
testing (Vasoo, 2017). Indeed, those laboratories probably miss a practical and reliable

method to identify polymyxins susceptibility (Simner et al., 2019).

In this scenario, Polymyxin B Broth Disk Elution (PBDE) has been recently
proposed as an easier methodology to be performed in routine of microbiology
laboratories. The principle of the test is the elution of antibiotic, at room temperature,
from a commercial disc to Mueller-Hinton broth, where bacteria will be suspended,
then. Polymyxin resistant isolates will be able to grow in this solution after 16 to 20 hours

of incubation at 35°C (Simner et al., 2019).

In this context, the aim of this study was to evaluate PBDE in a single antibiotic
concentration, as a screening test to identify polymyxin B resistant Enterobacterales

searching for a more practical method with results as reliable as BMD.
2. Material and Methods
2.1. Bacterial Isolates and susceptibility profile

We evaluated 196 non-duplicated isolates of Enterobacterales resistant to
carbapenems recovered from inpatients of three hospitals in Porto Alegre city, South
Brazil. One hundred and nine were obtained from Hospital 1, thirteen from Hospital 2

and the other seventy-four isolates were recovered from inpatients of Hospital 3.

Polymyxin B BMD was performed for all isolates as reference method and results
obtained were interpreted based on CLSI and EUCAST guidelines, i.e., bacteria

presenting MIC > 2 ug/mL were considered resistant.
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Isolates included mainly Klebsiella pneumoniae (n= 173), but also Klebsiella
oxytoca (n=6), Escherichia coli (n=5), Enterobacter cloacae complex (n=5), Serratia
marcescens (n=2), Providencia rettgeri (n=2), Citrobacter freundii (n=2) and Klebsiella
ozanea (n=1). E. coli ATCC 25922 and a Morganella morganii (identified by MALDI-TOF)
from our personal collection, intrinsically resistant to polymyxins (polymyxin MIC > 64

ug/mL), were used as negative and positive controls, respectively.
2.2. Polymyxin B Broth Disk Elution (PBDE)

PBDE was performed according to Simner et al. (2019), with modifications.
Briefly, it was used two 15-mL cation-adjusted Mueller-Hinton broth (Sigma-Aldrich)
tubes per isolate. One tube was used as growth control and in the other it was added
one 300 IU-polymyxin B disk (Oxoid), generating a final concentration of 2 pg/mL of
polymyxin B in the 15 mL solution. This tube was maintained at room temperature for

30 minutes to allow polymyxin B to elute from the disk to the broth.

Bacterial suspensions were prepared by adding colonies from an overnight
Tryptone Soy Agar (Oxoid) plate in sterile saline and adjusting the turbidity to match the
0.5 McFarland standard tube. A 75 ulL aliquot of the suspension was added to each tube,

reaching a final bacterial concentration of approximately 7.5 x 10° UFC/mL.

Results were read visually after 16 to 20 hours of incubation at 35°C and isolates
were considered resistant when showing growth (visual turbidity) at the tube with 2

ug/mL of polymyxin B. Readers were blinded to MIC results.

A subset of 33 resistant bacteria were selected to perform readings in 6, 7 and 8
hours trying to reduce incubation time. Isolates included Klebsiella pneumoniae (n=32)

and Serratia marcescens (n=1).
3. Results

We evaluated 196 isolates carbapenem-resistant Enterobacterales. Among
them, ninety (45.9%) were resistant to polymyxin B (including 4 intrinsically resistant
bacteria — 2 S. marcescens and 2 P. rettgeri), while the remaining 106 (54.1%) were

susceptible to this drug when evaluated by BMD. Polymyxin B MICs varied from < 0,125
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to >64 ug/mL, with 34 isolates (17.3%) presenting borderline MICs (2 or 4 pg/mL),
according to EUCAST breakpoints (Table 1).

PBDE demonstrated an excellent performance, as Categorical Agreement (CA)
with BMD was 99.5%. Indeed, 89 out of 90 isolates resistant to polymyxin B (MIC > 2
ug/mL) did grow in tubes containing eluted antibiotic (sensitivity 98.9%). Only one K.

pneumoniae with polymyxin B MIC of 4 ug/mL was negative by PBDE.

Among 106 susceptible Enterobacterales evaluated, all of them presented
negative results by PBDE (specificity 100%), including those presenting MIC of 2 pug/mL.
Polymyxin B susceptibility profile of isolates included in this study, defined by both the

methods (considering ordinary incubation time for PBDE), is demonstrated in Figure 1.

Table 2 presents MICs and results of the subset of isolates evaluated after shorter
incubation. We observed that 21 isolates (63.6%) had positive results after 6 hours of
incubation, another 2 isolates after 7 hours, 3 other isolates after 8 hours. Seven isolates
only had positive results after the usual 16 to 20 hours of incubation; six out of those 7
had borderline MICs (4 pg/mL). Therefore, sensitivity of PBDE with shorter incubation
were 63.6%, 69.7% and 78.8% after 6h, 7h and 8h, respectively.

TABLE 1: Minimal Inhibitory Concentration distribution among Enterobacterales

Isolates Total MIC (pg/mL)
£0,125 0,125 0,25 0,5 1 2 4 8 16 32 64 >64

K. pneumoniae 173 9 1 23 23 16 15 18* 10 @ 18 : 27 9 4

K. oxytoca 6 3 1 1 1

E. coli 5 1 2 2

E. cloacae 5 1 2 1 1

complex
S. marcescens 2 2

P. rettgeri 2 2

C. freundii 2 1 1

K. ozanea 1 1

Columns highlighted in blue represent borderline MICs, according to EUCAST.
*Includes one K. pneumoniae presenting false negative result
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Figure 1: Susceptibility profile to polymyxin B of the isolates according to BMD and
PBDE methods.
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TABLE 2: Results of PBDE applying reduced incubation time

Isolate MIC Incubation time
6h 7h 8h Standard*
S..marcescens. >64 POS POS PQOS POS
K.pneumoniae >64 POS POS POS POS
K.pneumoniae 64 POS POS POS POS
K.pneumoniae 64 POS POS POS POS
K.pneumoniae 64 POS POS POS POS
K.pneumoniae 64 NEG POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 POS POS POS POS
K.pneumoniae 32 NEG NEG POS POS
K.pneumoniae 32 NEG NEG POS POS
K.pneumoniae 32 NEG NEG NEG POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 POS POS POS POS
K.pneumoniae 16 NEG POS POS POS
K.pneumoniae 8 POS POS POS POS
K.pneumoniae 8 NEG NEG POS POS
K.pneumoniae 4 POS POS POS POS
K.pneumoniae 4 POS POS POS POS
K.pneumoniae 4 NEG NEG NEG POS
K.pneumoniae 4 NEG NEG NEG POS
K.pneumoniae 4 NEG NEG NEG POS
K.pneumoniae 4 NEG NEG NEG POS
K.pneumoniae 4 NEG NEG NEG POS
K.pneumoniae 4 NEG NEG NEG POS

* 16 to 20 hours of incubation



4, Discussion

Dissemination of carbapenem-resistant gram-negative bacteria may
compromise treatment, raising mortality rates, hospital stay duration and hospital costs
(Federico and Furtado, 2018). In such situation, the use of polymyxins has spread
dramatically over the last years, followed by increasing resistance to this antibiotic

(ECDC, 2017; ESPAUR, 2017; Giamarellou, 2016; Monaco et al., 2014, Otter et al., 2017).

The methodology recommended by CLSI and EUCAST to detect resistance to
polymyxins (BMD) is laborious and may be difficult to insert on routine of microbiology
laboratories, which sometimes end up performing easier methodologies demanding
ordinary materials, such as antibiotic disks or antibiotic gradient strips, despite the

recognized inaccuracy (Dafopoulou et al., 2015; Hindler and Humphries, 2013).

Broth Disk Elution methods have been described for antibiotics such as
carbenicillin, chloramphenicol, clindamycin, penicillin, tetracycline (Jorgensen et al.,
1980) and beta-lactams (Redding et al., 1986; Shungu et al., 1985) since the 1980s, and
now emerges as a practical and cheap methodology for polymyxins, costing around USS

0.42 per isolate.

To the best of our knowledge this is the fourth study performing elution to
determine susceptibility to polymyxins. Simner et al. (2019) used Colistin Broth Disk
Elution (CBDE) to evaluate 172 isolates (77.9% susceptible and 22.1% resistant), which
is quite similar to the number we tested (196), although our population presented a
higher proportion of resistant isolates (54.1% susceptible and 45.9% resistant).
Furthermore, Simner et al. (2019) performed the method in concentrations of 1, 2 and
4 pg/mL of colistin. On the other hand, we used elution as a screening methodology with

a unique concentration of polymyxin B, i.e. 2 ug/mL.

Authors mentioned above found a categorical agreement (CA) between the
elution method and BMD of 98%, very similar to ours (99.5%). According to their results,
three mcr-1-producing Escherichia coli had MICs of 4 ug/mL by BMD and 2 pg/mL by
CBDE. These false-negative results in isolates with borderline MICs were the reason why

the sensitivity of CBDE in this study was not higher than 98.3%.
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Dalmolin et al. (2019b) also performed elution test to evaluate colistin
susceptibility for 85 isolates (40% susceptible and 60% resistant) with a unique
concentration of colistin, i.e. 2 pug/mL. They observed sensitivity of 88.2% (6 false-
negative results for isolates with MIC of 4 pug/mL) and specificity of 91.2% (3 false-
positive results: two isolates with MIC of 2 ug/mL and one isolate with MIC < 0.5 pug/mL),

with a general CA of 91.2% for Enterobacterales.

Overall, isolates presenting borderline MICs are the ones that compromise
sensitivity and specificity of laboratorial techniques, once + 1 dilution are universally
accepted when MIC values are considered and this variations for borderline isolates
implies in categorical changes (from susceptible to resistant or vice-versa). Indeed, the
only isolate with false-negative result by PBDE in our study was a borderline K.
pneumoniae with polymyxin B MIC of 4 ug/mL, giving a sensitivity of 98.9%, which is
similar to CBDE performed by Simner et al. (2019) (98.3%).

Moreover, recently, Humphries et al. (2019) described the evaluation of CBDE
performed by the CLSI Antimicrobial Susceptibility Testing Subcommittee, in order to
validate it as an alternative reference susceptibility test for colistin. The method was
performed as described by Simner et al. (2019) with minor modifications and found a
CA of 98.6% for Enterobacterales, an overall sensitivity of 96.8% and specificity of 99.1%.
Results obtained in this study led to the endorsement of the CBDE as colistin
susceptibility testing method by CLSI and will be published in the 30th edition of CLSI
document M100 in January 2020. Interestingly, the authors reinforced that their study
did not evaluate elution with polymyxin B, which was exactly what was performed in our

study.

We mainly analyzed K.pneumoniae (88.3%), decreasing representativeness of
Enterobacterales in this study. However, among this species we have a varied population
considering MIC values, including 17.3% (n = 34) of isolates presenting borderline MICs.
Besides, one may consider that use of PBDE, as a screening test proposed by us, when
compared to BMD is impaired by the qualitative characteristic of its results, i.e.,
"susceptible” or "resistant", without MIC values. Meantime, due to polymyxin-induced

nephrotoxicity, the therapeutic window of polymyxins is very narrow (Nation et al.,
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2019), making it difficult to perform significant adjustments on antibiotic dosage
according to MIC values. In this case, identification of resistant isolates, even without
MIC values, might not be harmful to patient’s treatment. Nevertheless, PBDE can be
described as a simple and accurate screening method to determinate susceptibility to
polymyxin B. Moreover, this methodology may be easily adapted and, as performed
elsewhere (Simner et al., 2019; Humphries et al., 2019; Dalmolin et al., 2019b), more

than one concentration may be used in order to determine MIC values.

Because BMD is time-consuming, other simplest methodologies such as Rapid
Polymyxin NP test have been tested in multiple studies for determining susceptibility to
polymyxins and usually presents very good sensitivity (98 to 100%) and a little lower
specificity (82-100%)(Dalmolin et al., 2019a; Jayol et al., 2018; Malli et al., 2019; Poirel
et al., 2018; Yainoy et al., 2018). The major advantage is the reduced incubation time
(up to 4h). However, this is a method that can only be performed for Enterobacterales
because it detects glucose metabolism related to bacterial growth. Although our
population included only Enterobacterales, Simner et al. (2019), Humphries et al. (2019)
and Dalmolin et al. (2019b) performed Broth Disk Elution for Acinetobacter spp. and
Pseudomonas aeruginosa. Furthermore, Broth Disk Elution tests for polymyxins showed
specificity between 91.2% and 100%, while Rapid Polymyxin NP test can show a worrying

specificity as low as 82%, depending of the bacterial population evaluated.

Based on our results, PBDE seems to be a very accurate method. However,
prolonged incubation time may be a disadvantage. Therefore, we evaluated shorter
incubation for a subgroup of 33 resistant isolates and, as expected, isolates presenting
borderline MICs were the main responsible for the false-negative results, representing
almost all (n=6; 85.7%) isolates with negative results when reduced reading time was
taken into consideration. Therefore, MIC values seems to interfere directly in sensitivity
of test in this case. Indeed, taking into account exclusively isolates with MICs of 8 pg/mL
or more, sensitivity of PBDE with shorter incubation would have a significant increase to
96%: only one of those isolates was not positive in incubations up to 8h. The lower
number of isolates evaluated (n=33) may also have compromised sensitivity of the

method with shorter incubation time.
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5. Conclusion

We concluded that Polymyxin B Broth Disk Elution is a cheap and easy to perform
methodology. It proved to be an accurate method as reliable as BMD to evaluate the
susceptibility to polymyxin B among Enterobacterales. Besides, our results demonstrate
that shorter incubation compromises sensitivity, although it seems to be in a MIC-
dependent way. Moreover, the reduced number of isolates evaluated after shorter

incubation may also have compromised sensitivity.
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APPENDIX - DIAGNOSTIC MICROBIOLOGY AND INFECTIOUS DISEASE
STANDARDS FOR SUBMISSION OF ARTICLES

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You
may choose to submit your manuscript as a single Word or PDF file to be used in the
refereeing process. Only when your paper is at the revision stage, will you be requested
to put your paperin to a 'correct format' for acceptance and provide the items required

for the publication of your article.

Introduction

Diagnostic Microbiology and Infectious Disease also covers such areas as laboratory and
clinical management of microbial diseases, epidemiology and pathogenesis of
infections, automation in the diagnostic microbiology laboratory, and antibiotic
susceptibility testing. Animal studies will only be considered if they specifically address
infectious diseases, laboratory assays or antimicrobial agents relevant to human

infectious diseases.

Diagnostic Microbiology and Infectious Disease keeps you informed of the latest
developments in clinical microbiology and the diagnosis and treatment of infectious
diseases. Packed with rigorously peer-reviewed articles and studies in bacteriology,
immunology, immunoserology, infectious diseases, mycology, parasitology, and
virology. The journal examines new procedures, unusual cases, controversial issues, and

important new literature.

Diagnostic Microbiology and Infectious Disease's distinguished independent editorial
board, consisting of experts from many medical specialties, ensures you extensive and

authoritative coverage.

Diagnostic Microbiology and Infectious Disease features:

- Informed commentaries on new antibiotics
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- Rapid and cost-effective methods in the laboratory

- Instructive case studies with emphasis on complex circumstances

- Insightful editorials on important current issues

- Book reviews that keep you up-to-date on recently published literature.

Diagnostic Microbiology and Infectious Disease also covers such areas as laboratory and
clinical management of microbial diseases, epidemiology and pathogenesis of
infections, automation in the diagnostic microbiology laboratory, and antibiotic
susceptibility testing. Animal studies will only be considered if they specifically address
infectious diseases, laboratory assays or antimicrobial agents relevant to human

infectious diseases.

Types of papers

Papers may be submitted that are full-length articles (including subject review articles),
or case reports. All manuscripts must comply with the required format and word count
described in the “Guide for Authors”. Any deviation from these instructions may result
in immediate rejection. Please note that all manuscripts are checked for plagiarism upon
submission. The Editor-in-Chief reserves the right to reject any manuscript that has too

high a level of similarity to other published works.

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

e Full postal address
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All necessary files have been uploaded:

Manuscript:

¢ Include keywords

e All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e 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/Highlightsfiles (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)

e 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

Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for

journal publication.
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Reporting guidelines

Certain research designs should be reported in DMID articles according to reporting
guidelines: CONSORT for randomized controlled trials; STROBE for observational studies
(including its extensions, STROME-ID for reporting of molecular epidemiology for
infectious diseases and STROBE-AMS for reporting epidemiological studies on
antimicrobial resistance); PRISMA for systematic reviews and meta-analysis; STARD for
diagnostic studies; CHEERS for economic evaluations; and ORION for outbreak reports
and interventional, non-randomized studies of nosocomial infections. The appropriate
checklist should be submitted at the time of the article submission. All reporting
guidelines can be found at the EQUATOR network site: http://www.equator-

network.org/reporting-guidelines

Declaration of 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 competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration of
interest statement in the title page file (if double-blind) or the manuscript file (if single-
blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2.
Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in

both places and that the information matches.

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
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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 copyrightholder. To verify originality, all articles will be checked by the originality
detection service Crossref Similarity Check. The Editor-in-Chief reserves the right to

reject any manuscript that has too high a level of similarity to other published works.

Authorship

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation
of data, (2) drafting the article or revising it critically for important intellectual content,

(3) final approval of the version to be submitted.

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) 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.

Preparation

Introductory information
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Papers for the full-length category should not exceed 3,500 words and 5 tables and/or
figures, except for review articles, which are at the discretion of the editor. Papers for
the Notes category, which is intended for the presentation of brief observations
(including instructive case reports), that do not warrant full-length papers, should not
contain any section heading and should not exceed 1,000 words and 2 figures and/or
tables. Letters to the editor should not exceed 500 words, and in general are limited to
correspondence and observations associated with published articles and should not be

used as a substitute for publishing independent work in the full-length or note formats.

The first page of the manuscript should include: title, running title (of not more than 45
characters and spaces), word counts of the abstract and body of the text, full names of
all authors, address of the institution at which the work was performed, and the
corresponding author's full address, telephone number, and FAX number. Any change

of address by any of the authors should also be noted.

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
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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
included in  your initial submission for peer review  purposes.

Divide the article into clearly defined sections.

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 blind 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.

REVISED SUBMISSIONS

Peer review

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
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manuscripts.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'srammar-check' functions of your word processor. Please include line and page

numbers in your manuscript file.

When submitting your revised manuscript, please include a version of the manuscript
with all changes tracked or highlighted so the editors can easily identify the revisions

that have been made, along with a "clean," unmarked version.

Article structure

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 and also cite the source. Any modifications to existing methods should also be

described.

Results

Results should be clear and concise.
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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.

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, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1;

Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems.

Avoid abbreviations and formulae where possible.

e Author names and dffiliations. 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.

e 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
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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.

Abstract

A concise and factual abstract is required. It should be 150 words or less for full-length
papers and 50 words or less for notes. 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.

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.

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
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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.g., providing language help, writing assistance or proof reading the article, etc.).

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, yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and

the United States Institutes of Peace [grant number aaaal.

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, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of

units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if

referred to explicitly in the text).
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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.

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.

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
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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.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in

the reference list.

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.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

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 and Zotero, as well as
EndNote. Using the word processor 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
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software, please ensure that you remove all field codes before submitting the electronic

manuscript.

Users of Mendeley Desktop can easily install the reference style for this journal by

clicking the following link:

http://open.mendeley.com/use-citation-style/diagnostic-microbiology-and-infectious-
disease
When preparing your manuscript, you will then be able to select this style using the

Mendeley plug-ins for Microsoft Word or LibreOffice.

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:

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.
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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 JAJ, Lupton RA. The art of writing a scientific article. J Sci

Commun 2010;163:51-9. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.

2018;19:€00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones
BS, Smith RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc;

2009. p. 281-304.

Reference to a website:

Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/,

2003(accessed 13 March 2003).

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

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

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors
the first 6 should be listed followed by "et al." For further details you are referred to
"Uniform Requirements for Manuscripts submitted to Biomedical Journals" (J Am

MedAssoc 1997;277:927-34)

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.
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