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RESUMO 

 

 

Staphylococcus aureus é um agente comumente encontrado em pneumonias. A prevalência de 

isolados de S. aureus resistente à meticilina (MRSA) vem aumentando, o que torna o 

tratamento cada vez mais desafiador. Infecções por MRSA estão associadas com maior índice 

de mortalidade quando comparadas a isolados de S. aureus sensíveis à meticilina (MSSA). O 

antimicrobiano de escolha para tratamento de infecções por MRSA é a vancomicina, porém já 

existem relatos de isolados com susceptibilidade reduzida, e, raros casos de resistência à 

vancomicina. A ceftarolina é uma cefalosporina de quinta geração recentemente introduzida 

na terapêutica e que possui ação anti-estafilocócica, inclusive contra isolados de MRSA. 

Apesar da eficácia da ceftarolina ser comprovada para grande parte dos isolados de MRSA, já 

existem relatos de resistência. Com isso, este estudo teve o objetivo de avaliar o perfil de 

suscetibilidade à ceftarolina de isolados de S. aureus através da concentração inibitória 

mínima (CIM). O trabalho foi desenvolvido utilizando 248 isolados de S. aureus provenientes 

de amostras de trato respiratório, sendo 124 MRSA e 124 MSSA selecionadas aleatoriamente 

entre agosto e dezembro de 2019 em três hospitais de Porto Alegre. Do total de isolados, 

apenas 2 MRSA apresentaram resistência a ceftarolina (1,6%), enquanto todos isolados de 

MSSA apresentaram susceptibilidade à ceftarolina. Pode-se observar que as CIM diferem 

entre isolados de MRSA (0,5/0,75 mg/dL) e MSSA (0,38/0,5 mg/dL). Em relação ao perfil de 

susceptibilidade dos outros antimicrobianos avaliados, foi possível observar que isolados de 

MRSA apresentam maior resistência a ciprofloxacina e eritromicina, enquanto isolados de 

MSSA apresentam maior resistência a clindamicina e gentamicina. Não foi observada 

diferença sulfametoxazol/trimetoprima entre isolados de MSSA e MRSA. Desta forma, a 

ceftarolina apresentou potente atividade in vitro contra isolados S. aureus obtidos de amostras 

de trato respiratório, incluindo MRSA. No entanto as CIM superiores encontradas em isolados 

de MRSA quando comparados aos de MSSA nos mostram a importância do constante 

monitoramento do perfil de susceptibilidade da ceftarolina. 

 

Palavras-chave: Ceftarolina. Staphylococcus aureus. MRSA. Resistência antimicrobiana. 

Epidemiologia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ABSTRACT 

 

 

Staphylococcus aureus is a common cause of pneumonia. Infections with meticillin-resistant 

S. aureus (MRSA) seriously impact treatment outcomes and increase mortality rates when 

compared infections caused by meticillin-susceptible S. aureus (MSSA). The antimicrobial of 

choice for treating MRSA infections is vancomycin. Ceftaroline is a fifth-generation 

cephalosporin with antimicrobial activity against multidrug-resistent gram-positive pathogens, 

including MRSA isolates. Although the effectiveness of ceftaroline has been proven for most 

MRSA isolates, there are already reports of resistance. The aim of this study was to evaluate 

the ceftaroline minimum inibitory concentration (MIC) distribution and to determine the 

sensibility patern of other agentes against S. aureus isolates recovered from clinical 

respiratory specimes. A set of 248 S. aureus isolates, including 124 MRSA and 124 MSSA, 

were randomly selected for this study. Of the isolates, only 2 (1,6%) MRSA isolates would be 

resistant to ceftaroline, while all MSSA isolates would be characterized as susceptible. 

Moreover, among our selected isolates the ceftaroline MIC value differs between MRSA (0.5 

/ 0.75 mg / dL) and MSSA (0.38 / 0.5 mg / dL). Regarding the susceptibility profile to other 

agents, it was possible to observe that MRSA isolates were more resistant to ciprofloxacin 

and erythromycin, while MSSA isolates presented to be more resistant to clindamycin and 

gentamycin. No difference was observed for trimethoprim/sulfamethoxazole among MSSA 

and MRSA isolates. Ceftaroline presented potent in vitro activity against respiratory S. aureus 

isolates, including MRSA. However, the higher MICs among MRSA isolates in comparison 

with MSSA isolates show us the importance of constantly monitoring the susceptibility 

profile of ceftaroline. 

 

Keywords: Ceftaroline. Staphylococcus aureus. MRSA. Antimicrobial resistance. 

Surveillance. 
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1 INTRODUÇÃO 

 

 

Staphylococcus aureus é um patógeno oportunista que constitui a microbiota normal 

do ser humano, habitando pele e mucosas nasais de indivíduos saudáveis. Apesar de fazer 

parte da microbiota normal, pode causar infecções em diversos tecidos, que variam desde 

infecções leves como foliculites e abcessos cutâneos, a infecções graves como endocardites, 

pneumonias e bacteremias (Balasubramanian et al. 2017, Lakhundi & Zhang 2018, Sakr et al. 

2018). S. aureus é um patógeno altamente adaptável, ou seja, pode ser colonizador de vários 

sítios, incluindo os abióticos como próteses cirúrgicas, cateteres e demais superfícies 

(Balasubramanian et al. 2017). 

O tratamento de infecções causadas por S. aureus torna-se cada vez mais desafiador 

devido à alta prevalência de isolados resistentes a meticilina. As infecções por cepas de S. 

aureus resistentes a meticilina (MRSA) estão associadas a um maior índice de mortalidade 

quando comparadas a cepas sensíveis à meticilina (MSSA) (Balasubramanian et al. 2017; 

Sakr et al. 2018). Infecções por MRSA impactam diretamente no aumento do tempo de 

permanência hospitalar, bem como no aumento dos custos de internação (Lakhundi and 

Zhang 2018). No ano de 2017, a Organização Mundial de Saúde (OMS) publicou um 

documento citando uma lista de microrganismos que necessitam de atenção prioritária no 

contexto da resistência aos antimicrobianos, e isolados de MRSA estavam entre os 

microrganismos citados como alta prioridade (WHO, 2017). Em 2016, segundo dados da 

Agência Nacional de Vigilância Sanitária (ANVISA), o S. aureus foi o terceiro agente 

etiológico (14,1%) de infecções de corrente sanguínea associadas ao cateter venoso central 

nas unidades de terapia intensivas (UTI) brasileiras, e na região sul do Brasil, ele é o segundo 

patógeno mais prevalente. Destes dados analisados, cerca de 63% eram MRSA,  

representando um aumento de 10% quando comparado aos mesmos dados do ano de 2012 

(ANVISA, 2016). 

A meticilina é uma penicilina semissintética desenvolvida na década de 60 como 

opção terapêutica para isolados produtores de β-lactamases. Entretanto, cerca de um ano após 

o início do seu uso já apareciam os primeiros isolados resistentes (Lakhundi & Zhang 2018). 

O mecanismo de resistência à meticilina se dá pela aquisição do gene mecA, que está 

localizado no cassete cromossômico estafilocócico SCCmec. O gene mecA é responsável pela 

codificação de proteínas ligadoras de penicilina anômalas (PBP2a) que possuem baixa 
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afinidade aos β-lactâmicos, impedindo que estes se liguem a parede celular bacteriana 

(Munita et al. 2015). 

As cepas de MRSA eram vinculadas aos hospitais (HA-MRSA), entretanto, na década 

de 1980 começaram a surgir cepas de MRSA associadas à comunidade (CA-MRSA), criando 

reservatórios em ambos tipos de ambientes. Inicialmente as cepas de CA-MRSA 

apresentavam um perfil com menor resistência, o que permitia uma fácil diferenciação entre 

as cepas de HA-MRSA e CA-MRSA. Atualmente, com o aumento da prevalência de CA-

MRSA, este perfil vem se modificando e sendo responsável por surtos nosocomiais em 

estabelecimentos de saúde (Lakhundi and Zhang 2018). 

O tratamento de primeira escolha para infecções causadas por MRSA é a vancomicina, 

antimicrobiano desenvolvido há mais de 50 anos. Existem relatos de isolados de S. aureus 

com susceptibilidade reduzida à vancomicina (VISA) bem como relatos, em pequenos 

números, de isolados com resistência à vancomicina (VRSA), particularmente associadas à 

aquisição do gene vanA, mecanismo bastante associado aos isolados de Enterococcus spp. 

(Arias et al. 2017; Munita et al. 2015). 

Em 2014 foi aprovada pela ANVISA a ceftarolina, uma cefalosporina de quinta 

geração que têm sua ação semelhante aos demais β-lactâmicos, com afinidade de ligação as 

PBP’s, inibindo a síntese de parede celular. O que diferencia a ceftarolina dos demais β-

lactâmicos é sua afinidade também pela PBP2a, fazendo com que esta apresente atividade 

anti-MRSA (Batista 2015, Gil Romero & Gómez-Garcés 2019, Tenorio-Abreu et al. 2015). 

 Considerando as informações apresentadas e o fato de a ceftarolina ter apenas seis 

anos de uso, sendo considerada uma opção terapêutica relativamente nova, este estudo se 

propõe a avaliar o perfil de sensibilidade desta droga em isolados clínicos de S. aureus por 

meio da determinação das concentrações inibitórias mínimas. 
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1.1 OBJETIVOS 

 

 

1.1.1 Objetivo geral 

 

 

Estabelecer o perfil de susceptibilidade do Staphylococcus aureus frente à ceftarolina 

por meio da determinação da concentração inibitória mínima. 

 

 

1.1.2 Objetivos específicos 

 

 

a) Comparar o nível de susceptibilidade das cepas de MRSA e MSSA frente à 

ceftarolina; 

b) Estabelecer o perfil de susceptibilidade à outras drogas anti-estafilocócicas, tais 

como clindamicina, eritromicina, gentamicina e sulfametoxazol/trimetoprima. 
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2 ARTIGO CIENTÍFICO 
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3.CONCLUSÃO E PERSPECTIVAS 

 

Os resultados demonstraram que a suscetibilidade à ceftaroline é ainda favorável, 

conforme distribuição da CIM demonstrada entre os isolados de MRSA e MSSA. Entretanto, 

o perfil de susceptibilidade às demais drogas anti-estafilocócicas foram diferentes entre os 

isolados de MRSA e MSSA e, desta forma, o conhecimento sobre a distribuição da 

susceptibilidade entre isolados de S. aureus é necessário para a seleção da melhor estratégia 

terapêutica. Constante monitoramento dos perfis de susceptibilidade compõem as boas 

práticas de uso de antimicrobianos (antimicrobial stewardship), evitam a disseminação da 

resistência bacteriana e promovem melhores desfechos clínicos aos pacientes.  
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About the Journal 

Journal of Chemotherapy is an international, peer-reviewed journal publishing high-quality, 

original research. Please see the journal's Aims & Scope for information about its focus and 

peer-review policy. 

Please note that this journal only publishes manuscripts in English. 

Journal of Chemotherapy accepts the following types of article: 

 Review articles, Original research papers, Case reports 

 Brief communications 

 Letters to the Editor 

Open Access 

You have the option to publish open access in this journal via our Open Select publishing 

program. Publishing open access means that your article will be free to access online 

immediately on publication, increasing the visibility, readership and impact of your research. 

Articles published Open Select with Taylor & Francis typically receive 32% more citations* 

and over 6 times as many downloads** compared to those that are not published Open Select. 

Your research funder or your institution may require you to publish your article open access. 

Visit our Author Services website to find out more about open access policies and how you 

can comply with these. 

You will be asked to pay an article publishing charge (APC) to make your article open access 

and this cost can often be covered by your institution or funder. Use our APC finder to view 

the APC for this journal. 

Please visit our Author Services website or contact openaccess@tandf.co.uk if you would like 

more information about our Open Select Program. 

*Citations received up to Jan 31st 2020 for articles published in 2015-2019 in journals listed 

in Web of Science®. 

**Usage in 2017-2019 for articles published in 2015-2019. 

Peer Review and Ethics 

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of 

review. Once your paper has been assessed for suitability by the editor, it will then be double 

blind peer reviewed by independent, anonymous expert referees. Find out more about what to 

expect during peer review and read our guidance on publishing ethics. 

https://www.tandfonline.com/action/journalInformation?show=aimsScope&journalCode=YJOC
https://authorservices.taylorandfrancis.com/publishing-open-access/funder-open-access-policies/
https://www.taylorfrancis.com/authorcharges/
https://authorservices.taylorandfrancis.com/publishing-open-access
mailto:openaccess@tandf.co.uk
http://authorservices.taylorandfrancis.com/what-to-expect-during-peer-review/
http://authorservices.taylorandfrancis.com/what-to-expect-during-peer-review/
http://authorservices.taylorandfrancis.com/ethics-for-authors/
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Preparing Your Paper 

All authors submitting to medicine, biomedicine, health sciences, allied and public health 

journals should conform to the Uniform Requirements for Manuscripts Submitted to 

Biomedical Journals, prepared by the International Committee of Medical Journal Editors 

(ICMJE). 

Review articles, Original research papers, Case reports 

 Should be written with the following elements in the following order: title page; abstract; keywords; 

main text introduction, materials and methods, results, discussion; acknowledgments; declaration of 

interest statement; references; appendices (as appropriate); table(s) with caption(s) (on individual 

pages); figures; figure captions (as a list) 

 Should be no more than 9000 words, inclusive of the abstract, tables, references, figure captions. 

 Should contain an unstructured abstract of 150 words. 

 Should contain between 6 and 8 keywords. Read making your article more discoverable, including 

information on choosing a title and search engine optimization. 

 Papers on either Antimicrobial or Anticancer topics are accepted. 

Brief communications 

 Should be written with the following elements in the following order: title page; abstract; keywords; 

main text introduction, materials and methods, results, discussion; acknowledgments; declaration of 

interest statement; references; appendices (as appropriate); table(s) with caption(s) (on individual 

pages); figures; figure captions (as a list) 

 Should be between 1200 and 1500 words , inclusive of the abstract. 

 Should contain an unstructured abstract of 150 words. 

 Should contain between 6 and 8 keywords. Read making your article more discoverable, including 

information on choosing a title and search engine optimization. 

 Authors may add either 2 tables or figures and no more than 20 references. 

Letters to the Editor 

 Should be written with the following elements in the following order: title page; figures; figure 

captions (as a list) 

 Should be between 1 and 1.5 pages . 

 Letters to the editor should contain only either one figure or table, no sections (e.g. introduction, 

material, methods) and no more than 10 references. 

Style Guidelines 

Please refer to these quick style guidelines when preparing your paper, rather than any 

published articles or a sample copy. 

Please use British (-ize) spelling style consistently throughout your manuscript. 

Please use single quotation marks, except where ‘a quotation is “within” a quotation’. Please 

note that long quotations should be indented without quotation marks. 

http://www.icmje.org/urm_main.html
http://www.icmje.org/urm_main.html
http://authorservices.taylorandfrancis.com/making-your-article-and-you-more-discoverable/
http://authorservices.taylorandfrancis.com/making-your-article-and-you-more-discoverable/
http://authorservices.taylorandfrancis.com/tf_quick_guide/
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Formatting and Templates 

Papers may be submitted in Word or LaTeX formats. Figures should be saved separately from 

the text. To assist you in preparing your paper, we provide formatting template(s). 

Word templates are available for this journal. Please save the template to your hard drive, 

ready for use. 

If you are not able to use the template via the links (or if you have any other template queries) 

please contact us here. 

References 

Please use this reference guide when preparing your paper. 

Taylor & Francis Editing Services 

To help you improve your manuscript and prepare it for submission, Taylor & Francis 

provides a range of editing services. Choose from options such as English Language Editing, 

which will ensure that your article is free of spelling and grammar errors, Translation, and 

Artwork Preparation. For more information, including pricing, visit this website. 

Checklist: What to Include 

1. Author details. Please ensure everyone meeting the International Committee of Medical Journal 

Editors (ICMJE) requirements for authorship is included as an author of your paper. All authors of a 

manuscript should include their full name and affiliation on the cover page of the manuscript. Where 

available, please also include ORCiDs and social media handles (Facebook, Twitter or LinkedIn). One 

author will need to be identified as the corresponding author, with their email address normally 

displayed in the article PDF (depending on the journal) and the online article. Authors’ affiliations are 

the affiliations where the research was conducted. If any of the named co-authors moves affiliation 

during the peer-review process, the new affiliation can be given as a footnote. Please note that no 

changes to affiliation can be made after your paper is accepted. Read more on authorship. 

2. Graphical abstract (optional). This is an image to give readers a clear idea of the content of your 

article. It should be a maximum width of 525 pixels. If your image is narrower than 525 pixels, please 

place it on a white background 525 pixels wide to ensure the dimensions are maintained. Save the 

graphical abstract as a .jpg, .png, or .tiff. Please do not embed it in the manuscript file but save it as a 

separate file, labelled GraphicalAbstract1. 

3. You can opt to include a video abstract with your article. Find out how these can help your work 

reach a wider audience, and what to think about when filming. 

4. Funding details. Please supply all details required by your funding and grant-awarding bodies as 

follows: 

For single agency grants 

This work was supported by the [Funding Agency] under Grant [number xxxx]. 

For multiple agency grants 

This work was supported by the [Funding Agency #1] under Grant [number xxxx]; [Funding Agency 

#2] under Grant [number xxxx]; and [Funding Agency #3] under Grant [number xxxx]. 

5. Disclosure statement. This is to acknowledge any financial interest or benefit that has arisen from the 

direct applications of your research. Further guidance on what is a conflict of interest and how to 

disclose it. 

http://authorservices.taylorandfrancis.com/formatting-and-templates/
http://authorservices.taylorandfrancis.com/contact/
https://authorservices.taylorandfrancis.com/tf_quick_guide/
https://www.tandfeditingservices.com/?utm_source=YJOC&utm_medium=referral&utm_campaign=ifa_standalone
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://authorservices.taylorandfrancis.com/defining-authorship/
http://authorservices.taylorandfrancis.com/video-abstracts/
http://authorservices.taylorandfrancis.com/video-abstracts/
http://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
http://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
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6. Biographical note. Please supply a short biographical note for each author. This could be adapted 

from your departmental website or academic networking profile and should be relatively brief (e.g. no 

more than 200 words). 

7. Data availability statement. If there is a data set associated with the paper, please provide 

information about where the data supporting the results or analyses presented in the paper can be 

found. Where applicable, this should include the hyperlink, DOI or other persistent identifier 

associated with the data set(s). Templates are also available to support authors. 

8. Data deposition. If you choose to share or make the data underlying the study open, please deposit 

your data in a recognized data repository prior to or at the time of submission. You will be asked to 

provide the DOI, pre-reserved DOI, or other persistent identifier for the data set. 

9. Supplemental online material. Supplemental material can be a video, dataset, fileset, sound file or 

anything which supports (and is pertinent to) your paper. We publish supplemental material online via 

Figshare. Find out more about supplemental material and how to submit it with your article. 

10. Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300 dpi for 

colour, at the correct size). Figures should be supplied in one of our preferred file formats: EPS, PS, 

JPEG, TIFF, or Microsoft Word (DOC or DOCX) files are acceptable for figures that have been drawn 

in Word. For information relating to other file types, please consult our Submission of electronic 

artwork document. 

11. Tables. Tables should present new information rather than duplicating what is in the text. Readers 

should be able to interpret the table without reference to the text. Please supply editable files. 

12. Equations. If you are submitting your manuscript as a Word document, please ensure that equations 

are editable. More information about mathematical symbols and equations. 

13. Units. Please use SI units (non-italicized). 

Using Third-Party Material in your Paper 

You must obtain the necessary permission to reuse third-party material in your article. The 

use of short extracts of text and some other types of material is usually permitted, on a limited 

basis, for the purposes of criticism and review without securing formal permission. If you 

wish to include any material in your paper for which you do not hold copyright, and which is 

not covered by this informal agreement, you will need to obtain written permission from the 

copyright owner prior to submission. More information on requesting permission to reproduce 

work(s) under copyright. 

Disclosure Statement 

Please include a disclosure statement, using the subheading “Disclosure of interest.” If you 

have no interests to declare, please state this (suggested wording: The authors report no 

conflict of interest). For all NIH/Wellcome-funded papers, the grant number(s) must be 

included in the declaration of interest statement. Read more on declaring conflicts of interest. 

Clinical Trials Registry 

In order to be published in a Taylor & Francis journal, all clinical trials must have been 

registered in a public repository at the beginning of the research process (prior to patient 

enrolment). Trial registration numbers should be included in the abstract, with full details in 

the methods section. The registry should be publicly accessible (at no charge), open to all 

prospective registrants, and managed by a not-for-profit organization. For a list of registries 

that meet these requirements, please visit the WHO International Clinical Trials Registry 

Platform (ICTRP). The registration of all clinical trials facilitates the sharing of information 

http://authorservices.taylorandfrancis.com/data-availability-statement-templates/
http://authorservices.taylorandfrancis.com/data-repositories/
http://authorservices.taylorandfrancis.com/enhancing-your-article-with-supplemental-material/
http://authorservices.taylorandfrancis.com/submission-of-electronic-artwork
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