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ABSTRACT

Acanthamoeba is a free-living amoeba (FLA) genus widely distributed in the
natural and artificial environments, presenting a great medical and environmental
importance. These amoebae are opportunistic pathogens, causing Keratitis in healthy
people or encephalitis, mainly in immunosuppressed people. The portable and
stationary eye-wash stations are equipments required for work environments that may
expose employees to harmful chemicals. The purpose of this study is to determine the
Acanthamoeba genus in FLA isolated from portable and stationary eye wash station,
using the PCR technique. These equipment are located in a public university in Porto
Alegre, southern Brazil. A total of 74 samples were collected from biofilm (37) and
water (37), using sterile swabs and flask, respectively. After processing, the samples
were inoculated in non-nutrient agar 1.5%. Of the 74 collected samples, 58 were
positive for FLA, but only 38 of these were submitted to molecular identification of the
Acanthamoeba genus, because some samples which were initially positive for FLA,
were lost due to the difficulty of decontamination of microorganisms like fungi. The
molecular identification were performed PCR to amplification of the 18S rDNA gene.
The PCR products were analyzed and 37 samples were confirmed as belonged to
Acanthamoeba genus (19 from biofilm, and 18 from water). The Acanthamoeba
prevalence is reported in several sources of treated water, such as swimming pools and
drinking water, and biofilms. The presence of this protozoa in eye wash stations
provides risk to their users, since these equipments are used in case of ocular accident,

which can cause injury allowing the input of microorganism from water, or biofilm.
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1. Introduction

Stationary and portable eyewash stations which go unused for months or years may
represent a reservoir of bacteria, protozoa and fungi (Paszko-Kolva, et al., 1991). Some
genus of FLA, including Acanthamoeba spp., has been isolated from this equipment
(Tyndall, et al., 1987). This FLA genus is an opportunistic protist that is ubiquitously
distributed in the environment (Siddiqui and Khan, 2012), and it has been isolated from
several sources, such as, swimming pools, tap water, and biofilms from hospital
environment and contact lens storages (Carlesso, et al., 2007; Pens, et al., 2008; Caumo,
et al., 2009; Winck, et al., 2011).

Acanthamoeba has two stages in its life cycle, a vegetative trophozoite stage,
and a dormant and resistant cyst stage. During the trophozoite stage, it actively feed on
bacteria, algae, yests or small organic particles, and many food vacuoles can be seen in
the cytoplasm of the cell. The trophozoites exhibit spine-like structures on their surface
known as acanthopodia. This structure is most likely of importance in adhesion to
surface, cellular movements or capture prey. Acanthamoeba can be maintained in the
trophozoite stage with an abundant food supply, neutral pH, appropriate temperature
and osmolarity. However, harsh conditions like, lack of food, increased or hypo-
osmolarity, extremes in temperatures and pH, induce the transformation of trophozoites
into the cyst stage. During the encystment stage, the trophozoite condense itself into a
rounded structure, wich mature into a double-walled cyst with the outer wall serving
only as a shell to help the parasite survive hostile conditions (Khan, 2006). Several
studies report that cysts can remain viable for several years while maintaining their
pathogenicity, thus presenting a role in the transmission of Acanthamoeba infections
(Mazur, et al., 1995). The identification of the genus Acanthamoeba is usually based on
morphology of the trophozoites and cysts, especially on the double wall of the cysts.
Acanthamoeba isolates can be separated into distinct morphological groups known
simply as I, Il and Il according Pussard and Pons, 1977. Although their taxonomy and
classification, are increasingly being revised according to the results of molecular
analysis (Caumo, et al., 2009).

The Acanthamoeba genus can behave as a “trojan horse” of the microbial world.
Many isolates harbor endosymbionts which may include viruses, yest, protists and
bacteria, some of which are potential human pathogens. It is suggested that such



interactions may help transmit microbial endosymbionts to the susceptible hosts and/or
endosymbionts may contribute to the pathogenicity of Acanthamoeba (Khan, 2006;
Greub and Raoult, 2004).

Acanthamoeba cause two well-recognized diseases that are major problems in
human health: granulomatous amoebic encephalitis (GAE), which is limited typically to
immunocompromised patients, and painful keratitis that can result in blindness. Most
cases of Acanthamoeba keratitis (AK) are associated with the use of contact lenses due
to multifactorial process involving contact lens wear for extended periods of time, lack
of personal hygiene, inappropriate cleaning of contact lenses, biofilms formation on
contact lenses, and exposures to contaminated water (Khan, 2006). In other cases, the
risk of eye infections reportedly increases when eyes are damaged by foreign materials
or contaminated water, or when seemingly minor injuries are ignored (Bier and Sawyer,
1990). Though AK is very much associated with contact lenses wear, there are many
case reports of AK in non-contact lens wearers (Hirano and Sai, 1999; Sharma, et al.,
2004; Syam, et al., 2005; Ertabaklar, et al., 2007; Menghi, et al., 2012). These cases are
very important to the disease management, because the non-relationship with lens wear
may suggest another type of infection, delayed diagnosis and disease evolution, and in
many cases, the corneal scrapings shows negative results for Acanthamoeba (Chynn, et
al., 1995; Sharma, et al., 2004; Menghi, et al., 2012).

The purpose of this study was to isolate FLA from portable and stationary eye
was station, from a public university from Porto Alegre-Brazil, and identify the
Acanthamoeba genus using the PCR technique, as well as to discuss the sanitary quality
of this equipments.

2. Materials and Methods

2.1. Samples collection

A total of 74 samples -37 of water and 37 of biofilm- were collected between
May and June 2010, from 6 locations in a public university in the city of Porto Alegre,
RS, Brazil which were: Departments of Physiology, Biochemistry, Zoology, Ecology,
Chemical Engineering, and Pharmacy College. Among the 37 eye washes collected, 31

were fixed, and 6 were portables.



The biofilms samples were collected using sterile swabs directly in the water
outlet from the eyewashes equipment and the water (50 mL) was collected in sterile
centrifuge tubes, by the operation of the equipments.

2.2. Isolation and cloning of FLA

For the isolation of amoebae, the samples were cultivated in non-nutrient agar
(NNA) 1,5%, covered by heat-inactivated Escherichia coli (ATCC 25922), incubated at
30°C (De Carli, 2001) for up to 15 days. Each plate was examined daily under a light
microscope (at 100X) to check the presence of FLA. All positive samples were cloned

by the method of dilution, where only one microorganism is seeded in each isolate.

2.3. Morphological identification of FLA

The morphological study was done by the observation of the trophozoite and
cyst structures like acanthopodia, contractile vacuoles, nucleus and perinuclear halo,
and double wall of the cysts. This analysis was made by the observation of the amoebae
in cultive, fixation by sodium acetate, acetic acid and formalin (SAF), followed by
trichrome stained (Yang and Scholten, 1977; Garcia and Bruckner, 1993).

2.4. Molecular identification of Acanthamoeba isolates

DNA extractions were performed using 3.0 mL of the monoxenic culture
containing 10°-10° trophozoites, according to Salah and Iciar (1997). Primers JDP1 and
JDP2 were used for amplify the ASA.S1 region of the gene (Rns) coding for the
amoeba’s nuclear, small subunit ribossomal RNA. The ASA.S1 fragment allows the
specific detection of Acanthamoeba since it is discriminating for the genus and can be
obtained from all known 18S rDNA (Schroeder, et al., 2001). The polimerase chain
reaction was performed according to Booton (2004). Briefly, each reaction was
prepared with a total volume of 25 pl, containing 20-30 ng of DNA, 0.2 mM of dNTPs
(Ludwig Biotecnologia), 0.4 uM of each oligonucleotide (Invitrogen™), 1.5 mM of
MgCI2, 5x reaction buffer (5x Green/Colorless GoTag® DNA Polymerase), 1 U of
GoTag® DNA Polymerase (Promega). The PCR conditions included an initial



denaturing in 94 °C for 5 min, followed by 35 cycles in 94 °C for 1 min, 67 °C for 1
min and 72 °C for 1 min. A final extension was performed for 5 min at 72 °C.
Amplified products were analyzed by electrophoresis at 70 V in 1.5 % agarose gel

(Bioamerica), stained with ethidium bromide and visualized under UV light.

3. Results and discussion

From 75 samples colected, 58 were positive for FLA, and 38 were identified as
belonging to the genus Acanthamoeba according to the morphological characteristics of
their cysts and trophozoites (Pussard and Pons, 1977; Page, 1988) (figure 1), and 37
were confirmed through the PCR technique. This result shows that just the
morphological characterization is not sufficient to determine the genus. Among the 37
eye washes analyzed, 31 presented FLA, and 25 (67,6%) presented Acanthamoeba,
being 18 for water samples, 19 for biofilms samples, and 12 for both (table 1). These
results are consistent with literature reports of the isolation of FLA from eye wash
station, according to Bier and Sawyer (1990), which isolated FLA from 31 (54,4%) of
the 57 water samples from eye washes. These results also agree with the findings of
Tyndall, et al., (1987), that isolated FLA from 56 (43,1%) of 130 collections from
water. Bowman et al., (1996) found 87% (13 of 15) of the eye wash contaminated for
amoeba before flushing, with an average concentration of 168 amoebae/100 mL, and
bacteria were detected in all stations, prior to flushing.

In our study, from 31 fixed eye washes analyzed, 24 (77,4%) presented
positivity for the genus, whereas one (16,6%), from 6 portables eye washes, presented
positivity. The difference between these results may be related to greater exposure of
the stationary to external contaminants, due to greater surface contact with
environmental microorganisms, than the portable, which has less exposure, and is
closed equipment. Furthermore, probably the portable are cleaned more frequently than
the stationary eye washes. This greater exposure of the fixed eye washes was confirmed
by loss of some samples, which were initially positive for FLA, due to the difficulty of
decontamination of microorganisms like fungi.

In conclusion, AK has been recognized as a significant ocular microbial
infection. The risk of eye infections reportedly increases when non sterile solutions are
used to clean lenses, when eyes are damaged by foreign materials or contaminated

water, or when seemingly minor injuries are ignored. Several studies showed that the



corneal trauma is a preriquisite in AK in vivo. Nevertheless, corneal trauma followed by
exposure to contaminated water, is sufficient, resulting in AK and is the most likely
cause of AK in non-contact lens wearers (Niederkorn, et al., 1999; Sharma, et al., 1990;
Chang and Soong, 1991; Khan, 2006). However, there are case reports of AK in non-
contact-lens wearers, without history of corneal trauma. In some of these cases, the
infections were probably caused by the eye contact with contaminated water
(Ertabaklar, et al., 2007; Menghi, et al., 2012).

Ocular lesions can be caused by accidents involving chemicals or solid particles,
leading to the necessity of using the eye wash. However, when there is not made a
frequent maintenance of the equipment, biofilm formation occurs. Thus, these
contaminated equipment pose a risk to their users. According Kolva, et al. (1991),
practice weekly washing of such devices could prevent biofilm formation, thereby

reducing the risk of contamination.
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Figure 1: Morphological characteristics observed by Trichromic stain and cultivation in NNA plates.

a) Acanthopodia structures; b) Nucleus and perinuclear halo; c) Contractive vacuole (CV), and cyst (C)
which presents type | morphology according to Pussard and Pons (1977). IMAGES- Parasitology
Laboratory- ICBS/ UFRGS.



Table 1

Positivity of Acanthamoeba for each samples type, and equipment type.

Sample type Number of eye washes
Fixed Portable Total
Water 17 1 18
Biofilm 18 1 19
Both 11 1 12

Acknowledgements

The authors thanks CAPES and CNPq for financial support, the departments of
Physiology, Biochemistry, Zoology, Ecology, Chemical Engineering, and Pharmacy
College for authorizing the collection, teachers Jodo Henrique Corréa Kanan and Paulo
Ivo Homem de Bittencourt Jr. by the molecular biology equipments, the colleagues

from parasitology laboratory, and UFRGS.

4. References

Bier, W.J and Sawyer T.K., 1990. Amoebae Isolated from Laboratory Eyewash Station.
Current Microbiology, 20, 349-350.

Booton G.C., Rogerson A., Bonilla T.D., Seal D.V., Kelly D.J., Beattie T.K., Tomlinson
A., Lares-Villa F., Fuerst P.A., Byers T.J., 2004. Molecular and physiological
evaluation of subtropical environmental isolates of Acanthamoeba spp. causal
agent of Acanthamoeba keratitis. The Journal of Eukariotic Microbiology, 51,
192-200.

Bowman, E.K., Vass, AA., Mackowski, R., Owen, B.A., Tyndall, R.L., 1996.
Quantitation of Free-Living Amoebae and Bacterial Populations in Eyewash
Stations Relative to Flushing Frequency, American Industrial Hygiene
Association Journal, 57, 626-633.



Carlesso, A.M., Simonetti, A.B., Artuso, G.L., Rott, M.B., 2007. Isolation and
identification of potentially pathogenic free-living amoebae in samples from
environments in a public hospital in the city of Porto Alegre, Rio Grande do Sul.
Revista da Sociedade Brasileira de Medicina Tropical, 40(3), 316-320.

Caumo, K., Frasson, A.P., Pens, C.J., Panatieri, L.F., Frazzon, A.P.G., Rott, M.B., 20009.
Potentially pathogenic Acanthamoeba in swimming pools: a survey in the
southern Brazilian city of Porto Alegre. Ann. Trop. Med. Parasitol. 103, 477-485.

Chang, P.C., Soong, H.K., 1991. Acanthamoeba Keratitis in Noncontact Lens Wearers.
Arch Ophthalmol, 109, 463-464.

Chynn, E.W., Lopez, M.A., Pavan-Langston, D., Talamo, J.H., 1995. Acanthamoeba
keratitis. Contact lens and noncontact lens characteristics. Ophtalmology, 102(9),
1369-1373.

De Carli, G.A., 2001. Parasitologia Clinica Selecdo de Métodos e Técnicas de
Laboratorio para Diagndstico das Parasitoses Humanas. S&o Paulo, Atheneu, pp
418-426.

Ertabaklar, H., Turk, M., Dayanir, V., Ertug, S., Walochnik, J., 2007. Acanthamoeba
keratitis due to Acanthamoeba genotype T4 in a non-contact-lens wearer in
Turkey. Parasitology Research, 100, 241-246.

Garcia, L.S., Bruckner, D., 1993. Diagnostic Medical Parasitology, 2nd edn. American
Society for Microbiology, Washington.

Greub, G. and Raoult, D., 2004. Microorganisms resistant to free-living amoebae.
Clinical Microbiology Reviews, 17(2), 413-433.

Hirano, K., Sai, S., 1999. Severe Acanthamoeba sclerokeratitis in a non-contact lens
wearer. Acta Ophtalmologica Scandinavica, 76, 347-348.

Khan, N.A., 2006. Acanthamoeba: biology and increasing importance in human health.
FEMS Microbiology Reviews, 30, 564-595.

Mazur, D., Hadas, E., lwanicka, 1., 1995. The duration of the cyst stage and the viability
and virulence of Acanthamoeba isolates. Tropical Medicine and Parasitology,
46(2), 106-108.

Menghi, C., Caride, M.C., Gatta, C., 2012. Acanthamoeba sp.: un caso de queratitis no
relacionada con el uso de lentes de contacto. Revista Argentina de Microbiologia,
44, 275-277.

Niederkorn, J.Y., Alizadeh, H., Leher, H., McCulley, J.P., 1999. The Pathogenesis of
Acanthamoeba Keratitis. Microbes Infect, 1, 437-443.



Page, F.C., 1988. A New Key to Fresh Water and Soil Amoebae. Freshwater Biological
Association Scientific Publications, Cumbria, UK.

Paszko-Kolva, C., Yamamoto, H., Shahamat, M., Sawyer, T.K., Morris, G., Colwell,
R.R., 1991. Isolation of Amoebae and Pseudomonas and Legionella spp. From
Eyewash Station. Applied and Environmental Microbiology, 57(1), 163-167.

Pussard, M., Pons, R., 1977. Morphologies de la Paroi Kystique et Taxonomie du Genre
Acanthamoeba (Protozoa, Amoebida). Protistologica, 13, 557-610.

Salah, M., Iciar, M., 1997. Universal and rapid salt extraction of high quality genomic
DNA for PCR Based Techniques. Nucl. Acids Res. 25, 4692-4693.

Schroeder, J.M., Booton, G.C., Hay, J., Niszl, I.A., Seal, D.V., Markus, M.B., et al.,
2001. Use of subgenic 18S ribosomal DNA PCR and sequencing for genus and
genotype identification of Acanthamoebae from humans with keratitis and from
sewage sludge. J. Clin. Microbiol. 39, 1903-1911.

Sharma, S., Srinivasan, M., George, C. 1990. Acanthamoeba Keratitis in Noncontact
Lens Wearers. Arch Ophthalmol, 108, 676—678.

Sharma, S., Pasricha, G., Das, D., Aggarwal, R.K., 2004. Acanthamoeba keratitis in
non-contact lens wearers in India: DNA typing-based validation and a simple
detection assay. Archives of Ophtalmology, 122(10), 1430-1434.

Syam, P.P., Narendran, R., van der Hoek, J., 2005. Persistent acanthamoeba keratitis in
a non-contact lens wearer following exposure to bird seed dust. The British
Journal of Ophtalmology, 89(3), 388-389.

Tydall, R.L., Lyle, M.M., Ironside, K.S., 1987. The presence of Free-Living Amoebae
in Portable and Stationary Eye Wash Stations. American Industrial Hygiene
Association Journal, 48(11), 933-934.

Winck, M.A., Caumo, K., Rott, M.B., 2011. Prevalence of Acanthamoeba from tap
water in Rio Grande do Sul, Brazil. Current Microbiology, 63(5), 464-469.

Yang, J., Sholten, T., 1977. A Fixative for Intestinal Parasites Permitting the Use of
Concentration and Permanent Staining Procedures. American Journal of Clinical
Pathology, 67(3), 300-304.



Normas Acta Tropica:

http://www.elsevier.com/journals/acta-tropica/0001-706X/guide-for-authors

m Introduction

Acta Tropica publishes original research papers, short communications and review articles.
Original papersshould normally not exceed 10 printed pages including tables and figures.
Short communications should not exceed 4 printed pages including tables and figures.
Manuscripts must be accompanied by a letter signed by all the authors. Submission of a paper
to Acta Tropica is understood to imply that it has not previously been published (except in an
abstract form), and that it is not being considered for publication elsewhere. The act of
submitting a manuscript to Acta Tropica carries with it the right to publish the paper.
Responsibility for the accuracy of the material in the manuscript, including bibliographic
citations, lies entirely with the authors.

g Before You Begin

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication
seehttp://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years of
beginning the submitted work that could inappropriately influence, or be perceived to influence,
their work. See alsohttp://www.elsevier.com/conflictsofinterest.

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 or as part of a published lecture or academic thesis or as an
electronic preprint, seehttp://www.elsevier.com/postingpolicy), 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 originality, your article
may be checked by the originality detection service

CrossCheck http://www.elsevier.com/editors/plagdetect.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship
of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an
author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, 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. Requests that are not sent by the corresponding author will be forwarded by
the Journal Manager to the corresponding author, who must follow the procedure as described
above. Note that: (1) Journal Managers will inform the Journal Editors of any such requests and
(2) publication of the accepted manuscript in an online issue is suspended until authorship has
been agreed.


http://www.elsevier.com/publishingethics
http://www.elsevier.com/ethicalguidelines
http://www.elsevier.com/conflictsofinterest
http://www.elsevier.com/postingpolicy
http://www.elsevier.com/editors/plagdetect

After the accepted manuscript is published in an online issue: Any requests to add, delete, or
rearrange author names in an article published in an online issue will follow the same policies as
noted above and result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement' (for more information on this and copyright see http://www.elsevier.com/copyright).
Acceptance of the agreement will ensure the widest possible dissemination of information. 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 (please consulthttp://www.elsevier.com/permissions). 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: please consult http://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institution) retain certain rights; for details you are
referred to:http://www.elsevier.com/authorsrights.

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 then this should be stated. Please seehttp://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visithttp://www.elsevier.com/fundingbodies.

Open access

This journal does not ordinarily have publication charges; however, authors can now opt to
make their articles available to all (including non-subscribers) via the ScienceDirect platform, for
which a fee of $3000 applies (for further information on open access

see http://www.elsevier.com/about/open-access/open-access-options). Please note that you
can only make this choice after receiving notification that your article has been accepted for
publication, to avoid any perception of conflict of interest. The fee excludes taxes and other
potential costs such as color charges. In some cases, institutions and funding bodies have
entered into agreement with Elsevier to meet these fees on behalf of their authors. Details of
these agreements are available athttp://www.elsevier.com/fundingbodies. Authors of accepted
articles, who wish to take advantage of this option, should complete and submit the order form
(available at http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you
choose, you retain many rights as an author, including the right to post a revised personal
version of your article on your own website. More information can be found
here:http://www.elsevier.com/authorsrights.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to
use the English Language Editing service available from Elsevier's

WebShop http://webshop.elsevier.com/languageediting/ or visit our customer support
sitehttp://support.elsevier.com for more information.



http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/permissions
http://www.elsevier.com/authorsrights
http://www.elsevier.com/funding
http://www.elsevier.com/fundingbodies
http://www.elsevier.com/about/open-access/open-access-options
http://www.elsevier.com/fundingbodies
http://www.elsevier.com/locate/openaccessform.pdf
http://www.elsevier.com/authorsrights
http://webshop.elsevier.com/languageediting/
http://support.elsevier.com/

Submission

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 source files to a single
PDF file of the article, which is used in the peer-review process. Please note that even though
manuscript source files are converted to PDF files at submission for the review process, these
source files are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail removing the
need for a paper trail.

u Preparation

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the wordprocessor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar
to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier:http://www.elsevier.com/guidepublication). Note that source files of figures, tables and
text graphics will be required whether or not you embed your figures in the text. 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 wordprocessor.

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 detail to allow the work to be reproduced. Methods already published should
be indicated by a reference: only relevant modifications should 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.

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.;ina
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subsequent appendix, Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1,
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. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. 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. Ensure that phone numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be 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. 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, hon-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Graphical abstract

Please provide, when submitting your article, a graphical abstract. This comprises the title,
authors and affiliations, identical to the article itself, a summary of about 25 words, and a
pictogram: one figure representative of the work described. Maximum image size: 400 x 600
pixels (h x w, recommended size 200 x 500 pixels). Preferred file types: TIFF, EPS, PDF or MS
Office files. See http://www.elsevier.com/graphicalabstracts for examples.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate 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).

See http://www.elsevier.com/highlights for examples.

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

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.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers
one-click access to relevant databases that help to build a better understanding of the described
research. Please refer to relevant database identifiers using the following format in your article:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

See http://www.elsevier.com/databaselinking for more information and a full list of supported
databases.

Math formulae

Present simple formulae in the line of 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).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors 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. Do not include footnotes in
the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

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

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symboal,
or use fonts that look similar.

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

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

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

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, 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 all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of



http://www.elsevier.com/databaselinking
http://www.elsevier.com/artworkinstructions

1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum
of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

» 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, EPS 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
on the Web (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 on the Web only. For further
information on the preparation of electronic artwork, please

see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
‘gray scale' (for the printed version should you not opt for color in print) please submit in addition
usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. 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.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to
tables below the table body and indicate them with superscript lowercase letters. Avoid vertical
rules. Be sparing in the use of tables and ensure that the data presented in tables do not
duplicate results described elsewhere in 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.

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.

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

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors
only need to select the appropriate journal template when preparing their article and the list of
references and citations to these will be formatted according to the journal style which is
described below.
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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 should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). 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.

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.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: http://www.nlm.nih.gov/tsd/serials/lji.html;

List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php;

CAS (Chemical Abstracts Service): http://www.cas.org/content/references/corejournals.

Video data

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 files in one of our recommended file
formats with a preferred maximum size of 50 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. 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

at http://www.elsevier.com/artworkinstructions. 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.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect:http://www.sciencedirect.com. In order
to ensure that your submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format together with
the article and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages

at http://www.elsevier.com/artworkinstructions.
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Google Maps and KML files

KML (Keyhole Markup Language) files (optional): You can enrich your online articles by
providing KML files which will be visualized using Google maps. The KML files can be uploaded
in our online submission system. KML is an XML schema for expressing geographic annotation
and visualization within Internet-based Earth browsers. Elsevier will generate Google Maps from
the submitted KML files and include these in the article when published online. Submitted KML
files will also be available for downloading from your online article on ScienceDirect. For more
information see http://www.elsevier.com/googlemaps.

Submission checklist

It is hoped that this list will be useful during the final checking of an article prior to sending it to
the journal's Editor for review. Please consult this Guide for Authors for further details of any
item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

Cover letter signed by all the authors is uploaded with all other files

Graphical abstract

» Keywords

« All figure captions

* All tables (including title, description, footnotes)

Further considerations

* Manuscript has been "spellchecked" and "grammar-checked"

* References are in the correct format for this journal

* 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 Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of
charge) and in print or to be reproduced in color on the Web (free of charge) and in black-and-
white in print

« If only color on the Web is required, black and white versions of the figures are also supplied
for printing purposes

For any further information please visit our customer support site

at http://epsupport.elsevier.com..

ﬂ After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOl consists of a unique alpha-numeric character string which is assigned to a document by the
publisher upon the initial electronic publication. The assigned DOI never changes. Therefore, it
is an ideal medium for citing a document, particularly 'Articles in press' because they have not
yet received their full bibliographic information. Example of a correctly given DOI (in URL format;
here an article in the journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never
to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we
do not have an e-mail address then paper proofs will be sent by post) or, a link will be provided
in the e-mail so that authors can download the files themselves. Elsevier now provides authors
with PDF proofs which can be annotated; for this you will need to download Adobe Reader
version 7 (or higher) available free from http://get.adobe.com/reader. Instructions on how to
annotate PDF files will accompany the proofs (also given online). The exact system
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requirements are given at the Adobe site: http://www.adobe.com/products/reader/tech-
specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any
other comments (including replies to the Query Form) on a printout of your proof and return by
fax, or scan the pages and e-mail, or by post. Please use this proof only for checking the
typesetting, editing, completeness and correctness of the text, tables and figures. Significant
changes to the article as accepted for publication will only be considered at this stage with
permission from the Editor. We will do everything possible to get your article published quickly
and accurately — please let us have all your corrections within 48 hours. It is important to ensure
that all corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is
solely your responsibility. Note that Elsevier may proceed with the publication of your article if
no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
(the PDF file is a watermarked version of the published article and includes a cover sheet with
the journal cover image and a disclaimer outlining the terms and conditions of use). For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's WebShop (http://webshop.elsevier.com//myarticleservices/offprints). Authors requiring
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service
to collate multiple articles within a single cover
(http://webshop.elsevier.com//myarticleservices/offprints/myarticlesservices/booklets).

u Author Inquiries

For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visithttp://www.elsevier.com/artworkinstructions. Contact details for questions arising
after acceptance of an article, especially those relating to proofs, will be provided by the
publisher. You can track accepted articles athttp://www.elsevier.com/trackarticle. You can also
check our Author FAQs at http://www.elsevier.com/authorFAQand/or contact Customer Support
via http://support.elsevier.com.
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